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ENCERPT —

The mode of Iife of modern men ss profoundly
fluenced by hygiene and medicine and the principles
resulting from the discoveries of Pasteur The promul-
gation of the Pastcurian doctrines has been an event
of the Inghest importance to humanity Theiwr applica
tion raprdly led to the suppression of the great infec
trous di wlich periodically ravaged the ciohzed
world and of those endemic i each country

—Avrexis Canrer, Man The Unhnown
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Preface

HIS BOOK 1s an attempt to mntegrite basic principles upon which
Tmn\ entional stenhzing processes depend with practical methods for
the preparation and sternthzation of materils and supplies It was wntten
pnmarnly to sene as 1 reference guide for stenlization practices in hospi-
tals, chinics, laboratones, allied institutions wnd services It 1s in thus mstitu
tronal enyironment that we find 2 host of professional and non professional
workers daily depending upon the science of sterthzation and surgrcal
asepsis as the chuief means of protecting the patient agunst the ravages
of ifectious disease The need for helpful information on the subject 15
acute, particularly among operating room supervisors and central service
supervisors—the hey persons largely responsible for sterihization techmques
n hospatals

The goal of the author has been to systematize the study, giving all of
the wmportant prnciples and methods of which he 15 aware, at the same
time Lkeeping the work within the Iimuts of a textbook rather than an exten-
sive reference volume Many mmportant references on the subjects of sten-
lization and disinfection have been freely consulted Without the long list
of reference matenal this book should not have been written Any subject
as extensive as that of stenthzation which, conservatively, covers the past
seventy five years, 1s not the work of a few, but many people Scientific
minds pave the way and open the door to progress, but actual advancement
does not take form until industry through the designing engineer 1s able to
build the necessary equipment Even then, the maximum benefits of prog-
ress 1n stenihzation are not realized by the patient until hospital personnel
are thoroughly tramed to apply the prineiples and to intelligently operate
the equipment

The guestion may logically artse as to whether nurses or nursing students,
as a group are sufficiently prepared to profit by the study of scient:ific
Journals and technical publications It 1s the author s opinion that if nurses
are to be charged with the responsibility for steriltzation 1 hosputals they
must be encouraged to read and search for pertinent reference material
Certanly 1t 15 desirable to strmulate an open minded questionable attitude
on the part of all nurses for the subject of stenlhzation The operating room
supervisor and the central service supervisor particularly should reahze
;{hat stenthzation 15 an expanding subject with the constant addition of new

nowledge the discarding of old theories or their remnterpretation in the
Light of new experimental evidence
For any errors omissions or misstatements found 1n this bool, the author
v






Acknowledgments

HE AUTHOR wishes to acknowledge his indebtedness to the Amen-

can Stenlizer Company for the generous grant of time expended 1n

prepanng the manusenpt and for permussion to use the large number of

photographs and dagrams from which many of the illustrations have been

made An expression of gratitude 1s also due the Amencan Stenlizer Com-

pam for permission to use certam copvnighted matenal from the Textbook
on Stenthization by the late W B Underwood.

Smcere thanks and appreciation are extended to the fnends and col-
leagues of the author who have rendered valuable assistance 1n particular
to \iss Edna Pnclett, of the National League of Nursing, for review and
cnticism of the sections dealing with surgical stenlzation, to \Miss Manan
Fox, of the Amencan Hospital Association and Miss Margaret Giffin of the
MNational League of Nursing for the opportumity to obsenve the evenvday
problems of the operating room supervisor and the central service super-
v1sor through the medium of Institutes to the Research Staff of the Amen-
can Stenlzer Company for skllful assistance mn the accumulation of
matenal and the reading of proof

Grateful acknowledgment 1s also made to the many authors whose works
have been quoted m this book. Finally thanks are extended to the vanous
publishers who have generoush granted permission for the reproduction
of dlustrations and quotations from therr publications In these cases spe-

gﬁc acknowledgment has been made m the appropnate places throughout
e text.

JJP®



vin Principles and Methods of Stertization

must assume full responsibility The long hours spent 1 the preparation of
the manuscnipt have been a work of love rather than labor It 1s hoped that
1t will be found useful i some measurable degree by those for whom 1t 1s
mtended

JouN J PERKINS
Wnitten at Lake Placid NY



PRINCIPLES AND
METHODS OF
STERILIZATION






CuAarten 1
Historical Introduction

1 HAS OT'TEN been said that nothing 1s more difficult than the begmn-
I mng  This remark scems particularly approprinte as the opening phrase
to the Historical Introduction on the subject of sterlization To be sure,
one cannot clum that related matertal 1s Inching s 1 preparatory measure,
because the Iteriture contuns 2 wealth of mformation dealing esther
directly or mdirectly with the subject However, any attempt to trace the
ongm of various practices which form the basis of our modern concept of
sterihzation leads eventually to the conclusion that gradual development
of the art has been so closely allicd with the development of bacteriology
that 1t 1s difficult to discuss the former without brmging into the picture
more than the desirable amount of the latter Just as the science of bacte
riology 1s said to have ongmated from the various attempts to solve the
onigm of life and the ongn of death, so has the advancement of our knowl
edge of sterihization kept pace with each important contribution to these
age old problems of nature To the historian 1t 1s also evident that the
many m estigations and researches which have led us to our present state
of knowledge on this subject as well s that of bacteriology were actunlly
stimulated by certan controversies and 1deas oniginating hundreds of years
before the beginming of the Christian ern

OUR ANCIENT HERITAGL

From the dawn of recorded history man appears to have practiced 1n one
form or another the process of punification or disinfection the Iatter 1 pre-
cursor of sterhzation The use of antiseptics such as pitch or tar, resins
and aromatics was widely employed by the Egyptians in embalming bodies
even before they had a wntten languige From the work of Herodotus!
(484424 BC) there are indications that the Egyptians were acquamted
with the antiseptic value of dryness resulting from the use of certamn
chemicals such as miter and common salt The fumes of burning chemicals
were also used by the ancients for deodonzing and dmisinfecting purposes
Of early importance was sulfur, apparently the first of the useful chercals
to be mentioned In the Odyssey” the following passage may be found

To the nurse Euryclea then sad he

Bring cleansing sulfur aged dame to me

And fire that 1 may purfy the hall
3






Historical Introduction 5

before ther discovery However, actual proof of thewr evistence hd to
awt the development and construction of 2 compound microscope suit-
able for the observation and studv of forms of microlial life Tor this
achiey ement, credit must be gusen to Anthony van Lecuwenhock, 1 Dutch
Jnen draper, for marked perfection of lenses of short focal distance with
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Courtesy Lambert Pharmaeat Co
Fig 1 Antonj van Leeuwenhoek

which he was able to sec for the first time some of the larger forms of b

teria In 1683 he observed and described a great variety of microbial fo -
m vanous body flmds, intestinal discharges from animals, water and brms
with a high degree of accuracy and pamstahing detail }-ie also mad g
portant contributions to microscopic anatomy and 1s regarded b etlm
authorities as the real discoverer of the blood corpuscles * Leeu wy ‘-‘}‘:" ';\m
observations and development of the microscope provided the f:)::d:zo:

of bactenolog and reo NCErnn:
pened the question co: th
. y X Ing e causation of
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The punfication of premises and the destruction of noxious and infectious
material by fire also seem to have onigmated among the Egyptians The
cremation of bodies of ammals, and of persons especially m the case of
war was often resorted to by the ancients as a means of their disposal, as
well as to destroy putrefactive odors

Moses was the first to prescribe a system of punfication by fire, and we
learn from the books of Leviticus and Deuteronomy that he also developed
the first system for the punfication of infected premses The stern man
dates given by Moses (about 1450 BC ) on the disposal of wastes camp
sanitation treatment and prevention of leprosy the touching of unclean
objects or eating of unclean foods formed the basis of the first samtary code
as established by the ancient Hebrews From the precepts as laid down n
the Mosaic law are based the various systers of punification of the succeed
g ages

History has recorded that the thinkers of antiquity never seem to have
doubted that under favorable conditions life both animal and vegetable
mght anse spontaneously Certain of the early Greekh philosophers held
the theory that ammals were formed from moisture Empedocles (450
BC) an early advocate of fuimigation as a means of combatting epidermcs,
attributed to spontaneous generation all of the living beings which he
found mhabiting the earth Anstotle (384 B C ) also asserted that some
times anrmals are formed mn putrefying so1l sometimes 1 plants and some
times 1 the fluds of other ammals He also formulated a principle that

every dry substance which becomes moist and every moist body which
becomes dried produces hiving creatures provided 1t 1s fit to nourish them
Durmng this era 1t 15 worthy of note that Hippocrates (460 370 BC ), the
greatest of all physicians and who was responsible for the dissociation of
philosophy from medicine recogmzed the importance of hoiled water for
imigating wounds the cleansing of the hands and nails of the operator, and
the use of medicated dressings for wounds

THE MIDDLE AGES

In the pertod from 900 to 1500 AD progress from the standpont of
noteworthy contributions having a direct bearing on the development of
the art of stenlization was virtually at a standstill For medicine this peniod
1s also regarded as an age of decadence and stagnation Filth pestilence
and plague ravaged all Europe in the Middle Ages Attempts were made to
combat the pestilence i hospitals lazarettos and mfected houses by means
of cleansing solutions aeration the smohe of burning straw fumes of vine
gar and not the least by the fumes of sulfur antimony and arseme

THE DISCOVERY OF BACTERIA
The eustence of bacteria was considered possible by many people long
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presence of microbes m the mosphere The eontroserss was further
aggrnated by the appairmec of 1 publlicwon antitled Heterogenie, by
1A Pouchict ™ Appwontly the author had ropeated the cxpenments of
Schulze and Sehw wmn and hes rosubts were domatriath opposed to the

Courtesy Lambe ¢ Pharmacal Co
Fig 2 Piypins “Digester ” Invented by Denys Papin 1 1680~ colliborator of Robert
Boyle in the study of pneumities The digester consisted of 1 vessel B cible of
bemg tightly closed by a screw D and 2 hd € i which food could be cooked 1n
water raised by a furnace A to the temperature of anv desred safe pressure of steam
The pressure was deterrmned nd lmited by 1 weight W on the safety valve lever G
Pipm 1s mven credit of having first mide use of the safety vale to control the

pressure of steam

findings of the eirlier mvest:
of organisms being present
with the current reasoning o
fermentation came from oul

gtors Pouchet also ndiculed the assumption
m the atmosphere— view 1n direct conflict

f Pasteur that mucro orgamisms responsible for
tside the fermenting materral
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THE DOCTRINE OF SPONTANEOQOUS GENERATION

Followmg the discovery of bactena, the age old question of spontaneous
generation of hving things again became a subject for discussion Some
few individuals did combat the theory, but the behef was general that bac
teria did ongnate spontaneously and this belief persisted until Lous Pas
teur finally settled the question with convincing experimental data 1n 1862
One of the early opponents of the theory was L Spallanzani,* * who in
1765 demonstrated that boiling an infusion of decomposable matter for two
minutes did not suffice to destroy all the microbes but when the mfusion
was placed 1n a hermetically sealed flask and boiled for an hour no gen
eration of microbes or fermentation occurred, so long as the flask remained
sealed Although Spallanzam proved to his own satisfaction that vegetative
power does not exist 1 mammate material, 1t was still mamtamed by some,
notably John Needham (1713 1781) and George Buffon (1707-1788) that
the boilng process had weakened or destroyed the vegetative force,
thereby preventing spontaneous generation from taking place

The attack on spontaneous generation was continued by Franz Schulze,®
i 1836 who failed to find evidence of living organisms in boiled mfusions
to which air had been admitted only after passage through sulfuric acd
Similar experiments were conducted by Theodor Schwann,” n 1837, except
that the air admitted to the mfusions was first heated to a ugh tempera
ture but the results were the same—no evidence of fermentation or bacte
nal growth In connection with the work of Schwann 1t 1s interesting to
note that he considered the process of fermentation could be arrested or
mhibited by an agent capable of destroying fungt such as heat potassum
arsenate etc Because of this belief Schwann 1s regarded by certan
authorities as the founder of the science of disinfection ®

In 1854 H Schroeder and T von Dusch® made additional contributions
m favor of the opposing forces to the theory of spontaneous generation
These workers employed 2 new technique of admtting air into flasks of
boiled infusions by filtering the air through a layer or plug of cotton wool
This was done to combat the argument agamnst any possible change n the
properties of the air which could have occurred m the expeniments of
Schulze and Schwann and which might give rise to a condition unfavorable
to the support of hfe Although the results showed that stenile solutions
were obtamed by this method 1t was later demonstrated that the same pro
cedure was unsuccessful in preventing fermentation of mlk, meat or egg
yolk unless these matenals were subjected to prolonged bo:ling at 100°C
heated 1n an o1l bath to 130°C or heated in Papins digester under a pres
sure of 15 to 75 pounds (see Fig 2)

By the year 1859 the problem of spontaneous generation was still in a
state of uncertamnty The pnimary issue at stake was decisive proof of the
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which 1t had been stated that unne, sternilized by boiling, did not undergo
fermentation or show evidence of bacteral growth upon incubation Bas
trm clumed that such stenlity was attumable only under certun condi-
tions, and f the urme were made athaline m the begmmng bactenal growth
would frequently take plice Tlis led Pasteur to reconsider certun phases
of his past work and together with Ius collaborators Joubert and Cham-
berland, he repeated and confirmed Bastians experiments As the result,
it was demonstrated that hquids with an aeid reaction could be rendered
apparently stenle by boiling because certun orgamsms not destroyed by
the process were unable later to develop in the notably aeid medin, but if
the liquds were made shghtly alkaline beforchand the surviving bactena
would grow and multiply {reely

This controversy with Bastian finally led to the establishment of the fact
that certain microbes ewst 1n nature which are eapable of resisting pro
longed boiling 1t 100 C for example, the spores of B subtilts discovered
by Cohn n 1876 ** Where formerly Pasteur had been content to boil hus
liquuds, he was now forced to heat them to 2 temperature of from 108° ta
120°C n order to mnsure sterihty

The custom of rusing hquids to 1 temperature of 120°C n order to sten
lze them dates from that conflict with Bastian 14

In addition, other articles common to stenle techmque, such as glass-
ware, vessels, tubes etc, were requred to be put through 2 flume at a
temperature of from 150° to 200°C Vallery Radot!™ has given Pasteurs
defintion of what he meant by putting glass receptacles, tubes, cotton etc,
through a flame

In order to get nid of the microscopic germs which the dusts of ur and of
the water used for the washing of vessels deposit on every object the best
means 1s to place the vessels (their opemngs closed with pads of cotton
wool) durmg half an hour 1n a gas stove heatmg the arr i which the
articles stand to a temperature of about 150° to 200°C The vessels tubes,
etc are then ready for use The cotton wool 1s enclosed m tubes or u;
blotting paper

To meet the requirement of more effective methods of sterhization at
temperatures higher than boiling demanded of Pasteur the mvention of
new apparatus During this period (1876 1880) of marked advances
bacteniological techmque, Pasteurs pupil and collaborator, Charles Cham-
berland,!® developed the first pressure steam sterithzer or autoclave with
which 1t was possible to attain temperatures of 120°C and higher (Fy 3)
This sterilizer was patterned after the steam digester mvented bg the
French physicist Denys Papin 1n 1680 (Fig 2) It resembled the mgd
pressure cooker with the cover held n place by means of toggle boltserlxz
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LOUIS PASTEUR

For an account of Pasteurs contributions to the development of the art
of sterihzation 1t 1s necessary to begin with the year of 1860 Here we find
Pasteur, having previously completed his brilliant researches on the m
crobic cause of fermentation now ready to begm his epoch making studies
on the problem of spontaneous generation He began lus attack with a m-
croscopic mvestigation of atmospheric air and with the aid of the most
mngenious devices he demonstrated that the air i different localities dif
fered 1n 1ts content of micro organisms His paper published mn 1862, On
the Orgamized Corpuscles Existing m the Atmosphere was destmed ac
cordmg to some scientific minds of that day, to remain forever as a classic
With a seventy typical of the thoroughly disciplined experimenter, Pasteur
repeated and confirmed the expenments of Schwann Schroeder and von
Dusch He showed that after passmg air through a filter or plug of cotton
wool the filter contamed orgamzed particles similar m appearance to mold
spores, and 1if these particles were then mtroduced nto stenthzed nutritive
flurds they would induce fermentation Finally Pasteur showed that fer
mentation m boiled nfusions could be prevented 1if the neck of the flask
was drawn out and bent m a simulated U tube form so that micro organ
1sms and dust particles present in the air could enter the open end of the
U-tube, but then due to the absence of air currents the mcro orgamsms
were unable to ascend the other arm of the tube to reach the contents
of the flask With this type of flask, he also showed that fermentation could
be immedately mduced by tilting the apparatus so as to permt the mnfu
s10n to contact the orgamsms deposited m the bent arm of the U tube In
bnief this experiment constituted the greatest blow yet delvered aganst
the doctnne of spontaneous generation

The importance attached to this phase of Pasteur s work can best be sum
manzed by saymg that where previous investigators had concerned them
selves with expenments to demonstrate the absence of fermentation 1n
sterilized infusions m contact with germ free air he not only did this but
also proved that the micro orgamsms present in the air were unquestion
ably responsible for the changes which occurred 1n his sterilized infusions
In the words of W W Ford **

The great practical result of this phase of Pasteurs work 1s not so much

that he finally settled the controversy regardng spontanecus generation

but that his observations on the pollution of the atmosphere by bacteria
paved the way for Listers antiseptic surgery which has revolutionized
surgrcal practice throughout the world

One of the last defenders of spontaneous generation was the English
physictan Bastian In 1876 he attached the previous work of Pasteur n
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THI DISCOVLERY OI' THHE HLAT RLSISTANCL OI' BACTERIA

Any Iistory of stenlization would be considered mcomplete unless some
thing more than passing recogmtion were guen to the discovery of the
heat resistant phases of bactena Tor this enduning contribution we are
mdebted to the English physicist John Tyndall In 1876, he made his
entry mto this ficld with 1 senes of researches devoted to the phenomena
of fermentation and putrefaction Prior to this time, Tyndall had concerned
himself with the problem of atmospheric germs ind dust and by means of
a concentrated beam of light he developed 1 most searching test for sus
pended matter both in mr nd 1n water He firmly believed that micro-
organtsms present m the aur were associated with dust particles With the
aid of an ingemous wooden chamber fitted with 1 glss front and side
windows through wlich was passed 1 beam of hght, he demonstrated that
dust free ur which did not scatter the beam of hght would not imtiate
growth n tubes of boiled infusions exposed to 1t

Further studies made by Tyndall revealed that nfusions prepared from
old dried hay were far more difficult to sterilize by boiling than those pre
pared from fresh hay * This observation led him to investigate extensively
the heat resistance of bactenna I'rom numerous exacting expertments, he
finally concluded that at certan times i the life history of orgamsms they
developed heat resistant phases m which they were most difficult to Lill
even by prolonged boiling This heat resistant (spore) stage of bacteria
was also recogmzed by Pasteur and independently discovered by the Ger-
man botanist, Ferdmand Cohn, m 1876 ** Typical of Tyndalls conclustons

on this subject 1s the following quotation taken from one of his detached
essays ©

As regards their power of resisting heat the infusorial germs of our tmos
phere might be classified under the following and mntermediate heads —
killed 1 five mmutes not killed 1n five mmutes but Lilled 1n fifteen not
killed n fifteen minutes but killed m thirty not killed 1n thirty minutes but
killed 1 an hour not killed m an hour but killed 1 two hours, not killed
m two but killed in three hours not killed in three but killed m four hours
I have had several cases of survival after four and five hours boiling some
survival after six and one after eight hours boiling Thus far has expen
ment actually reached but there 15 no valid warrant for fixmg upon even
eight hours as the extreme Iimit of vital resistance Probably more extended
researches (though mine have been very extensive) would reveal germs
more obstinate still It 1s also certamn that we might begin earlier and find
germs which are destroyed by a temperature far below that of boilin
water In the presence of such facts to speak of a death pomt of bacteng
and their germs would be unmeanimng—but of this more anon

It 15 also apparent from Tyndalls publications th
at he was quut
of the role played by moisture m the growth and destruction ?folfa:t“e’:;e
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was equipped with a safety valve and a small peteock in the cover which
could be apened for expulsion of air as pressure developed from heating It
contamed a small quantity of water and the materals to be sterthzed were
suspended above on a rack Although this sterilizer winch became known

as Chambeslands Autoclave

an mdispensable apparatus for hospitals

and laboratories was enticized later by the Germn school and other 1n
vestigators because the higher and more uncertain temperatures developed
were harmful to heat sensiive forms of media, it did npevertheless usually

The

Fig 3 “Chamberlands Autoclave

first pressure steam sterthzer {autoclave)

was built 1n 1880 by Charles Chamber

land a pupil and collaborator of Lows

Pasteur It was patterned after Papins

steam  digester” and resembled the mod
ern pressure cooker

sterthze 1 one performance, and it
must be considered as the father of
our modern precision stershzers
Pasteurs researches were not re

stiicted to fermentation nor to the
settlement of the spontaneous gen
eration theory Of even greater 1m
portance were Ius accomplishments
culminating i the establishment
and laboratorv vertfication of the
true germ theory of disease This
however, 1s a story so well known
and so competently recorded m the
hterature that t would be an mjus-
tice to attempt to recount the events
m the limted space available Per
haps 1t will suffice to say that, m the
authors opimon the hterature rec
ords no greater contrihution to the
development of apphed sterthzation
than the statement made by Lows

Pasteur 1 lus celebrated lecture on the germ theorv, delivered on Apni
30 1878 before the Academie de Medecine **

1f I had the honour of bemng a surgeon convinced as 1 am of the dangers
caused by the germs of microbes scattered on the surface of every object
particularly 1 the hospitals not only would I use absolutelv clean nstru
ments but after cleansing my hands with the greatest care and putting
them quickly through a flame (an easy thing to do with a httle practice)
I would only mnke use of charpie bandages and sponges which had pre
viously been raised to a heat of 130°C to 150°C I would only employ
water which had been heated to a temperature of 110°C to 120°C Al
that 15 casy wn prachice and m that way, T should stll have to fear the
germs suspended 10 the atmosphere surrounding the bed of the patient
but ohsenvation shows us every day that the number of those germs 1s
<lmost msigmficant compared to that of those which lie scattered on the
surface of objects or m the clearest ordimany water
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THL DISCOVI'RY O THI" HLAT RI'SISTANCI OI BACTERIA

Amv history of stenlization would be considered icomplete unless some
thing more than passing recogmtion were ginen to the discovery of the
heat resistant phases of bactena 1or this endurmg contribution we are
indebted to the Enghsh physieist John Tyndall In 1876 ** he made us
entry mto tlus field with 1 series of researches devoted to the phenomenn
of fermentation 1nd putrefaction Prior to this time Tyndall had concerned
Tumself with the problem of atmosphenc germs md dust, and by means of
a concentrated beam of hight he deseloped « most searching test for sus-
pended matter both m ur and n water He firmly believed that mecro-
orgamisms present m the ur were assoctated with dust particles With the
aud of an ngemous wooden chamber fitted with 2 glss front and side
windows through which was passed 1 beam of hight, he demonstrated that
dust free ur which did not scatter the beam of hight would not inttinte
growth in tubes of boiled infusions exposed to 1t

Further studies made by Tyndall revealed that infusions prepared from
old dried hay were far more difficult to sterihze by boiling than those pre-
pared from fresh hay ** This obseryation led him to investigate extensively
the heat resistance of bactertn From numerous exacting experiments, he
finally concluded that at certam times n the life history of orgamsms they
developed heat resistant phases m which they were most difficult to hill
even by prolonged boiling This heat resistant (spore) stage of bactena
was also recogmzed by Pasteur and independently discovered by the Ger-
man botanist, Ferdinand Cohn, 1 1876 ** Typical of Tyndalls conclusions

on this subject 1s the following quotation taken from one of his detached
essays "0

As regards their power of resisting heat the mfusonial germs of our atmos
phere might be classified under the following and intermediate heads —
Killed m five minutes not killed in five mmutes but killed m fifteen not
killed tn fifteen minutes but hilled m thirty not killed 1n thirty mmutes but
lilled m an hour not killed 1 an hour but Lilled i two hours not lilled
m two but killed m three hours not killed in three but killed 1n four hours
1 have had several cases of survival after four and five hours boiling some
survival after six and one after eight hours boiling Thus far has expert
ment actually reached but there 15 no valid warrant for fixing upon even
eight hours as the extreme limit of vital resistance Probably more extended
researches (though mine have been very extenstve) would reveal germs
more obstinate st1ill It 1s also certam that we might begin ewrlier and §nd
germs which are destroyed by a temperature far below that of bolng
water In the presence of such facts to speak of a death pomt of bactera
and their germs would be unmeaning—but of this more anon

It 15 also apparent from Tyndalls publications that he
was qute awa
of the role played by moisture in the growth and destruction of bacterll:
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His early analysis of the importance of prompt mterchange of moisture
(wetting action) from the surrounding Liquid to the bactenal cell for de-
struction 15 strikingly similar to present day theory advanced mn explanation
of bacteral destruction by means of moist heat In one of his papers pub-
Lshed 1n 1877* there appears the followmg remark

It 15 not difficult to see that the surface of 2 seed or germ may be so af
fected by destecation and other causes as practically to prevent contact be
tween 1t and the surrounding iquid The body of a germ moreover may
be so indurated by time and drvness as to resist powerfully the insinuation
of water between its constituent molecules It would be difficult to cause
such a germ to mmbibe the moisture necessary to produce the swelling and
softening which precede its destruction mn a hiquid of high temperature

Tyndall 15 probably best known and generally recognized as the ong
nator of the method of fractional sterilization by discontinuous (intermmt-
tent) heating This method was originally developed as a practical means
of sterlhzing nfusions contaming heat resistant forms of bactena The
process mvolved heating the infusions to the boiling pomt on 5 consecutive
occasions with appropnate mtervals of holding at room temperature (10
12 or 24 hours) m between each peniod of heating The purpose of the
mtervals of holdmg between the heating periods was to allow sufficient
time for the resistant bactenial spores to change or germmate mto the
more susceptible 1egetative stage Tyndall has described the process as
follows

An mefuston infected with the most powerfully resistant germs but other
wise protected agamst the floating matters of the air 1s gradually rased fo
ats boiling pomt Such germs as have reached the soft and plastic state imme

duately preceding therr development mto bactena are thus destroyed The
mnfusion 1s then put aside m a warm room for ten or twelve hours If for
twenty four we mught have the hqud charged with well-developed bacte

12 To anticipate this at the end of ten or twelve hours we raise the infusion
a second tme to the boilmg temperature which, as before destroys all
germs then approaching their powt of final development The mfusion 1s
agam put aside for ten or twelve hours and the process of heating 1s re

peated. We thus kil the germs in the order of their ressstance and finally

kall the last of them No mfusion can withstand this process if 1t be repeated
a sufficient number of times

Fractional sterihzation which later became known as Tyndalhization
was actually the forenmner of developments leadg up to the non pressure
steamer type stenlizer (Fig 5) devised by Robert Koch and lus associates
1n 1880-1881 The process of Tyndallization constituted an important ad
vance 1n the development of practical stenhzmng methods Its usefulness
and populanty can best be judged by the fact that to this day the proce-
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dure 1s followed in mam Iboratenies for the stenhization of heat sensiive
medin by stexming for thirty minutes on three conseeutive days

JOSTPIL TISTER AND ANTISLPTIC SURGLRY

Lord Joscph Laster has been recogmzed the world over 2s the  ather of
Antisephic Surgen ™ s worh 15 100 well known to justify anv extensive
presentation of his nchievements hore Without doubt he was the first

Coxrtery T B Sounders Co
Tig 4 Lister operating with carbolic spray

surgeon to employ a chermical disinfectant for the mauntenance of an anti-
septic atmosphere designed to prevent the entrince of bacterin into surg-
cal wounds Lister s antiseptic system was presenibed long before the germ
theory had been accepted In fact 1t was toward the end of 1864 that he
first became nterested i Pasteur s work on the cuses of fermentation and
putrefaction After carefully repeating and confirming many of Pasteurs
experiments, Lister conceived the theory that air borne bactena are respon
sible for suppuration and putrefaction m operative wounds This led him
to the formulation of certam principles wlhich ultimately compnised the
basis of the antisephic system * *

1) Germs must be prevented from ¢ntening the wound during or after
Operation
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2) If germs are present m the wound they must be prevented from
spreading after operation

3) Germs on the outside or surrounding the wound should be destroyed

4) All mstruments, dressings and everything else m contact with the
operation, mcluding the hands of surgeon and assistants should be ren
dered antiseptic

In order to carry out the principles of the antiseptic system, Lister was
obliged to develop smitable methods and matenals In his search of cherm
cal compounds as a possible means of destroying bactersa his attention
was directed to 1 newspaper account describing the use of carbohc acid
for the destruction of sewage i the town of Carlisle near Glasgow He
mmmediately recogmzed this antiseptic 1s peculiarly adapted to his expert
ments His first apphcation of the antiseptic pninciples occurred 1 March
1865 Glasgow Royal Infirmary, in a case of compound fracture The arr
about the wound was subjected to a fine spray of carbolic acid solution
Also the hands mstruments and hgatures were washed and soaked n the
same solution Although this first test of the antiseptic system proved un
successful, Laster attnibuted 1t to improper management Then followed a
long series of experiments with repeated attempts at improvement of dress
mngs and techmques that would permit more effective application of the
antiseptic prmeiples Finally, in 1867 his first papers On the Antiseptic
Principle mn the Practice of Surgery appeared m the Lancet ™ * Here 1t
was recorded that with the application of the antiseptic treatment his mor-
tality 1n cases of compound fracture was reduced from 45 per cent to 9 per
cent—a remarkable stnde toward the elimnation of postoperative sepsis

It 15 to Laster that full credit must be given for an orgamized system of
antiseptic surgery—the basis upon which our modern aseptic surgery has
been founded He 1s responsible for introducing the sterilhzation of mnstru
ments, dressings glassware and other supphes used m the operating room
Although equipment and methods employed in modern surgery differ
greatly from those used by Lister 1t should not be forgotten that the ong:
nal Listerian principles remam as mviolable today as when they were first
proclammed To emphasize the necessity of becoming bactenology minded
Lister offered the following advice ¢

In order gentlemen that you may get satisfactory results from this sort of
treatment you must be able to see with your mental eye the septic ferments
as distnctly as we see flies or other msects with the corporeal eye If you
can really see them i this distinct way with your intellectual eye you can
be properly on your guard agamnst them 1f you do not see them you will be
constantly hable to relax m your precautions

It 1s of mterest to note that Laster did not introduce the term antiseptic
Robmson 7 has stated that perhaps the first who used 1t was the wholly
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unknown Place, who wrote m s Hypothetical Notion of the Plaguc
(1712)  As this phenomenon shows the motion of the pestilential porson to
be putrcfactine it makes the use of (antiseptics) 4 rewsonable way to op
pose 1t and whatever resists and 15 preservatne agunst putrefaction,
Admits not of the generion of msects  In the next generation, Sir John
Pangle, father of miitany suutation published hus umportnt Lxperunents
upon Aseptic and Antiseptic Substances (1730) By this tme the word was
evidenthy familiar to the pubhe for it occurs m the Gentlemen s Magazine
(Y731} Marh an v waten solation s
tachc times more mtiseptic than sea
st Yet over 2 hundred vears Iater, I'ns
ter had to bogn At the begmmng

1t 15 2 rather remarkable et that Lis
ters otensnely practics) results were se
cured 1n the destruction of bictern m
s surgenl work with no defimte know)
cdge of pathogeme bacterin To he sure
Pasteur and others had suggested the re
latonship betw cen bactent and fection
but no one had proved thit riionslup
A great part of Lasters presentition oc
curved 1 the eighteen sinbies while it was
not until 1876 that Robert hoch wis able
far the first ime to cultnate artificnlly
outside the body 1 pathogeme organism
(anthrax) and to producc the disease 1
amals with Ins cultures Shortly there-

[ig 5 This shows the non pressure
steimer type stenbzer devised by
after Pasteur was able to confirm all of Robert Rach and hus associates m
Kochs obseryations and i 1878 m asso 1880 1881 It wis utibized broadly
wation with Joubert and Chamberlind v the Germuns for the internuttent

or {ractionyl sterhization of medin
he threw Tus great influence n favor of

the thesis that all infectious disc 1s¢ 1 crused by the growth of micro orgn-
1sms within the body

CONTRIBUTIONS TROM THE GERMAN SCHOOL

The researches of Koch and s associites i 1881 on the disinfeching
Pbroperties of steam 1nd hot ur mark the beginning of the science of dis
mfection and sterilization In collaboration with Wolffhugel ® hoch dem
onstrated that therc was 1 marked difference m the effect of dry heat on
bacterta as contrasted with thit of moist heat These myeshigators deter
tined that dry heat at a temperature of 100 C would destroy vegetative
bacterty m 1% hours but the more resistant spores (anthrax) required 2
temperature of 140 C for 3 hours n order to msure thew destruction In
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conunction with Gaffhy and Loefller,”® hoch nlso mvestigated the germu-
adal action of mowst heat This study showed that the spores of anthrax
were destroyed in bothng water at 100°C 1n from one to twelve minutes
It 1s certan that hoch was not impressed with dry heat as an efficient
method of sterthzation because 1n one of lus experiments he demonstrated

Fig, 6 An early modification of the Pas
teur Chamberland type of laboratory auto
clave probably of Cerman make It had
an mmproved type of caover lock and was
equipped with a pressure gauge but no
thermometer There was no apparent
means for ¢xpelling arr from the chamber
Steamn was generated from water con
tamed 1n the bottom of the chamber and
heated by a gas flame

Fig 7 One of the early types of hot ar
sterdizers used n bactenalogical labora
tores n the 1890's It was pattemed after
the design developed by the German

school double walled gas heated m
which an attempt was made to circulate
the heated air by gravity convection Rela
tnely it senved 1ts purpose to much greater
advantage than the steam stenhzers of
that day because the actual tempersture
of the heated air was measured by a ther
mometer

clearly the greater powers of penetration of mowst heat This particular
experimment has been sammanzed by Znsser® as follows

Small packages of garden soil were surrounded by varying thicknesses of
linen with thermometers so placed that the temperature under a definite
number of layers could be determined Exposure to hot aiw and to stewm
were then made for companson and the results were as tabulated
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Time of Temperatuses Reached Within
Tempereture Application Thicknesees of {tnen Rewlts

20 4n nn
Thicknien Thicknese Thicknes

Incomplrte

Hot Alr 130 148 C 4 houn 8 C 7c Below 70 C  Sterilization
T T Com{wlclc

mc 1015 ¢C Sterilization

Steam 0 1033 C 3 houn mC

The Gorman school scems to hrne preferred the non pressure stermer
type stenhizer for the stenlization of medin by the fractional or intermittent
process This mav hwe been
due, 1n part, to the difficultics
expeniecnced with  the ewly
models of antocines of the
Chamberland tvpe developed
by Pasteur and lus group In
am event, 1t 1s known that
hoch and Jus assocrtes de
vised the first non pressiire
flowing steam stenhizer 1 1881
and studied s bactenedal
value (Fig 5) In binef, 1t con
sisted of a metal cyhnder m
which  water was  heated
through the bottom by 1 gas
ame, the resulting steam en
veloping shelves above the wa

Ig 8 hochs Inspissator A water bath type of
apparatus doveloped for the congulation and
ter on which matenals were  sterhization of blood serum media The temper
placed It should not be con  atvre was mamntuned at 60 C (140 T') or
strued, however that wnterest ugher for one hour on exch of five or sit con

secutine days
on the part of the German

schaol was confined solely to the development and usage of the non pres
sure sterthzer On the contrary hoch and other workers showed that steam
under pressure 15 a more efficent stenhzing agent than stexm at atmos
phenc pressure Alsa one mav gather from the hterature of the first stenn
lizer manufacturers that the onigmal autoclave of the Pasteur Chamberland
type underwent early modification at the hands of the Germans and later
became hnown as the Koch (Upnght) Autoclave, (Tig 6)

Koch also developed methods and equpment for the disinfection of
clothung In this apphication he Iikewsse found mowst heat to be superior to

ty heat becayse of its greater penetrating power His studies revealed that
upon exposing a roll of flannel contarmnated with spores to dry heat at
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140 150°C for 4 hours, the temperature mside the roll was only 83°C, and
the contuned spores germmated freely When the flannel was exposed to
mosst heat at 120°C for 1% hours, the temperature mside the roll was
117°C,, and all the spores were destroyed The apparatus shown in Tigure
9 15 typical of a flowing steam disinfector for clothing constructed accord
g to Kochs specifications by the firm of W Budenberg Dortmund for
the Rungs Government at Arnsberg in 1888

Although Emst von Bergmann (1836 1907) 1s sometimes credited with

Fig 8 The Budenberg Steam Disinf This app was bult 1 1888 by
W Budenberg Dortmund G ding to the specifi of hach and hus
The mbly 3 of a small boiler for the generation of low pressure

steam which was connected to an oval shaped dismfecting chamber It was used for
the disinfection of clothing mattresses ete by means of fowing steam

having mtroduced steam stenlization nto surgery, 1t has been ponted aut
by Walter,” in his discussion on the development of the concept of asepsis,
that Schimmelbusch one of von Bergmann s assistants frst used the steam
stershzer for the stenhzation of surgical dressimgs mn 1885 Apparently
Schimmelbusch devoted much of his time and efforts to the establishment
of a highly formalized pattern of operating room asepsis He also recom
mended the addition of alkali 1% sodium carbonate to boshng water for
the stenhzation of mstruments 1n order to prevent corrosion and to increase
its bacterterdal value On this same subject 3t 15 interesting to note that
Hugo Davidsohn another of Koch s assistants first demonstrated m 1888*
the practicality of boihng water as a means of stenhzing surgical snstra
ments

Following the discovenes and advances made by Robert hoch m the
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ctiology of wound mfcctions and m bacteriologie techmie other workers
made significant contributions to the science of disifection and sterihza
tion Von Esmarch,™ for cxunple, emphasized the great practical mmpor-
tance of using suturated stexm contunmg the maumum amount of water
rapor m all methods of stexm stenhization May Rubner® also proved that
the bacteriesdal effect of steam 15 dumnished m proportion to the amount
of arr present i the stenbizer From the hteraturc 1t 1s evident that during
the period of 1883 to 1900 the Germans made many notable contributions
to the principles goserning steam sterihization and chemieal disinfection
Widespread application of these principles including their adaptation to
sterihzing equipment, did not howesver take place until some thirty years
later with the introduction of the modem temperature controlled sterilizer
—a product of Amernican manuficturcers

EARLY AMECRICAN DEVELOPMENTS IN STLRILIZATION

Durmng the period of brilliant rescarches and discoveries m bacterrology
n Europe, workers i ths country were tlso engaged m furthering progress
n the same field By 1890 the new science of bacteriology had become
well known 1n the Umted States It 1s believed that Thomas J Burnll
(1839 1916) first introduced the study of bacteriology into this country at
the Umversity of Ilinois sometime 1 the seventies  Perhaps the earhest
contnibutor to the subject of disinfection and sternthzation was George M
Sternberg who m 1878 conducted experiments on the evaluation of certain
commercial disinfectants mcluding chlorme He also studied the thermal
death pomt of pathogenic bacter1n®® and determined that non spore bear-
ing orgamsms were hilled 1in ten minutes exposure to 1 temperature of
62°-70°C (143 6° 158°T ) and spore bearers were destroyed m five mm-
utes exposure to moist heat at 100°C (212°F )

Much of the bacteriologieal apparatus and stenlizing equpment used by
the early Amenican bactenologists was brought to this country from Eu-
rope Precise records of the early sterthizers produced m the United States
seem not to exist, but certain 1t 1s that sometime prior to 1895 the industry
of sterthzer manufacture had 1ts origin The best records available to the
author have been taken from a publication entitled

Pressure Steritlization
THE NECESSI1Y TO THE BEST RESULTS IN
ASEPTIC SURGERY

SPRAGUE ScHUYLER COMPANY
Works Rochester N Y Mam Office 136 Liberty 8t New York City
Dated 1395
Pertinent information may be gathered from the mtroduction to this

brochure with respect to the first comprehensive nstallations of sterilizers
m hospitals 1n this country
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The first complete plant for pressure stenhization of surgical appliances 1
the history of the art was mstalled m the Whitbech Memornal Surgical Pa
vilion connected with the Rochester City Hospital Rochester, New Yorh,
i the year 1890 by A V M Sprague and 1s now m darly use and appre
crated as an nvaluable auahary to their work We illustrate the sterihzers
for surgical dressings for water, 1nd the imgation outfit employed (See
Tigs 10 and 11, author ) In the year 1892 we installed in the W J Syms
Surgical Theatre Roosevelt Hospttal New Yorh City an object lesson for

i

Poou—

o

Fig 10 This Rectangular Dressing Sten:
lizer was part of a group mstalled at City
Hospital Rochester N Y in 1890 It was

descibed by the producers Sprague
Schuyler Co as The first complete plant
for pressure stenlization of surgical apph
ances 1n the history of the art The sten
lizer was heated by direct steam from the
mstitutions service hnes The chamber had
dimenstons of 15 x 15 x 20 long and
was made of cast bronze highly polished
Fittings included a thermometer pressure
gauge and safety rehef valve

the world mn the way of a perfect plant

Fig 11 Pair of steam heated pressure
water stenhzers 25 gallons capacity part
of the group mentioned m Figure 10 m
stalled at City Hospital Rochester N Y
m 1890 Water filters were not provided
and there were no thermometers or pres
sure gauges Ewvidently the control neces
sitated blowimng of the safety valves to
indicate  adequate pressure  Certamly
these were among the first pressure water
stenhzers used m this country

for sterilization under pressure Em

braced 1n this outfit are two tanks for the sterithzation of water each having
a capacity of 100 gallons six of our No 3 horzontal dressing stenlizers

two spectal mstrument stertlizers besn
aid of which the operations are carried

de the mnumerable small items by
on and the articles processed safely

and conveniently (Refer to Figs 12 13 and 14 )

Histonically 1t 1s known that the major parts of the Sprague Schuyler
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Company sterihizers were hult by the Shipman T ngine Company of Roch
ester, henee the reference to Waorls Rochester, N ¥ 7 This Iatter firm
together with the Sprague <tenihzer patents were tahen over early an the
1905 J L and G 1 Hall, the foundars of the Amencan Stenlizer Com-

4
Fig 12 Group of three dressing stenlizers installed 1n 1892 1n the W J Syms Surgical
“Theatre Roosevelt Hospital New Yorl. City produced by Sprague Schuyler Co They
were heated by Séeﬂm direct from the service lines and were equipped with pressure
gauges and thermometers located 1n the extreme tops of the chambers

pany Ene Pa These men onginally began their activities under the name
of Hall Bros mn 1894 Tt 15 alsa known that the Sprague Schuyler Company
together with another pioneer producer 1 this field, the kny Scheere;
Company of New York (1888), were responsible for the introduction of

the ::e;cx:l.l ltc;g‘!;t radial locking arm door on pressure stenlzers—a door
whid] Poul ¢ opened or closed simply by the mampulation of a simgl
band wheel Figure 15 1llustrates this feature e
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The first complete plant for pressure stenlization of surgical applances
the lustory of the art was mstalled m the Whitbech Memonal Surgieal Pa
vilion connected wath the Rochester City Hospital Rochester, New York
m the year 1890 by A V M Sprague 1nd 1s now in daily use and appre
ented 1s an myaluable auwabnny to therr work We sllustrate the stenlizers
for surgical dressings for water and the mgation outfit employed (See
Figs 10 and 11 author ) In the yer 1892 we istalled i the W J Syms
Surgieal Theatre Roosevelt Hospital New York City = object lesson for

Fig 10 This Rectangular Dressing Sten
hazer was part of a group instafled at City

Y n 1890 It was

3 I3

Hospital Rochester N
desenbed by the

Schuyler Co as ‘The first complete plant
for pressure stertlization of surgwal apph
ances 1 the history of the art  The sten
hzer was hented by direct steam from the
wstitutions service lines The chamber had
dimensions of 15 x 15 x 20 long and
was made of cast bronze hughly polished
Fitings ncluded a thermometer pressure

gauge and safety relief valve
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Fig 11 Par of steam heated pressure
water stenhizers 25 gallons capaaity part
of the group mentioned 1w Figure 10 i
stalled at City Hosprtal Rochester N Y
mn 1890 Water filters were not provided
and there were no thermometers or pres
sure gauges Ewvidently the control neces
sitated blowmg of the safety valves to
indicate  adequate  pressure Certamly
these were among the first pressure water
stertlizers used m this country

the world 1 the way of a perfect plant for sterthzation under pressure Em
braced m this outht are two tanks for the sterhzation of water exch havang
a capacty of 100 gallons six of our No 3 honzontal dressing sterthzers
two spectal wstrument sterilizers beside the mnumerable small stems by
ad of which the operations are ¢arried on and the articles processed safely
and conveniently (Refer to Figs 12 13 and 14)

Historically 1t 1s known that the major parts of the Sprague Schuyler
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structed for operation 1t 1 wavmum steam pressure of 7 pounds, eguiva
fent to 111°C The Dumond dismfcctor, s shownn igure 19, consisted
of 1 ey hinder 4% feet m drmetes by 7 fect indength, equpped with 2 deor

e Tt il e T a

3t
~

rs

Fig 14 Parr of wstrument stenhzers (boilers) :
on will brick
sc;alled w Raosevelt Hospital New York City mn 1892 byr;r?;uglse:é{xe\gl?: é;;zs ’1'1}‘\l
vers were elevated by hand and the chambers were vented for disposil of e'(ce::
stearmn

at ;xkﬁ:r end It was also cquipped with heating coils or radiators on to
an g ttom of chamber to mamtain temperature of the desired de rez
without condensation of the steam 1n the chamber Steumn was admxtte%l to

the chamber by means of
the eylinder Y ns of 1 perforated pipe extending the whole length of
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Another early contributor to the sterlizer industry was the Wilmot Castle
Company, who began operations 1 1883%" by producing the Amold steam
cooker which was later
transformed 1nto the Armold
(flowmg steam) sterilizer
(Fig 16) This device and
modifications thereof have
continued throughout the

% e
, . years as a popular means of
Dol R sterihization of heat sensi-
| ¥ tive forms of media 1n lab-
’ ; ': o oratories The Arnold sten
» lizer largely replaced the
LT non pressure steamer de-

7

vised by Koch and hss as
sociates

A sigmificant advance mn
the development of stenh
zation n this country came
about through the introduc-
tion of the Kinyoun Francis
steam and formaldehyde
disinfecting chamber {Fig
20) The fundamental pnn
cples and design of this
equipment were conceived
and developed by J J Kin
youn, Past Assistant Sur-
geon of the U S Public
Health and Marnne Hospt
tal Service working n con
junction with W H Fran
as one of the founders of
the Kensington Engme
Fig 13 These water sterilizers were also installed Works Co , Philadelphia In
mtﬂllel\?’v ]1 S{mélsm;?i?go'rh’;aufs Roosevelt Hos 1888, on the recommenda
\P:n:;x Ihee‘:molx)rrxeter:y ;nd p;essui: g:‘fé:se%‘:fpsg tion of Kmyoun ** the Lou-
water or arr filters 1s:ana Quarantme Board

constructed the first steam

chamber m the Umnted States for the application of steam under a pres
sure of 1 to 2 atmospheres to be used for the disinfection of garments
mattresses bedding etc Pror to this time the only bulk dismfecting
apparatus available was of the Dumond or French model type con-

i,

W

o
s A
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ommended for the ripid remosal of ur from the chamber prior to the
mtroduction of stexm

In Ins expeniments with form Adehyde 15 2 disfecting agent kiny oun®
found that 1 greater penctrition of formaldehyde could be obtuned of the

Fig 17 Typicil water stenlizers produced i 1895 Here
;a;ndter:ice of :}\ln attempt to filter the wur drawn 1 s witer w f: rd:l:\e\ nﬁ:)sltxtm: esrr?m?l i
s‘ca & 0?1 the top of each tank fitted with 1 check vilve preventid the esca) cux;
eam under pressure nd also opened o let aur mn as water was wathd Phes
cups were supposedly filled with fresh cotton duiy for wr filtration  As ll \“n\\n Trese
'f?[‘:;: h‘:‘zlardous than helpful The tanls were equippcd with (hcrmflr:::!grs‘h(y vater
filte acgm?‘l)rl\;ng granulated quartz rock and ammal chwcoil as the filtenn, . :]\'ater
ation gas heater Sterihization was accomplhished by mant the wates
at 240 I {116° C ) for fifteen mmutes) wtumng the water
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Fig 15 Au early type of honzontal pres
sure stenihzer known as the Xny Sprague
Steam Stenlizer This type was steam
facketed and the water from which the
steam was generated was contamed 1n the
jacket to which heat was apphed directly
There was no precise system of air elimi
nation provided A pressure gauge was
furmished but no thermometer The door
was one of the first equipped with radial
arms for locking

Fig 16 An early form of the Amold flow
ing steam sterizer modified from the
ongmal steam cooker mvented by W E
Armold mn 1883 This constituted an 1m
provement on kochs non pressure steam
er When water was placed in the reservoir
B 1t flowed mto the shallow receptable A
formed by the double bottom Upon ap
plymng a flame to the bottom steamn was
generated 1n the area C and then arcu
lated through the mamn chamber D Steam
which escaped through the hd at the top
of the chamber condensed under the outer
hood and ran back into the reservorr

Kinyoun devoted considerable time to remedying defects of the early
steam disinfectors The pattern which he eventuallv recommended con
sisted of an oblong cyhinder jacketed with an outer and inner shell instead
of heating cols and the entrance of steam at the top of the chamber rither
than the bottom By this system 1t was claimed that the currents of steam
1n the chamber could be easily controlled A partial vacuum was also rec
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ommended far the raprd remoyval of air from the chumber prior to the
introduction of stexm

In Yus experiments with formaldehyde as 2 dismfecting 1gent, Kmnyoun®
found that 1 greater penetration of formaldehyde could be ohtamed f the

Fig 17 Typial water stenhbzers produced m 5
evidence of an attempt to filter thep air drawn mufz\ \lli?(\yv.f: ‘d::\'imﬁstthx e e find
locited on the top of each tank htted with 2 check vahe prevcntedu th smoll eup
steam under pressure and also opened to let awr 1n as water wis withds ¢ escape of
cups were supposedlv filled with fresh cotton dulv for ur filirition Act ﬁ“v“ These
xfﬁ::re hazardous than helpful The tanks were equipped with ‘heimm:z(y they were
er contmning granulated quartz roch and ammal charcoal as the fil 1S 1 water
and a combmation gas heater lization was hed bas he filtermg medium
240 F (116° C ) for fiteen minutes & the water




Fig 18 A “Combmed Stenbisng and Disinfechng Oven produced by Spragne

Schuyler Ca in 1895 The apparatus was steam jacketed and the outer walls were

msulated with hard wood stups Doors were provided at each end of the oven the

design bemng to receive contimmated articles at one end and remove them following

disinfection at the other end It was arranged for building m~~a feature wiich appar
ently had its ongm with the German school

ratus widely used in Europe was desy for the steam wn of

mattresses pillons fabmics etc 1t consisted of a (,ylmde‘; 44 feet in drameter by 7 feet
fong, with a door at either end The radiators (heating cosls) along the top and bottom
aof the chamber reduced condensation of the steam and perritted rapid drying of the
goods following exposure to steam The great advantage clawmed for this apparatus
was fo the effect that one man could diunfect as many as one hundred mattresses 1 a
day—a remarkable feat difficult to accomplish even with present day equipment
26

Fig 19 The Dumond Disinfector—a development of the French school This appa
3 for it
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process w s conducted m 2 steim dismicctor, provided with speerl 'lpp’ll
ratus, such as shown m Figurc 20 The mun foturc of the process conssted
of the prtil disphicament of the ur m the chamber by mens of 2 vmuu:n
apparitus and then admitting form ildehyde grs mto the chamber so t:15]0
1ephice the exhsted ur Stexm w s adnutted to the jachet only of the
dismfector m order to heat the articles ind to mamtun the chamber at 1
temperaturc of 1hout 90°C (194°1")

Fig 20 The kinyoun Francis Steam and Formaldehyde Disinfecting Chamber This
apparatus constituted 1 marked improvement over earher forms of pressure stexm
stenlizing equipment It could be used for the application of steam under pressure at
1 to 2 atmospheres or for formaldehyde disinfection combined with dry heat in a
vacuum chamber It was widely used for the d 1on of clothing beddmng ete

1n quarantine stations mumeipal disinfecting plants and hospitals The Ainyoun
Francis disinfectors ushered in the era of bulk (large eyhndrical and rectangular)

sterihizer design and application

The efficiency of the formaldehyde disinfection process 1 2 vacuum
chamber was studied i detail by E K Sprague Past Assistant Surgeon
U S Marme Hospstal Service 1n 1899 *° His report stated 1 part

The writer would be distinctly understood 4s not recommending formalde
hyde even when combmed with 1 igh degree of heat s 2 disinfecting
agent upon which reliance can always be pliced for the treatment of arti
cles requiring much penetration especially when the exposure 1s mited to
one half hour A entical exammation of nearly all the published exper1
ments with this agent will reveal mstances mn which orgamsms that there
was every reason to expect would be hilled have survived and vice versa
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It 1s that occasional unaccountable uncertanty of action that calls forth the
warnng not to attempt disinfection with formaldehyde 1 a case i which

there 1s any doubt as to the result

The evolution and approach toward perfection of the pressure steam

Fig 21 Typical pressure steam stenlizer
of 1915 utihzing the newly developed
primaiple of gravity arr discharge from
the chamber—the first approach to the
modern temperature controlled sterilizer

sterihzer has been, like all other ap
paratus of kindred nature, slow 1n de
velopment Practically all of the pres
sure steam surgical dressing stenihizers
employed 1n hospitals duning the pe-
r1od from 1900 to 1915 were designed
for operation by what was then
known as the vacuum system of con-
trol This system or method of op
eration with few exceptions con

sisted of the partial evacuation of
air from the stenilizer chamber ob

tamed by means of a steam ejector
or vacuum attachment and then sub
jecting the dressings or load m the
chamber to steam at a pressure of
15 to 20 pounds for a period of from
20 to 30 mmnutes The stated purpose
of the imtal vacuum (5 to 15 mches)
was to aid m the displacement or
removal of arr from the chamber so
as to msure a thorough penetration
of the dressings or matenials by the
steam when 1t was next admutted to
the chamber

About the vear 1915 there was m

troduced to hospitals 1n this country
an entirely new conception of pres

sure steam sterlizer performance m
which the newly discovered gravity
process of elmmating air from the
chamber was substituted for the pre-
viously accepted standard of vacuum
system of control Much of the credit

for the establishment of the gravity

process of elimmating air from the chamber of the sterthizer, together with
certamn mechantcal features of design must be attributed to the efforts and
accomphshments of the early mvestigator W B Underwood ind hus co

workers who were responsible for notable advances 1 this field ¢ Whereas
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the advantage of geasity ur clearnce from the pressurc steam sterilizer ws
recogmzed by other workers!” prior to this time, 1t 1s generally conceded
that the first sterihzers for operation on this newly developed prinaple
appeared about the year 1915, thus constituting the first approach to mod-
emn methods of steam sterihzation

A typical pressure steam sterihzer of cewrly design nd construction for
graty ur discharge from the chamber 1s shown i Figure 21 The cham-
ber was equipped with a drun outlet 1t the extreme bottom near the front
end This draun emptied nto 2 pul on the floor, discharging into the open
air 50 that the quahty of the discharge could be observed by the operator
It was known, of course, thit when steam 1s admitted to such 2 chamber
with the bottom dram open, the hghter steam would literally float to the
top of the chamber, and as the pressure was permitted to build up from
the meommg steam 1t would force the ur out at the bottom The drun was
left open until a full body of stexm was observed to discharge mto the pul,
then the dramn was closed 1 part so that only a shight discharge of steam
occurred When this process was followed with proper care, 1t left httle to
be desired from the standpomt of insuring the use of pure stetm 4s the
sterihzing medium

Shortly after the introduction of the gravity system for air discharge as
described above a senious obstacle was encountered The required per-
formance of the sterihizer necessitated close attention on the part of the
operator and 1n many cases, hospitals i particular this close attention was
not given As the result frequent failures m sterihzation occurred Fortu
nately, certam sterihzer manufacturers were prone to recogmize the need
for a more effective system of air discharge that would elimimate the haz-
ard of faulty operation Consequently there appeared several modifications
to the non vacuum system described above each contributing its share to
the development of the modern (automatically controlled) pressure steam
sterilizer Because operators did not Iike the 1dea of the pail on the floor to
catch the discharge from the chamber the use of steam traps {thermostatic
valves) to control the chamber discharge was mtroduced on sterihizers
shortly after 1915 In 1919 Scanlan Larson and Clark®® showed the value
of the automatic air and condensate ejector and 1ts ifluence on the effi-
ciency of steam sterilization m an autoclave Following these advances
serious attention was given to the mtroduction of samitarv water and waste
connections to sterithzers These protective features were provided for the
elimmation of the so called cross connections through which under all
possible conditions, the sterihzers were freed from contamimation mﬂa
ences from water and waste connections and which also guarded aga ut
pollution of the water supply system from the sterihzers Slowly but 5 ln]S
progress had been made toward safer and more efficient sterﬂéﬁtmnsme Y



28 Principles and Methods of Sterdhization

It 1s that occasional unaccountable uncertamty of action that calls forth the
warning not to attempt disinfection with formaldehyde n a case m which

there 1s any doubt as to the result

The evolution and approach toward perfection of the pressure steam

Fig 21 Typucal pressure steam stenhzer
of 1915 utilzing the newly developed
punaiple of gravity ar discharge from
the chamber—the first approach to the
modem e lled 1

sterihizer has been, like all other ap
paratus of hindred nature slow m de
velopment Practically all of the pres
sure steam surgical dressing stenihzers
employed mn hospitals during the pe
riod from 1900 to 1915 were designed
for operation by what was then
known as the vacuum system of con-
trol This system or method of op
eratton with few exceptions con-
sisted of the partial evacuation of
arr from the stenilizer chamber ob
tained by means of a steam ejector
or vacuum attachment and then sub

jecting the dressmgs or load n the
chamber to steam at a pressure of
15 to 20 pounds for a peniod of from
20 to 30 minutes The stated purpose
of the imtial vacuum (5 to 15 mches)
was to aid n the displacement or
removal of air from the chamber so
as to msure a thorough penetration
of the dressings or matenals by the
steam when 1t was next admutted to
the chamber

About the year 1915 there was m

troduced to hospitals mn this country
an entirely new conception of pres

sure steam stenilizer performance m
which the newly discovered grawvity
process of ehmmating air from the
chamber was substituted for the pre-
viously accepted standard of vacuum
system of control Much of the credit

for the establishment of the gravity

process of elimmating air from the chamber of the sterihzer together with
certain mechameal features of design must be attributed to the efforts and
accomplishments of the early investigator W B Underwood and his co
workers who were responsible for notable advances mn this field ** Whereas
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of mercun as 1 germiaide Many mmportant contnbutions to the field of sten
lization and chemical disinfection ongimated i hochs Iboratory, with the
able assistance of Wollfhugel Gnffky and Locffler

1885 Scunvvrisusca, Curt  German surgeon (1860 1895) He developed and
evaluated the various details of aseptic techme Also credited s the first to
use the stexm stenlizer for stenilization of surgieal dressings He advocated
addition of sodium carbonate to boiling water to enhance its germicidal value
and prexent corrosion of nstruments Published Aseptic Treatment of Wounds

1858 Vo~ Esntancu, Emvin (1885 1915) Investigated the steriizing efficiency
of unsaturated or superheated stexm Also recommended the use of bacterio-
logic tests as proof of sterihzation

1888 hivzous J ] American bactenologist (1860 1919) He made important
contributions to destgn of steumn pressure chambers and first recommended the
vacuum process to augment sterm penetration of objects He also studied
gascous disinfectants particularly formaldehyde, and was largely responsible
for devclopment of stexm formaldehyde disinfector used n quarintine st1
tions hospital and mumcipal services

1933 Uxperwoop WEeEpEN American engmeer (1880 1948) Responsible for
notable advances 1 design and application of pressure steam sterihizers His
mvestigations influenced the development of the modern temperature con
trolled sterilizer He promoted the modern concept of stenle supply centraliza
tion for hospitals Published Textbook of Sterilization
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IMPORTANT (PAST) CONTRIBUTORS TO THE DEVELOPMENT
OI' THE ART OF STERILIZATION

1680 Parv Denys French physicist (1647 1714) Inmvented steam digester
(pressure cooker) to which was later added first safety valve on record He
also discovered that the boiling pomts of Liquids vary with the pressure

1765 SpaLtanzant Lazzaro Itahan naturalist (1729 1799) A leading opponent
of the theory of spontaneous generation Studied the effectiveness of heat mn
the destruction of bacteria and the stenilization of liquids Proved to his own
satisfaction that there 1s no vegetative power m manimate matenal

1807 Darton Jomun Enghsh chemst (1766 1844) Investigated the properties
of gases and formulated the Law of Partial Pressures His greatest work was
the establishment of the Atomic Theory

1810 Avrert, Niconas Pamnsian confectioner (P 1841) Credited with discovery
of process of food preservation by canming Introduced the use of sealed con
tamers followed by heating in boiling water Published first treatise on canning

1832 Hewny Winiane English chemist (1775 1836) Investigated the disinfect
g powers of mcreased temperatures and demonstrated that mfected clothing
could be rendered harmless by heat He devised a jacketed dry heat (hot arr)
stenilizer

1847 SexveLwerss Iowaz  Hunganan physiclan (1818 1865) Recognized as
the true pioneer of antisepsts mn obstetrics He proved the contact transmisst
bility of puerperal (childbed) fever from physicran midwife or nurse to the
patient

1861 Pastevr Louis French chemist bacteniologist (1822 1895) Generally rec-
ognized as the “Father of Bacteriology Noted for his brilhant researches on
fermentation and the prevention of anthrax and rabies He disproved the doc-
trne of spontaneous generation and proved that putrefaction 1s a fermentation
caused by the growth of microhes He also origmated the process of pasteurt
zation postulated the role of bactena i disease and contributed greatly to
the foundations of modern surgical asepsis

1867 Lister Josepr Enghsh surgeon (1827 1912) Founder of antiseptic sur
gery He appled Pasteurs principles of fermentation to surgical practice and
postulated the theory that “mfection was due to passage of mmute bodies
capable of self multiplication from imfector to nfected Lasters contributions
led directly to the establishment of sterile technie mn the operating room

1877 TynparL Joun Englsh physicist (1820 1893) Discovered the heat resist
ant phase (spore stage) of bacteria He was the ongmator of the method
known as fractional (interrmttent) sterthization or Tyndallization

1880 CuaneErLAnD Crares  French bacteriologist (1851 1908) Pupil and
collaborator of Pasteur on the germ theory of disease He built the first pres
sure steam stertlizer—known as Chamberland s Autoclave

1881 Kocn Romert German bacteriologist (1843 1910) Widely acclaumed as
the “Father of Bacteriological Techme He discovered the use of solid (lique
fable) culture media and mvestigated the etiology of mfective diseascs He
also discovered the cause of tuberculosis and advocated the use of bichloride
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Thermal Destruction of Microorganisms

HE PROCESS by which bacterta are destroyed when subjected to
heat 1s not clearls understood The tracditiond theory s that death of
bacteria at elevated temperatures 15 closely lhinked to the alterttion of
protems imolving some 1rreversible protoplismic change within the e
terl cell It 1s held by certain imestigators! ” that death s associated with
the heat mactination of vital enzymes or some enzyme proten system n
the orgamism That other mechanisms may be operatnne when bacteria are
destroyed by high temperatures was advanced s early s 1910 by Chich ® *
Further studies have since led to the behef that the mode of action of heat
on bactenia closely parallels the heat coagulation of proteins Assuming this
view to be correct, 1t 1s reasonable to conclude that the effect of moisture
on the coagulation temperature of proteins must also bear some relationship
to the temperatures at which bactena are destroyed To be sure, 1t 1s known
_that moist heat 1s 1 more efficient sterilzing agent than dry heat When
mosture 15 present bacten are destroyed 1t considerably lower tempera-
tures than when moisture 1s absent This phenomenon has been explained
on the basis that all chemical reactions, mcluding the coagulation of pro-
temns are catalyzed by the presence of water
Today 1t 1s generally accepted that death by moist heat 1s crused bv the
denaturation and coagulation of some essential protemn within the bacterial
cell (see Figs 22 and 23), whereas death by dry heat 1s primarily an ouda-
tion process This theory 1s supported by experimental observations showing
that the high temperature coefficients of bacterial death are also character-
1stic of protemn coagulation, by the increase of death rate as the result of
changes in the hydrogen 1on concentration of the medium, and by the fact
that bacteria show a much greater resistance to dry than to moist heat

ORDER OF DEATH

When a population of bactenia 1s exposed to a stenlizing nfluence the
rate at which the individual orgamsms die 1s governed by definite liws The
order of death as may be determined experimentally, follows a uniform and
consistent course and 1t 1s commonly deseribed as being loganthmic This
means that when a population of bactena is 1n contaet with sterlhzing
medium the number of hiving cells decreases gradunlly, i such 1 manner
that the loganithms of the numbers of the surviving cells 4t 1y one time,
when plotted agamst this ime fall on 1 descending straight line '

33



15
16

17
18

19

21
22
23

2

~

25

2

-3

%)
2

30

32

33

3

o4

3

&

37
38
39
40

41
42

43

Principles and Methods of Sterlization

Idem p 255

Mereunorr E - The Founders of Modern Medicine (Pasteur Koch Lister) New
York Walden Publications p 39 1939

VaLLEry Ravor R The Life of Pasteur p 274

TyNpALL ] On the Optical Deportinent of the Atmosphere in Relation to the Phenomena
of Putrefaction and Infection Phidl Trans Royal Soc 166 2774 1876

Idem Further Researches on the Deportment and Vital Persistence of Putrefactive and
Infective Orgamisms from a Physical Poiat of View Phil Trans Royal Soc 167 149
206 1877

Idem Selected Works of John Tyndall Fi of Science W Ed Vol It
Appleton New York p 320

Idem Ihd p 323

Idem Ikhd p 321

ListEr Josern On the Antiseptic Prnciple 1n the Practice of Surgery Brit MJ 2246
248 1867 Also Lancet 2353 1867

Pertier L F A Brief Account of the Evolution of Antiseptic Surgery Journal Lancet
p 442-444 Nov 1950

LisTER Josern On the New Method of Treating Compound Fracture Abscess ete with
Observations on the Conditions of Suppuration Lancet 1364 1867

Lister JoserH An Address on the Effect of the Antiseptic Treatment upon the General
Salubnity of Surgical Hosptals Brit MJ 2769771 1875

Roswvson V  Story of Medicine ¥From Story of Sterdization by W B Underwood
Surgical Supermisor 6 3 61 1946

Kocit R anp Worrrnuce G U h uber die Desimf mit heisser Luft
Mitt a d Kaserl Gesund I 301 321 1881

Kocn R Garrxy G anp LoerrLer F Versuche uber die Verwerthbarkeit heisser
W, d fe zu Desnfel k Ihid p 322 340

Zinsser Hans Textbook of Bacteriology Sixth Ed New York Appleton p 67 1927

Warter C W The Aseptic Treatment of Wounds New York Macmillan p 18 1948

Davmsonny H  Wie soll der Arzt seme Instrumente desinfieinin® Berl Rlin Wehnschr
25697 1888

Von Fsmarct E  Die desmfBicirende Wirkung des stromenden uberhitzen Dampfes
Ztschr Hyg u Infektionskr 4 197 1888

RusNer M Zur Theone der D fdesinfektion h dsch 8721 1893

Ihd  Modern Steam Sterhization Harvey Lectures Harvey Soc of New York 191213
Philadelphia Lippincott p 15 27

Winstow C E A Some Leaders and Landmarks i the History of Microbuology Bact
Rev 1499 114 1950

Stervperc G M E to Dx the G de Value of Certam Thera
peutic Agents Am ] Med Sc 335 (Apul) 1883

Personal Commumication Wilmot Castle Co July 1952

Report on the Louistana Quarantine Abstract of Sanmitary Reports 1888

kinvoun J J  Public Health Rep Sept 4 1897

Spracue E K Formaldehyde Disinfection m a Vacnum Chamber Public Health Rep
XIV Sept 22 1899

Unpeawoop W B The Story of Stenlization Surgical Supervisor 6 3 61 1946

Frosck P aANp CLamrenacH A Ueber das Verhalten des Wasserdampfes im Desin
fektionsapparate Zischr Hyg u Infektionskr 9183 1890

Scantan § G Lamson G L anp Cuamk P F  High Pressure Dressing Stenlizers or
Autoclaves Modern Hospital Vol XII Apnl 1919




Thermal Destruction of Microorganisms 35

jected to 1 stenlizing nfluence, 90% of the bactenn are hilled each minute
of exposure The figures near the end of the survivor column—01 or 001
brctena per ml —mean that only one bacterium remuns lise m 10 ml or
1 100 m! of the suspension At the «nd of 12 minutes exposure, one bic-
terium would still sunnve (theoreticaily} n 1,000,000 ml, equnalent to
1000 hiters or approumately 250 gallons of the suspension

As a practical measure, the above eximple shows the necessity of allow-
ing a proportionately greter peniod of exposure for the sterthzation of a
hqud contuning a Ingh concentration of bacten than for a hquid con-
taiming only a few, bactenn Rahn® has stated that tlus condition holds true
for heat sterihization, chemical disinfection or pasteurization Appheation
of this pninciple 15 oftentimes overlooked n estabhshing mimmum exposure
perniods for the sterthzation of materials or products

TABLE 1

A Turorericat Exavrie oF mite OrpER oF DEATH oF A Bacreriar PorrraTion

Bactenia  Living Bactenae Bactene  Surciving Logarnithm
at Beginning of Ralled at End of o

\Minute New Minute  tn One Minute inute Surticors
Furst 1000 000 60%-900 000 100 000 5
Second 100 000 = 90000 10 000 4
Thrd 1000 3
}__’::‘ltxhnh 100 2

10

Sixth 1 })
Seventh 01l -1
Eighth 001 -2
Ninth 0001 -3
Tenth 00001 —4
Eleventh 000001 -5
Twelfth 0000001 -6

THERMAL DEATH POINT AND THERMAL DEATH TIME

Some years ago the conception arose among bacteniologists that if a sus
pension of bacten1 were gradually heated a pomt would be reached on
the ascending scale of temperature at which all of the cells n the suspen
sion would be killed nstantaneouslv This gave nise to use of the expression

thermal death pomt (the lowest temperature at which an aqueous sus
pension of bactera 1s Mlled in 10 minutes), formerly the standard of com-
panson of heat tolerance of orgamisms of different species Use of this term
has been cnticized by various mvestigators” ® ® on the grounds that it 15
misleading because 1t implies that a certan temperature 1s 1mmedaatel;

lethal to a bactenal population, without regard to the exposure perod th)c:
environment surrounding the orgamsms or their physiological state '

In view of the evidence that death of bactena under the nfluence of
heat follows an orderly process due to the irrey erstble coagulation of ce]lg
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Anowledge of the loganthmuc order 1s ghly important because 3t per
mits the bacteriologist to compute the death rate constant, designated
K This term expresses by a single number the rate of death which bears
a direct relationship to the efficiency of the sterilizing agent The constancy
of the death rate signifies that the number of bactena that are killed each
minute or per time umt 15 a constant percentage of the number of hving
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F om Heden and Wyckoff From Heden and Wyckoff

Tig 23 Typreal colon bacill after bemng

Fig 22 Typical colon bacillus from a one  heated for ten mimutes i saline at 50 C

hour broth culture Magnification 28 000 Magnification 16 000 X\ Heating the or

X This shows the apparent umformity of  yanisms 1n saline at temperatures above

the cellular protoplasm 50 C granulates therr protoplasm in an
nreversible fashion

bactena at the beginming of each new mimute It 15 customary to compute
the death rate constant K from the formula

logb-logB
t

A=

where b equals the number of living organisms at the beginning of the
time unit B equals the number of organisms surviving at the end of the
time unit and t equals the time unit or exposure period The determination
of death rates makes 1t possible to compare the heat resistance of different
orgamsms at the same temperature or the heat resistance of one particular
orgamsm at different temperatures

1t 15 1mportant to note that the logarithmic order of death implies that
the same percentage of living bactena die every mmnute Theoretically this
means that complete sterilization 1s never attamed For example the fig
ures given  Table 1 are 1llustrative of a theoretical case based upon the
assumption that when a suspension of one million bactena per ml 1s sub
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jected to 2 sternlhizing influence, 907 of the bactenn are hilled each minute
of exposure The figures near the nd of the survisor column—0 1 or 001
bactera per ml —mean that only one bcterium remuns alve n 10 m! or
1 100 ml of the suspension At the «nd of 12 minutes exposure, one bac-
tenum would stll sunve (theoretically) m 1,000,000 ml, equivalent to
1000 liters or approximately 250 gallons of the suspension

As a practical measure, the 1bove eximple shows the necessity of allow-
ing 1 proportionately greater period of exposure for the sterihization of a
hquid contuning 2 high coneentration of bactena than for 2 iquid con
taming only a few bactern Rahin® has stated that this condition holds true
for heat sterilization, chemical disinfection or pasteunization Application
of this principle 1s oftentimes oy etlooked in establishing mimmum exposure
periods for the sterihization of matenals or products

TABLE 1

A Turorericar ExavirLe oF Tue Onpen oF DeaTii oF A BacteEniar Porvtatios

Bartena  Living Bactena Bacteria  Suruiving Loganthm
at_Begmnning of dlled at End of o]

\inute New VMinute  in One Minute Minute Surviors
Furst 1000000 90%-900 000 100 000 5
Second 100 000 = 00000 10000 4
Third 10000 = 900 1000 3
Fourth 1000 = 90 100 2
Fifth 100 = 90 10 1
Suxth 10 = 9 1 [
Seventh 1 = 09 01 -1
Eighth 0l = 009 001 -2
Ninth 001 ~ 0009 0001 -3
Tenth 0001 = 00009 00001 -4
Eleventh 00001 = 000009 000001 -5
Twelfth 000001 = 0000009 0000001 -6

THERMAL DEATH POINT AND THERMAL DEATH TIME

Some years ago the conception arose among bacteriologists that if 4 sus-
pension of bactenia were gradually heated, 1 point would be reached on
the ascending scale of temperature at which all of the cells 1n the suspen-
sion would be killed mstantaneously This gave nse to use of the expression
“thermal death pomnt (the lowest temperature at which an 1quecus sus-
pension of bactenia 1s killed m 10 minutes), formerly the standard of com-
panson of heat tolerance of orgamsms of different species Use of this term
has been cnticized by various mvestigators” # ® op the grounds that it 1s
misleading because 1t imphes that a certan temperature 15 1mmediately
lethal to a bacterral population, wrthout regard to the exposure peniod, the
environment surrounding the orgamisms or their physiologieal state ’

In view of the evidence that death of bacteria under the mfluence of
heat follows an orderly process, due to the wrreversible coagulation of cellu-
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Knowledge of the logarithmic order 1s highly important because 1t per
muts the bacterologist to compute the death rate constant designated
K Ths term expresses by a single number the rate of death which bears
a direct relationshup to the efficiency of the stenhzing agent The constancy
of the death rate signifies that the number of bacteria that are killed each
minute or per time umt 1s a constant percentage of the number of living
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Fig 23 Typical colon bacill after bemng

Fig 22 Typical colon baclllus from a one heated for ten mmutes n saline at 50 C
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hour broth culture M 28 000 ficatton 16 000 X Heating the or
X This shows the apparent umformitv of gamisms m saline at temperatures above
the cellular protoplism 50 C granulates therr protoplassm m an

ireversible fashion

bactena at the beginning of each new minute It 1s customary to compute
the death rate constant k from the formula
logh-logB

k= T

where b equals the number of hiving orgamsms at the begmning of the
time umt B equals the number of organisms surviving at the end of the
time umt and t equals the time unit or exposure period The determmation
of death rates makes 1t possible to compare the heat resistance of different
orgamsms at the same temperature or the heat resistarce of one particular
organism at cifferent temperatures

It 15 mmportant to note that the loganthmic order of death imphes that
the same percentage of living bactena die everv minute Theoretically this
means that complete stenlization 1s never attamed For example the fig
ures given 1 Table 1 are illustrative of a theoretical case based upon the
assumption that when a suspension of one milhon bactena per ml 1s sub
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Thermal death time studies are fughly important n the field of applied
bacteriology, as, for example, in the cwning ndustry, where informntion
15 required on the resistances of food spoilige bactena as a bass for devel
oping 1dequate heating processes for cnned foods It should be remem-
bered, however, that thermnl death times are not preeise valyes In
discussing this subject, Rahn't has stated, all death time data htve 1 cer-

‘TABLE 2

Tie Rrsistance oF VEGFTATOr Crits awD Sronrs or Arnopic SroreronmiG Bacrivy
(From Willams and Zimmerman')

Vegctative Cells Spores

Thermal Death Time Thermal Death Time in

In Minutes at 53 C Minutes at 995_C
Orgonlsm Liced Dicd Lived Died
Baallus brevis 2 4 14 16
Baallus cereus 2 4 4 [
Bacillus subtilis 51 2 4 4 8
Bacillus subtlis UT 10 ¥4 10 ig
Baallus globigi 4 [} 8 8
Baallus mycoides 420 4 (1] 10 12
Baallus mycofdes SIIT 4 [3] ] &
Baallus megathennum 4 [ 4 6
Baaillus fusiforms 4 6 12 14
Baallus mesentericus o0 a 10 12

tan range of possible ervor, the magmtude of which depends upon the
spacing of the time mntervals The number of survivors 1s never zero, but
becomes very small, e g, 1 1n 100 liters, 1 1n 1000 Lters, etc’

RESISTANCE Or' MICROORGANISMS TO HLAT

Vegetative Forms The resistance of microorgamsms to heat tovers 1
broad range of temperiture The extremes extend from approumately
122°F (50° C) for a few minutes exposure to morst heat for the lnghly
susceptible forms to 572° F (300° C ) for 30 minutes exposure to dry heat
for the most resistant bacterial spores Probably the yeasts and the yeast-
Iike fung are typical of the most seadily hilled forms of microbsal Life In
contact with morst heat at 122° 140° F (50° 60° C ) vegetative yeast cells
are usually hilled m 5 minutes However m the spore stage these organisms
require a temperature of 158° 176° F (70°-80° C ) for hilling mn the syme
penod of time Beamer and Tanner' found that Saccharomyces ellipsordeus
1n dextrose bowllon (about 5 million cells per ml, pH 80) was 'I\xlled at
140° F (60° C ) 1n 15 mmutes and m grape must with 8 mllon cells per
ml pH 26 at the same temperature m 20 mmutes

The vegetative forms of molds (fungt) are usually destroyed in 30 min
utes cyposure to motst heat at 144° F (62° C ), whereas certan spores
may require a temperature of 176° F (80° C) for hlling 1n the same
peniod of time Most of the orgamsms classified as the Actinomyces group
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lar protemn 1t must be admtted that there 15 no one temperature at which
all of the cells 1 a suspension would be killed instantaneously The process
occurs chiefly as a function of time within a certain range of temperature
If the temperature 15 increased the time may be decreased or if the tem
perature 15 lowered the ime must be lengthened In other words the killing
of bacteria by heat 15 a function of the time temperature relationship em
ployed For these reasons, the expression thermal death pomt has
recent years given way to a more practical measurement known as thermal
death time or thermal death time temperature Thus refers to a deter
mimation of the shortest period of time necessary to kill a known population
of bactena n a specific suspension at a given temperature
When making thermal death time studies 1t 15 first necessary to prepare
a standardized suspension of the test organism m a suitable medmum This
1s usually done m a stenile phosphate buffer solution at pH 70 The number
of the orgamsms per ml of the suspension may be determined microscop:
cally by means of a Petroff Hauser counting chamber Quantities of the
test suspenston usually 12 ml contamming 50 million orgamsms per mi
are transferred to special tubes or ampoules made from 9 mm Pyrex tub-
mg approumately 125 cm 1n length The tubes are then sealed with the
aid of an oxygen flame and 1mmersed completely m a preheated o1l bath
mamntamed constant at the desired heating temperature At the end of
each time interval of heating 5 minutes or less, four or more tubes are
removed from the bath and plunged into 1ce water The tips of the sealed
tubes are then broken aseptically and the test suspension noculated nto
sterile recovery culture medizm The cultures are then incubated at the
optimum temperature for 30 days followmg which colony counts are made
to determine the number of survivors
The nature of the medium 1n which the orgamsms are suspended has an

mmportant bearing on the thermal death time Toxic substances 1if present,
become mereasingly germicidal with shight increases m temperature Also
products of metabolism show ncreased toxiaity at ugher temperatures A
pronounced acid or alkaline pH decreases the thermal death time whereas
the presence of oils or fats retards heat penetration and increases the time
At best 1t 15 dufficult to obtain consistent determmations of thermal death
time values Regardless of the precautions taken certan maccuracies may
ocecur which are not easily controllable such as variations in heat tolerance
of orgamsms of the same species number of cells nature of suspendmg
medm etc Comparable results can only be expected when conditions
are standardized as to history and age of culture number of cells or spores
pH of suspension uniformity of suspension size of test tubes thermal con
ductivity and thickness of glass 1n test tubes Table 2 gives the comparative
resistance of vegetative cells and spores of certam aerobie sporeforming
bacillr expressed m terms of thermal death times
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are carnied on at 4 mmmum rite It s commonly recogmred that bacteral
spores are the most resistant of 41l hining orgamsms 1w their eypaty to
withstand cxtern] destructive agents Anthrax spores, for example, dnied
on stk threads hve been found viable after 80 yers Other snble spore-
formers have been recovered from canned nd hermetically sealed meat
after a lapse of 115 years © The magmtude of resistance to saturated steam

@

From Mudd and Andersont

Fig 24 Electron micrograph of Clostridium sporogenes cells from 1 three day culture

Only remnants or ghosts of the vegetitwe cells remain 1 one ghost 1s a spore~a
dense bady of protoplasm

15 1ftustrated by the fact that cextan spore cultures will wathstand « temper-
ature of 240° T' (116° C ) for over 3 hours, whereas the vegetatve forms
of most sporulating species are llled m a few minutes at temperatures
ranging from 1317 F (55° C ) to 149° F (65° C)

From studies on the structure of bactenial forms by means of the electron
mucroscope it appears that spores are dense concentrations of hactenal
protoplasm (Fig 24) Just how this small mass of protoplism differs 1n
its chemmical and physical properties from the protoplasm of vegetative ccl
1s not cle wly understood However, the thermal resistance of Spores 18 gf;“S
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are hilled by moist heat at 140° ¥ (60° C ) 1n 15 minutes According to
Goyal'® these orgamisms 1including the spores are lilled by 2 time tempera
ture relationship of 30 minutes at 140° F (60° C ) to more than one hour
at 162° F (72° C) In contact with dry heat mold spores require a tem
perature of 230°-240° F (110° 116° C ) for 90 minutes for their destruction
In general, vegetative bacterial cells are killed by exposure to morst heat
at 149° F (65° C ) for 10 mmutes or 176° F (80° C ) for 5 minutes Cer-
tain orgamisms may offer an exception to this rule For example, Streptococ-
cus faecalis 1s reputed to withstand a temperature of 140° F (60° C ) for 30
minutes ** The staphylococc: are among the most resistant of the nonspore-
bearng species of bactenia  Micrococcus pyogenes var aureus 1s not de
stroyed with certamty by exposure to a temperature of 140° F (60° C) for
30 mmutes but s destroyed at 149° F (65° C ) within this time !5 The great
mass of evidence m support of a temperature of 140° F (60° C ) for 30 min-
utes such as 15 employed in the pasteurization of milk, leaves httle doubt
that this time temperature relationship 1s fatal to all pathogemc nonsporu
lating bacteria wath the occasional exception of the staphylococar It 1s of
special nterest to note however, that the causative agent of Q fever
Conxiella burneti, was found by Ransom and Huebner® to survive tempera
tures as high as 145° F (63° C ) when suspended i milk sealed in vials and
submerged for 30 to 40 minutes in water baths
The tubercle bacillus (Mycobacterium tuberculosts) 1s one of the most
difficult to destroy of all vegetative forms of bacterra Although 1t offers
approximately the same degree of resistance to heat as other nonsporing
bacteria, 1t has 2 much higher resistance to chemical disinfectants and 1t
will remain viable for many months in polluted water, foods or mn the dry
state surrounded by organic matter Srth!? has stated that i books con-
taminated with the sputum of tuberculous patients the orgamsms remam
viable from 2 weeks to 3% months According to Wilson ** the mammalian
tubercle bactlli are completely destroyed by exposure to a temperature of
138° F (589° C ) for 30 mmutes 140° F (60° C ) for 20 mmutes 145° F
(628° C) for 5 to 10 mmutes 150° F (656° C ) for 2 to 5 minutes or
160° F (711° C) for 12 seconds In contact with dry heat they wall with
stand a temperature of 212° F (100° C ) for 20 mmutes but are destroyed
m 45 minutes at this temperature From studies on Mycobacterum tuber
culosis var bowis strain No 9805 Bundesen ef al 1 showed that this orga
msm failed to produce tuberculosis ;m gumea pigs after exposure to
temperatures of from 160° F to 180° F for penods of 15 to 30 seconds m
chocolate drmmk 12 per cent milk and 12 per cent ice cream rux
Bactenal Spores Spores are a normal resting stage m the life cycle of
certam groups of organisms namely the Bacill: and Clostridia and they
constitute a phase of bacterial Iife m which the processes of the hving cell
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between bacterial spores wnd the other forms 1s inmedintely apparent,
where m the ease of mosst heat as the stenhzing agent, the death rate of
L colt 1s 3,000,000 times s great as that of spores

Irom the Literature 1t 1s evident that authontics are not always in agree-
ment concermng the thermal death requirements of microbinl hfe Varous
time temperature ritios have been recommended for moist heat stenl
zation, some of which crry ¢ proportionately greater factor of safety than
others 1n 1ssunng the destruction of the most resistant spores The data
gnen m Table 4 are typical of recommended exposures to moist heat
necessary to ll Al Lfe

The commonly quoted staitement that no hving thing can survive ten

TABLE 1

Trve TEMPERATURE RELATIONSHIP FOR Motst Hear StrmmzaTtiov
(Compiled by McCulloch )

Time
Authonty Centigrade Fahrenhett AMinutes
Jordan 1200 248 5
Mur & Ritchie 1200 248 Th
Gerard 155 240 10
Eyre 1150 239 15
Beeson 1150 239 20
Stemnberg 1150 239 25
Rovy 1100 230 15
McFarland 1100 230 15

minutes direct exposure to saturated steam at 121° C (2498° F ) would
seem to be reasonably close to a mimmum stindard of time and tempera-
ture required for stenhzation It 1s noteworthy, however, that Bigelow and
Esty™ reported the existence of thermophilic spores which required 23
mnutes of direct exposure to saturated steam at 248° F (120° C. ) for therr
destruction Also, Black and Tanner * found that certain zeroluc thermo-
philes survived 100° C for 24 hours, 115° C for 1 hour, and 120° C for 25
mmutes From the destruction times of bactenal spores subjected to moist
heat given 1n Table 5, 1t 1s known that most resistant spores can rarely with
stand 5 minutes exposure to saturated steam at 121° C  while apparently
none of the pathogemc organisms have been shown to be resistant to an
exposure of even three minutes

Heat Inactiwation of Viruses In terms of thermal resistance the ltrable
viruses are more closely related to the vegetative bacteria than the spore-
bearing organisms Whereas all appear to be mactivated by high tempera
tures 1t 15 also evident that wide vanations exist between different viruses
Monst heat at 131° 140° T (55° 60° C ) for 30 minutes 15 fata] for most
viruses but when dried and m contact with dry heat they may withstand

consderably hugher temperatures The vacaima virus for example, m dry
8
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erally attributed to a low water content or to a relatively low salt content
Certain mvestigators hold that most of the water present in spores 1s bound
(not 1 the free state) ntimately associated with the colloids of the cell
and as such 1t 15 less reactive and more resistant to physical and chemical
agents Henry and Friedman™ showed that spores of the Bacidlus group
have a bound water content of the order of 60 to 70 per cent as compared
with 3 to 21 per cent in the vegetative cells The presence of lipoid materal
1n the spore may also contnibute to its heat resistance

Spore resistance appears to vary widely from spectes to species and to a
considerable extent within 2 species and within a given spore population
Wilhams and Harper™ clamm that luxunance of growth and luxuriance of

TABLE 3

ReLATIvE RESISTANCES OF BACTERIAL SPORFS MOLD SPORES AND OF VImuses
Rererren 1o THE REsisTance oF E CoLr as Unrry
{From Rahn")

Stertlizing Eschenchia Bacteral Mold Viruses and

Agent Cols Spores Spores Bactenophage
Phenol 1 100 000 000 1-2 30
Formaldehyde 1 250 2
Dry Heat 1 1000 2-10 *1
Moist Heat 1 3000 000 2-10 1-5
Ultraviolet 1 2-5 5-100 5-10

sporulation are not goverming factors  determimng heat resistance of
spores Incubation at the optimum temperature favors increased thermal
resistance Most spores attam ther maximum resistance several days after
entering mto the spore stage whereas others such as Cl botulinum and
Cl tetam appear to be more resistant when young

In seeking an explanation of the mechamism of spore resistance Curran ®
has mentioned that the nature of the nutrients m the spore producing
medium 15 sigmficant Media deficient 1 certain metallic 1ons such as
phosphate calcium magnesium and 1ron yield spores of low thermal re-
sistance The higher the concentration of spores i a medium the greater
1s therr resistance and proportionately more heat or a longer time 1s re
quired to effect sterilization The reaction of the medium 1s another 1m
portant factor affecting heat resistance The pH of maximum heat tolerance
of different specics may vary from 50 to 80 When spores are suspended
10 oily matersals their heat resistance 15 markedly mcreased and the resist-
ance of dry spores 1n strictly anhydrous fat approaches that of dry stenh
zation

Rahn!? has presented 1 summary of the relative resistances of bactenal
spores, mold spores and of viruses based on the resistance of a vegetative
orgamsm (E colt) as umty These data are given in Table 3 The contrast
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between baeterral spores and the other forms is immeditely apparent,
where i the case of moist heat as the stenlizing agent, the death rate of
L colt1s 3000,000 times n1s great s that of spores

Trom the literature 1t 1s evident that authorttics are not always n agree-
ment concerning the thermal death requircments of microlnl ife Various
time temperiture ratios have been recommended for most heat sterili-
zation, some of winch carry 2 proportionately greter factor of sifety than
others 1n assuning the destruction of the most resistant spores The datr
ginen m Table 4 are typreal of recommended exposures to moist heat
neeessary to hll all hic

The commonly quoted statement that no lving tlung can survive ten

TABLE 4

Time rrvrenatvne Rrvationsine Fon Motst HEAT STERILIZATION
{Compiled by McCulloch )

Time
Authonty [ofs 1 Fahrenk Minutes
Jordan 1200 248 5
Murr & Rutchie 1200 248 Th
Gerard 1155 240 10
Eyre 1150 239 15
Beeson 1150 239 20
Sternberg 1150 239 25
avy 1100 230 15
McFarland 1100 230 15

mmutes direct exposure to saturated steam at 121° C (2498° F ) would
seem to be reasonably close to a mimmum standard of time and tempera-
ture required for sterthization It 1s noteworthy, however, that Bigelow and
Esty * reported the exsstence of thermophilic spores which required 23
minutes of direct exposure to saturated steam at 248° F (120° C ) for their
destruction Also, Black and Tanner™ found that certam aerobic thermo-
philes survived 100° C for 24 hours, 115° C for 1 hour, and 120° C for 25
mnutes From the destruction times of bactenal spores subjected to moist
heat given m Table 5, 1t 1s known that most resistant spores can rarely with
stand 5 minutes exposure to saturated steam at 121° C, while apparently
none of the pathogeme organisms have been shown to be resistant to an
exposure of even three minutes

Heat Inactivation of Viruses In terms of thermal resistance the fltrable
viruses are more closely related to the vegetative bactena than the spore
bearing orgamsms Whereas all appear to be mactivated by high tempera-
tures 1t 15 also evident that wide vanations exist between different viruses
Most heat at 131°-140° F (55° 60° C ) for 30 mnutes 1s fatal for most
viruses but when dried and 1n contact with dry heat they may withstand
considerably higher temperatures The vaccima virus for example m dry



Principles and Methods of Sterilization

<UPHUOY 9 4 031 14 0501 roeq n08
[ o QT 099 Hlweq pog
MOPBIL 6040 TGLY BV GE (1841 o¥ 001 0% 8 soptydoustoyy.
20RO 0g 8g1 9T OLT 08L 6L9€ 3qoideus

SATIRJRNNG
o ticy g pPPs 10
» 23[PUIH 0T g wepa 1o
< S2YPLIH B Acunpy ore 18 weRy 0
wIH g wnondas [
) o 3T St SUINBWAPIS [0
$[PWD % Aauryd Mol T ¥ [ SUSREWIP30 [
wSSIAL 9 oy 00¢ wmunnieq [
=UHDIY B IuuT], (¢ or 06 031 00g wnwmoq 3
JieAeD » LHuyd Moy ¥ [1)4 0g waureq 1)
wRAN B s i 4 ot e 00T 0ce wmurmoq [
1T [1}¢ synqes g
»[0Y ¥ Iopauyas e snqes g
wsrRd a s R
LQIOY R 1ANBUIS 9 saaId g
KBy org ors sweIqiuT
<S1950Y B uNg STS SPBIqIuT g
z spenjue

L0 R IBUPS

i o sor D 001
T BT BT T T T
(wStiry20d woid)

S IT4VL

Lvay] 1S10JY OL qaioafdng SI0Jg TVINALOVE 40 (SALANIJY NJ) STWLY, NOLLOAMLSI( TYIIAL



Thermal Destruction of Microorganisms 43

form withstands 2 dry heat temperature of 212° I' (100° C ) for 10 min-
utes

The virus of poliomyehitis 1s quite susceptible to heat and according to
Flexner and Lewis™ 1t 15 inactivated at 122° T (50° C ) for 30 minutes
However, 1 more recent reference®® gives the thermal mactivation point of
this virus at or below 167° I' (75° C ) for 30 minutes According to the
British Commussion,*® the virus of foot-ind mouth discase 1n defibrinated
blood 15 rendered nactive 1n 20 nunutes at 55° C, and 1 filtered, diluted
vesieular flnd 1n 15 to 40 minutes Other mvestigators** have shown that
this virus 1s destroyed 1t 140 1454° I (60 63° C ) within 10 minutes The
virus associated with swine fever appears to be unusually resistant In
filtered blood 1t will withstand a temperature of 1364° I' (58° C ) for 2
hours, but at 1724° ' (78° C ) 1t 1s destroyed 1n 1 hour** In a study
imvolving six outbreaks of lethal infantile diarrhea i hospatals, Light and
Hodes*® determined that the mnfectious agent, a filtrable virus, was wholly
mactwvated by boiling for 5 minutes but 1t resisted heating t 158° F
{70° C ) for 1 hour

During the past decade the causative agent of infectious hepatitis and/or
homologous serum jaundice has been the subject of many nvestigations
Neefe'” reported that this virus, in human 2lbumin, was inactivated by heat-
g for 10 hours at 60° C Others'® have stated that the agent withstands
heating at 132 8° F (56° C ) for 30 minutes, and 1t 1s unaffected by the nor-
mal concentration of chlorne 1dded to drinking water The usual germicidal
solutions cannot be relied upon for killing of this virus Murray*® has re-
ported that heating plasma containing the virus of serum hepatitis for 4
hours at 60° C was found neffective It 1s believed that this virus 1s trans-
mutted 1n certam mstances by means of the single syringe multiple mnjection
method The commonly used methods of stenlization of syrnges, needles
and lancets by bnef exposure in bolling water or immersion mn chemzeal
disinfectants are recogmzed as mnadequate for the destruction of this virus
particularly 1n the presence of organic substances The National Institutes
of Health stipulate that apparatus and mstruments capable of trinsmitting
serum hepatitis from one person to another be heat sterihzed with mini-
mum requucements as follows Heat stenhization shall be by autoclaving
for 30 minutes at 1215° C (15 Ib pressure), by dry heat for 2 hours at
170° C or by boiling 1n water for 30 minutes  Since the thermal resistance
of this virus appears to be equal to that of bacteral spores 1t would seem
unwise to attempt stenihzation by any means other than the most reliable

metho
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Ilinors Charles C Thomas Publisher 1935 p 228

2 Vl:-ganzir;aA I On the Enzymes of Bactena and Bactenal Metabolism J Bact 28 447
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form withstands 2 dry heat temperature of 212° T (100> C ) for 10 min-
utes *°

The virus of poliomychtis 1s quite suseeptible to heat and according to
Flexner and Lewss* it 15 mactnated at 122° I (50° C) for 30 mnutes
However, 1 more recent reference’ gives the thermal mactivation point of
this virus at or below 167° I' (75° C ) for 30 munutes According to the
Brtish Commussion,? the virus of foot and mouth disease in defibrinated
blood 1s rendered mactive mn 20 minutes at 55° C, and 1n filtered, diluted
vesicular fluid 1 15 to 40 minutes  Other investigators** have shown that
this virus 15 destroved at 140 145 4° I (60 63° C ) within 10 minutes The
virus associated with swine fever appears to be unusunlly resistant In
filtered blood 1t will withstand a temperature of 1364° I (58° C) for 2
hours, but at 1724° I' (78° C ) 1t 1s destroyed in 1 hour ** In 1 study
mohing six outbreaks of lethal infantile diarrhen 1n hospitals, Light and
Hodes*® determined that the infectious agent, 1 filtrable virus, was wholly
mactnated by boiling for 5 minutes but 1t resisted heating at 158° F
(70° C ) for 1 hour

Dunng the past decade the crusative agent of infectious hepatitis and/or
homologous serum jaundice has been the subject of many mvestigations
Neefe'" reported that this virus, in human albumim, w1s mactivated by heat-
mg for 10 hours 1t 60° C Others*® have stated that the agent withstands
heating at 132 8° F (56° C ) for 30 munutes, and 1t 15 unaffected by the nor-
mal concentration of chlorine added to dninking water The usual germierdal
solutions cannot be relied upon for hilling of this virus Murray*® has re-
ported that heating plasma contaiming the virus of serum hepatitis for 4
hours at 60° C was found incffective It 1s believed that this virus 1s trans-
mitted m certain instances by means of the single syringe multiple mjection
method The commonly used methods of sterilization of syringes, needles
and lancets by brief exposure m boiling water or immersion m chemical
disinfectants are recogmzed as nadequate for the destruction of this virus,
particularly in the presence of organic substainces The National Institutes
of Health stipulate that apparatus and nstruments capable of transmutting
serum hepatitis from one person to another be heat sterilized with mim-
mum requirements as follows Heat sterihzation shall be by autoclaving
for 30 minutes at 1215° C (15 Ib pressure), by dry heat for 2 hours at
170° C, or by boiling 1n water for 30 minutes  Since the thermal resistance
of this virus appears to be equal to that of bactenal spores 1t would seem
unwise to attempt stenlization by any means other than the most rehiable
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Cuarter 111
Principles of Steam Sterlization

OIST HEAT m the form of saturated steam under pressure 1s the

most dependable medium known for the destruction of all forms of
\mlcroblal hfe The bactena destroying power 1s composed of two factors,
both of which are essential moisture and heat Atmospheric (Howimng)
steam has no value 1 surgical sterilization Boiling water likewsse 15 an
madequate microbicide and its use should be discouraged wherever pres-
sure steam 15 available Saturated steam possesses the following charac
teristics

ADVANTAGES

- 1) Rapid heating and rapid penetration of textiles or fabrcs

v 2) Destroys most resistant bacterial spores in bnef interval
of exposure

~ 3) Quality and lethality may be easily controlled for vanous
matenals and supphes

LiMrraTions

v1) Incomplete air elmmation from sterilizer depresses tem
perature and prevents sterthization Aiwr 1s a stubborn
opponent to the diffusion and expansion of steam
4£2) Incorrect operation of sterilizer may result in superheated
steam with dimmished bactenicidal power
3) Not surtable for sterilization of anhydrous oils, greases
powders, etc

In order to gam a clear conception of the functions of steam 1n sterihzing
processes as well as an accurate working knowledge of the operation of
sterthzers, 1t 15 essential to understand the physical and thermal properties
underlymg the production and control of steam To the scientist or engi-
neer 1t may appear superfluous to devote space and attention to the mean-
g and mterpretation of such fundamental terms as heat temperature,
pressure, etc However 1t should be borme n mind that m the broad field
of applied sterlization there are today many individuals respensible for
the daily operation and care of sterihzers whose hmited background of
techmical traiming and experience would hardly permit them to qualfy as
shilled sterilizer technictans It 15 to this group primanly that the following

details are directed
46
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HEAT AND TEMPLRATURE

The usual conception of heat 1s that it compnses 1 basic form of encrgy
produced by the vibratory motion or activity of the molecules of 1 body or
substance The hotter the substance or the more heat that 1s added to 1t,
the more vigorous will be the activty of the molecules Heat stself 15 not
a substance because when 1t 1s added to or absorbed by 2 body there 1s no
wncrease n weight In one sense, heat m1y be likened to water n that it
will only flow downhull, or rather, pass from the higher (hotter) range of
temperature to the lower or colder level The transfer of heat, upon which
stenlization depends, involves an energy exchange between the stenhizing
agent and the external object or recemer of heat The process of heat
transfer from one body to another may be accomphished by either conduc-
tion, cony egtion or radiation

If the transmission of heat from one part of a body to another or from
one body to another m mtimate contact occurs by molecular impact or
agitation the process 1s termed conduction heating For example, 1f one
end of a bar of metal 1s heated, the other end also becomes hot The molec-
ular agitation set up n the heated end of the bar 1s transmitted from mole-
cule to molecule until the opposite end 1s reached The stenthzation of
mstruments by means of dry heat 1s also an_example of conduction heafing ~
—Convection heatmg takes place only m hquds and gases It imphes a
transference of heat from one point to another by means of a circulation of
the hiqud or gas itself When a flask of solution, for example, 1s heated
over a burner, the heated portion or bottom layer expands and nises through
the entire volume The bottom layer 1s replaced by a colder portion which
also becomes heated and nises 1n 1ts turn Thus convection currents ';e set
up and the heat 15 distnbuted throughout the solution by actual motion
within the hquid 1tself

The process of heat transfer by radation mvolves the passage of heat
from one object to another without warming the space between the objects
In other words, the heat 1s passed by means of a wave motion sumlar to
that of hght In the strict sense radant heating 1s not used for stenlzation
purposes although delectric or nduction heatmg utilzang radio frequency
energy 1s employed to some extent for samtization purposes 1n mdustry

In distingmshing between heat and temperature, 1t should be under-
stood that the latter term 1s used to define the hotness of a mass or body,
according to some arbitranly selected scale such as Fahrenheit or Cenn:

grade Temperature 1s not a measure of the quantity or wmount of heat
contamed i a substance but rather it gives an 1dea of the ntensit
quality of heat present For example, a glass of water at 140° F (60° ’CY) ‘i:
hotter or at a mgher temperature than a pail of water at 60° F (156°C)
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MOIST HEAT 1n the form of saturated steam under pressure 1s the
most dependable medium known for the destruction of all forms of
microbial hfe The bactena destroymg power 1s composed of two factors,
Yhoth of which are essential mosture and heat Atmosphenc (flowng)
steam bas no value m surgical stemlization Boiling water lihewse 15 an
madequate microbicide and 1ts use should be discouraged wherever pres
sure steam 1s available Saturated steam possesses the followmng charac

tenistics
. ADVANTAGES

- 1) Rapid heating and rapid penetration of textiles or fabncs

v 2} Destroys most resistant bactenal spores in bnef interval
of exposure

+3) Quality and lethalitv mav be easily controlled for varous
matenals and supphes

LvrraTions

v1) Incomplete air chmmation from stenlizer depresses tem
perature and prevents stenhzation Air 1s a stubborn
opponent to the diffusion and expansion of steam
£2) Incorrect operation of sterithizer may result m superheated
steamn with dunmmshed bactericidal power
3) Not suttable for sterthzation of anhydrous ouls, greases,
powders etc

Tn order to gain a clear conception of the functions of steam 1n stenlizing
processes as well as an accurate working knowledge of the operation of
sterthizers 1t 1s essential to understand the physical and thermal properties
underlying the production and control of steam To the scientist or engy-
neer 1t may appear superfluous to devote space and attention to the mean-
mg and interpretation of such fundamental terms as heat, temperature,
pressure, etc However, 1t should be borne 1 mind that 1n the broad field
of apphed stenihzation there are today many mdwiduals responsible for
the daily operation and care of steriizers whose lunited background of
technical trammng and expentence would hardly pernut them to qualfy as
skilled stenhzer technicians It 1s to this group primanly that the following
details are directed 46
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no pressurc at all, or i other w ords a perfect vacuum To obtun 4 pressure
reading relatne to the true 7cro of pressure, the 1bsolute zero, the pressure
gauge rerding must be added to the atmosphenie pressure This may be
written a5 follons

Abs pressure = gauge pressure +147 pounds

Also,

Gauge pressure = abs pressure -147 pounds

Vacuum gauges mdicate the difference expressed m inches of mercury,
between atmosphenc pressure wnd the pressure within the vessel or con

CHAMBER

INTERNAL
SYPHON GAUGE

045226t 5
wes "',,‘,“3

Fie 25 1o Cov tesy U 8 Canpe Co
18 w pressure gauge used on steam sterthzers This permits reading of pressure
m pounds per square mch and vacuum n snches of mercury

tamer to which the gauge 15 attached For all

practical purposes 2 04 mches
height of r;xlercury may be considered equal to a pressare of one pound per
square inch Hence for any reading of the vacuum gauge m mches, G the
absolute pressure for any barometer reading m mches B 15 B-G

204
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but 1t does not contan as much heat because the quantity of heated sub
stance 1s considerably less

ATMOSPHERIC PRESSURE AND GAUGE PRESSURE

Since pressure 1s considered one of the fundamental properties of a
working substance, 1t follows that atmospheric pressure, gauge pressure
and vacuum must have a direct bearing on the behavior of a gas vapor or
hquid confined 1n a sterihzing chamber Generally speaking the average
person 1s not inclined to recognize that he 1s living at the bottom of a great
ocean of air which by wvirtue of its weight exerts upon the surface of the
earth an enormous pressure of more than 300,000 milhon tons The pressure
of this great mass of air 1s commonly referred to as atmospheric or baromet
nic pressure which simply explamed, means the weight of the column of
air above the pomnt or place in question

Atmospheric pressure 15 hknown to dimmmsh with elevation above the
earths surface because with ncreasing altitude there 1s a lesser quanhty
of air to exert a downward pressure Also atmosphenc pressure vanes
from day to day due to atmosphenic conditions temperature changes
wmnds etc For these reasons, it 1s necessary to adopt some standard to
which all variations of pressure can be referred The standard accepted for
this purpose 1s the weight of a column of the atmosphere at sea level which
has been determined to be 14 7 pounds per square mnch at a standard tem
perature of 32° F or 0° C It 1s also known that a column of atmosphere
with pressure equivalent to 147 pounds per square mnch will balance or
support a column of mercury 29 92 inches (760 mm ) ligh Since measure
ments of atmospheric pressure are made by means of a barometer 1t 15
customary to express the results in terms of the height (inches or milh
meters) of 2 mercury column rather than in pounds or on a weight basis

‘When 2 gas vapor or hquid 15 confined 1n a contamer the mstrument
commonly used for recording the pressure within the contamer 1s a pres
sure gauge This device measures the difference between the pressure
the contamer and the external atmosphernic pressure m pounds per square
inch The standard type of low pressure gauge used with steam stenlizers
15 shown m Figures 25 and 26 Ths 15 often referred to as a compound
gauge because 1ts construction permits a readmg of both pressure mn pounds
per square mch and vacuum 1n mnches of mercury In the manufacture

of pressure gauges the mstruments are usually adjusted to indicate zero
pressure at normal atmospheric sea level pressure which m reality 15 147
pounds per square mch Practically all steam and pressure gauges are 1n1-
tially set i this manner and the pressures indicated by the mstruments are
termed gauge pressures

Tn scientific and experimental studies another pressure scale 1s employed
"Thus scale 1s known as absolute pressure because zero on the scale mdicates
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Wfe Toduy, m every modem hospital, there may be found a svancty of
sterhizers or auntoclnes eich performing a4 vital service i protecting the
patient agunst mfection, but il are dependent upon the application of
certam fundamental principles alhed with the use of steam 25 1 stenhzng
agent

Steam s water sapor and, 1s such, it represents 1 physical state of water
as truly as ree does but as 4 gas it m1y be near or far away from its con-
densing or liquefying temperiture Stturated steam is water vapor in the
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1g 27 Numenczl relabonship between gauge atmosphenc absolute and partal
vacuum pressures

condition m which 1t 15 generated from the water with which 1t 15 m con-
tact Saturated steam cannot undergo a reduction in temperature wathout
a lowenng of its pressure, nor can the temperature be mcreased except
when accompanied by a corresponding mcrease 1 pressure Thus gnen
the pressure of steam as 1t 15 ordinanly formed 1ts temperature may be
considered fixed or given its temperature the pressure may be of course as
readily deduced pressure and temperature bemg comvertible terms There-
fore one may speak of saturated steam at a certam temperature or at a cer-
tam pressure

It 15 a pusnomer to state that dry saturated steam  contains no water
because all steam 15 a physical state of water From a practical standpoint
saturated steam 15 always wet to at least some small degree as the result
of some quantity of unvaporzed water held 1n suspension or mechamcally
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For example if a vacuum gauge on a stenithzer reads 15 iches and at the
same time the barometer reads 29 4 inches of mercury, what would be the
absolute pressure mn pounds per square inch n the sterilizer?

Using the above formula

294-15
204

Figure 27 shows the relationship eusting between atmosphenc, gauge

absolute and partial vacuum pressures

=701b per sq m abs

Hollow Spring
Tube

] Pressure
' Source
=

{

P - :

Fig 26 Intenor construction details of pressure gauge used on steam sterilizers It

consists essentially of a coiled brass tube closed at one end The open end of the tube

1s connected to the pipe through which the flud (steam) under pressure 1s admtted

When pressure 1s apphed the tube tends to straighten out moving a pomter to which
1t 15 connected by means of a gear arrangement

SATURATED STEAM

Moist heat mn the form of saturated steam under pressure 15 the most
dependable medum known for the destruction of all forms of microbial
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properties of steam A seile of pressures and cqui dlent tempertures of
saturated steam as emploved for stenlization purposes 15 given 1n Table 8
Saturited <teum at a temperature of 2307 254° T (121°-123° C ) will de-
stroy the most resistant forms of pucrobial Ife i 4 brief interval of
exposure These temperatures are not destructine of most materals and
supphes and the necessary perod of exposure is well within practicable
lmits
SUPLRHEATED STEAM

I saturated steun at any guen temperatuce 15 subjected to 2 hugher
temperature s for mstanee by passing st over heated surfaces or couls, 1t
becomes superhieated steym By this process the steam s hterally dried out
and the pecubar wdvantages of 1 high moisturc content, so necessary to
steriization are dissipated The properties of superheated stexm approx
mate those of 1 purfect gas rather than of 1 vapor It behwes much hke
dry hot air and takes up water with nudity IF supesheated steam s used
for stenilization purposes there 1s not only the hkelhood of overheating
the supplics, the abstriction of normal residual mosture from maternls
such as textdes or fabries resulting m 1 reduction of tenside strength and
premature dissntegrmtion but also the ever present drnger of meffective
stenlization With every degree of superheat added to steam its bacterierdal
properties are reduced until temperatures ate attamed which destroy bie-

tenia by actual burnmg or oudation, as occurs i the dry heat or hot air
sterthzer

HOW TO DLCTERMINE THE ULTIMATE TEMPERATURE OF
SATURATED STEAM OR AIR STEAM MIXTURES AT ANY PRESSURE

By consulting steam tables i engineers handbools, the temperature of
pure saturated steam at various pressures may be determined These steam
tables can also be used to determine the ultimate temperature of any
known muxture of steam and awr at any gauge pressure Ar-steam mixtures
do not develop the same temperatures charactenistic of saturated steam at
the same pressures—a fact rarely appreciated by thosc responsible for sten-
hzing techmes As a consequence, this condstion 1s 2 contributing factor
to many failures encountered n stenhzing processes To determune the

ultimate temperature of 2 known mixture of steam and aw, apply the fol
lowing formula
-V
Pl = Po ~( ——— ) (From Daltons Law of Gaseaus Pressures)
m which )

P} =absolute pressure {n pounds per squate mch th
esired factor {Determune this by seference to
Po = absolute pressure applied to

\4

e temperatere of whih 15 the
steam tables }
the stenhaing chamber = gauge pressure plus 147

pounds
=the degree of vacuum applted to the sterhzing chamber n mches of mercury



52 Principles and Methods of Sterihization

entramned with the steam Dry saturated steam 1s a theoretical Ime of
demarcation between the wet saturated and superheated steam phases
For stenhzation purposes steam under pressure 1s used rather than atmos
pheric or flowing steam for the sole purpose of attaming higher tempera
tures Pressure of itself has nothing whatsoever to do with the microbicidal

TABLE 6

ScaLE oF PREssURES AND EQUIVALENT TEMPERATURES OF SATURATED
STEAM FOR STERILIZATION PURPOSES

(From Perhing)
Pounds
Pressure Temperature
50 Degrees Degrees
Gauge lute F c Sterlizing Apphcation
803 95 3241 1622
753 20 3203 160 1-> Maximum pressure in steam supply lmes
703 83 3163 1580 (For pressure stenlizers)
653 80 3120 1556
603 7 3076 530
553 70 3029 150 6 -> Ideal pressure in steam supply hnes
503 65 2980 1478
453 60 2027 1448
403 55 2871 141 9 - Mimmum pressure m steam supply hnes
For pressure stenlzers)
353 50 2810 1383
303 45 2744 1346
273 42 2702 1323 >Emergency (Igh speed) stenlization of m
struments
253 40 2673 1307
203 35 2593 1262
193 2576 1253
183 a3 2558 1242
173 32 2541 123 4 |Stenhzation of hospital supphes—surgical n
163 31 252 2 1223 struments dressings solutions etc
153 20 2503 1212 [Stenhzation of laboratory supphes Commer
cal sterthzation processes
143 29 2484 1203
123 27 2444 1180
103 25 2401 11586 —>‘§tenbzat10‘rx of Ilaboralory supplies
83 23 2355 1130
83 21 2306 110 3 > Termnal heating of infant formulas
43 19 2252 1071
23 17 2194 1042
_Sramhzaallm}xlx of mst}'unnllents f& u:flnslls
‘ermin; eating of infant formulas
Y 1470 2120 1000 Streaming steam _stenhzation
Water boils @ sea level New Yorh City
1413 2100 988 Water bols @ altitude 1025 ft Omaha Nebr
1303 2060 966 Water boils @ altitude 3115 ft  Calgary Alta
1201 2020 944 Water bols @ alutude 5225 ft Denver Colo
1108 1980 922 Water bods @ altitude 7381 ft Laramie Wyo
1040 1950 905 Water bols @ altbtude 9000 ft Quito Ecuador
895 1880 866 Water boils @ albtude 12700 ft LaPaz Bohvia




Principles of Steam Stenlization

55

one half and 2 20 inch vacuum two turds of the air The temperatures re-
ir are not sutable for depend-

sulting from such 1ncomplete evacuation of n

et |

[ ]’ Minutes ]
Q 19 20 30 40

5

0

60

-

Fig 28 The temperatures resulting from complete and partial arr discharge from a

stenllizing chamber operated at 15 pounds pressure

able stenhization as mndscated by the data in Table 7, and the temperature

curves i Figure 28

THE EFFECT OF GRAVITY ON AIR STEAM MIXTURES
IN A STERILIZING CHAMBER

When steam 1s admitted to a stenlizing chamber the relatively cool air

present 1s much heavier than the steam at the normal stenlizing tempera
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The average operator of stenlizers need not make use of the above
formula for other than a proper mathematical bachground for basic princt
ples upon which stenhzation depends The actual temperatures attamed
m the stenlizer under ordinary conditions of proper and mmproper usage
are given m Table 7

REMOVAL OF AIR FROM STERILIZER BY MEANS
OF PARTIAL VACUUM
The complete evacuation of air from a vessel or chamber defines a per
fect vacuum This 1s measured m terms of the height of a colummn of mer

TABLE 7
Sterwzer TEMPERATUREs WrTe VAmous DEGREES OF AR DiSCHARCE

Satd Steam  Two hlrds One hali One thlrd

Complete Asr Air D Air D Atr No_Air
P?g;ﬁfe Discharge (20" Vacuum) (15 Vacuum) (107 Vacuum) Discharge
Pounds c F [ F c F c F C F
5 109 228 100 212 94 202 90 193 72 162
10 115 240 109 228 105 220 100 212 90 193
15 121 250 115 240 112 234 109 228 100 212
20 126 259 121 250 118 245 118 240 109 228
25 130 267 128 259 124 254 121 250 115 240
30 135 275 130 267 128 263 128 259 121 250

cury which will be sustamed under that condition This column of mercury
1s 30 mches ligh The combmation vacuum pressure gauges commonly
used, as shown m Figure 25, are graduated for measurement of the degree
of vacuum to this scale 1 mches of mercury

The usual vacuum type sterihizer 1s equpped with an ejector valve by
means of which 2 maxmum of about 10 inches vacuum can be attamed
Occasionally a more powerful ejector 1s capable of creatng a 15 inch vac
uum, and 1n rare cases a 20 mch vacuum can be produced Operating
directions accompanymg the vacuum type sterthizers usually mstruct the
operator to draw 2 partal vacuum of 10 to 15 mches as the imtial step m
sterilization Such a procedure 1s useless because only one third to one half
of the ar 1s removed from the chamber and the residual amount 1s suffi
cient to sertously retard or prevent the attainment of proper temperature
required for sterilization

Admuttedly there has been a great deal of misunderstanding relative to
vacuum operation of sterilizers in the past Operators have been led to
believe that vacuum plays some mysterious part m sterthzmg—that 1t 15
difficult to sterilize except by first creating some relatively minor degree of
vacuum 1n the chamber From the explanation given above 1t may be ob
served that a 10 inch vacuum means 10,30 of a perfect vacuum or m other
words the exhaust of only one third of the air A 15 inch vacuum exhausts
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Tlus ming process which results fter a long peniod of time m 1 umform
temperture throughout the chaumber 15 1 most uncurtun condition The
periad required for this munture to occur 15 aflected materiilly by the
character of the load and under no condition can it ever be determsned
preasely except by actunl temperature measurements However, the tm-
portant detuls for consider ttion are

1) The presence of «ur greatly reduces the ultimate temperature of the
Ltéim below that of pure saturated stewn at the pressure mauntained

¥ Throughout the normal penod of sterihzation, the tempcratures m

he lower areas of the chamber will be substantially lower than m the

upper arers, due to differences i speafic gravities and rductance of steam
and atr to mix

Thns latter fact accounts for ridienlly msleadimg tests which re often
noted mn an attempt to prove the adequacy of a sterthzing process For
cxample, a culture test consisting of a symple of contammated matenal
placed m the upper part of a sterthzing chamber from which very httle air
has been removed will frequentlv show complete stenhization because the
test matenal will have been subjected, for at lewst 1 buef interval of time,
to nearly pure saturated steam at the operating pressure Similarly, stenh-
zation mdicators Jocated i the upper part of a poorly air evacuated cham-
ber will often mcorrecth, mdicate sterthzing conditions Tests made n
mmpesfectly air evacuated chambers, at the bottom, will mvarnably show
falure n anv reasonable period of exposure

To further illustrate the wmportance of gravity or stratification of air-
steam muxtures m a stenhzmg chamber, the readers attention 15 called to
the temperature curves, Figure 28 They demonstrate effectively the differ-
ences m temperature cncountered sn different areas of a sterilizer from
which air has not been evacuated 1t 1s easily concewvable that tests made
wn the upper portions of the load might have mdieated satisfactory condi-

tions for stenhzation but it 1s certamn that any test made n the lower areas
must have failed

HOW STEAM STERILIZATION IS ACCOMPLISHED

Steam stenhzation as normally conducted in the autoclave 15 a product
of heat plus moisture 1 which the mossture factor plays an exceedingly
important part It 1s generally accepted that the thermal destruction of
microorgamsms closcly parallels the heat coagulition of protems Varous
workers who have mestigated this phenomenon have concluded that
death accurs as the result of the heat denaturation of the protuns which
make up the bactenial cell When moisture 15 present this coagulation proc-
ess takes place at relatnely low temperatures but when mossture 15 agscnt
2 considerably higher temperature 1s requured for bacteral destruction

Stcam possesses the smgular property of bemg able to heat mater i,
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ture Stevm has 1 density of 007 pounds per cu ft as compared with 0 12
for arr under the same pressure and temperature and they show & marked
disinclination to mrx This means that when steam 1s forced by pressure
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Fig 29 These radwcal differences n temperature for different areas mn the chamber

are representative of a stershzer from which air has not been discharged Measure

ments were made with potentiometer and three thermocouples one located near the
top the second mn the middle and the third close to the bottom of the chamber

into a sterilizing chamber contaiming awr the steam will hiterally float to the
top of the chamber compressing the air at the bottom It 1s known how
ever that the air and steam will eventually muy resulting m a umform gas
made up of steam aud ar mn wiich a part of the heat contamed m the
steam will have been absorbed by the ar
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Since all steam sterthzation 1s based upon  dircet steam contact,” 1t {ol-
Tows that the same process of condensation and heating applies to mnstru-
ments, utenstls or other articles undergoing surface stenhization With these
supphes there 15 no permeation of steam through the metal, the objeet
being only to heatand stenlize the surface In this case the cold metal con
denses the steam until the article 1s heated to the temperature of the steam
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Effact of Acr on Heat Em ssion fram Steom Contamer
Baved on Atmosphenc Pres ure Ind  Contomner

Data from Warren Webster Company
Fig 30 The effect of ar on the heating efficiency of a steam chamber based on
atmosphenie pressure mside chamber

Throughout sterihzation the metal surfaces are bathed with an abundance
of moisture as compared with porous fabnics, which greatly facihitates
stenihzation Because of the rapid heating effect and the abundance of

mosture, 1t becomes possible to preseribe a shorter exposure penod for
wstruments than for fabnes which require time for permention

THE ADVERSE EFFECTS OF AIR UPON THE PENETRA'
POWER OF STEAM TING

It has been explamed how steam heats porous matenals by its pecuhar
process of condensation The great opponent to the diffusion of steam 15
air, and all fabnies as they are placed in the sterilizer have their interstices
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and particularly to permeate porous substances by the relatively rapid
process of condensation, as opposed to the very slow process of heat ab
sorption as m the case of hot air or any other gas used as the heating
medum Steam gives up its heat i sterilizing only by the process of con
densing back imto the water from which 1t came Specifically this means
that every fibre or particle of any porous article undergomg stenlization
will abstract, absorb or contamn a quantity of mosture from the steam m
evact proportion to the amount of heat absorbed by the article Knowledge
of this principle 15 of great importance to the student because 1t explans 1n
many instances how various supplies should be prepared for steam stent
lization 1¢ an arrangement of the materials that wall provide for thorough,
rapid and complete permeation with steam If the steam can permeate any
mass of matenals such as gowns, sheets, towels or other porous supples, 1t
will heat that mass through condensation and leave i 1t the finely dispersed
moisture required for steriization

The condensation process of heating makes use of the latent heat of
steam The heat requred to convert a umt mass of water mnto steam at the
same temperature 1s called the latent heat of vaponzation of water or sumply
the latent heat of steam For example Heating one pound of water from
room temperature of 70° F and converting 1t into steam at 212° F requires
first the expenditure of (212°-70°) = 142 heat umts to bring the tempera
ture of the water to 212° F Then there must be added for each pound of
water 970 heat units to convert that pound of water at 212° F into steam
at 212° F Tlus factor of 970 heat umits 1s known as latent heat Then to
heat each pound of steam at 212° F 1nto steam at 250° F (15 pounds
gauge pressure ), the normal stenlizing range requires only 13 5 heat units
It 1s obvious that a lngh percentage of the energy stored 1 steam actually
over 80 per cent, 1s accounted for m the latent heat

In abstracting heat from steam, for every pound that 1s condensed into
water, surrdunding objects absorb that latent heat This feature 15 ughly
1mportant/m its apphication to the permeation of dry goods, fabries or tex
tiles ? steam contacts the outer layer of fabric the cooler substance
mmedrately causes a film of steam to condense leaving in the fabric a
mmute amount of water that moisture so necessary for the destruction of
microbial hfe The next film of steam immediately fills the space created
by the volume collapse of the previous film (99 per cent decrease m vol
ume) but 1t does not condense m the outer layer rather 1t passes through
and attacks the second layer of fabric—condenses and heats 1t So on until
the entire mass of fabric has been heated after which the pachage will
contam an amount of moisture (condensate) exactly equivalent to the
amount of heat abstracted from the steam Contmuation of the process will
cause no further condensation but the temperature of the fabric will remain
constant at the temperature of the surrounding steam

~
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mnture 15 reduced mn accordance with the proportion of mr present This
pomnt 15 illustrated graphically in Figure 30

If the sterthzing chamber 1s well exhausted of air so that the free sprces
all about the load are promptly filled with pure steam, then the ar pochets
within a bulky package of fabries will dissipate rapidly by gravity to the
bottom of the chamber from wlich a correctly designed gravity discharge
system will permit escape If, however, the chamber has not been evacu-
ated of arr, then there will be no matennl difference in density between the
air pockets withm the package and the air wluch has gravitated to the
areas below the pachage These ur pochets will therefore remam m the
load and greatly retard the entrance of stcam

The temperature curves shown 1n Figure 31 illustrate this pomnt rather
convinaingly Also, they further emphasize the necessity for placing any
stenlization ndcator 1n the center of the pachage undergomg study rather
than near the surface

The presence of air m the stenljZer 15 a grave handicap to effective
stertlization for several reasons, first, because 1t reduces the ultimate possi-
ble temperature of steam at any pressure, second, because of reluctance of
steam and air to mix, resulting m great varations in temperature 1n various
parts of the chamber, third, the ultimate reduced temperature can be
attamned only after prolonged periods of exposure, finally, because of its
adverse effect upon steam penetration of porous supplies

AUTOMATIC AIR ELIMINATION FROM STERILIZING CHAMBERS

The first essential requirement for an efficient stewm sterilizer 1s that
some means must be provided for the automatic removal of air and con
densate from the chamber without rehance upon shillful manipulation of
hand valves or any other precise and confining attention to the sterihizer
To this end, 1t 15 generally true that all modern sterilizers are equipped wath
a thermostatic valve for the automatic control of air and condensate dis-
charge from such chambers, with excellent results Prior to the ntroduction
of thermostatic valves on stenlhizers 1t was necessary to control the air and
condensate discharge by hand regulation of a dramage valve located near
the front bottom of the stenthzing chamber The obvious fault of that sys-
tem was the necessity for complete rehance upon the individual, the close
attention required and the degree of safety being largely a matter of the
care and skill of the operator

Thermostatic valves are of the general classification commonly known
1s steam traps They contan flexible metallic elements illed with a volatile
hquid which expands under heat or contracts when cool opening or closing
the discharge onfice of the valve A sectional diagram depicting the func-
tional parts of a thermostatic valve 1s given Figure 32 It should not be
assumed that the usual steam trap available from the nearest supply store
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filled with arr at the surrounding temperature and at atmospheric pressure
Unless the steam 1s 1ble to displace this ur it cannot permeate the matenal
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Fig 31 These temperature curves are typral of the lag in steam penetration to be
espected 1t 2 stenhzer from which arr has not been discharged The Joad consisted of
a large package of Hampton pads Pressure was mamtamned at 20 pmmds When the
ar was completely discharged from the ch the the

{Lag AJ srapidly approached lhat of the surrounding steam [Lﬂad A] When only a

small amount of arr was & the m the kage lagged approx:
mately 50°F {Lag B} that of the sun'oundmg steam {Load B] throughout a 43 munute
exposure

and 1ts behavior will then be similar to that of hot air under the same
operating pressure When arr 15 mixed with the steam, obviously only the
steam content of the mixture heats by the condensmg process The air has
no useful penetrating power The heating or penetrating power of the
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aur discharge from 2 stenhizing chunber Thit hns now been made possible
by the simple method of measurning the tempertture 1n the chamber dis-
charge line It has bten shown that aur or my muxture of stexm 1nd ur will
gravitate to the lower arens of the chnmber Tt follows s an obvious physi-
cal fact that if the discharge Ine 15 clogged or af the thermostatic valve
1s not working properly there will be no matenal ndvance i tempert
ture m the discharge line, but if the hae 1s free, the temperture will
advance after the ur has been elminated nd repliced by steam to the
temperature of the stexm Only when this has occurred will the indicated
temperature adyance to the stenhzing ringe Lven then this temperature
will always lag one to two degrees behind the actual temperature of the
medium surrounding the load The thermometer reading will be, without
exception, a measurement of the coldest medwm within the stenhzing
chamber A partial clogging of the system will simply retard the movement
or clearance of ar, all of which will be indicated by the thermometer

At this point the student might well pose the question as to why 1s 1t not
desirable to measure temperature within the stenlizmg chamber mstead of
m the discharge system The purpose 15, to measure the effectiveness of air
dascharge which under all conditions 15 the fundamental requirement, and
to indicate promptly 1f there 15 wn interruption which must be cleared A
thermometer bulb placed at any fived pomnt within the sterthzing chamber
would measure merely the temperature 1t that pomt It would also reflect
the temperature of arculating currents of steam and would not be so
clearly mndicative of the condition which the operator needs to know In
addition the bulb of such a thermometer would necessanilv be nstalled
permarnently at some point close to the steam jacket wall, out of the way
of the Yoad—gwing free access to the chamber In this position the ther-
mometer bulb would always respond to some extent to the temperature of
the hot steam jacket surrounding the chamber

STERI IZING CONDITIONS ARE BASED UPON TLCMPERATURE
RATHER THAN PRESSURE

In spite of all that has been written on thus subject duning the last fift
years the tendency still prevails to think of steam stenlwation 1n terms o)f,
pressure rather than temperature Moist heat 15 the stenhzing agent Pres
sure 1s only ncidentally significant The common practice of measuring th
stenlizing period from the nstant that the pressure gauge shows 15 ogmd Y
perhaps 20 pounds with httle regard for anything else, should cler-.)ﬁl tels,
be discouraged Often such observations are made vu;h steril “f‘r ,
which hittle air has been exhausted eers from

Under the presently established syst
the penod of exposureyxs measured, \w}x’thﬁoxzt T e stoum stenlaation

mmediate re.
from the mstant that the thermometer 1n th gord for pressure,

¢ discharge hine shows tempera-
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can be applied satisfactortly for this delicate operation of automatic air
removal The discharge onfice of the usual steam trap 15 so small that an
abnormal period of time 1s required to evacuate a stenizing chamber
Still more objectionable 1s the fact that some of these traps are designed to
shut off before air discharge 15 complete

The more sensitive thermostatic valves, specially designed for use with
sterthzers permut rapid and complete evacuation of air The proper apph-
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Fig 32 Sectional diagram of thermostatic valve used on steam sterthzers

cation of such valves affords the opportumty for the automatic discharge
of all air from the sterilizing chamber, so that the maximum possible tem
perature throughout the chamber can be attamned quickly Fortunately
these better grades of valves are fanly dependable not readily subject to
structural changes mn use which mterfere with their performance The best
of them however, do fatigue after long service and 1t 1s always necessary
to check their performance to avoid the hazards of attempted sterilization
with a chamber badly clogged with air No valve will remam permanently
accurate

METHOD FOR DETERMINING THE EFFECTIVENESS OF AIR

DISCHARGE FROM STERILIZING CHAMBER

From the foregoing the reader will have observed that for safe operation

same dependable method must be adopted for determimng the degree of
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ur discharge from n stenhzing chamber That s now been made possible
by the simple method of measuring the temperature the chamber dis-
charge line It has been shown that «ur or iny mixture of stexm and ur will
grutate to the lower areas of the chimber It follows as an ohvious phys
cal fact that af the discharge ine 15 clogged or 1f the thermostitie valve
15 not workung properly there will be no matenal advance m tempern-
ture m the discharge hne, but if the lme 15 free, the temperature will
advance after the v his been ehiminated and repliced by steam to the
temperatare of the steam Only when this has occurred will the mdeated
temperature advance to the stenhzing ringe Lven then tins temperature
will always lag one to two degrees behind the actual temperature of the
medium surrounding the load The thermometer reading will be, without
exception, a measurement of the coldest medium within the stenbzing
chamber A partal cloggng of the system will simply retard the movement
or clearance of qur, all of which will be indicated by the thermometer

At this pomnt the student might well pose the guestion as to why 1s 1t not
desirable to measure temperature within the stentlizing chamber mstead of
m the discharge system The purpose 1s, to measure the effectiveness of ar
discharge which under all conditions 1s the fundamental requrement, and
to indicate promptly 1f there 1s an interruption which must be cleared A
thermometer bulb placed at any fixed pomt withun the stenhzmg chamber
would measure merely the temperature at that pomt It would also reflect
the temperature of arculating currents of steam and would not be so
clearly dicative of the condition wiich the operator needs to know In
additton, the bulb of such a thermometer would necessanily be installed
permanently at some point close to the steam jacket wall, out of the way
of the Joad—gwving free access to the chamber In this position, the ther-
mometer bulb would always respond to some extent to the temperature of
the hot steam jacket surrounding the chamber

STERILIZING CONDITIONS ARE BASED UPON TEMPERATURE
RATHCR THAN PRESSURE

In spite of alf that has been written on this subject during the last fft
years the tendency still prevails to flunk of steam stertlization 1n terms o);
pressure rather than temperature Moust heat 15 the stenlizing agent Pres-
sure 15 only mcidentally sigmficant The common
stenihzing period from the mstant that the
perhaps 20 pounds, with Little regard for anythmg else, should defimt 3}
be discouraged Often such observations are made with stenl f; o
which lttle air bas been exhausted Hhsers Trom

Under the presently established system of eff
}l\e pelnod of exposure 15 measured “);thout xmme%i:lveer:g:rg fz:e:ilezsit;::

rom the mstant that the thermometer 1n the discharge hine shows tempera:

practice of measuring the
pressure gauge shows 15 pounds,
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ture of 250° F (the equvalent of saturated steam at 15 pounds gauge
pressure ), the mmmum range considered safe for sterihization This mdica
tion also means that the temperature of the steam surrounding the load
will range from one to two degrees higher in every part of the chamber

It 1s obvious, of course, that pressure must be regulated at the prescribed
range n order that swmitable temperature can be attained, and for each kind
of heat (steam, electricity or gas) 1t 1s a simple matter to provide auto-
matic pressure regulation about which the operator of the sterilizer need
not be greatly concerned The :mmediate and constant mterest of the
operator should be centered i the mamtenance of discharge line tem
perature which 15 indicative of these essential factors

1) That the air discharge system 1s or 1s not functioning properly

2) Measurement of the temperature of the coldest medium surrounding
the load—maimntamning that temperature within the prescribed safe range

THE MOST PRACTICABLE RANGE OF STEAM PRESSURE
FOR STERILIZERS

Due to the deficiencies of many stenlhizers with respect to the attainment
of sterihzing temperature 1n a brief mterval of time there exists an all too
prevalent tendency to mcrease the operating pressure range and the periods
of exposure beyond those actually needed Whereas the pressure carned for
the sterithzation of surgical supplies m the average hospital stenihzer 1s
usually n the range of 15 20 pounds 1t 1s also known that mn more than a
few mstances considerably higher pressures are employed, notwithstanding
the fact that the sterihzers themselves were not designed for use with
steam pressures greater than 20 pounds gauge In the sterihization of heat
sensitive supplies rubber gloves and glucose solutions particularly tem-
peratures higher than those of pure steam at 15 17 pounds are needlessly
destructive It 1s also true that various fabrics show a greater rate of detent
oration when stertlized repeatedly under steam pressures hugher than the
optimum range

‘When pressure sterilizers are used 1n areas or localities of ligh altitude,
1t becomes necessary to employ proportionally greater steam pressures in
order to attain the mmmum standard range of temperature required for
sterthzation namely, 250 254° F The data given in Table 8 clearly shows
that the boihng pomt of water vanes with the barometnc pressure at van
ous altitudes Hence 1t becomes necessary to compensate for this reduction
m temperature by ncreasing the pressure when steam 1s admitted to a
sterthzing chamber otherwise the mimmum standard range of temperature
could not be maintained at hugh altitudes As an approximation the boiling
pomnt of water 15 reduced 2° F (11° C) for each 1000 feet mecrease m
alutude above sea level From the figures given mn the last column of
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Table 8 1t may also be observed that for each 1000 feet elevation above sea
Ievel the pressure m the stenhzing chamber should be increased tpprox
mately 05 pound per square meh gauge When these factors are taken mto
consideration there 1s Iittle excuse for not operating surgteal supply stens

TABLL 8
Steam
Boiling Altstude Barometer Pressure,
Point Abote Sea Atmos Reduced to Required
i ater el Pressure a2 Lbs /Sq In
F Feet Lbs /Sq In Inches Cauge
212 Sea Level 147 299 1517
210 1025 141 287 156176
208 2083 135 278 161181
208 3115 130 285 167187
204 4169 125 254 172192
202 5225 20 244 177197
i 6304 115 234 182209
198 7381 110 25 187207
198 8481 108 216 191211
194 9579 101 207 196216
192 10685 97 198 200220
150 11799 93 190 204 224
188 12934 89 182 208228

lizers under proper physical conditions to assure the maintenance of mim
mum standards for stenilization
This chapter has dealt with the basic principles or engineering funda-
mentals of pressure steam sterthzation The factors discussed are those
which govern precise dependable performance There are other factors
equally as important relating to the preparation of materials for sterthza-
tion and the loading of supplies in the stenhzer Wathout due regard for
these elements the sterilization process m the most perfect of sterilizers
can easily remain uncertain
REFERENCES
1 Perkmvs J ] Bactenological and Surgical Stenlization by Heat From Reddish G F
A D icides Chemical and Physical Sterlization Philadelphia

F
Lea & Febiger 1954 p 664



CuartER IV
Minimum Standards for Steritlization

OWN THROUGH the years vanous standards have been proposed
and established for the stenhzation of surgical supplhes Certan of

these standards were obviously based upon expediency, tahing into con
sideration the often extreme inaccuracies resulting from the use of highly
mefficient sterihizers For many years the common practice for sterlizing
bulk loads of supphes was 20 pounds pressure for I hour This was a
purely arbitrary rule which had Lttle or no scientific background, for
which apparently no one could formulate a logical excuse or reason—except
m average usage it seemed to suffice It must be remembered however,
that the old style stenihzers were operated with pressure as the sole ndi
cation of regulation There was no means for measuring the degree of air
evacuation other than the vacuum gauge and there was no means for
measurmg the temperature developed by the steam 1n the chamber

With the mtroduction of temperature control for stenlizers which oc-
curred n 1933, 1t became immediately apparent that detailed mvestiga-
tions were needed to more clearly define mmmum requirements and
exposure periods for adequate steriization without waste of time and
undue destruction of fabrics from oversterilization W B Underwood,! a
leading 1nvestigator 1n the field of stenhzation was largely responsible for
the mmtial attack on this problem He frequently demonstrated by means of
potentiometer tests on sterithzers mn daily use m hospitals that far better
stenlizing mfluence m 30 minutes exposure could be attamed with a
temperature controlled sterihizer than was shown m routme performance
under pressure control mn one full hour exposure The results of these early
studies by Underwood are shown m Figure 33 That such hazardous con
ditions continue to ewst through the use of ughly mefficient stenilizers has
recently been the subject of an mvestigation by the Advisory Commttee
on Sterithization for Queensland hospitals

If 1n using the modern surgical supply sterilizers we continue to stert
hze bulk loads at 20 pounds pressure for 1 hour the common practice under
the older system many of the supples such as textiles and rubber goods
will show marked evidence of premature destruction In addition a great
amount of time will be literally wasted thereby affecting the daily output
of the sterthzers It 15 unwise to establish any standard for surgical steril
zation without due regard for the economic factors mvolved A companson
between the old style, pressure controlled sterthzer and the modern (auto

66
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matie} temperature controlled sterihzer may be hikened to the prescribing
of some drug 1t known concentration 15 opposed to the use of the same
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Fig 33 These curves record the actsal temperatures attamed within

surgacal supply stenlizers found mn six hospﬁnk The sterthzers ’“ere ‘f)l;e]r?xtgé ‘:xfn:!‘:

pressutes of 17 22 pounds, with no means of measurng the degree of aix ehmination

os the true temperatures developed The shaded area denotes the temperatures which
were indicated by the pressure gauges for saturated steam

drug ot unknown didution In the temperiture controlled stenlizer steam
of maximum Jethal effect 15 employed, but with any pressure-controtled

stenhzer 3t 1s always uncertan as to the de
ee that the stea
been diluted with ar & m may have
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MINIMUM REQUIREMENTS OF TIME AND TEMPERATURE

One of the most difficult problems encountered i attempting to define
safe stenlization 15 to determine from rehable data the minimum tme
temperature relationship needed to mnsure destruction of the most resistant
forms of microbial Iife Unless this relationship can be stated positwvely, 1t
15 useless to attempt to discuss the subject intelligently or to make specific
recommendations on the preparation and stenlization of various matenals
and supphes Much of the information wntten on the subject 1s either
vague 1 meammng mconclusive or avoids the 1ssue entirely Certam of the
standards proposed for surgical sterthzation have been based upon a tume
temperature relationship adequate for the destruction of pathogenic spores
but not entirely adequate for the destruction of nonpathogemic spore bear-
mg orgamsms Others propose the use of a time and temperature suffi-
ciently great to cause unnecessary destruction of matenals and to be
wasteful of time and fuel

In estabhshing mimmum standards for surgical sterihzation, careful
attention must be given to the prescribing of exposure perods for the
various types of loads that will msure a time temperature relationship
adequate for the destruction of the most resistant forms of microbral hfe
Any exposure period that 1s selective m 1ts lethality to microorgamsms 1s
not 1 keeping with the concept of absolute sterility—the goal of all surgical
sterilization In other words, 1t should be expedient always to prescribe a
performance which carries a reasonable factor of safety m terms of tem-
perature or tume or both based upon rehable experimental data relating
to the destruction of the pathogenic spores but also great emough to
provide for the destruction of the still more resistant nonpathogeme spore
beanng orgamsms

In developing a safe mmimum standard for surgical stenhzation several
workers have proposed the use of garden soil which contams a varnety of
heat resistant aerobic and anaerobic spore bearing and nonspore bearmg
orgamsms as a control Walbum ? for example 1 using soil as 1 control n
the steam stenihization of supphes gives the followng times and tempera-
tures as necessary for stenihzation of matenals loaded m the autoclave

2228° F (106° C) 45 hours
2336° F (112° C ) 1 hour
2498° F (121° C) 30 nmnutes
2732 F (13¢° C) 10 mimnutes
2012° F (144 C) 5 minutes

In a similar study Echer* determmed that one gram samples of air dried
and powdered garden soil mserted m the center of laparotomy sets and
matermty supphes were found to be sterile after exposure at 240° F (116°



AMnwmum Standards for Sterdhzation 69

C ) n the autocln ¢ for pensods of 60, 45, 30 and 15 minutes When simples
of the same soit were phiced 1 carefully packed dressmg drums 1t was
found that an exposurc of 15 mnutes 2t 240° I (118° C ) was necessary
for sterization Lcker 1lso found m 2 long senes of expenments that the
spores of pathogeme anacrobes are destroyed at 240° F {116° C ) for 15
to 20 minutes, whereas 1 temperature of 230° F (121° C ) for 30 munutes
1s sufficient to destroy the highly resistant nonpathogenic spore bearng
orgamsms of garden sost The spores of Cl novys survved 5 munutes at
230° F (110° C ) but were destroyed m 10 minutes at this temperature
The spores of Cl welchn sunvived exposure of 15 mmnutes at 215° F
(1017° C ) but were destroyed at 220° ¥ (104° C ) 1 5 minutes Spores
of B subtilis were halled at 215° F (1017° C ) 1n 10 minutes These results
relating especially to the resistance of soil scem to agree with the recent
work of Bang and Dalsgiurd® who ebserved that when garden soil was
autoclaved at 248° F (120° C ) for 20 munutes effective stenhization took
place, but when heated for only 10 mmnutes the bacterial content was
200 000 organisms per gram of sonl

In an attempt to accurately define the mimmum hmuts of saturated
steamm temperature requirements for surgical stenhzation, Underwood®
conducted a long senes of tests by planting dried spores of CI welchu and
B subnilis n gauze packs approumating actual conditions of surgieal sten-
lization His findmgs revealed that an ewvposure peniod of 5 mmutes to
saturated steam at 225° F (107° C ) gave evidence of stenhty m all test
packs upon mcubation of the cultures These data were apparently con
firmed by the work of Echer referred to above

Walter? has made the recc dation that 13 " direct exposure
to saturated steam at 250° F (121° C } 15 a safe mummum standard for
surgical stenlization This time and temperature conform closely to the
thermal death time of the most resistant bactenal spores and n the opin
1on of thus writer 1t represents one of the safest and most practical stand-
ards that has yet been developed for rehable routne sterthzation

Generally speaking, authonties are i agreement that m direct contact
with saturated steam at a temperature of 250° F (121° C) a peniod of 5
to 10 mmutes 15 sufficient to msure destruction of most resistant forms of
microbial We (Sce Table 5, page 42) However, to difine mummum
standards of time and temperature required for steam stenlization of the
wide sanety of surgreal supphes used 1n hospitals today 1s 2 difficult matter
The tsme temperature relationshnp selected must not only be bacterolog-
cally safe but 3t must also permit the preseribing of prictieal ewpuslﬁre
perieds for the vanous supplies ncluding reasonable margins of safety
with due regard for economie factors On the basis of carefully conducteci
studies strengthened by expenence m many hospitals and Ihboratenes it
has been shown that mmimum standards of time and temperature subst:m
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MINIMUM REQUIREMENTS OF TIME AND TEMPERATURE

One of the most difficult problems encountered mn attempting to define
safe stenlization 15 to determme from rehable dat1 the mmmum time
temperature relationship needed to wmsure destruction of the most resistant
forms of microbial bfe Unless this relationship can be stated positively, 1t
15 useless to attempt to discuss the subject mtelligently or to make specific
recommendations on the preparation and stenbization of various matenals
and supplies Much of the mformation wutten on the subject s either
vague m meanmng meonclusive or avowds the issue entirely Certamn of the
standards proposed for surgical sterthization have been based upon a time
temperature relationship adequate for the destruction of pathogeme spores
but not entirely adequate for the destruction of nonpathogenic spore bear
ing organsms Others propose the use of a time and temperature suffi
ciently great to cause unnecessary destruction of materals and to be
wasteful of ime and fuel

In establishmg mummum standards for surgical sterlization, careful
attention must be gnen to the prescibing of exposure perods for the
vanous types of loads that will msure a tume temperature relationship
adequate for the destruction of the most resistant forms of microbal hfe
Any exposure period that 1s selective 1n its Jethahty to microorganisms 1s
not 1n heeping with the concept of absolute stenhty—the goal of all surgical
sterthzation In other words 1t should be expedient always to presersbe a
performance which carries a reasonable factor of safety m terms of tem
perature or ture or both based upon rehable experimental data relating
to the destruction of the pathogemic spores but also great enough to
provide for the destruction of the still mare resistant nonpathogemie spose
bearng orgamsms

In developing a safe mummum standard for surgical stenihization several
workers have proposed the use of garden soid which contamns a vanety of
heat resistant aerobic and anaerohic spore beanng and nonspore bearmg
orgamsms as a contro} Walbum * for example 1 using soil as a contro} i
the steam stenhzation of supphies gives the following tumes and tempera-
tures as necessary for sterthzation of materals loaded 1 the autoclave

2208° F (106° C) 45 hours
2336° F (112° C) 1 hour
2498 F (121° C) 30 minutes
27329 ¢ (134° C) 10 mnutes
2012° F (144° C) 5 mmutes

In a ssimidar study Echer* determined that one gram samples of air dried
and powdered garden soil inserted 1n the center of laparotomy sets and
matermity supphies were found to be stertle after exposure at 240° F (116°
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with a total vanation of no more than 1 2 pounds There 1s the ms
supposition that steam at 20 22 pounds pressure permeates (heats) the
Joad much faster than steam at 15-17 pounds pressure To be sure, the
Tugher pressure will result 1n 1 correspondingly hagher temperature in any
modern stenhizer, but the rate of heating to the desired ringe of 250°-234°
F (121°:123° C ) 15 not sufficiently greater to yustfy serious considerition
Furthermore, most sterthzers tody are designed for a maximum operiting
pressure m jacket and chamber of 20 pounds per square inch To meet the
requirements of standard engineening (ASME Code) practice, this pressure
permuts the settng of the safety (blow off) vahe t no more than 10 per
cent Ingher pressure than the maximum design pressure of the stenhizer
For thus reason, it 1s obvious that the average stenihzer should not be oper-
ated at a pressure much greater than 19 pounds »f the proper tolerance 1s
to be mamtaned between mavimum jachet pressure and the pomt of blow-
off of the safety valve

Expenence has long since demonsirated the mconsistency and impracti-
cability of using one range of temperature for one class of supphes and an-
other range for some other class, because presumably the same orgamsms
may be encountered mn any of the supphes The most practical reason for
one fixed runge of temperature and pressure for all supples 15 the abiity
to standardize procedures, to have all pressure sterihizers controlled m
evactly the same manner In many hospitals this has been done most effec-
tively and to the marhed advantage of the mstitutions

STANDARDIZATION OF STERILIZING TECHNICS

the pnmary requsite for rehable routine steam sterthzation This can

be accomplished through the apphed mtegration of four factors, namely
1) Regulation of the sterthzer so as to mamtun temperature of 250°-254° F
(121° 123° C) 2) correct methods of prelmmary cleanmng arranging wnd
packaging of supplees to msure duwect steam contact 3) proper loadmg of
stenlzer, and 4) adequate exposure period that will provide for complete
penetration of the load and msure destruchion of mwcrobal hife with a hberal
margw of safety

Developments of the past twenty years have prouded, i the modern
(automatically controlled) pressure sterilizer, a precision instrument but
ats value will be mmumized or perhips lost together unless hospitals co
operate to the extent of preseribing nd mauntumng equally high standards
with respect to preparation of materals and superyision of loading methods
In the standardization of sterhzing techmes there 35 no substitute for m
telligent, pamstakmg supervision

Of the vanious factors upon which cffectne stenlization of surgical sup
phes depends there 15 no one more mporint than th

e exposure peniod
Thus does not mean that other factors are less important, but rather tIl)mt for
every item undergomg sterthzation there 1s a munmmum penod of exposure
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tially greater or less than the following are exther incompatible with modern
sterilizer design (requinng steam pressure wn excess of maximum operating
pressure) and unnecessarily destructive of materials or unsafe from the
standpoint of effective sterithzation

Time
F (o] (Minutes)
270 132 2
257 125 8
250 121 12
245 118 18
240 118 30

The trmes and temperatures gwen above do not denote prescribed expo
sure perods for the sterihzation of the various kinds of surgical supphes
Rather, they mdicate the absolute mmimum standards of time and tem
perature to be mantained throughout all portions of a load i direct con
tact with saturated steam m order to accomplsh effective sterilization They
do not provide the additional time factor required for steam penetration
of porous supplies such as fabrics nor do they attempt to compensate for
the rate of heat transfer through solution contamers

DEFINING THE PROPER RANGE OF TEMPERATURE
AND PRESSURE

In establishing precise standards for surgical sterthization it becomes
necessary to define the most suitable range of temperature and pressure
for the stenlization of all types of supplies This means that we must pre
determme and measure within fanly close hmts the qualty of steam main
tamed 1n the sterilizer, to the end that any sterihzing process can be repro
duced repeatedly wath the least possible variation With the one exception
of the lugh speed (emergency) stenlzation of instruments there 1s httle
justification for maintaimng steam temperature higher than 250°-254° F
(121°-123° C ) equwvalent to 15 17 pounds pressure, because sterthization
normally occurs within a brief period at this range Another reason for
Limiting the temperature to this range 1s that 250° F (121° C ) may be
considered as the entical temperature for most surgical supphes Exposure
to temperature substantally beyond this range results in more or less rapid
deterioration of matenals such as textiles rubber goods ete not to men
tion the needless waste of fuel Discolored mushin wrappers browmsh mn
appearance, are many tmes the direct mdication of oversteriization a
detail of unnecessary expense to the hospital

The use of one range of pressure and temperature 15 a thoroughly logical
procedure ' With modern stenhzing equipment featurmg automatic con
trol of pressure 1t1s normally not difficult to mamtain the prescribed range
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HE TERMINOLOG?Y used in describing the modern surgical supply

stenllizer 1s frequently misleadmg The more common expressions
noted 1n designating cquipment of this type are wutoclnve,  dressing
stenllizer, pressure stexm stenilizer and stewm pressure sterizer The
term autoclave naturally takes precedent over all other names because of
its ustorical background However, by way of defimtion the word auto-
clave means self closing, 1s m the c1se of a vessel made close by the pres
sure of steam within agunst the id To use the word autoclave mndis-
crmumately when speaking of the various types of pressure steam sterihzers
being manufactured today, steam jacketed chambers as well as the single
wall sterihizers commonly used 1n the Iaboratory, 1s maccurate and confus
g to say the least Basically, there are two distinet kinds of pressure stexm
sterilizers—the steam jacketed or double wall type which constitutes the
almost umversal standard for sterihzation of surgical supplies, and the
sigle wall (non jacketed ) sterilizer used only 1n the labpratory or in highly
specialized industrial applications

STRUCTURAL FEATURES

A typical steam heated pressure steam stenhizer of the surgical supply
type, equpped with Cyclomatic control for automatic operation, 1s
shown m Figure 34 The structural and valving features as provided by
different manufacturers will vary to some degree but the essential elements
of control are the same Although this sterthzer 1s properly designated a

pressure steam sterilizer, 1ts performance 1s gauged not by pressure but

by temperature as measured by a thermometer Pressure gauges are pro-
vided one for the jacket that surrounds the chamber and another for the
chamber 1n which supplies are steriized These gauges are however of
munor sigmficance because the sterihzing power of steam 1s a function of
1ts temperature rather than its pressure

In Figure 35 15 shown a longitudmal cross section of the same sterihzer
as illustrated in Figure 34 The body of the stenhzer consists of the cylindn
cal sterthzing chamber surrounded on the sides by a steam yacket which 1s
enclosed by the outer shell covered on the sides by a fimshing jacket The
standard matenal of construction for the mner chamber, outer chamber,
backhead and door frame 15 Monel metal jomed by fusion welding into 2;
seamless umt without the use of nivets or solder This feature of all welded
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based upon adherence to a specific procedure for the prelimmary prepara
tion of the item the method of packagmg or wrapping and the manner of
placing the item 1n the stenihzer Unless the principles of correct technique
are ngidly enforced the exposure pertod becomes little more than an
attempt toward sterilization With intelligent application of these require
ments the following exposure penods at 250° 254° F (121°123° C)
provide mmumum time for heat penetration and stenilization

Minutes
Surgical packs normal size i mushn covers 30
Dressing drums with mushn hiners 45
Instruments 1n trays with mushn covers 15
Instruments wrapped for storage 30
Utensils 1n mushn covers 15
Rubber gloves 1n mushn wrappers 20
Treatment trays with mushin wrappers 30
Dressing jars loosely packed on sides 30
Glassware empty mverted 15
Syringes unassembled 1n muslin or paper covers 30
Sutures silk cotton or nylon 15

All supplies requning a common exposure period may be safely and
economucally sterihzed m the same load, with the exception of rubber
gloves and solutions In fact for all bulk loads of supplies a continuous
exposure to saturated steam at 250° 254° F for 30 minutes provides a tech
mque which 1s practicable safe and does not destroy the materials Rubber
gloves should always be sterthzed separately m order to avoid the posst
bility of retarding the immediate passage of steam to the gloves Solutions
must also be stenhzed separately never m mixed loads because the method
of exhausting pressure and coolmg of solutions after sterlization 1s not
applicable to the dryimng of fabrics and other supplies
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front end of the chamber and it 1s made steam tight by compression
through the door mechamsm agunst 1 fleible heat resistant gasket The
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Fig. 35 Longitudinal cross section diagram of stenlizer shown mn Figure 34

gasket 1s held firmly m place by means of a dove tailed
e ! tled groove around the

PURPOSE OF THE STEAM JACKET
In Figure 35 1t may be seen that the stenhizin
g chamber ha
jacket which surrounds the side walls of the chamber only does sn:t sct:::xl'
the backhead Pressure 1s first generated m the jacket space prior to th
admission of that steam to the chamber, and this pressure 1s mamtame;
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construction 1s a comparatively new method of fabrication of the industry
and 1t provides greater structural strength, smooth surfaces devoid of crev-

Fig 34 Cylndncal pressure steam sterihcer surgical supply type steam heated
equipped with “Cyclomatic  control for automatic operation

1ces and long time resistance to the corrosive and erosive action of steam
water and solutions The exterior of the steam jacket 1s covered with arr
cell asbestos for msulation (not shown) which 1s confined by a fimishing
jacket of polshed stamnless steel A safety steam locked door closes the
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Fig. 35 Longitudinal cross secton diagram of sterslizer shown in Figwre 34

gasket 1s held firmly 1n place by means of a dove tailed groove around the
penphery of the door
PURPOSE OF THE STEAM JACKET
In Figure 35 1t may be seen that the stenlzin
g chamber has

jacket which surrounds the side walls of the chamber only, does n::t sct:::m
the backhead Pressure 1s first generated 1n the jachet space prior to t}fr
admussion of that steam to the chamber and this pressure 1 mamtame:i3
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construction 1s a comparatively new method of fabrication of the industry
and 1t provides greater structural strength smooth surfaces devoid of crev-

Fig 34 Cylndncal pressure steam stenlizer surgical supply type steam heated
pped with Cycl 1c control for operation

1ces and long time resistance to the corrostve and erosive action of steam
water and solutions The exterior of the steam jacket 1s covered with air
cell asbestos for msulation (not shown) which 1s confined by a fimshing
jacket of polished stamless steel A safety steam locked door closes the
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diphrigm expands outward under mtem Wl pressure and ciuses the en
gagement of two cluteh plates which when engaged present the turning
of the center phite that controls the movement of the ridil locking arms
from the loched position to the unfoched posstion The mternal pressure of

v

Fig 36 Detail of the locking mechansm of a typical pressure locked safety door for
stenhizers

the sterhizer holds these two clutch plates engaged through th
the flexible diaphragm o g the action of

THERMOSTATIC VALVE (STEAM TRAP) IN CHA
DISCHARGE SYSTEM MBER
Ths valve designated aw hne tra
p m Figure 35 controls the fi
and condensate from the sterthzing ehamber automatically “(/)}\1:;1? f&"‘
»al:{c 15 cool the thermostatic element mside contracts, Jeas ing the onsfi .
wide open for free discharge When steam 15 admitted to the chamber fgi
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throughout the performance This means that the walls of the sterihzing
chamber are heated by the steam jacket no condensate forms on them and
they are always dry It 1s not necessary to provide jacketing for the back-
head or door because the condensate that forms on these surfaces dramns
directly downward behind a deflector plate to the bottom and 1s then dis-
charged from the chamber

When the sterilizer 1s set 10 operation, steam 1s first turned on until pres-
sure at the proper range has been developed mn the jacket only Then with
the load 1n the chamber, steam 15 admtted and 1t promptly contacts the
walls of the chamber and the load The only condensate that contacts the
load 1s that formed by heatg the load itself After the materials have been
heated to the temperature of the surrounding steam, no more condensate
will form 1n them and the entire mass will contamn finely diffused moisture,
the exact equvalent of the amount of heat abstracted from the steam Even
though the Joad 1s distinctly moist, 1t contains no excess moisture, and as
such, drying 1s not difficult

When the pressure mn the chamber 1s then suddenly exhausted, the heat
that has previously been transferred to the load begins to take effect in
drymng The mosture n the fabrics 15 vaponized by the residual heat and
1f this vapor 1s permitted to escape freely the load will be satisfactonly
drned withimn a brief mterval of time This drying effect 15 possible only with
the steam jacketed stenthzer Otherwise, m the case of a single wall sten
Lizer, the vapor escaping from the load would recond on the chamb:
walls and be reabsorbed by the load

THE SAFETY DOOR

From the standpomt of engineermg design the potentially weakest pomnt
on 2 pressure steam sterthizer 1s the door Far too few people responsible
for the purchase and operation of sterihzers m hospitals today recognize
the importance that correct design and construction play n msuring safety
of the operator To 1llustrate the pomnt a sterilizer such as that shown m
Figure 34, 20 mches m diameter, has a total pressure of 4700 pounds
approximately 2 3 tons exerted on the door when the sterihzer 1s operated
under 15 pounds per square mch pressure Knowledge of this fact alone
should command the respect of the most careless of operators and also
stress the importance of a pressure locked safety door to prevent explosive
or premature openmg while the chamber 1s under pressure

The locking mechanism of a truly pressure locked safety door should be
1 positive one automatically actuated when chamber pressure 1s applied
unlocked only by exhaust of pressure A sectional view of this type of door
ts shown m Figure 36 On the mside of the door there 1s an openmng
through which 1s closed by a flexible diaphragm about 5 inches m diam
eter shaped like a shallow pan and made of corrosion resistant metal This
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diphrigm eapands outward under mternnl pressure and eauses the en
gagement of tuo clutch plates which, when engaged, prevent the turning
of the center plate that controls the mosement of the radtal Joching arms
from the Joched position to the unlocked position The internl pressure of

Fig 38 Detail of the locking mechamism of a typical pressure locked safety door for
sterslizers

the sterilizer holds these two clutch plates engaged th
e Do s o p giged through the action of

THERMOSTATIC VALVE (STEAM TRAP) IN CHAMBER
DISCHARGE SYSTEM B
'll;hls valve designated air line trap m Figure 35 controls the flow of air
anl condensate from the stenlizing chamber automaticall When the
va (;e 15 cool the thermostatic element mside contracts, leaving the onfice
wide open for free discharge When steam 1s admitted to the chamber for
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sterihzing, ar 15 forced out by way of the screened outlet leading to the
discharge Ime and then through the thermostatic valve by the pressure of
the incoming steam The valve remains open until steam following the air
heats the valve, then the element gradually expands and closes the orfice
The thermostatic element 1s extremely sensittve and throughout sterihiza
tion, as condensate or air pockets gravitate to the valve, 1t will open slightly
unti] the cooler fluid has been discharged

Occasionally the thermostatic valve may become clogged with It or

Fig 37 D bled tk 1c valve sh g p parts The th
element contams a fluxd which evpands under heat to close the onfice 1n the body

sediment so that it cannot function properly Also after long service the
thermostatic element (Fig 37) may fatigue or lose 1ts fluid content upon
which 1t depends for thermostatic action In erther case the valve will close
off entirely or mn part slowing down or completely interrupting ar and
condensate discharge

If the sterihizer becomes sluggish or lags appreciably m attammg the
proper temperature the chamber dramn line should be flushed out with a
hot sotution of trn sodium phosphate Should the sluggishness persist 1t 1s
advisable to remove the thermostatic element and check 1t for clogging If
the onifice 15 unobstructed shake the element to chech the flud content It
there 1s no flud m the element 1t should be replaced by a new element at
once Usually this procedure will be found to remedy the difficulty

One should not confuse the thermostatic valve which controls the cham
ber discharge system with the return trap from the jacket of steam heated
stertlizers Usually these two valves have the same bodies but the onfices
and the thermostatic elements are different The chamber discharge valve
15 adjusted primanly for the rapid discharge of arr and condensate while
the jacket trap 1s adjusted primanly for condensate dramage The orifice m
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the chamber discharge v 1h e 1s much Irger than in the pchet (return hne)
trip Itss standard practice to phice on the cover of each vahe w hentsfy-
mg number whch should be wsed when requsitioning new clements for
use with ay make of sterthzex

THE RLTURN SYSTLM

Tor 1)l pressure steam stenhzers of the jicheted type 1t 15 necessary to
provide 1 retum svstem for the purpose of recenmg the discharge from
the steam jachet, 2 more or less continuous flow of condensate which 1s
controlled by the return e trap shown i Digure 35 This trap s also
thermostatic 1 its iction ind when cool its onfice will remun open for
free discharge The thermostatic element responds to heat and st wall
close off nearly, but not quite completely, when contacted by sterm follow-
g the water or condensate discharge Diveetly back of the return line trap
1s Jocated 2 check vabve It opens freely for the discharge of condensate
from the jacket but closes agunst any bick pressure which may occur m
the return hne system Thas fenture 1s necessany beenuse oceasionally the
return line piping beyond the stenhizer 1s so small that appreciable back
pressure may be developed from other equipment located on the same
hoe If steam were to back up to the location of the trap the heat mght
cause the trap to close off and thus interfere wath the performance of the
stenhizer

A pomnt winch many people fail to comprehend 1s that no steam jacket
can function properly unless the retum system s so controlled that con
densate 15 disposed of just «s rapidly s it forms Interference with this
discharge 1 always 1 serious matter Primaraly the discharge 15 controlled
by the trap, but obviously the trap cwnnot function unless the p?gmg mto
which 1t feeds 15 not closed off or restricted Oftentimes sterilizers are un-
justly enticized when the fault Les entirely with the steam supply or the
retum system

THE PRESSURE CONTROL VALVL

Before the mitzal operation of the sterthzer, the automatic pressure con
trol valve should be carefully adjusted to msure that st will delwer to the
jacket the prescibed amount of pressure 1e 1517 pounds The vihe
(Fig 38) 1s stnetly a pressure regulator It 15 so constructed that an
mternal expansion diaphragm (flexible bellows) expands or contracts, as
pressure vartes m the Jachet of the stenihizer, rexcting agamst 1 reguliting
sprng thereby opening and closing the onfice m the valve proper Regu
lation for any desired pressure 1 the ringe of 15 to 30 pounds 18 1ccom
phished by a handwheel at the side which when tamed, mereases or lessens
th: tension on the valve sprng

s previously stated a pressure of 1517 pounds should be mamt
n both jacket and chamber of the sterthzer Whle the pressure gauge‘x:?uesctl
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be used for the mihal adjustment to this ringe, 1t should be borne 1n mind
that commercial pressure gauges at best are highly maccurate After use
they frequently become distorted due to fatigue often reading several
pounds hagh For this reason 1t becomes necessary to regulate the sterilizer
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Fig 38 Cross section diagram of pressure control valve used on sterihizers

pressure with direct reference to the temperature produced m the chamber
This may be accomplished as follows

With or without a load n the sterilizer turn steam to the jacket and waut
until the pressure has become stable at the maximum range Then turn steam
to the chamber and wait until the temperature 1s mdicated by the ther
mometer has become stable at its maximum range If the stabilized tempera
ture 1s below 250° F turn the regulatng handle on the pressure control
valve clockwise half a turn or so wait until the temperature has become
stable agamn at the ligher range If the maumum temperature 1s still too
low repeat the procedure untrl the temperhture remams constant at shghtly
above 250 F

If the temperature 1s above 254° F reverse the process turn the regulat
g handle counter clockwse a httle at 2 tme until the mramum temper
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ture 15 within the presenbed hmits Once adjusted the valve should require
no further regulition unless the steam supply Iine pressure fluctuates badly
If this does occur, the mantenance engineer should be consulted so that
proper wrangements can be made to stabilize the supply hine pressure

OPLRATION OI' THE STERILIZER

In tracing the course of steam through the sterhizer, the reader should
keep m mind that the same essentinl features will apply to any modern
surgical supphy sterthzer, providing the principles of gravity ur discharge
and thermometne control are incorporited Stcam from the mun supply
Ime or source 1s admutted at the bottom of the steam jacket In the dingrim
(Fig 35), the stenhzer 1s heated by direet steam from the supply Iine and
the pressure 15 reduced to the proper ringe by mitinl adjustment of the
pressure control valve If the sterihizer 1s heated by clectricity or gas, a
steam generator or boiler 15 mounted under the sterilizer, ind steam 1s
delnvered directly to the jacket from the generitor Control of pressure then
15 governed by automatic regulation of the heat

In begmning operation with n cold sterilizer steam s first admtted from
the source to the jachet with the connection to the chamber closed, until
the jacket pressure becomes constant 1t 15 17 pounds This constitutes the
reservorr from which the chamber steam will be draiwn In sterthizing, the
load 15 placed 1n the chamber and the door locked immedintelv after the
jacket has attained the correct pressure Then the operating valve 1s turned
to “Stenlize which permuts the jachet steam to flow through the mult: port
valve and piping on top of the sterilizer and mto the chamber at the top
center of the back end At this pont the steam 1s deflected upward by
means of a baffle to prevent undue wetting of the load /

It 15 1mportant to remember that when steam 1s admitted to the cham-
ber the chamber and the load of more or less porous supplies are filled with
air This air must be evacuated 1n order to attam the stenhzmg tempera
ture and to facilitate thorough permeation of the load wiath steam The
method of evacuation 1s accomplished as follows

Axr 1s more dense than steam, and as steam enters the chamber 1t grav:
tates above the air fills the upper areas of the chamber and compresses arr
at the bottom Since steam 1s admutted under pressure air mn the lower areas
1s forced out through the screened outlet at the extreme bottom near the
front end through the thermometer case and the pipe that leads to the
thermostatic (air kme) valve then on to the vertical pipe which 1s vented to
the atmosphere at the top and dramed to the waste through the open
(samtary ) funnel at the bottom Ths air break above the open funnel lead
mg to the dram connection 15 highly important 1t prevents possible back
flow of contaminated waste to the stertlizer

When the sterilizer 1s cool the thermostatic (air hine) valve 15 open offers
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no restriction to the flow of air and condensate to the vent or waste Only
when wur evacuation 1s complete and steam finally contacts the thermostatic
valve does 1t close mterrupting the discharge Thereafter 1t will open mter
mittently to discharge condensate as it accumulates This method of ar
evacuation 1s known as the gravity system and it has been almost umver
sally employed on pressure stevm sterthzers produced since 1933

From the foregomg 1t 15 obvious that some method must be provided
for defimte measurement of the degree of air discharge and quality of steam

r - - i
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Courtesy Weston Instrument Co
Fig 39 Sectional view of bimetallic dal type thermometer used on sterthzers

m the chamber This 1s the specific function of the thermometer which
located m the discharge hne that dramns air and condensate from the cham
ber will immedately respond to any interruption of air discharge from
the chamber Under any condition of performance the thermometer will
indicate never less than the temperature of the coolest medium surround
mg the load Ths 1s due to the fact that air or any mixture of steam with
arr will invanably gravitate below pure steam The thermometer, therefore,
when properly located 1n a correctly designed discharge system serves as a
reliable means of measurmg the sterihizing qualty or lethahty of the steam
1n contact with the load

The majority of pressure steam stertlizers n use today are equpped with
2 bimetallic (dial type) thermometer Occasionally mercury thermometers
are used but wide expenience has shown the mercury column to be difficult
to read and 1t also responds more slowly to temperature changes than the



The Modcrn Surgical Supply Sterilizer 83

bimetallic type With the bimetal thermometer the arcular dial and pomter
method of mdicating, temperature permuts the use of casily re1d, widely
spaced scale graduations The temperature sensitive clement (Fig 39)
emploved consists of a stnp of limetal wound nto 1 contintous multiple

Fig 40 Dialed top operating valve for controling the progressive phases of the
stenhizing eycle

helix Thermometers of this type are consistently accurate to within #1° F
m the stenihizing temperature range

When the sterilizer 15 functioning properly temperature will advance to
250° F within five to ten minutes, at which pomt the pertod of exposure 15
timed When the stenlizing period 1s complete steam 15 exhausted from
the chamber, but the jacket pressure 1s muntained, by turmng the operat
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no restriction to the flow of ur and condensate to the vent or waste Only
when air evacuation 15 complete and steam finally contacts the thermostatic
valve does 1t close mterrupting the discharge Thereafter 1t will open inter
mittently to discharge condensate s 1t accumulates This method of air
evacuation 15 hknown as the gravity system and 1t has been almost umver
sally employed on pressure steam sterilizers produced since 1933

From the foregomg 1t 1s obvious that some method must be provided
for definite measurement of the degree of air discharge and quality of steam
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m the chamber This 1s the speafic function of the thermometer which
located in the discharge line that drains air and condensate from the cham
ber will immediately respond to any interruption of airr discharge from
the chamber Under any condition of performance the thermometer will
mdicate never less than the temperature of the coolest medium surround
g the load This 1s due to the fact that air or any muxture of steam with
arr will mvariably gravitate below pure steam The thermometer therefore
when properly located 1n a correctly designed discharge system serves as a
reliable means of measuring the sterihizmng quahty or lethality of the steam
1m contact with the load

The majonty of pressure steam sterilizers m use today are equipped with
a bimetallic (dial type) thermometer Occasionally mercury thermometers
are used but wide experience has shown the mercury column to be difficult
to read and 1t also responds more slowly to temperature changes than the
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the end that all steps i the evele normally earnied out manually by the
operator are conducted automatically according to 4 predetermined pat-
tern This mes that when the control s set for opertion, 1t times the
exposure period at the correct temperture, eshausts steun from the cham-
ber, govcrms the process of drying and finally sounds an 2larm wnmouncing
completion of the process
The mechanical means responsible for the sequence of operations 15 2
motonized multi port valve located on top of the sterthzer m back of the
strument control case A small electric motor nside of the case or housing
15 connected to the multi port valve by means of 1 shaft and an arringe-
ment of small gears for the transfer of movement from one station of the
vahe to another The feature of nutomatie time temperiture control 1s
accomplished through the use of 1 sensitne and accurate thermoswitch
located 1n the chamber discharge line of the sterilizer, adjicent to the
mdicating thermometer The thermoswitch, 1 turn, 1s connected to an
automatic reset timer by means of electrical connections leading to the
rear of the control box on top of the sterthzer
The detuls of the mstrument panel on one type of nutomatic control are
shown m Iigure 41 The two pressure gauges, one for the jacket and the
other for the chamber, are of the conventional type 1nd they are placed
mn the same relative positions as the corresponding giuges on any modern
stenthizer equipped with 2 top operating valve The control handle located
1 the center of the panel 1s easily recognized because of the circular arrows
descriptive of 1ts movement 1n a clochwise direction The varous stations
of the motorized valve are made known to the operator by means of the
leading arrow on the control handle which, at any time dunng the stenliz-
mg process comcrdes with the corresponding station on the dial
Above the control handle there are four signal hights designated Steam,
Exhaust, Tinmg, and Sterile The first hght (red) designated Steam
comes on as soon as stexm 1s admutted to the chamber and 1t remams on
duning the entire exposure period The second Light (yellow) designated
Exhaust appears :immedtately upon exhausting steam from the chamber
and 1t also remams on during the drying process The third Iight (white)
designated Timmg remamns on during the period that the tuner 1s m
operation The fourth Iight (amber) designated Stenle appears only upon
completion of the entire cycle of operation Thus each light functions as a
telltale indicator of the proper sequence of events durng the sterihzing
process
The “Selector” switch located m the upper nght of the panel serves as
the individual control for either fast or slow exhaust of steam from the
chambrr, the drymg process, and also for Manual operation of the steri-
lizer should this be desired at any time When the load consists of fabrics
or wrapped supplies the Selector should be turned to the F Exh & Dry
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mg valve to the Exhaust posiion The steam then escapes through the
venting system
DIALED TOP OPERATING VALVE

The device shown i Figure 40, widely known as a dialed top operating
valve first appeared on surgical supply stenthizers in 1928 It possesses this
highly advantageous feature—the one valve controls all the functions
admuts steam to the chamber, exhausts steam from the chamber, creates 2
mild degree of vacuum for drying the load following sterihization It facth
tates the work of the unshilled operator by simplifying the manual control
operations Stenhzers not equipped with a top operating valve require at
least two and sometimes three individual valves to accomplish the same
control With standard procedure the valve operates as follows

In starting the sterilizer from cold the operating valve 15 first turned to
OFF and in that position there 1s no connection between the jacket and
+he chamber but a very small port 15 opened to the exhaust lme To admt
steam from jacket to chamber the valve handle 1s turned to $TER” steam
then flows through the valve and through a connecting pipe which leads to
the rear of the chamber where the steam enters behind a deflector plate
At the close of the sterilizing peniod the valve 1s turned to the “EXH” post
tion This opens up an outlet to the exhaust piping and cuts off the flow of
steam from the jacket to the chamber

When the chamber pressure has been exhausted to zero gauge the valve
1s tuned to the “DRY position thereby permitting steam from the jachet
to escape through an ejector built into the top operating valve This exerts
a shght degree of suction or vacuum on the chamber to expedite the escape
of vapor which 1s discharged to the vent To further enhance the drymng of
the load a small stream of filtered air 1s admutted to the chamber through
the air filter as the result of the mfluence of the ejector As this air stream
crrculates through the chamber 1t entrams vapor and carres 1t to the vent
From 15 to 20 mmutes 1s usually sufficient to dry the load adequately for
storage or immedrate use The singular advantage gamed by this procedure
1s the almost complete elimmation of residual vapor steam and odors from
the chamber when the door 1s finally opened

AUTOMATIC CONTROLS FOR PRESSURE STERILIZERS

Durng the past few years stenilizer manufacturers have made a valuable
contribution toward advancement of the art through development of auto
matie control mechamsms designed to mmmze the human element m
sterilizer operation Sterthzers equipped with efficiently designed automatic
controls overcome many of the problems and maccuracies attendant with
the manual method of control Typical of the class of automatic controls 18
the mstrument shown m Figure 34 mounted on top of the stenhzer Its
princrpal function 1s not lymted to antomatic tming of the selected expo

sure period but rather 1t extends to all phases of the sterihizing process to
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will not occur This requrement 1s automatielly tahen care of when
the Sclector switchs set ot the Slow Lxh  posiion When the pressure
1n the chamber has been reduced to \tmospherie, 1 sensitive pressurestat,

L'y
i‘x? 42 Remove this plug screen daily
efore operating the sterihzer Clean the Fig 43 Method of cl
stramner thoroughly so that the opemngs drm: hzee‘mmg chamber
are entirely free from lint and sediment

built into the cantrol, closes a ctreut t
N 0 an alarm
JRAR N which sounds, anncuncing
The “Tumer located near the to

p center of the instrument panel 1s
uated from zero to 90 mnutes 1 intervals of 5 mmutes Smcg the ‘T\Ergrnz(rl
15 T;mtrol]ed by the thermoswitch located n the chamber discharge line 1t
\ud operate osly vi’hen the sterlhzing temperature of 230° F 15 reached
and mantamed m the chamber If atany time d
the temperature 1n the chamber d Y e o pontang period

ischarge Tine should fall below 25

w 250°

the “Timer wll stop, reset itself to the beginning of the selected evz;msie
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position Then, following the exposure period, the control will antomatically
exhaust steam from the chamber and proceed to dry the load by means of
the vacuum drier system When stenlizing glassware or utensils, or when
ever the drying process 1s not required, the Selector should be turned to
the Fast Exh position

The method of operation 1 solution stenhization differs somewhat from

e nay cHanaE
SETTING BUMING  »
STenmee orananon.

on wh -
e wANBLE To STERILIZE N
Seirns - TUe PERsTRG HaneLs O
A - MEY patcTen Yo MANLUIAL & Tuke Hanent

Fig 41 This 1s typscal of the class of controls ) ployed on modern
surgical supply sterthizers

that of dry goods mstruments, utensils etc Here 1t becomes necessary to
turn the “Selector to the Slow Exh ” positon Whale the solution 1s being
heated and as long as exposure continues there will be no boiling of the
hqud even though the temperature may be far i excess of the normal
(atmosphenic) boiling pomt of water This 1s due to the steam pressure
mamtained n the chamber at all times equal to or i excess of the pressure
possible to develop from the heat of the hquid After stenlization when
the chamber pressure 15 reduced the condition reverses and unless pressure
15 exhausted slowly the hqud will boil so violently that stoppers may be
blown out of the 8asks and some of the solution may escape mto the cham

ber It 1s essential therefore that the rate of exhaust be accurately con

trolled to msure that the hqud will dissipate 1ts heat at about the same
rate as the pressure 15 reduced m the chamber so that violent boiling
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B) For Emcrmg:suv Heatep Steniuzers (Fig 44B) Open Hot Water
Supply Valve” to £l generator untl mdicator shows Full Do not
fill beyond “Full Ine If too much water 15 admitted, open Waste
Valve until mdicator shows “Full With ‘Valve Handie (located m
center of C')"clomahc" Control} at OfF position, turn “Switch Han-
dle” to “On” Do not attempt to sterthze until “Jacket Gauge shows

15 to 17 pounds pressure



88 Principles and Methods of Sterthzation

time, and 1t will not resume 1ts tinmng operation until the temperature
again nses to 250° F This feature of automatic recycling assures continuous
exposure of the load to saturated steam at the correct temperature The
sub zero graduations on the Timer dial refer to the time consumed m
drying of the load, normally 2 minimum of 15 mmutes, by means of the
vacuum drier system

DAILY CARE OF STERILIZERS

It should be the routme duty of someone to clean the intenor of the
sterihizer every day, before 1t 1s heated This may be easily accomplished
by washing the surfaces with water contamning a mild detergent such as
Calgomte I this s not done the walls of the chamber often become coated
with greasy substances ongmating from the materals sterihized and also
due to the entrainment with steam of volatile compounds used 1n the treat
ment of boiler water The tray m the bottom of the chamber and any other
wire mesh or perforated metal shelves used m the sterihzer should be
cleaned 1 a hke manner

All modern sterthzers have a freely removable plug screen or stramer
located 1 the opening to the chamber discharge line Ths sereen should be
removed daily (Fig 42) before operating the sterilizer, while 1t 1s cool and
thoroughly cleaned so that the pores are free from lint or sediment If this
detail 15 neglected the sterilizer cannot be depended upon for prompt and
efficient performance

At mntervals of one weel 1t 1s excellent practice to clean out the chamber
discharge system as suggested in Figure 43 The procedure only mvolves
removng of the plug screen as mdicated above nserting a funnel mto the
opemng and then pourmg mnto the lme one to two liters of hot trisodium
phosphate solutton contammg about one ounce of the trisodium phosphate
per liter of hot water The penodic flushing of the discharge system wall
keep the line free from clogging substances which if allowed to accumu
late may offer some retardation to free discharge of air and condensate
from the chamber

OPERATING INSTRUCTIONS
FOR STERILIZERS EQUIPPED WITH “CYCLOMATIC” CONTROL

1) DAILY BEFORE HEATING STERILIZER
Remove plug screen from bottom of chamber and clean lint and sediment
from pores of stramer
2) TO HEAT JACRET

A) For Dmecr Stead HEATED Stermuzers (Fig 44A) With Valve
Handle (located in center of Cyclomatc” Control} at Off” position
open “Steam Supply” valve Do not attempt to sterilize until “Jacket
“Gauge” shows 15 to 17 pounds pressure
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ARRANCLMENT 0 Loap

Plce flat packs of supples on edne If there are several tiers of such
prcks, plice alternate tiers crosswise of each other to assure adequate
stexm arculition Do not permat crowding of packs nto tight masses
Do not sterilize rubber gloves with heavy loads of general supphes
Under no condition atempt sterilization of solutions with other supplies

Safely Valve. Cyclomatic Control

Exhaust to Atmosphere
Operahng Handle

Door Relense

Chamber Trap———]

Thermostat

Check Valve—""

Indicating
| Thermometer

Yopor Trap——"""11
[ Water Level
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el b
Hot Water Supply
\ Valve

- Wasté Valve ——1H

Pressure Regulator

¢
H
i
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«

Fig 44C Gas heated sterihizer
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Fig 44B Electrically heated sterilizer

C) For Gas HEATED Stermizers (Fig 44C) Open “Hot Water Supply
Valve to fill generator until indicator shows “Full Do not il beyond
“Full” lme If too much water 1s admtted open “Waste Valve” until
mdicator shows Full With “Valve Handle” (located m center of
“Cyclomatic” Control) at Off” position turn “Gas Supply Valve” on
full Pilot light will ignite gas Do not attempt to sterilize until “Jacket
Gauge” shows 15 to 17 pounds pressure
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stenilizer to cool Dran water from generator by opening “Generator
Dram Valve”

C) For Gas Heatep Stemurzers Unless stenhizer 1s to be used agamn
within 2 short time, close “Gas Supply Valve” and permit sternilizer to
cool Dram water from generator by opeming “Waste Valve”

CAUTION If the stenlizer 1s electrically or gas heated and if 1t 15 to be used
for two or more successive stertlization cycles, the generator must be filled to
the Full” line with water after each complete cycle
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/

O STERILIZE ALL MATERIALS
‘With load m sterilizer and door locked turn “Timer to deswed exposure
period Then turn “Selector switch to the appropnate position of
“Slow Exh for hquds
Fast Exh 1f drymng 1s not required
Fast Exh and Dry for surgical packs wrapped supples etc
Turn “Valve Handle (clockwise only) to Ster Operator may now
leave sterilizer and return only when cycle has been completed

RECOMMENDED PERIODS OF EXPOSURE
At 250° F (121° C)

Minutes
Instruments in trays with muslin covers 15
Utensils m mushn covers 15
Rubber gloves m mushn wrappers 1520
Surgical packs, dressings in muslm covers 30
Solutions (aqueous) m Pyrex flasks 30
Drums with musln Iiners 45

With Valve Handle” turned to the Ster” position the red signal Light
(designated Steam ) will come on mndicating that steam 1s entermng the
chamber When the temperature m the chamber dram lme reaches 250° F
the “Timer will begin to operate and count back to zero The white light
mdicates when “Timer” 15 operating At completion of timed stenlzing
period the valve automatically moves to the selected Exhaust position
Then the red hght goes out and the yellow ( Exhaust ) Iight comes on

If “Selector has been set on the F Exh and Dry” position the valve will
automatically move to Dry after the chamber pressure has been reduced
to zero

‘When the load 1s completely processed the amber ( Sterile ) signal ight
will come on and alarm will sound until Valve Handle 1s turned manually
to Off The load may now be removed from the sterilizer

4) MANUAL OPERATION

In the event of electrical current failure the sterihizer may be operated
manually by simply turning  Selector” to Manual and then turning “Valve
Handle (clockwise only) to that position on the dial which corresponds to
the proper sequence of operations m the sterihzmng cycle

5) TO TURN OFF HEAT
A) For Dmect STEAM HEaTED STERILIZERS  Unless sterilizer 1s to be used
agam wathn a short time close Steam Supply Valve and permit

sterthizer to cool
B) For ErecrmcarLy HeaTep Stermzers Unless stenlizer 1s to be used
agam withmn a short ttme turn “Switch Handle” to “Off and permit
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always occurs n a downward direction, never sidewise Knowledge of this
condition provides the background for this basic rule

Prepare all packs and arrange the load 1 the stenlizer so as to present the
least possible resistance to the passage of steam through the load, from the
top of the chamber toward the bottom

Assume for analysis a simple package consisting of ten pieces of mushn
cut into 10 inch squares and wrapped together without folding If this
pack were placed m the stenlizer flat side down as n Figure 45, air withun

—_— P —_——— T —— —
— e —
—
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Fig 45 Pachks made up of many layers of fabnc placed i the sterilizer honzontally
as shown are difficult to sterlize because arr withn the pack must travel downward
through the many layers of fabric to escape Each honzontal layer adds to the resistance
and as the outer layers become moist from steam the resistance 15 further increased

the pack would have to pass through 10 layers of mushn, plus the cover, m
1ts downward passage The resistance of the dry pack will be mcreased,by
the moisture of the steam mn contact with the outer layers, further retard-
g the evacuation of ar Also, the closer the weave of the fabnce, the
greater the resistance If this same pack 1s now placed m the stenlizer
vertically (on edge) as shown in Figure 46, even though the pack be
wrapped fardy tight, there will remamn mmute spaces between layers
:ihrough which air can gravitate toward the bottom with comparative free-
om
The above rule should guide the operator 1 prepa
drum of bulk supples to be subjected to stenhz&l:twl:l Z:g :l‘gf)r}l’npt;ce]: aﬂl’
rangement of the load which wall normally consist of several packs Thr.
point can not be overemphasized, especially when heavy packs are enco .
tered as llustrated by the two temperature curves 1n Figure 47 The u:l;
tested in this case (Fig 48) was abnormally large and dense, but 1t sl:|a
as a good example to show the ymportance of proper posxt,lonmg 11?':;::

stenhizer and to indicate the hazards
enco
large and dense untered when packs are too
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Preparation and Sterihzation of Dressings

And Dry Goods

SURGICAL PACKS

FFECTIVE STERILIZATION of surgieal supplies 15 not only depend
ent upon conscientious operation of the sterhizer but also upon cor-
rect methods of packaging and proper arrangement of loads m the sten-
hzer Operators should constantly bear ;m mmnd that rehable performance
demands complete permeation of every strand and fibre of the matenals
with the mossture and heat of the steam This permeation will oceur rapidly
or slowly, depending upon the size and density of the pack and upon the
arrangement or positiomng of the load m the stenber
Movement of Steam in Sterizer The movement of ar and steam
through the stenlizer has a direct beanng on the preparation of pachs for
stertlization Al modern stenhizers employ the gravity system for air ehm
nation 1n which steam enters the chamber at the back end, floats promptly
to the top of the chamber, compresses air in the bottom areas, forcng the
air from the chamber through an opening 1 the extreme front bottom This
assures movement of steam from oue end of the chamber to the other and
from top to bottom
Except during the mitial stage of the stershizing process, there 1s no rapid
movement of steam or aw When the free air 1 open spaces surrounding
the load has been elmmated, there 1s an approach to a static condstion of
the gases Since the pressure 1 uniform the only movement of gases will
be occasioned by the slow release of air from the Joad rtself Thus 1s brought
about by gravity Air being heavier than steam will gravitate downward out
of the packs, and steam wall replace 1t as rapidly as the air can escape This
movement wall be fast or slow depending upon the density and depth of the
mass through which the discharge must occur
It 15 obvious that 2 pack 6 mches i depth will present twice as much
resistance as a sumtlar pack 3 mches m depth With the same reasomng if
two pachs each 6 mches i depth are placed m the stenhzer 1n close contact,
one immedately above the other the effect will be the same as if both
were wrapped m one pachage 12 mches m depth On the other hand, sf the
upper pach 15 separated from the lower one by a short distance, steam will
quickly §li the mtervening space and permeate the Jower pack essentally
the same as if the two were placed side by side mn the stenlizer
It 15 important to remember that the vital discharge of air from the load
a4
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to 90 munutes The hospital pays heavily for such iconsistencies Ssb-
stantially more than 30 minutes exposure for sterilization hastens de-
tenoration of fabries The economic factor can not be 1gnored because
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Fig 47 These two curves show load temperatures attained with the pack illustrated
m Figure 48 With the pack flat side up 50 minutes exposure 15 required for sterthza
tion When the pack s placed on edge 1n the stenlizer 33 minutes expasure 1s required
to meet the mmmum standard for sterlization

e
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any hospital has a considerable mvestment annually i replacement of
such supphes It 15 indeed possible to effect a substantal savings on
supphies subject to yepeated stenhzation smmply by establishing stand
ardized methods for the preparation and stenlization of supplies If the
aperating room or central supply room blindly persists in preparing large,
over-stuffed pachs such as shown 1n Figures 48 and 49, then the periods of
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HAZARDS OF ABNORMALLY LARGE OR DENSE PACKS

While the temperature curve in Figure 47 shows that 33 minutes expo
sure at 250° F (121° C ) would have been adequate for sterilization of the

~
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Fig 46 I the pack shown m Figure 45 15

placed on edge with layers of fabric 1 a

vertical position as shown here awr will

escape quickly through the mmute spaces
between layers

pack when placed on edge m the
stenthzer, this by no means justifies
acceptance of the pack as surtable
The day of the old fashioned lapar-
otomy set contaiming far more ma
tenals than actually required for the
surgical procedure and with lttle
consideration for the mternal ar
rangement of the pack should be
over The practice of usmg large
dense bundles 1s hazardous Rigid
standardization of packaging should
be enforced The largest pack should
not exceed 12 x 12 x 20 inches m
size for routine work The factors
which seem to indicate the desira
bility of huge laparotomy sets do not
offset the safety factor in sterihzing
When tests show that any pack,
stenhzed by 1tself, requires more
than 30 minutes for stertization, or
1s barely stenlized i 30 munutes,
resting either vertically or horizon
tally in the stenlizer, that mdicates
the pack 1s too large and 1t should
be broken down mto smaller packs
Rehable routine sterihization of sur
gical supplies correctly prepared
can be accomplished 1n 30 minutes
exposure to saturated steam at 250°
F (121° C) Many operating room
supervisors and central supply de
partment supervisors have long
since discovered this fact but the
practice of using abnormally large
or dense packs still persists 1n many
hospitals 'With all of our refined
knowledge of the subject of ster:

lLzation, 1t still 1s not unusual to find recording thermometer charts on
surgical supply stenhzers showmg exposure peniods rangmg from 30
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to 90 mmutes The hospital pays heavily for such inconsistencies Sx:lb-
stantrally more than 30 minutes exposurc for steriization hastens de-
terroration of fabrics The economic factor can not be 1gnored because
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Fig 47 These two curves show load temperatures attamned with the pack ilustrated

1n Figure 48 With the pack flat side up 50 minutes exposure 1s required for sterihiza

tion When the pack 1s placed on edge in the stenlizer 33 minutes exposure 1s required
to meet the mmimum standard for sterihzation

any hospital has a considerable mvestment annually 1 replacement of
such supplies It 1s indeed possible to effect a substantial savings on
supphes subject to repeated sterilization simply by establishig stand
ardized methods for the preparation and steriization of supplies If the
operating room or central supply room blindly persists in preparmg large
over stuffed packs such as shown m Figures 48 and 49, then the peniods of
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HAZARDS OF ABNORMALLY LARGE OR DENSE PACKS

While the temperature curve m Figure 47 shows that 33 mmutes expo
sure at 250° F (121° C ) would have been adequate for sterlization of the
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Fig 46 If the pack shown 1n Figure 45 15

placed on edge with layers of fabric m a

vertical position as shown here air will

escape quickly through the mmute spaces
between layers

pack when placed on edge n the
stenilizer, this by no means justifies
acceptance of the pack as suitable
The day of the old fashioned lapar-
otomy set contammng far more ma
tenals than actually requured for the
surgical procedure “and with lttle
consideration for the nternal ar
rangement of the pack should be
over The practice of using large
dense bundles 1s hazardous Rigid
standardization of packaging should
be enforced The largest pack should
not exceed 12 x 12 x 20 inches m
size for routine work The factors
which seem to indicate the desira-
bility of huge laparotomy sets do not
offset the safety factor in stenhzing
When tests show that any pack,
steriized by itself, requires more
than 30 minutes for sterihization, or
1s barely steriized m 30 munutes
resting ether vertically or honzon
tally in the sterithzer, that mdicates
the pack 15 too large and it should
be broken down mto smaller packs
Reliable routme sterithzation of sur
gical supplies correctly prepared
can be accomplished 1 30 minutes
exposure to saturated steam at 250°
F (121° C) Many operating room
supervisors and central supply de
partment supervisors have long
sice discovered this fact, but the
practice of using abnormally large
or dense packs still persists 10 many
hospitals With all of our refined
knowledge of the subject of stert

lization, 1t still 1s not unusual to find recording thermometer charts on
surgical supply stenlizers showing exposure periods rangmg from 30
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bulk aud density The wrapper must provide protection agunst contact
contammation i handling, guard agunst the entry of nsects or vermm
{cockroaches, nts, silverfish, cte ) and 1t must also serve as 1 dust filter
When pachs or porous supplies are removed from the stenilizer they are
more or less filled with vapor nd as this vapor condenses 1t creates a
negative pressure condition withm the goods This results i a defimte
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Fig 49 Another example of faulty arrangement of the ndividual pack The mclusion
of basins with fabnes mn one package should not be permitted The basins senously
terfere with steam permeation and retard drying following stenhzation

mtake of room arr from which dust particles must be removed n the cover-
mg envelope or the contents may be contaminated

Broad expenience has shown that a mmimum of two thicknesses of good
quality mushn serves ideally as wrapping matenal Two thicknesses are
used to guard against possible minute flaws mn the muslin Badly worn mus-
Iin should not be used because the thin portions may not filter out dust
particles effectively Some hospitals prepare covers for surgical packs from
two ordinary bed sheets (63 x 90 inches), folded crosswise so s to form
four thicknesses of fabne With this procedure the fimished wrapper 1s
about 63 mches long and 45 mches wide It will serve to cover adequately
a Jarge pack with dimensions of about 22 x 15 x 8% inches

Canvas covers or other heavy woven fabrics should not be used because
the tightly woven structure seniously retards the passage of steam For the
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exposure must be prolonged to 45-60 minutes, with resultant detertoration
of outer fabrics

To further explun the hazardous element mvolved m the use of abnor
mally large or dense packs, suppose there are several of these to be stenlized
m one Joad If through carelessness the load 15 arranged as m Figure 50,

>

N

- )
Fig 48 Thus 15 the pack referred to 10 Figure 47 an abnormally large and dense pach
The practice of using such large and heavy packs should be discouraged

the upper packs would retard passage of steam to the lower packs so sert
ously that 60 minutes exposure might not be adequate for stenihzation But
if these packs are broken down into moderate sizes some degree of care
Jessness m Joading could be tolerated without jeopardizing the end result
1 2 30 munute exposure period By establishing methods of packagmg that
permit safe stenlization m 30 definte ec will be effected
More work can be done with the stenthzers i a given time Less steam and
fuel will be requured Materials will need to be replaced Iess frequently

PROTECTIVE COVERING FOR SURGICAL PACKS

The protective covermg or wrapper for surgieal packs logically precedes
any discussion on what constitutes the 1deal pack from the standpomt of
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Whittenberger® has reported on the stenm sterthzation of paper-wrapped
packages by companng the cffectiveness of standard mushin wrappimg with
Sterlwraps ° Measurements were made m terms of the tempernture
attamed At the core of 1 10 mch cube of mushn The results showed that
layer for layer the bammer to stexm was about the stme for both matenals,
but for standrd wrapping procedure the Stenlwraps” were significantly
superior 1n terms of the time required to reach 1 gwven temperature No
mention was made of the economic virtues of Sterilwraps’ as compared to
mushn wrappers

As a substitute for mushn, certain hospitals are using the vegetable
parchment paper known as Patapar, 27-2T  Avalable evidence on this
product indicates that 1t will permut passage of steam at a useful rate
through a smgle layer It possesses hugh wet strength and does not tear
easily The results of bacteriologteal tests* on objects wrapped in Patapar
mdicate that 1t 1s safe to use with the normal period of exposure required
for sterthzation It 1s advisable, however, to add an additional 5 to 10 min-
utes to the drying time followmg stenlization because the water vapor
transmuission rate of the parchment 1s slower than that of mushn

At the present time there 1s msufficient evidence to warrant the use of
paper as a substitute for mushn, especially for the wrapping of those sup-
phes destined for use m the operating room The prineipal objection to the
use of paper 15 that one never knows when the wrapper may develop holes
or cracks not grossly visible, but still sufficiently large to permit contami-
nation to gam access to the mtenior of the package A striking example of
this condition was noted recently by the writer during a routine mspection
of sterile supplies m a leading hospital The paper wrappers from several
packs were removed and grossly examined for holes or tears Two of the
wrappers from packs destined for the operating room contamed holes about
% mch m diameter The mdiscrimnate use.of paper may also nterfere with
present day standards for stenihzation of supphes The repeated use of
paper wrappers 1s certainly not safe practice In contrast, double thickness
muslin, of good quality, retamns 1ts charactenstics for a long period of time
It 15 probably the safest material that can be used for the wrappmg of
surgical supplies If a hospital anticipates substituting paper for mushn as
a wrappmng matenal reliable nformation should be obtamed beforehand
on the steam and air transmission charactenistics as well as the econom
virtues of the product e

CORRECT METHODS OF PACKAGING

In developing correct methods of packaging, th
g, the first requirement
testrict the size and density of the indwidual pack so tl?at 3?;1,11;;2

® A product of Memecke & Co New York City
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same reasou canvas should not be used for table covers or any other require
ment where stenlization 15 necessary Heavy woven fabnies should be
wrapped mdividually for stenlization, never with other goods

Paper Wrappers as a Substitute for Mushn Duning the last few years
there has developed a fauly widespread usage of paper products as a sub
stitute for mushin m the wrapping of supplies Coarse, brown wrapping
paper (30 or 40 b Kraft) 1s used rather extensively m hosprtals for the

e
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Fig 50 Abnormally heavy packs arranged n the stenhzer as shown here become

doubly hazardous In effect, the pack 1s double 1ts normal depth and an exposure

penod of 80 munutes or longer mught stll be wadequate for steam penetration through
the lower packs

wrappng of gloves Thus type of paper will pass steam quite freely, but not
as rapidly as mushn Assummg that st 1s devord of holes 1t will also filter out
dust particles satisfactonily The primeipal objection to 1ts use for surgical
supplies 15 the obvious hazard of contammation through rupture i han-
dling Many mstitutions use small paper bags for packagmg cotton balls,
small dressings syrmnges etc for floor use with apparent success and econ
omy In this case the appheation 15 not as entical as for the supplies used
1n the eperating room

Beck, Shay and Purdum® recently examined 55 samples of paper to
determine thesr value as a wrapping matenal for articles to be stenhized
by means of steam under pressure or by bot air The results of this study
showed that the Kraft type papers were the most swtable and most eco
nomical The conclusions drawn 1o this study have been cnticized by
Walter? on the basis that the—"data 1s not valid because conditions of the
test were not cntical ”
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Whittenberger® has reported on the steum stenlization of paper wrapped
packages by companng the effectiveness of standard mushn wrapping with
Stenlwrps ° Measurcments were made m terms of the temperature
attamed At the core of 1 10 inch cube of mushn The results showed that
layer for lnyer the barnier to stexm was about the same for both matenals,
but for standard wrapping procedure the Stenlwraps were significantly
superior 1n terms of the time required to rexch 1 given temperature No
mention was made of the economuc virtues of ‘ Stenilwraps as compared to
mushn wrappers

As a substitute for mushn, certmn hospitals are using the vegetable
parchment paper known as Patapar, 27-2T Avalable evidence on this
product indicates that 1t will permit passage of steam at a useful rate
through a single layer It possesses high wet strength and does not tear
easily The results of bacteriological tests* on objects wrapped in  Patapar
mdicate that 1t 1s safe to use with the normal period of exposure required
for sterthzation It 1s advisable, however, to add an additional 5 to 10 min-
utes to the drying time following stenihzation because the water vapor
transmssion rate of the parchment 1s slower than that of muslin

At the present time there 1s msufficient evidence to warrant the use of
paper as a substitute for mushn, especially for the wrapping of those sup
plies destined for use in the operating room The principal objection to the
use of paper 15 that one never knows when the wrapper may develop holes
or crachs not grossly visible, but still sufficiently large to permut contam:-
nation to gain access to the mteror of the package A striling example of
this condition was noted recently by the writer during a routine spection
of stenle supplies i a leading hospital The paper wrappers from several
packs were removed and grossly examined for holes or tears Two of the
wrappers from pachs destined for the operating room contamed holes about
% mch m diameter The mdiscnminate use of paper may also interfere with
present day standards for sterihzation of supplies The repeated use of
paper wrappers 1s certainly not safe practice In contrast, double thickness
mushn, of good quality, retains its charactenistics for a long period of time
It 1s probably the safest matenal that can be used for the wrapping of
surgical supplies If a hospital anticipates substituting paper for musln as
a wrappmg matertal rehable mformation should be obtaned beforehand
on the steam and air transmission characteristics as well as the economic
virtues of the product

CORRECT METHODS OF PACKAGING

In developing correct methods of pachaging, the first requirement 1s to
restrict the size and density of the individual pack so that 30 munutes

° A product of Memecke & Co New York City
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exposure will msure uniform steam permeation with an adequate margin
of safety m stenhization This can be accomplished by limiting the largest
pick to dimensions of 12 x 12 x 20 mches 1n size for routine work Do not
attempt to mix trays or basins with fabrics all in one package, as m Figure
49 The basins mterfere with air removal and also retard effective drymg
of the fabncs following stenhzation

The major laparotomy pack shown in Figure 51, arranged for mushn
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Fig 51 This major pack arranged for mushn wrapping s suggested as 2 model for all

heavy packs Note how alternate layers are crossed to promote steam permeation The

table drape 1s folded once and spread out to form ultunately an imer covermg of the

pack This provides a convement method of draping the table as the pack 1s opened

After the pack has been covered with the table drape an outer double thickness mushn
cover 15 put on and held in place with cord

wrapping 1s suggested as a model for all heavy packs The matenals are
1deally arranged 1n this pack to promote rapid and complete permeation of
steam through the mass The pack includes

22 hand towels 4 spplicators
2 skin towels 24 sponges 4”7 x 47
1 lap sheet 12 sponges 4”7 x 8”
1 Mayo table drape 8 large abdomunal sponges
1 cautery cover 1 pachage tonsil sponges

1 tongue depressor

To facilitate the work when this pack 1s opened 1n the operating room
the table drape 15 folded once only and spread on the work table 1 two
thicknesses only It will be used to form the mner covering of the pack
More than two thicknesses of the table cover over the rest of the pack
should not be permitted because of the resistance of heavier covering to
the wntake of steam The gauze sponges are located near the center of the
pack to break up the close contact between the other more closely woven
fabrics Gauze beng light and porous admuts steam through the center of
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the pack for prompt contact with the heawier articles on either side All
other articles are folded flat and each succeeding layer 15 placed crosswise
of the one below, to promote free airculation of steam through the mass
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Fig 52 Ths graph shows the time temp condtions d 1 the center of
the model pack sllustrated 1n Figure 51 when subjected to 30 38 at
250° F 1n a fully loaded sterlizer

When the matenals are all assembled as shown the extended sides of the
table drape are used to cover the pack, then the double thickness mushn
cover 15 applied The covers should not be drawn up too tightly, only
enough to hold the materials together The outer cover and pachage can be
tied with a substantial cord, preferably a No 1 awming cord or tie strings
(spool tape) can be sewed on the muslin cover to simphfy the procedure
Figure 52 shows the stenhzing effect attamned n the center of the pack
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llustrated 1 Figure 51 when subjected to 30 minutes exposure at 250°-
254° F 1n a fully loaded sterihizer
The use of pins for holding wrappers 1n place should be discouraged on

no more than

Fig 53 Table drapes may be wrapped ly i packs
two drapes each

Fig 54 When 1t 1s necessary gowns may also be wrapped separately m umts of four
with mushn covers as shown

all surgical supplies Pns shorten the life of fabrics ncrease the tendency
of tearng or tight wrapping and the holes may permit contammation to
the intenior Pressure sensitive tape® may also be used for the sealng of
packs and other wrapped supplies It will withstand autoclaving and offers
a conventent means for labeling or 1dentification of the mdividual packs A
soft pencil ( Venus 6B) will be found satisfactory for labeling packages

® Tyloc Tape Johnson & Johnson New Brunswick NJ
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Walter® has described another lughly efficient method for the preparation
of 1 lhparotomy Mt He recommends the use of a wooden trough with
dimensions of 22 x 13 x 8% mches to serve 1s 2 gude 1n lmiting the size and
shape of the pachage to stindard dimensions which permit uniform stetm
penetration In this procedure the wrapper consists of two sheets (63 x 90
inches) folded crosswise and mterleaved pamphletlike to form four thich-
nesses 63 mches long and 45 inches wide The sheets are then draped in
the trough as the first step i prepnng the package

Tablc Drapes, Sheets and Gowns Of the vartous hinds of dry goods en-
countered 1n the operating room the table drapes and sheets are the most
difficult to stenhze These fabncs are closely woven with few interlacings
and when they are woned, folded together several ttmes and again 1roned,
the result 15 an exceedingly compact mass through which steam can perme-
ate only very slowly If such matenals are wrapped with other supphes,
the mterference 1 the passage of steam to other articles may constitute a
hazard For this reason, 1t 1s advisable wherever possible to wrap such
articles separately or in pachks containing no more than two drapes or sheets
each, as shown 1n Figure 53 Such pachs are easily sterilized within 30 mm-
utes and they may be included n the same load with the major packs
Towels, on the contrary, present no special problem when included 1 the
major pach The towel fabric 15 relatively coarse and even when 1roned 1t
offers hittle resistance to the passage of steam

When 1t 15 found necessary to reduce the size and density of large packs,
gowns may also be removed and wrapped separately The arrangement
shown 1n Figure 54 15 suggested The gown pack mcludes four rolled gowns
n a mushn wrapper These packs can also be sterilized with the mayor load
m 30 mmutes exposure with a hberal margin of safety As a rule, 1t 1s not
necessary to remove gowns from a major pack providing all of the other
articles have been properly wiranged i the pack The loose arrangement
of the gown fabric, even when folded, offers little resistance to the passage
of steam

USE OF DRESSING DRUMS, JARS OR CANS

It has long been known that the use of drums 1n sterihzing necessitates
considerably greater exposure time, particularly when the drums are heawily
loaded—as they almost mvanably are Regardless of the number and ar-
rangement of portholes in the drum passageways for the escape of ar and
intahe of steam are restricted far more than when goods are put up 1n packs
To 1llustrate this pomnt see Figure 55 The older forms of drums waith shding
bands for closing and opening ports are defimtely hazardous Operators are
prone to forget to open the ports prior to stenilization Also the 1dea that
closure of the ports following sterihzatron will render the drum essentiall
dust proof 1s erroneous The loose fiting cover will always admit air am)ll
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dust quite freely Modern drums have no shding bands but do have more
and better distributed portholes around the walls tor the escape of air and
the entrance of steam Even with these improvements the metal surface of
the drum still very seriously retards passage of steam to the contents espe

Fig 56 If drums are used the
load must be carefully arranged
as shown here to avoid filhing m
the open spaces around the walls
of the drum The drum should be
placed on edge m the stertlizer to
facihitate steam penetration

Fig 55 This 1s typical of the hazardous condition d m the use of drums

The compact arrangement of matenals crowded agamst the ports i the sides necessy

tates prolonged exposure Thus load was sterithzed n half the tune when removed from
the drum

cially when the drum 1s fully loaded For these reasons the use of drums
can not be recommended

If drums must be used 1t 15 of extreme mnportance to it the size and
density of the load Under no conditron 1s 1t safely permussible to crowd the
contents agamst the mside walls of the drum Figure 58 illustrates the
proper techmque of loading Place the flat packages of sheets table covers
towels etc n the drum as shown but do not fill it completely Do not
attempt to fill m the open spaces at the sides rather leave them open for
steam circulation When the cover 15 closed 1t must not compress the
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goods The contents are completely surrounded by two thicknesses of
mushn covering Tlus covering of mushn serves 1s an awr filter to eliminate
Just when air 15 drawn 1 following removal of the drum from the sterihizer
Loaded 1n tlus manner, sterihization should occur in 30 munutes exposure
However, because of the ever present possibihty of tight packing, 1t 1s
recommended that the exposure period be extended to 45 munutes at
250° F (121° C)

Staless steel, enamelware or other metal jars ind cans are commonly
used i hospitals for contuning gauze squares, cotton balls and small
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Fig 57 The mcorrect and correct way to place metal jars or cans contaiming dressings

m the stenlizer Right side up even with the cover removed arr 15 trapped n the

contamer Resting on its side with the cover held loosely i place arr will dramn out
and steam will promptly take 1its place as indicated by the arrows

dressings for floor use This type of contamer 1s switable only for loose
dressings and 1t should never be filled with tightly compressed matertals
Figure 57 shows the correct and mcorrect way to place jars or other non-
porous contamers of dry materal i the stenlizer When placed n the
stenilizer upnight with or without the loose fitting cover n place, air can
not escape, and 1t will be difficult, 1f not impossible, to effect stenhzation
i any reasonable period of exposure By placing the jar on its side m the
stenlizer, with the cover removed or held loosely m place by means of
pressure sensitive tape the air will drain out slowly and steam will take
its place as indicated by the arrows i Figure 57 Tightly wrapped articles
should never be placed 1 jars or other non porous contaimers because the
admission of steam during sterilization 15 retarded by having to enter at
the open end and traverse the depth of the jar

The problem of jar stenhzation furnishes the bachground for another
important principle govermng sterihization of several articles e g, delicate
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mstruments or hollow needles placed m test tubes If the tube or jar 1s
closed steam cannot enter, and the only stenihizing effect will be that of
dry heat developed from the surrounding steam An excellent rule to follow
when sterdizing any dry matenal i a jar or test tube 1s to imagme that
the contaner 15 filled with water Then place 1t 1 the sterdizer in g hon
zontal position so that the water would dran out freely

ARRANGEMENT OF LOAD IN STERILIZER

The fundamental rule mn loading the sterihzer 1s to prepare all packs and
arrmnge the load in siich a manner as to present the least possible resistance
1o the passage of steam through the load ,from the top of the chamber
toward the bottom Packs containing sheets table covers towels, ete, which
constitute the difficult to permeate with steam group must be placed mn the
stertlizer so that they rest on edge, rather than flat side down m order to
permit prompt and complete permeation of the matenals with the moisture
and heat of the steam

Figure 58 15 a good example of proper arrangement of the load for a
moderate size stertlizer The load has been laid out on a table top 1n exactly
the position 1t would assume when placed n the sterdizer All packs are
resting on edge, m loose contact with each other also the upper layer 1s
placed crosswise of the lower layer This 1s recommended as routine prac
tice m order to promote free circulation of steam to the lower packs Avoid
compressing and jammung of the packs mto a tight mass and above all do
not overload the sterilizer

In Joading small cylimdrical or square shaped sterilizers with bulk goods,
the operator should be aware of the purpose of the perforated or wire mesh
tray m the bottom of the chamber As air 15 released from the load 1t grav1
tates downward to the space undemeath the tray and then flows mto the
chamber discharge outlet If this tray 15 ommtted or if 1t becomes flattened
50 that 1t conforms to the shape of the sternthzér the back end of the cham
ber will become air clogged Stenlization will then be serously retarded
and m addiion the goods restng on the bottom will become saturated
with water Examine the tray frequently and make sure that 1t does elevate
the load shghtly above the bottom of the chamber

Another example of good loading practice for a large bulk sterilizer 1s
shown 1n Figure 59 Here 1t will be observed that there are no oversized
packs and all are placed on edge, without crowdimng to facilitate free access
for steam penetration Properly arranged loads in large stenhzerg can be
sterihzed just as effectively as i small chambers In some respects the
large chamber equipped with shelf type loading car does not present the
problem apparent i small stenihizers The shelves automatically provide an
open space between tiers or layers of packs as a passageway for steam

The size of the stentlizer or the amount of matenal placed 1n 1t 15 not the
determmmg factor mn fixing the period of exposure The exposure must be
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Fig 58 A good le of proper of the load for a moderate size sten

Lizer All packs rest on therr sides m loose contact with each other This arrangement

promotes rapid steam permeation The upper layer of packs should be placed cross
wse of the lower layer as shown

Fig 59 Another example of good loading practice for the large surgical supply sten
Lizer The large packs are all resting on edge with adequate space between them for
free circulation of steam
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determmed mtially by the size of the largest and most compact pack
the Joad Then if these packs are arranged properly, 1t matters not whether
the stenhzer contamns one pach or fiftty The only factor subject to change
under that condition will be the time required for the temperature to reach
the stenlizing range, as mdicated by the thermometer With heavy loads,
the temperature will rise more slowly

SUPLRHEATING OF FABRICS DURING STERILIZATION

The eflect of steam stenlization on dessicated fabrics or textles produces
a condition known as superheat, causing rapid detenoration of fabnes This
subject 15 httle understood by those responsble for the stemhzation of
surgical supphes Before explaming the causes of this condition, 1t 15 neces
sary to define the meanng of superheat It comes from our knowledge of
the properties of steam Superheated steam 1s steam the temperature of
which exceeds that of saturated steam at the same pressure It 1s produced
by the addition of heat to saturated steam which has been removed from
contact with the water from which it was generated A simlar condition
occurs when dehydrated or thoroughly dned fabrics are subjected to steam
sterthzation The temperature of the fabric exceeds that of the surrounding
steam, frequently nismg 25°-50° F higher than the temperature of the
steam m the sterihzer When thus occurs, 1t exerts a destructive effect on
the tensile strength of the cloth fibres which, of course, hastens detenoration
of the fabne

Freshly laundered fabmes, if stenhzed promptly, do not andergo super
heating The reason for this 1s that the fibres are in a relatively normal state
of hydration pnor to sterihization On the other hand, if fabrics are stored
1n areas of low hurmdity for even short periods of tune, they give up some
of their normal residual mosture content to the atmosphere Then when
subjected to sterilization, the fibres adsorb additional water from the steam,
thereby releasing excess latent heat which results in superheating of the
fabnces

The cumulative effect of superheating of textiles has been carefully
studied by Walter ® His Sndings showed that samples of freshly laundered
(hydrated) textiles lost 50% of their tensile strength after 70 tnps through
the laundry and stenhzer while identical samples which were repeatedly
sterthzed without Jaundenng lost 73% of their tensile strength The control
samples winch were laundered only lost 20% of therr tensile strength Jobn-
ston” has presented further evidence on this subject to the effect that fabrics
which were sterihzed 20 times without launderng lost 50% of therr tensile
strength The charred mushn wrappers and cloth liners m drums com-
rmonly observed mn many hospitals are typical of extreme superheating

To effectively guard agamst the problem of superheating the hospatal
should institute control measures to msure that
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Freshly Jaundered fabrics are used only for supplies undergomg sterth
7ation

Freshly laundered fabrics are not subjected to storage n arcas of low
humidity prior to stershzation

Surgieal packs and other wrapped supphes are not subjected to preheating
m the sterihizer, with stcam in jacket only, prior to stenlization

Sterihizers are not operated with steam at a hugher pressure and tempera

ture 1n the jachet than in the chamber

DRIING OF' LOAD FOLLOWING STCRILIZATION

While dressings are undergoing stenltzation, the fabrics become saturated
with moisture, the condensate left n the goods as heat 1s absorbed from
the steam which permeates them This moisture, finely distnibuted through
the load, 15 at the same temperature as the surrounding steam, namely
250° F (121° C) The same condition prevails at the close of exposure
time, but immedzately when pressure reduces, with the exhaust of steam,
the moisture flashes into steam or vapor, brought about by the residual heat
m the goods—above the boiling point of water—and the heat conducted to
them from the hot steam jacket The real drymng process then resolves itself
imto the detail of getting nid of the vapor as fast as 1t forms

For years operators were tramned to believe that creation and mamte
nance of some minor degree of vacuum would bring about satisfactory dry-
g of the load That method has Jong since been proved to be faulty,
because, with rare exceptions, the greatest degree of vacuum possible to
attan 1n conventional sterthizers 1s 10 inches of mercury as indicated by the
chamber gauge That would mean 10/30 or one-third of the vapor elimt
nated from the chamber, and maintaming this degree of vacuum after 1t 1s
attamed 15 an utter waste of power and time There are three well known
systems of drymg m common use, any one of which will give good results
if performed correctly

A) The simplest method known 1s to exhaust the steam from the cham
ber to zero gauge pressure, leaving the jacket pressure on to keep the walls
of the chamber hot When chamber pressure has been exhausted, unlock
the door and open 1t shghtly, about % inch, just enough to permit vapor to
escape This will provide a chimney effect 1n which room air will enter at
the bottom of the door while vapor mixed with this arr wall escape at the
top of the door An interval of 15 20 minutes will usually suffice to dry the
load satisfactorily Objectionably, this method permts all vapor to escape
into the yoom

B) The second method 15 a combimnation of the old so called vacuum
system and the crached door process described above Pressure 1s ex-
hausted from the chamber to zero then the operating valve 1s turned to the
vacuum position for a short time only, about 5 mmnutes In this period the
Vvacuum valve will exhaust about all the vapor 1t 1s capable of handling

 r—
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Then the vacuum 1s brohen the door unlocked and cracked just enough to
permit the remamder of vapor to escape By this method only two thirds of
the vapor will escape mto the room as compared with the simple cracked
door method Otherwise the results will be 1dentical

C) The third system mvolves the prnciples of both the older methods

4

Fig 60 Vacuum dryer device for drying the load following stenlzation without open
g door of 1l The device f as a pump to crculate filtered air to the
chamber where 1t entrams with the vapor and both are then discharged to the vent

but 1t exhausts practically all vapor to the vent The system employs a
vacuum dryer {ejector) device i conjunction with the operating valve on
the stenhzer It 15 used n this manner Followmng sterthzation, pressure 1s
exhausted to zero then the operating valve 1s turned to the vacuum or dry
posiion Instead of creating a parhal vacuum the device functions as a
pump to circulate filtered air to the chamber where 1t entrams with the
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vapor and both ase then discharged to the vent (sce g 60) Under this
system, when the door 15 apencd, there 15 no noticeable escape of vapor
The mimmum drying time 1s 15 minutes for the werage load

There 15 very httle difference i drying efficiency by either the crached
door’ method or the vacuum dryer process However, the Iatter system
possesses the ady antage of presenting v apor from escaping into the room—
adetul worthy of considerition, especinlly 1 the interests of aur condition
Ing

It has been determuned expenmentally that a Iege surgreal pack, weigh
ng approamately 12 pounds, retuns 9 ounces of moisture 1s condensate
from the steam in the normnl stenlizing process Thus figure of 9 ounces,
representatnve of a 5% inerease m weight of the package, was determned
mmediately after the steam n the sterihzer had been exhausted to atmos-
phenc pressure In 10 munutes drying by the crached door process 35%
of the residual mossture was remosed n 20 mnutes drying 50%, and m
30 minutes 65% of the imtial 9 ounces of moisture Obyiously there would be
no purpose 1n extending the drying time beyond 30 minutes because the
residual moisture 1n the average pack would represent less than 2% mcrease
over the ongmal weight

CAUSES OF WLT DRLSSINGS

Dressings delis ered from the sterilizer in a wet or soggy condition present
adefinite hazard and they should never be sent to the operating room Even
when dressings are well dried out in the sterilizer sufficient vapor remams
1 the goods so that sudden cooling may result in condensate formmg
objectionably—perhaps dangerously It 1s unwise to place freshly sterthized
pachs or other wrapped supplies on any cold surface such as a metal table
top The sweating that occurs on the cool table top will accumulate i httle
pools of water which may pick up contamination In turn, this contammated
water may be reabsorbed by the fabric rendering it unsterile Probst® has
demonstrated clearly that once stenle cloth becomes damp, even if the
water source 1s sterile, 1t allows contammation to take place provided 1t 1s
m contict with an unstenle object Beck and Collette® also proved that
bactersa readily pass through two layers of wet cloth whereas two layers of
dry cloth prevent such migration

The proper handling of sterilized packs as they are removed from the
sterthzer demands that they never be stacked up mn close contact with each
other, but rather mantained 1 such a position that arr can crrculate freely
around them on all sdes When loading carriages are used 1t 1s good prac-
tice to leave the load on the carmage after removing from the sterihizer, for

15 or 20 minutes If no loading carriage 1s used the pachs should be 'lald
out on edge preferably on a wire mesh or slatted wooden surface covered
with several layers of mushn to absorb the swealing moisture
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Fig 61 When stenhzers are fed from adjacent steam supply nsers application of suit
able traps as indicated mn this diagram will keep the nisers filled with dry steam The
supply system should be protected by 2 steam stramer and accessible shut-off valves
as shown Lacking this or some equally effective method of dramnmg condensate from
supply lmes they will £ill up with water and senously mterfere with sterhzation and
drymng
Fig 62 When stenilizers are fed from long horizontal runs of supply steam pxpmg the

lIme can be kept free from by the method n this di
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In addition to faulty methods of packaging and loading, there are other
conditions responsible for wet dressings Most of these require the attention
of a tramned serviceman or mamtenance engineer for correction Those of
major importance are

1) Clogging of chamber discharge line on sterihzer If the air and con
densate discharge line becomes clogged with sediment and lint, or if the
thermostatic valve or check valve fails to open properly, water will collect
m the bottom of the chamber and the lower portion of the load will not
dry satisfactonly This fault will be indicated by the presence of water n
the bottom of the chamber when the door 1s'opened If no water 1s found
m the chamber, but if the lower portion of the load 15 perceptibly wet, that
will indicate sluggish performance of the discharge system In either case,
the remedy 15 to clean out the line and check the operation of the thermo
static valve

2) Improperly drained steam supply line An mmproperly dramned steam
supply hine may deliver water to the sterihizer instead of steam If this fault
1s pronounced, both jachet and chamber will 1l with water and the load
wll be saturated There 15 only one remedy for this difficulty The steam
supply line must be adequately dramed before 1t reaches the sterihzer by
a correctly trapped bleeder line, as shown m Figures 61 and 62 An indica-
tion of water 1n the supply line or a clogged return trap from the jacket of
the sterthzer 15 a loud hammering noise which occurs when steam 1s turned
on to the stenlizer

3) Overfiling steam generator with water On electric or gas heated
stenihizers, wet dressmgs are sure to occur as the result of overfilling the
boer or steam generator with water This usually occurs through careless-
ness of the operator 1n not shutting off the filing valve when the proper
level has been reached It may also occur by slow leakage of the water
filling valve

4) Faulty sterilizer installation An occasional cause of
the mcorrectly mstalled stenlizer with the back end lowe:
end In this case, condensate will draimn to the rear an
from 1t will saturate the goods This can be easily 201('1 3 3por forming

ected by adjust
the supports on the sterihzer so that the front end 15 shghtly Iowir th]an ;Jl'lng
back end

Summary of Factors Governing Steam Sterlization of Surgical Supphes

wet dressings 1s
r than the front

Pacracmve

1) Use freshly laundered fabncs to
2) Lamt the size and density of
steam permeation with a Libe

guard agamst superheating
the individual packs to msure uniform
ral margmn of safety for stenlization
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Fig 61 When stenhzers are fed from adjacent steam supply nsers application of swit

able traps as mdicated m this diagram will keep the nsers filled with dry steam The

supply system should be protected by a steam stramer and accessible shut off valves

as shown Lacking this or some equally effective method of drammg condensate from

supply lmes they will fill up with water and seriously nterfere with stenhzation and
drymg

Fig 62 When sterilizers are fed from Jong horizontal runs of supply steam plpmg the
line can be kept free from by the metho m this




Cuaprer VII
Preparation and Sterilization of Rubber Goods

HE HANDLING, washing and sterihzing of rubber goods presents

special problems to the hospital As 1 rule, rubber goods do not wear
out—they are destroyed Rubber will deteriorate with age, exposure to
hght, heat and chemicals, but the hfe of wy rubber article 1s materially
shortened by abuse and careless handling With the exception of the syn-
thetic products, rubber 15 of vegetable ongm, and sunhght, heat, oils,
greases and solvents are natural enemies of rubber While contact with
these substances, including hight, cannot be avoided mn normal hospital
routme, 1t 1s suggested that care be exercised to remove any oils, greases,
or solvents thoroughly and as soon as possible

RUBBER GLOVES

Before new gloves are put nto use, they should be washed to remove
any taleum powder which may be on them The nrtants occasionally pres-
ent n rubber gloves can be removed by soaking mn a 5% solution of sodium
carbonate for 15 mmutes, followed by rmsing and sterthzation The hfe of
the gloves can be prolonged by perrmtting them to rest for 48 hours after
stenhization and before the next period of use

Immedzately following an operation, the gloves should be washed off in
cold water before removing them from the hands This step can be accom-
phished most conveniently in the scrub sk with the aid of a brush to
loosen any adhermg particles of dried blood This detail 15 often neglected,
adding to the difficulties of thorough washing later After removing the
gloves from the hands, the fingers should be pulled out, then place them m
a container of water until the time of final washing From this pomt onward
the processing of gloves mvolyes the following operations

1) Washing 5) Powdering

2) Drymg 6) Packaging
3) Testing 7) Sterihzation
4) Sorting 8) Storage

The manual washing of gloves one at a time hanging them mdwidually

on racks or glove trees to dry and powdermg each one mside and outside.

by hand are elements of an outmoded techmque which 1s rapudly givin, :

way 10 a mechanized process, utihzing labor saving machines and devncesg

Today most hospitals are aware of the advantages of mechamcal aids 1n

the processing of gloves Automatic washers glove conditioners and dryelrs
117
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3) Use double thickness mushn or 1ts equvalent as wrappmg matenal for
surgical supples
LoADING OF STERILIZER

4) Place all packs on edge and arrange the load m the sterilizer so as to
present the least possible resistance to the passage of steam through
the load, from the top of the chamber to the bottom

5) Place all jars and other non porous contamers of dry matenal on therr
sides 1n the sterihizer so as to provide a horizontal path for the escape
of ar

Exposure PERIOD

6) Establish a standard exposure penod for all bulk supphes that will pro
vide for complete penetration of the load and nsure destruction of all
mucrobial hife with a hberal margin of safety

7) Tume the stenhzing period from the moment that saturated steam at
250° F (121° C ) £ills the chamber as indicated by the thermometer
m the chamber discharge Iine

Drymvc oF Loap

8) Establish a mmimum drymg period of 15 mmutes for all bulk loads of
supplies
9) Guard agamst the placement of freshly sterihized packages on cold
surfaces
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Fig 64 Glove processmg apparatus for the drying powdernng and conditioning of
rubber gloves

nations, etc The gloves are then powdered mn an automatic glove condi-
ticner such as the type shown in Figure 64 To avoid unnecessary handhing
of the gloves after they are powdered, Lehmann® recommends that they be
parred and clipped together with colored plastic, spring type clothespins
before putting them 1 the powdenng umit Different colored clothespins
are used to designate the vanous sizes Talcum powder 15 no longer recom-
mended as a lubncant for gloves because of 1ts demonstrated rmitating
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are used 1n many hospitals with a high degree of efficiency and economy
Some of the larger institutions send all of their gloves to the maim hospital
laundry for processing However, experience has shown that the key to a
successful mechamzed operation for the average hospital 1s the establish
ment of a glove processing room as a part of the central supply department
All of the above operations can then be performed n a centralized area
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Fig 63 Typrcal layout for a modern glove processing room The plan requures an area
of about 80 square feet and 1s dered ad for I Is of 125 300 beds

and the vanous related tasks can be turned over to non professional work
ers A typical layout for a modern glove processing room 1s shown 1n Figure
63 The mdividual mechanical equipment rtems shown on this plan mclude
an automatic washer, domestic type, glove conditioner for drying and
powderng and a surgical glove tester Utihzmg this layout under acfual
hospital conditions Prickett! has reported a savings of $1 75 of direct labor
cost per 100 gloves processed by the mechanized method when compared
with a representative manual method

Following the washing and drying process the gloves are tested for holes
or defects Each glove 1s nflated with compressed air supplied by the glove
tester When holes are found they are marked with a red wax pencil for
later 1dentification 1n patching Gloves found to be punctured are separated
from the others, and after mending with hiquid glove patch, they are re-
tamned for use on the wards for lumbar punctures, rectal and pelvic exam
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Fig 68 Billfold type mushn cover ly used for pping gloves The pawed

gloves are mnserted with thumbs up, into the pockets of the mushn envelope A small

quantity of powder (“Biosorb®) 1 a small steam permeable paper envelope or in
2 gauze sponge can be included as shown

Fig 67 The envelope shown m Figure 66 should be wrapped m this manner The
outer covenng 1s designed for the purpose and includes tic strings
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properties which may result in granulomatous reactions 1n tissues® * ® 8
The commercial product known as Biosorb, which 15 a mixture of amy
lose and amylopectn derived from corn starch has largely replaced tale
as a surgical glove lubricant According to Lee Collins and Largen,” the
fact that starch powder 1s biologically nonimitating and absorbable, when

et

Fig 65 In wrappmng gloves for sterthzation 1t 1s good practice to nsert a band of

gauze or mushn m the wrist fold as shown here to permit free contact of steam to

the folded over surfaces It 1s also suggested that a pad of gauze or mushn be mserted

m the palm of the glove as far in as the fingers to hold the apposmg surfaces apart
and to permit steam to effectively contact the imterior

finely dispersed, does not mean that the basic surgical principles of avord
mg contamimation of wounds with foreign material may be abandoned Air
contamimation should be kept at a mummum and gloves should be thor
oughly washed as free of powder as possible before the operation 1s begun
If a glove 15 torn or punctured 1t should immediately be replaced and the
fresh glove should be washed before the wearer returns to the surgical
field

Although not commonly recognized rubber gloves constitute one of the
most dufficult of all items to be sterihzed in the hospital The reason 1s
obviously not one of steam penetration through successive layers of mate-
nal but rather meffective air removal from the fingers of the gloves Care
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Fig 68 Biifold type muskn cover commonly used for wrapping gloves The pawed

gloves are mserted with thumbs up, to the pockets of the mushn envelope A small

quantity of powder (“Biosorb”) m a small steam permeable paper envelope or in
1 gauze sponge can be included as shown

Fig 67 The envelope shown 1n Figure 66 should be wripped 0 this manner The
outer covering s designed for the purpose and includes tie strings



120 Principles and Methods of Sterihization

properties which may result m granulomatous reactions in tissues® 4 5 ¢
The commercial product known as Brosorb, which 1s a mixture of amy
lose and amylopectin derved from comn starch has largely replaced tale
as a surgical glove lubricant Accordmng to Lee Collms and Largen,” the
fact that starch powder 1s biologically nommitating and absorbable, when

Fig 65 In gloves for it 1t 1s good practice to msert a band of

gauze or mushn m the wrist fold as shown here to permit free contact of steam to

the folded over surfaces It 15 also suggested that a pad of gauze or mushn be inserted

m the palm of the glove as far m as the fingers to hold the apposing surfaces apart
and to permit steam to effectively contact the mterior

finely dispersed, does not mean that the bastc surgical principles of avoid
ng contammation of wounds with foreign matertal may be abandoned Air
contamimation should be kept at a minmum and gloves should be thor-
oughly washed as free of powder as possible before the operation 1s begun
If a glove 15 torn or punctured 1t should rmmediately be replaced and the
fresh glove should be washed before the wearer returns to the surgical
field

Although not commonly recogmzed rubber gloves constitute one of the
most difficult of all items to be sterilized in the hospital The reason 1s
obviously not one of steam penetration through successive layers of mate
nal but rather meffective air removal from the fingers of the gloves Care
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detenoration and they will destroy the usefulness of all articles made of
rubber

1) Mineral and vegetable oils, such ns petroleum jelly and mineral oll,
cause swelling and tackiness

2) Hydrocarbon solvents, ethers and esters, such as acetone, benzene,
and cleaning flud cause swelling «nd rapid detertoration

3) Oudizing acxds, such as sulfuric and hydrochloric, cause rapid detern-
oration

4) Copper and manganese cause rapid catalytic decomposition

) Phenols and cresols, such as Lysol, carbohc acid, hexachlorophene,
and soaps contaming phenol or phenyl compounds, cause stickiness and
disintegration

6) Quaternary ammonjum compounds, such as benzalkomum chlonde,
cause tackiness and decrease resistance to steam sterithzation

7) Volatile amme compounds, such as morpholme, benzylamme and
cyclohexylarmne, will contribute to rubber deterioration Some hospitals
add volatile armne compounds to their steam borlers to protect the supply
Lines against corrosion Since the compounds are volatile they will be pres-
ent m the steam durmg sterhization and thereby contnbute to deteriora-
tion of rubber

Prior to sterilization, rubber catheters should be cleaned with an alkaline
detergent such as tn sodium phosphate or Qalate, followed by copious
nnsing with water This permuts the rubber to become hydrated and 1if
sterilized promptly superheating will not occur A dry catheter upon contact
with steam will undergo detenoration as the result of superheating Cath-
eters may be packaged 1 cellophane tubing or 1n long paper envelopes,
several of which are commercially available When sterthzed by saturated
steam under pressure the exposure peniod should be 15 mmutes at 250° F
These same conditions regarding preparation and sterilization of rubber
catheters apply equally to vinyl catheters and tubes

WOVEN CATHETERS, BOUGIES AND FILIFORMS

Woven catheters are used primanly for erther diagnostic or treatment
purposes The coating on the catheters 1s composed of synthetic resinous
materials which absorb water especially i the presence of heat ® The prn-
cipal chemical agents which cause deterioration of woven catheters are
aleohol, cresols, phenols, glycenn and alhah detergents

Before sterilization the catheters should be thoroughly cleaned m a
solutron free from alkal or orgamc solvents Water contaming a mild hqud
$0ap ts recommended Green soap contaming glycenn or phenol or solutions
of tr sodium phosphate should not be used The cleamng agent should be
forced through the lumen esther by means of a syringe or siphon Copious
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must be used m the pachaging and wrapping of the gloves to msure that
all surfaces shall be freely exposed to the steam as shown m Figure 63
Where the wrist section of the glove 15 folded back to form the cuff st 15
mportant to keep the two surfaces separated from each other This can be
done by placmg a band of gauze or mushn under the fold when the wrist
section 1s turned back It 15 also suggested that a pad of gauze or mushn be
mserted 1 the paim of each glove, as far mn as the fingers, to hold the appos
mg surfaces apart and to promote egress of ar and intake of steam The
chuef factor to keep 1 mind 1 packagmg 15 to prepare the glove so that no
pressure 15 apphed which might force any two surfaces mto tight contact
with each other

Covers for gloves should be of the hillfold type, with 1 pocket for one
glove on exther side of the median hine as shown w Figure 68 Each glove
should be placed n 1ts respectiy e pochet carefully with the thought 1 smod
that when the package 1s later placed in the stenhzer the thumbs should
be resting up m order to assist awr clearance A small amount of Biosorb
powder (lce ) can be folded m a gauze sponge or placed 1n a small, steam
permeable paper envelope and included m the wrapper as shown A folded
towel may alsa be placed between the leaves of the envelope when they
are folded together Although the billfold type envelope 15 often used waith
no further covering this 1s not considered good practice An outer mushn
wrapper should be used for additional protection as illustrated m Figure 87

Gloves are preferably stenihized alone, not m combimnation with other buth
loads of supplies The packs should rest on edge i the sterdizer, with the
thumbs up well away from the sidewalls of the chamber A large instru
ment tray with wire mesh or perforated bottom makes an ideal contaner
for them (Fig 68) It 13 imperative that the gloves be stacked loosely,
never more than one tier deep The trays should always be placed m the
upper two thirds of the stenlizer not on the bottom shelf Residual air
present in the lower portion of the chamber even as Iittle as 0 1% wall has
ten the rate of deterioration of rubber For sterihization an exposure period
of not less than 15 minutes and no longer than 20 minutes at 250° 254° F
15 recommended followed by a muinimum of 15 minutes drying After sten
hization the gloves should be held m storage for a period of 24 to 48 hours
before dispensing for use This will help the rubber to regam its tensile
strength prevent tackness and the usefal fe will be prolonged

RUBBER CATHETERS DRAINS AND TUBES
All articles made of rubber espectally latex and red rubber are nghly
susceptible to attach and detenoration by chemical agents No rubber arti-
cle should be subjected to cleanmy agents made of or contawng hydroctr
bons oxidizing acids or mls The followmg substances are known to cause
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rnsing should be avorded because of the possibility of forcing too much
mosture mto the catheter surface After cleaning, the catheter should be
wrapped 1n muslm, without bending or coiling, and sterthized with steam
under pressure at 250° F for 15 minutes After the catheter his been used
for the first tume, 1t should agam be cleaned and thoroughly dried out be-
fore bemg sterihized the second time This may be accomplished by placing
the catheter in a warm dry arca and leaving 1t there for 3 or 4 days, or by
drying 1t out n the stenhizer with steam to jachet only for 15 minutes Once
a catheter has been properly dried out after the first stenhization and use,
the physical structure of the coatmg changes so that subsequent sterliza-
tions will not develop blisters or crachs

RUBBER TUBING

Sterilization of rubber tubing 1s difficult, yet no possible contamination
can be tolerated because of its frequent use 1n mtravenous therapy or for
ather equally critical applications Thorough prebmmary cleaning 1s essen-
tial for safe preparation of new tubing to remove impunties and also for
used tubing which may contam traces of blood, residual drugs, etc In the
case of transfusion tubing the practice should be ngidly enforced of thor-
ough rmsing 1 cold water immediately after use to prevent blood from
drymng m the lumen Effective cleaning may be accomplished by immersing
the tubing 1n a large basn contaiung a 05 per cent solution of sodium
hydroxide or 5 per cent sodium carbonate and boihng for 15 minutes The
tubing should be coiled slowly mnto the solution to avord the formation of
awr pochets, or better yet, the alkah solution should be circulated slowly
through the tubing during the penod of boiling A large 1mgating syringe
may be used for this purpose or a reservorr of the alkal: solution may be
attached to a ring stand above the basin, connected to the tubing and the
solution slowly trickled through the lumen After cleanmg the tubmg
should be rmsed with freshly distilled water until all traces of alkali have
been removed

For sterilization, assemble the tubmg with required connectors or attach-
ments, and just before wrapping flush out the entire assembly with dis-
tilled water, but do not drain completely Rather leave the mterior distinctly
moist and wrap n double thickness muslin The tubing should be carefully
coiled but not hinked m the pachage (see Fig 69) The res:dual morsture
ullléhe tubfmg plus the heat of the steam conducted to the mterior will be
S C1
sulf ;nt( 1(;1 :tgl)h’zatmn when exposed for 30 mmutes to a temperature of
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Fig 68 The wnstrument stenhzer tray or its equivalent with wire mesh bottom makes
an 1deal contamer for gloves The glove packs should rest on edge in the stenhzer
stacked loosely never more than one tier deep

Fig 69 When 1t 1s required to stenlize a long length of tubmg attached to a bottle

or burette the entire assembly should be flushed with freshly distilled water just

before wrappmng and the interior surfaces left moist The tubmg should be carefully
coiled but not kinked i the package
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rinsing should be avoided because of the possibility of forcing too much
moisture 1nto the catheter surface After cleaning, the catheter should be
wrapped m mushn, without bending or coling, and steihzed with steam
under pressure at 250° F for 15 mnutes After the catheter has been used
for the first time, 1t should agun be cleaned and thoroughly dried out be-
fore beng sterthzed the second time Tlus my be accomplshed by placing
the catheter n a warm dry area and leaving 1t there for 3 or 4 days, or by
drying 1t out n the stenlizer with steam to jacket only for 15 mmutes Once
a catheter has been properly dried out after the first stenhization and use,
the physical structure of the coating changes so that subsequent sterihiza-
tions will not develop blisters or crachs

RUBBER TUBING

Sterihzation of rubber tubing 1s difficult, yet no possible contamination
can be tolerated because of 1ts frequent use m mtravenous therapy or for
other equally cntical applications Thorough prehminary cleaming 1s essen-
tial for safe preparation of new tubmng to remove impunties and also for
used tubing which may contain traces of blood, residual drugs, etc In the
case of transfusion tubing, the practice should be ngidly enforced of thor-
ough nnsing 1n cold water immediately after use to prevent blood from
drymg 1n the lumen Effective cleamng may be accomphshed by immersing
the tubing 1n a large basin contaming a 05 per cent solution of sodium
hydroxide or 5 per cent sodium carbonate and boiling for 15 minutes The
tubing should be coiled slowly mto the solution to avord the formation of
air pochets or better yet, the alkali solution should be circulated slowly
through the tubing during the pentod of boilng A large wrigating syringe
may be used for this purpose or a reservoir of the alkali solution may be
attached to a ring stand above the basm, connected to the tubing and the
solution slowly tnckled through the lumen After cleaning, the tubmg
should be rinsed with freshly distilled water until all traces of alkal have
been removed

For stenihzation, assemble the tubmg with required connectors or attach-
ments and just before wrapping flush out the entire assembly with dis-
tilled water, but do not drain completely Rather leave the mterior distinetly
morst and wrap in double thickness mushn The tubing should be carefully
cotled but not hinked in the package (see Fig 69) The residual morsture
m éihe tubfmg plu; the heat of the steam conducted to the mterior will be
sufficient for sterilization when exposed for 30
2505 F (1910 C)* Xp T 30 minutes to a temperature of
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Preparation and Sterilization of
Surgical Instruments

HE ESTABLISHMENT of ligh quality standards for the care and

sterilization of surgical mstruments should be of vital concern to every
hosputal The practice of aseptic surgery demands safe, rapid and effective
methods for the sterillization of mstruments and other supplies This require-
ment can best be met mtally through the medium of mtelhigent and
efficient planning of the operating swite with special attention given to the
necessity of providing adjunct stenlization facilities to serve each pair of
operating rooms An approach to the 1deal arrangement 1s shown n Fig-
ure 70 The basic equipment for the substenlzing room consists of an
mstrument washer sterihizer for post operative washing and terminal steri-
lization of mnstruments from septic cases, and a high speed pressure nstru-
ment sterilizer for routine or emergency sterihization of mstruments The
usual pair of water stenihizers 1s not shown since this equipment 1s rapidly
becoming outmoded 1n favor of the flask method for supplying stenle
water or wsotonic flmds directly to the operating room from the central
supply or solution preparation room When this procedure 1s used, a blanket
and solution warmmg cabimet occupies the space devoted to water ster-
hzers A small dry heat stenhzer for cutting edge mstruments 1s also a useful
item of equipment for the substerhizing room

THE SELECTION OF QUALITY INSTRUMENTS

The skill of the surgeon may frequently be impaired as the result of the
quality and condition of the mstruments at his command No wstrument 1s
better than the steel from which 1t 15 made For perfect mstruments the
tempering and workmanship are of great importance and care should be
exercised m the selection of a rehable brand of mstrument Because of the
superior properties of certam alloys of stamless steel, the majonty of
present day nstruments are made from this metal Several kinds of staw-
less steel are used and the difference lies 1n the formulas of the steel pro
viding a different quality for different purposes P

The term stamless 1s a relative one m that metallurgical science has
not yet developed any steel which 1s completely stainless under all condi
t?ﬁs Basically stamless steel contans much less carbon than ordina
~steel and 1n addition 1t also contains other metals such as chromium a:(}l,

nuckel m order to produce corrosion resistance With surgical instruments

127
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1t 15 far more mmportant to have the proper hardness and elasticity than to
have absolute corrosion resistance, providing the corrosion resistance s
kept sufficziently lugh The carbon content 1s of wital importance If the
percentage of carbon 15 too low, then the resulting steel 1s too soft If it 1s
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Fig 70 Sub stenhzing room This 1s an h to the 1deal of providing
adjunct sterithzation facilities for each parr of operating rooms

too high 1t forms a steel which 1s too brttle and hard to forge Accordmg
to certain manufacturers classifications ! steels contanmg about 12 to 17
per cent chrormm and about 02 to 07 per cent carbon have been found
most suitable for surgical mstruments

It 15 apparent that n the manufacture of mstruments workmanship may
vary considerably It s good practice therefore to examne all new nstru
ments Observe if the pomts of scissors and forceps are equally long on each
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instrument, that the jaws of forceps are equally thick, that curved jaws are
bent to 2 smooth, even curve, that serritions mesh properly and are beveled
at the edges of the jaws, and that the juws close evenly, starting at the
pomt and bemng fully closed when the st ratchet has been reached It 1s
also important to note if the teeth of all forceps are even, of proper shape
and sharpness, and mesh uniformly There should be no sharp pomts or
edges which may scratch or tear the surgeon’s gloves Scissors should close
smoothly and cut well at the pomts, nlso along the entire edges The box
Tock of forceps should work smoothly, yet show no evidence of looseness
The shanks should be sprngy and soft enough to permut closing to the last
ratchet without undue effort The ratchets should ghde smoothly over each
other, hold firmly, open easily, even from the Jast ratchet All thumb and
tissue forceps should be tested for the proper tension

HAND WASHING OF INSTRUMENTS

Instruments must be cleaned as soon as possible after use, to avoid rust-
g and to remove soil before 1t can dry and harden n the serrations, crev-
1wes ete If stainless steel mstruments are permitted to he around for several
hours before cleaning they may acquire a tarmish which 1s difficult to
remove Likewsse, plated mstruments may show evidence of rusting at
points where the plating has been damaged or worn through by previous
cleansing processes Therefore, immediately after use the instruments
should be rinsed m cold water to assist m the removal of blood Then if
the nstruments must be exposed for any period of time before washing
they should be covered with water contammg some effective blood solvent
or detergent

The final washing process should be conducted with care and each step
should be thoroughly understood by the person performing the duty It 1s
essential to remove all particles of adhenng tissue, dried blood, scale and
accumulations of hme salts 1n the serrations, ratchets and box locks of the

, mstruments In the scrubbing process, a hand brush with fauly stiff bristles
// may be used to advantage The use of abrasives or other sharp cleaners
should be avoided because continued use of an abrasive compound may
roughen the surface, thereby mmimizing the stamless properties To
assist 1n the removal of maccessible soil 1t 15 necessary to establish a routine
consisting of prelimmary soaking of the instruments 1 warm water it a
temperature of about 125° F (52° C) to which has been added n effec-
tive detergent such as Haemosol Pyrem or desomté/fhorough cleaning 1s
thredmely important because organisms concealed and protected by dr%ed
n:g:e ;:fn{tiici?::le 1 maccessible parts of the instruments render sterlization
Immedately after washing the mstrum )
/ mg water for a brief mterv§1 and then d::s igzlrliigl;el rmsle'ldl N
y while still hot
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Rinsing with boiling water 1s important in the hand washing of mstruments Y
because the residual heat assists greatly in drying If any moisture remains
on the istruments, they may rust in storage At best the manual cleanmng

of mstruments 15 a2 difficult and time consuming process It 1s almost impos
sible to remove all traces of soil from the maccesstble areas of box locks,
serrations, ratchets, etc The mechamical cleaning process described below
ubtlizing the pressure mstrument washer-sterihizer makes it possible to
employ a superior techmque 1n a fraction of the time normally required for
the hand washing of instruments

INSTRUMENT WASHER STERILIZER

I) Development The need for a safe and raprd mechanical process for
the routine cleansing and sterilization of instruments m the operating room
has been recogmzed for many years It was not until 1938 that Walter 3
described such a process together with appropnate illustrations of an m
strument washer stenhzer The first apparatus, as shown i Figure 71, was
designed along the lines of a vertical autoclave constructed to withstand
an operating pressure of 27 pounds It utihized a stunless steel bucket as 2
receptacle for the soiled mstruments The bucket was placed in the washer
sterihizer directly over a baffle which forced the water to circulate through
perforations m the bottom of the bucket A steam coil in the bottom of the
chamber supphed heat for sterthzation and produced convection currents
m the water to carry o1l mnd grease released from the mstruments to the
surface and then to an overflow at the rear of the washer stenhzer The
addition of a smtable detergent to peptonize proteins and saponify greases
was necessary for proper cleansing After the water reached a temperature
of 273° F (133° C) requiming seven mmutes time, the steam was shut off
and the water dramed mto a flash tank equipped with atmospheric vent
The mnstruments could then be removed from the washer sterilizer in a
clean dry and sterile condition ready for immediate use if so desired

The latest development 1n the design of an mstrument washer sternilizer
1s shown i Figure 72 This unit was mtroduced to hospitals m 1947 * The
horizontal (cabinet type) design 1n contrast to the vertical type makes it
possible to utihze standard mstrument trays which i turn permit easier
and more efficient loading and unloading of mstruments The trays of m
struments are automatically lowered mto the chamber or raised by means
of a hydraulic Iift powered by the water supply line pressure The com
plete cycle of washing and sterilizing 15 governed solely by the moving of
a smgle control handle to progressive positions shown on the front panel
of the cabmet The washing process 1s accomplished by means of a vigor-
ously agitated detergent bath heated directly by a muffled steam jet Dur
g the washing phase the agitated detergent solution disengages blood
grease and tissue debris from the instruments carnies the soil to the surface
and then to an overflow at the front end of the chamber As the heated
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water expands m the chamber, the Jevel nises and the released soil and
scum overflow 1nto a reservoir from which 1t 1s discharged through a ther-
mostatic trap mto the waste

In the normal process of operation the temperature of the bath 1s raised
to 270° F (132° C) m about 12 minutes At this temperature sterihzation
1s practically mstantaneous and no holding period 1s required The water
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Fig 71 An emly model of the mstrument washer and st

Walters erilzer as allustrated by
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Rmsing with boiling water 1s important n the hand washing of mstruments Y
because the residual heat assists greatly m drymg If any moisture remains
on the instruments they may rust 1n storage At best, the manual cleanng
of mstruments 1s a difficult and time consuming process It 1s almost 1mpos
sible to remove all traces of soil from the maccesstble areas of box locks,
serrations, ratchets, etc The mechameal cleaning process, described below,
utthzing the pressure mstrument washer stertlizer malkes 1t possible to
employ a superor technique 1n a fraction of the time normally required for
the hand washing of instruments

INSTRUMENT WASHER STERILIZER

I) Development The need for a safe and rapid mechameal process for
the routine cleansmg and sterihization of mnstruments 1n the operating room
has been recognized for many years It was not until 1938 that Walter®
described such a process together with appropnate 1illustrations of an m
strument washer stenlizer The first apparatus, as shown m Figure 71 was
designed along the lines of a vertical autoclave constructed to withstand
an operating pressure of 27 pounds It utihzed a stainless steel bucket as a
receptacle for the soiled mstruments The bucket was placed m the washer
sterthzer directly over a baffle which forced the water to circulate through
perforations 1n the bottom of the bucket A steam coil mn the bottom of the
chamber supphed heat for sterihization and produced convection currents
1 the water to carry oil and grease released from the mstruments to the
surface and then to an overflow at the rear of the washer sterlizer The
addition of a suitable detergent to peptomze proterns and sapomfy greases
was necessary for proper cleansing After the water reached a temperature
of 273° F (133° C) requiring seven minutes time the steam was shut off
and the water dramed nto a flash tank equipped with atmospheric vent
The mstruments could then be removed from the washer sterilizer i a
clean, dry and stertle condition, ready for immediate use 1if so desired

The latest development 1 the design of an mnstrument washer steniizer
15 shown m Figure 72 This umit was ntroduced to hospitals i 1947 ¢ The
honizontal (cabinet type) design m contrast to the vertical type makes 1t
possible to utihze standard mstrument trays which 1n turn permut easier
and more effictent loading and unloading of mstruments The trays of
struments are automatically lowered into the chamber or raised by means
of a hydraulic Ift powered by the water supply line pressure The com
plete cycle of washing and sterihzing 15 governed solely by the moving of
a single control handle to progressive positions shown on the front panel
of the cabmet The washing process 1s accomplshed by means of a vigor
ously agitated detergent bath heated directly by a muffled steam jet Dur
ing the washing phase the agitated detergent solution disengages blood
grease and tissue debris from the mstruments carries the soil to the surface
and then to an overflow at the front end of the chamber As the heated
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Routme practice demands that immeditely upon completion of surgrcal
procedure n operating room the wnstruments be placed m a basmn of water
to prevent excessive drying of blood m serrations, depressions, etc

1) To Loap Promptly fter use, collect soiled instruments and place n
trays furnished with washer stenihizer, making sure jomnted instruments
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Fig 73 Process chart showmg time requwed and the resulting temperature of the
mstruments dunng each phase of the washing stenlhizing cycle

1

are unlocked and fully opened Place trays on shding supports and push
fully into chamber Turn Operiting Valve to Lower Trays will de-
scend nto chamber by means of hydraulic elevator
To WasH anp Stermzé Turn Operating Valve to Fill, add one
ounce of hquid detergent directly on top of lowered trays Operator
should remam at close attention until water begins to overflow mto the
reservorr at front of chamber Immediately turn Operating Vilve to
Ster Then close and lock door Open Steam $upply Vilve In about
12 munutes temperature will reach 270° F (132° C) (27 28 pounds
pressure) At this temperature the red Signal Light will come on 1ndi-
cating completion of sterthzation
3) To Exmaust WATER aND STEAM FroM CHAMBER At close of exposure
period (Step 2) close Steam Supply Valve, turn Operating Valve

2

~
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and steam are then rapidly exhausted and the high residual heat in the
mstruments 15 suffictent to flash any adherent moisture The clean dry
stertle instruments are then ready for immediate use upon removal from
the washer stenlizer or they may be placed m the instrument storage cabi
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Fig 72 Longitudinal diagram of pressure instrument washer stenlizer honizontal type

net until needed A typrcal process chart showing time required and result
g temperature of struments for each phase of the washing stenlizing
cycle 1s gwven in Fig 73

II) Techmc of Operation The pressure mstrument washer stenlizer of
the type shown m Figure 74 may be used with equal efficiency for routne
preoperative stenlization  post operative washing or for washing and
termimal sterihzation from septic cases The techmc of operation 1s as

follows
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Routine practice demands that immedrtely upon completion of surgeal
procedure 1n operatmg room the nstruments be pliced m a basin of water
to prevent excessive drymg of blood 1n serrations, depressions, ete

1) To Loap Promptly ifter use, collect soiled instruments and place n
trays furmshed with washer stenilizer, makmng sure jomted mnstruments
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Fig 73 Process chart showing time required and the resulting temperature of the
mstruments during each phase of the washing stenlizing cycle

are unlocked and fully opened Place trays on shding supports and push
fully into chamber Turn Operating Valve to Lower Trays will de-
scend mto chamber by means of hydraulic elevator

2) To Wasa anp Steruze Turn Operating Valve to ‘Fill, add one
ounce of iqud detergent directly on top of lowered trays Operator
should remain at close attention until water begins to overflow mnto the
reservorr at front of chamber Immediately tun Operating Valve to
Ster Then close and lock door Open Steam $upply Valve In about
12 minutes temperature will reach 270° F (132° C) (27-28 pounds
pressure) At this temperature the red Signal Light will come on ind1
cating completion of sterihization

3) To Exnaust WATER AND STEAM ¥RoM CHAMBER At cl

ose of exposure
period (Step 2), close Steam Supply Valve, turn Operating Valve
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Fig 74 An open mounted installation of the washer stenhzer This utihzes standard
nstrument trays which permit efficzent loading and unloading of the mstruments The
smgle rotary operating valve controls each phase of the washung stenlizing cycle

to Exhaust When Chamber Gauge shows zero pressure turn Oper-
atmg Valve to Raise Unloch door and remove load
4) To SterwizE INSTRUMENTS ONLY WiTHOUT WASHING
A) With a layer of mushn i bottom of tray place clean nstruments
1n tray and cover with layer of muslhn for protection and to facilitate
drying
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B) With load m chamber, trays in normal Raise position (do not
Lower trays when machine 1s to be used as sterhzer only), door
locked, open Steam Supply Valve’ Then turn Operating Valve
to left (counterclochwise) to Ster’ Note time when thermometer
shows 270° F s beginming of exposure peniod The Signal Light
will come on at this temperature Allow exposure period to continue
for 7 mmutes For emergency sterilization of one or two instruments
only, uncovered, the exposure period may be reduced to 3 minutes
at 270° F
C) At the end of exposure period, close Steam Supply Valve' and tum
Operating Valve to nght (clockwise) to Exhaust” When “Cham-
ber Gauge shows zero pressure, turn Operating Valve (clockwise)
to Raise Open door shghtly so that vapor can escape for about 3
minutes, before fully opening door and removing trays
5) Chamber dramn screen should be removed and cleaned at least once
a week
IIT) Factors that Influence Removal of Soil from Instruments In the wash-
mg of surgieal mstruments there are certamn basic factors which must be
considered 1n order to evaluate the functional efficiency of the process
As a practical approach to the problem the functions of all the components
i the washing system should be studied In the case of the mstrument
washer sterilizer these components are
a) Kind of soil
b) Quahty of water
c) Type of detergent
d) Types of instruments
e) Efficiency of washer
Certamly one of the most important factors 1s the kind and amount of
soil present on the mstruments Blood, feces, tissue fats and extraneous
debrs constitute the common types of soil encountered on surgical mstru-
ments The amount of blood and orgamic matter present, as well as the
total number of instruments soiled, 1s greater n certam operations than
others Consequently the efficiency of the washing process 1s influenced by
the total number of soiled instruments m the load If the blood has been
permitted to dry on the mstruments for a pertod of hours 1t will be difficult
to properly clean them m any mechanical washer As the result of this himi-
tation routine practice requires that immedrately upon completion of the
surgical procedure m the operating room the mstruments be placed m a
basin of water to prevent excesstve drymg of blood 1n serrations, depres
sions and other maccessible surfaces
Water 15 perhaps the most important single component of the washing
process In many cases 1t can be demonstrated that the solvent action of
water alone will remove a ligh percentage of soil from the mstruments Thus



134 Principles and Methods of Steriization

o

|

| SO ———

<

Fig 74 An open mounted installation of the washer sterlhzer This utilizes standwd
mstrument trays which permit efficient loading and unloading of the mstruments The
single rotary operating valve controls each phase of the washing stenhzmg eycle

to Exhaust When Chamber Gauge shows zero pressure turn Oper-
ating Valve to Raise Unlock door and remove load
4) To Steriaze INSTRUMENTS ONLY WrrHOUT WASHING
A) With a layer of musln m bottom of tray place clean nstruments
i tray and cover with layer of mushin for protection and to facilitate

drymng
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curred from the usc of polyphosphate detergents in mechanieal dish-
washers

A specrl detergent® has been dev cloped for use i the washer sterthzer
It 15 all hquid ;m composition and 1s made from 2 coconut oil base It has
remarkably good surface active properties with 1 specinl affimty for metallic

Fig 75 These instruments are usually found to be the most difficult to clean by the
mechanical process Careful attention to prevent excessive drymg of blood upon their
surfaces will enh derably the } al cl g process

surfaces When used 1n a concentration of one to two ounces n the washer,
1t leaves an invisible protective film on the mnstruments which resists corro-
s1on

Under the most careful operating conditions there nre certamn mstru
ments difficult to clean by the mechanical process Of primary importance
are those shown m Fig 75 The flat ground surfaces of scissors may occa
sionally present a problem if blood has been permitted to dry on them
Instruments used mm bone surgery such as curettes and files may contamn
extremely adherent particles of tissue 1n the depressions and teeth which
resist removal and cleansing in the washer sterilizer Likewise, multiple
action bone cutting forceps and Rongeurs may offer difficulty m cleansing

* A product of Amencan Sterlizer Co Ene Pa
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action 15 obviously enhanced by the factor of agitation when correctly
apphed m the washing machine Water also serves as the medmum for
carrymg the detergent to all surfaces of the instruments and for taking
away the separated soil Unfortunately the quality of tap water in many
locahties 15 not well suited for use m any mechamical washer This state
ment 1s based upon the fact that the instrument washer stenilhzer does not
utilize a ninse for the removal of morganic or organic residue which may be
present on the instruments followmg the washing process When hard
water or water of high mineral content 1s exhausted from the washer sur
face evaporation occurs frequently leaving a deposit of mmeral salts upon
the surfaces of the mstruments As a rule this conditton can be prevented
through the selection of a detergent best suited to the charactenistics of the
water supply in question This eliminates the necessity for a rinse
It 15 probably no exaggeration of fact to state that there 1s no one deter
gent best swited for use m the mstrument washer-sterilizer under any and
all conditons The principal function of the detergent 1s to render non
wettable surfaces wettable By virtue of its chemical and physical proper
ties the detergent lowers the surface tension of water, permitting more
intimate contact of the water with the instrument In addition 1t assists m
the solubihzation of albummous soil emulsifies grease and suspends soil
particles m the solution Most detergents are chemical mixtures of crystal
line substances comprising a surface active or wetting agent 1n combmation
with one or more builders such as the sodium phosphates carbonates, or
stlicates Representative of this group are the detergents known as Haemo
sol Edisonfte Calgomte Alconox and many others All of these
products have been evaluated for use in the washer sterthzer They have
been found relatively unsatisfactory i that they leave a residue or film of
powder upon the mstruments after the washing and sterthzing cycle has
been completed Some workers have attempted to overcome this condition
by first dissolving the detergent i a small amount of water and then adding
this solution to the washer Such a procedure 15 of little benefit because the
powder will still be found on the mstruments, due to surface evaporation
during the phase of exhausting the water from the washer Of the varous
powdered or crystallime detergents tested the product known as Fimsh
has given the best results
Some of the common phosphate detergents recommended for use m

mechamcal dishwashers have been tried 1n the instrument washer stentlizer
Not only were the results disappomting from the standpomt of cleaning
but the instruments underwent a severe metallic staiming The brassy tar-
nishing of the mstruments was due to the copper solubilizing action of the
polyphosphated detergent upon mnternal parts of the washer steriizer The
dissolved copper was then deposited upon the mstruments by electrolytic
action Bacon and Nutting® have described a stmilar condition which oc-
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understood that sterihization 1s dependent upon moisture and that cvcnl a
thin coating of o1l will prevent mosture contact with nstrument surfaces
The apparent need for otling 15 indicative of the presence of soil or foreign
matter which has accumulated 1n the jomts of mnstruments To relieve this
stiffness so they will operate smoothly, 1t 15 recommended that a small
amount of water soluble gnnding and lappmg compound® (Gnt No 180)
be placed 1n the box locks or joints, and worhed m by opeming and closing
the instrument several times This will remove the rough spots from the
jomts and, after cleaning, the instruments should operate satisfactorily

SHARPENING INSTRUMENTS

In most cases, sharpening of mmstruments n the hospatal 1s not recom-
mended because to do the job well demands expenence and shill which
the average individual Jacks The mstruments should be checked daily and
at intervals of about three months or more frequently all instruments re-
qunng attention for sharpening, plating or other reparr should be sent
outside to an expert It 1s sound economy to take advantage of the special-
1zed expenence and equipment offered by a competent repair man Even
though the mmtial charges are a httle igher the difference 1s definitely a
good 1nvestment Good repair work 1if done 1 time will usually make the
wstruments as go6d as new, whereas poor work will have to be repeated

frequently, and damage may be done to the mstruments, maternally short-
ening therr Iife

7~ ROUTINE STERILIZATION OF INSTRUMENTS

In the stenhzation of mstruments, care must be taken to msure that all
mstruments have been thoroughly cleaned beforehand and free from oil
or grease In no sense can the stenlizing process be considered as a sub-
stitute for adequate prehmnary cleaming or to parhally compensate for
madequate cleaming of mstruments The techmic selected for stertlization
must be adequate for the destruction of heat resistant spores This requires
the use of saturated steam under pressure at a temperature of 250° F
(121° C') for a mimmum of 15 minutes or 270° F (132° C ) for a minmmurm
of 7 mmutes

In arranging mstruments for sterilization a serious attempt should be
made to standardize on a basic set Investigations® have shown that there
1s practically no standardization m operating rooms today and very httle
agreement as to the content of the basic set In fact, the so called basic
sets have had a tendency to grow to such an extent that personnel com-
plan about the large number and kmnds of mstruments which are bein,
handled but not used 8

For the routine stenlization of mstruments the method shown 1 Figures

* A product of Clover Mfg Co Norwalk Conn
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because of the multiple jomnts, maccessible and tightly apposmg surfaces
For these mstruments a special treatment 15 recommended consisting of a
prehmmary soaking perrod 1n warm water contammng one ounce per gallon
of an effective detergent Following this procedure the mstruments may be
subjected to the normal washing and sterthzing process given above

1V) Economucs of Instrument Washer Sterihizer The economic advan
tages of the instrument washer-sterilizer have for long been a popular sub
ject of discussion among hospital admmstrators professional personnel
and the manufacturers No one cares to argue the pomnt that most hospitals
mamntam a heavy mvestment 1n surgical mstruments It 1s also agreed that
the Iife of these instruments 1s mnfluenced considerably by the care they
receive Furthermore, the processing of used surgical mstruments 1s one of
the lighly repetitive jobs 1n every operating room It frequently causes con
fusion m the flow of work, especially at the close of a busy operating day
A thorough and well planned mvestigation of this subject was recently con
ducted by Prickett ® 1n cooperation with the Methods Engineering Council
University of Pittsburgh In this study a flow process analysis was made of
both the manual and the mechamcal methods for processing surgical mstru
ments The umt used for analysis purposes was two trays of 150 mstruments
each All steps m the process were charted, mcluding washing drymg and
mspection The results of this study are summanzed below

Time
Manual Mechanscal
109 mm TOTAL 354 mmn.
30 mm PROFESSIONAL WORKER 300 mn
79 mm. NON PROFESSIONAL WORKER 54 mn
Labor Cost

Manual Mechanical
$209 TOTAL $084
75 PROFESSIONAL (@ $150/hr ) K
134 NON PROFESSIONAL (@ $100/hr ) 09

Savings Using Washer stenlizer
TIME 736 mmutes/2 trays
LABOR COST $125/2 trays
ANNUAL LABOR SAVING WITH AN AVERAGE WORK LOAD
OF 10 TRAYS/DAY AND A WORK WEEK OF 5i DAYS = $178750

Amortization of Equipment Cost

Cost of washer stenlizer = $1 665 00
Savings less cost = $1 787 50 - $1 665 00 = $122 50

Thus the 1mtial cost of the mechamcal washer sterilizer 1s paid for by direct
labor savings 1 less than one year
OILING OF INSTRUMENTS
The inconsistency of oiling mstruments prior to stenthzation as practiced
1n some hosprtals 15 a hazardous procedure and 1t should not be permitted

The presence of a film of o1l on an mstrument simply serves as a protective
barrier for any orgamsm that may reside under the film 7 It should be
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ant spores i direct contact with steam at this tempertiture 15 two minutes
The additional exght mmutes allow for penctration of stewm through the
musln wrapper plus 1 reasontble factor of safety

Occasionally it 1s found that mstruments we wet followmg routine
sterthzation and drying The condition occurs more frequently i the elec-

Nt %y r}—’
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Fig 77 Ths method of covering the tray of mnstruments affords protection agamnst
contamnation 1n transit from the sterihizer to the operating room

trically heated mnstrument sterilizer equipped with steam generator Many
times the cause 1s the same as that responsible for wet dressings, discussed
on page 113 If the stemhzer 15 operatmg properly and the principles of
good techmque have not been violated, the difficulty of wet mstruments
may be overcome by preheatng prior to sterihization This can be accom-
phshed by simply placing the trays of mstruments m the sterilizer, closin

the door, and maimntaining steam m Jacket only for 15 minutes At ’the eng
of the preheating period steam may be admitted to the chamber and the
mstruments stenhized in the usual manner The process of preheating re-
duces to a minimum the amount of condensate formed on the mstrument

during stenhzation, thereby making drying less troublesome *
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76 and 77 has proved highly satisfactory The first step n the procedure 15
to place a layer of mushn m the bottom of the tray, making sure to always
use a tray with a wire mesh or perforated bottom Never use a sohd bottom,
water tight tray or basm because 1t will trap air The instruments are then
arranged 1n the tray n a
definite and fixed pat
tern (This 1s mmportant
if the tray 15 to be lo
cated later as a umt on
the nurses table from
which the nstruments
are removed as needed )
All jomnted nstruments
must be open or un-
locked to permit prompt
contact of steam to all
surfaces Fnally a towel
or layer of mushn 1s
placed on top of the m-
struments ‘The musln

Fig 76 In prepanng mstruments for stenhzation st 15 cover 1s not considered
good practice to place a layer of soft fabric 1n the bot essential if the mstru
ﬁ:m of the }t;my thxefn ]a};(;h; instruments on this cloth  ments are sterihzed m
‘wire mesh or Or:
effective stenhzftin Z.tll )oxﬁtzﬁmm“?r{x:x;et:eﬁzz fl‘:: the _conventional _ sub
open stenthzing room How
ever, In many operating
suites the nstruments are stenhzed m a central mstrument room located
some distance from the operatmng rooms Where this condition exsts the
mushn cover offers protection agamst contammnation m transit The mummum
exposure period 1s 15 mmutes at 250° F (121° C ) or 7 minutes at 270° F
(132° C) Following completion of the exposure period the mstruments
should be allowed to remam 1n the sterilizer for 15 mimutes with the door
shghtly open about % inch to mnsure thorough drymng If the stenlzer 15
equipped with automatic control the drymng phase will become - part of
the normal cycle of operation
When 1t 1s desired to hold sterithzed mstruments mn temporary storage
they should be arranged as suggested above and the entire tray wrapped
with double thickness muslin The exposure period should be no less than
20 mmutes at 250° F (121° C) If completely wrapped trays of mstru
ments are to be stenhzed m the high speed pressure mstrument sterthzer
adyusted for 27 pounds pressure the mmimum exposure period should be
10 minutes at 270° F (132° C ) The time required for killing of heat resist
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int spores m direct contact with steam at this temperature 1s two minutes
The dditionl exght mnutes allow for penetrition of steam through the
muslm wripper plus 1 rewsonable factor of safety

Occasionally it 1s found that instruments are wet followmg routine
sterihzation and drymng The condition occurs more frequently m the elec-

i

Fig 77 This method of covenng the tray of mnstruments affords protection agawst
contamination 1n transit from the sterilizer to the operating room

trcally heated mstrument sterilizer equipped with steam generator Many
times the cause 1s the same as that responsible for wet dressmgs, discussed
on page 113 If the sterilizer 15 operating properly and the prmeciples of
good techmque have not been violated the difficulty of wet mstruments
may be overcome by preheating prior to sterihization This can be accom-
plished by simply placing the trays of instruments m the sterilizer, closg
the door, and mamntaming steam m jacket only for 15 minutes At the end
of the preheating period steam may be admitted to the chamber and the
instruments sterihized 1n the usual manner The process of preheatng re-
duces to a mmimum the amount of condensate formed on the nstruments
durmg stenlization, thereby making drying less troublesome



140 Principles and Methods of Steridization

76 and 77 has proved highly satisfactory The first step mn the procedure 1s
to place a layer of mushn m the bottom of the tray, making sure to always
use a tray with a wire mesh or perforated bottom Never use a solid bottom
water tight tray or basin because 1t will trap air The instruments are then
arranged 1n the tray ma
defimte and fixed pat
tern (This 1s mportant
if the tray 15 to be lo
cated later as a umt on
the nurse’s table from
which the mstruments
are removed as needed )
All jointed nstruments
must be open or un
locked to permit prompt
contact of steam to all
surfaces Fmally a towel
or layer of mushn 1s
& placed on top of the m
" g struments The musln

- t considered
Fig 78 In prepanng instruments for stenirzation 1t 15 cover 15 1o th tru-
good practice to place a layer of soft fabnc in the bot essential if the ms
tom of the tray then lay the instruments on this cloth ments are sternthzed m
:E;v:ctx; :le:h n?lrz pterfox:tl‘lad bn:tr:im tray 1s necessary f}z))r the conventional sub
ste Al
on o:)c:: ed mstruments must be stenhzmg room How

ever, 1 many operatng
suites the struments are sterilzed m a central mstrument room located
some distance from the operating rooms Where this condition exsts the
mushn cover offers protection against contammation m transit The mmimum
exposure period 15 15 minutes at 250° F (121° C ) or 7 munutes at 270° F
(132° C) Followmg completion of the exposure period the mstruments
should be allowed to remam m the sterthzer for 15 minutes with the door
shghtly open about % mch to msure thorough drymg If the sterihizer 15
equpped with automatic control the drymg phase will become a part of
the normal cycle of operation

When 1t 15 deswred to hold stenlized instruments i temporary storage
they should be arranged as suggested above and the entire tray wrapped
with double thickness mushn The exposure penod should be 1o less than
90 mumnutes at 250° F (121° C) If completely wrapped trays of mstru
ments are to be stenhzed n the high speed pressure mstrument stenlizer
adjusted for 27 pounds pressure the mimmum exposure period should be
10 mnutes at 270° F (132° C) The ime required for hillmg of heat sesist-
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ant spores n direct contact with stcam at this temperature 1s two minutes
The additiona] exght minutes allow for penetration of steam through the
muslin wrapper plus 1 reasonible factor of safety

Occasionally 1t 15 found that mstruments are wet following routine
sterhization and drying The condition occurs more frequently in the elec-

(<

1

Fig 77 This method of coverng the tray of wnstruments affords protection agamnst
contamination 1n transit from the sterihizer to the operating room

trcally heated instrument sterilizer equipped with steam generator Many
times the cause 1s the same as that responsible for wet dressings, discussed
on page 113 If the stertlizer 1s operating properly and the principles of
good techmque have not been violated, the difficulty of wet mstruments
may be overcome by preheating prior to sterilhzatton This can be accom-
plished by simply placing the trays of instruments m the sterilizer, closing
the door and mamntaming steam m jachet only for 15 minutes At the end
of the preheating period steam may be admitted to the chamber and the
mstruments sterihzed 1n the usual manner The process of preheating re-
duces to a mimmum the amount of condensate formed on the instruments
durmg sterihization, thereby making drymg less troublesome
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Fig 78 The high speed pressure mnstrument stershzer adjusted for operation at 270 F
meets the requirements for erther emergency or routme sterilization

EMERGENCY STERILIZATION OF INSTRUMENTS
In the emergency sterihization of instruments no compromuse with safety
can be tolerated The method selected must be adequate for the destruc

tion of resistant spores and 1t should be sufficiently rapid so as not to greatly
inconvemence the surgeon These requirements can be met through the
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use of 2 igh speed pressure mstrument stenlizer, adjusted for operation
at270° T (132° C ) and 27-28 pounds pressure, shown in Figure 78 When
an mstrument 15 urgently necded, 1s for one that has been accidentally
dropped or in1dvertently left out of a hat, 1t 1s possible for the nurse to wash,
degrense, stenhize the nstrument and return 1t to the operating table mn 5
to 6 mnutes with no compromise mn sifety® The detuled steps of the
technic are as follows

STEAM SHOULD BE MAINTAINED IN THE JACKET OF THE HIGH
SPEED PRESSURE INSTRUMENT STERILIZER PRIOR TO AND DUR
ING THE ENTIRE SURGICAL PROCEDURE

1) Scrub the mstrument with warm water contuning detergent for about
15 seconds, followed by another 15 second wash m fat solvent, such as
Soltrol 130° or Stoddard Solvent

2) Place the opened nstrument m a tray with wire mesh or perforated
bottom, 1nsert tray 1n stenilizer, close and lock door

3) Open “Steam to Chamber valve and note tune when thermometer
shows 270° F The exposure penod should be 3 mmutes at this temperature

If the stenlizer 15 equpped with “Cvclomatic Control set “Timer for
3 minute exposure period turn “Selector” switch to “Fast Exhaust, and then
turn “Operating Valve™ (clockwise) to “Ster”

4) At end of exposure peniod, close “Steam to Chamber valve and open
“Exhaust” valve After pressure has exhausted to zero, open door, remove
mstrument and delwver to operating table

STERILIZATION OF UTENSILS

The most rehable method for the stenhization of utensils, basin sets and
other contamers 1s by means of steam under pressure In most hospitals the
procedure 1s fairly well standardized The utensils are wrapped m muslm,
stenhized 1 Central Supply, and stored for use, just the same as for dress-
mgs (fabnies) and other dry goods It 1s important to observe certmn
details with respect to wrappmg and loading 1 the stenihzer If several
utensils are nested, snugly fittng 1nto each other, they should be separated
by a layer of muslin to prevent tight contact of the metal surfaces and to
allow some space for direct steam contact to all surfaces

Utensils should be wrapped i double thickness muslin In the case of
the standard basin set the wrapper may then serve as the sterile drape for
the basm stand Always place the wrapped kuts of utensils 1n the sterilizer
on edge so that any water contamed m them would dramn out completel:
This facilitates both sterihization and drying The utensils can be stenhzeyd
separate from other supplies 1 a mimumum exposure of 15 mnutes at
250° F (121° C) If desired, they may also be sterilized as a part of the

* A product of Philips Petrolcum Co Bartlesylle OMa
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f‘xg 78 The gh speed pressure instrument sterihizer adjusted for operation at 270 F
meets the requirements for erther emergency or routine sterihization

EMERGENCY STERILIZATION OF INSTRUMENTS
In the emergency sterthzation of instruments no compromise with safety
can be tolerated The method selected must be adequate for the destruc

tion of resistant spores and 1t should be sufficiently rapid so as not to greatly
mconvemence the surgeon These requirements can be met through the
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sutures Some surgeons prefer that sutures be boiled, and kept wet untit
used as the tensile strength 15 greater after borling than after autochving
In this case, Harms! has recommended that the approximate tmount
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Fig 79 Fme sutures of silk cotton or nylon may be threaded on to needles basted
through gauze wrapped m mushn and stertized with other dry supphes for
30 minutes at 250 F

needed for an operation be boiled 20 minutes and placed immedrately i 1
bowl of water on the stenle table

Nylon Sutures Monofilament nylon 1s a relatively coarse strand used for
cosmetic surgery and as a stay or tension suture Multifiliment nylon 1s
form and appearance quite similar to black braided silk The suggestions
given under silk apply completely to erther form of nylon, whether distrib-
uted m stenle tubes with or without needles or on non sterile corls or spools

Fine sutures of silk cotton or nylon may be threaded on to needles,
basted through gauze wrapped with mushn and stenilized with other dry
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bulk load of dry supphes, provided the utensils are not placed above or
below other packs In close contact with packs of dry goods the basms
may mterfere with stenlization of the other materals, and they are almost
certamn to cause some wetting of the packs m contact with them It 15 good
practice to arrange the utensils at one end of the sterihizer, when mcluded
as a part of the bulk load of fabrics

STERILIZATION OF SUTURES

Catgut The catgut sutures produced today by reliable manufacturers
can be depended upon for sterility The suture material 1s available m two
types the anhydrous or boilable gut and the hydrated or non boilable gut
The advantage of the boilable type 1s that the exterior of the tube can be
sterithzed by steam under pressure 1n the same manner as surgrcal mstru
ments Non boilable catgut, on the other hand, cannot be heated and the
exteror of the tube must be disinfected by chemical means

Silk Sutures Untreated Silk sutures should be stenilized by steam under
pressure not by boilmg For immediate use 1t 15 good practice to loosely
wind the small amount of suture material needed for an operation on a
gauze pad and subject 1t to sterilization with the struments at 250° F
(121° C) for 15 minutes Repeated sterihization decreases strength some
what, and procedures should be arranged to avoid more than three sterih
zations of silk If 1t 1s desired to prepare sutures for emergency use, they
may be wound loosely on gauze as suggested above, covered with mushn
wrappers and sterihzed in the pressure sterihzer for 30 mmnutes at 250°
254° F (121° 123° C ) along with other dry supphes

Silk Sutures, Treated Most silk sutures now m use are black braided
strands which have been waxed bv the manufacturer Tubed strands are
stertlized by the manufacturer generally by a process equivalent to dry
heat sterthzation and therefore require sterihization of the outside of the
tube only This may be accomphshed in the autoclave or by prolonged
storage m germicidal solutions Waxed braided silk supphed on spools
should be sterihized by autoclaving at 250° F (121° C ) for 30 mmutes
The silk should be removed from the wooden spools to avexd possible con
tamination with resins extracted from the wood dunng the heating process
and loosely wound on reels designed to permit cutting all strands to 9 15-
or 18 mnch lengths as required

Cotton Sutures These should not be sterhzed on the ongmal spools
because of the possibility of contammation from the wood and of serious
loss m strength due to normal shrinkage beng prevented by the tight wind

mg? It 15 advisable to wind cotton suture matenal loosely m coils or on
reels that will provide the desired lengths for use and then sterihze by
autoclaving Cotton 1s not greatly affected by repeated stenlizations but a
maximum of three times 15 suggested for mamtainmg high quality of the
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sutures Some surgeons prefer that sutures be boiled, and kept wet until
used, as the tensile strength 1s greater after borling than after autoclaving
In this cise, Harmst® has recommended that the approximate amount
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Fig '1? Fme sutures of stk cotton or nylon may be threaded~;1 to nee;l;; ;ast;d
through gauze wrapped 1n mushn and stenthized with other dry supphes for
30 minutes at 250° F

needed for an operation be boiled 20 minutes and placed rmmediately 1n 2
bowl of water on the sterile table
Nylon Sutures Monofilament nylon 1s a relatively coarse strand used for
;:osmetxc surgery and as a stay or tension suture Multifilament nylon 15 1n
orm and appearance quite similar to black brairded silk The suggestions
gwven under silk apply completely to either form of nylon whether distnib
uted in sternle tubes with or without needles or on non sterle coils or spools
b Fmés sutures of silk, cotton or nylon may be threaded on to needles,
asted through gauze, wrapped with mushn and sterilized with other dry
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supplies for 30 mnutes at 250° F (121° C), as 1n Figure 79 It 1s well to
remember that these suture materals are also subject to the condition of
superheating as are all fabrics and textiles To avoid superheatng the
strands should be moistened Lightly with water before placing them n the
sterihzer

1
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CHarTER 9
Water Sterihizers

N THE HOSPITAL sterle water 1s as essentinl to clean surgery and
aseptic techme 1s sterile instruments and dressings It obviously should
be protected from recontamunation with the sme care Through the aid of
modern methods 1t 1s not a difficult procedure to render water stenle To
mamtam water m the stenle state 15 not, however, easly accomphshed
except through the use of equipment designed specifically for this purpose
Smee water as normally supplied to hospitals and mstitutions contamns
but few bactenal spores, and because the orgamisms present are wet, they
are easily destroyed upon heating the water to 250° F (121° C) for a
brief period of exposure The real difficulty encountered 1s n effectively
guarding the stenihity of the water agamst air-borne, msect and contact
contamination following the sterilization process, especially at the pont of
draw -off from the storage reservoir or tank

THE MEANING OF “STERILE WATER”

General use of the term stenle water should be discouraged chiefly
because 1t does not denote any particular quality of water from the stand-
point of mineral impurittes freedom from pyrogens, chemical or physiolog-
1cal compatibility In order to avoid posstble misunderstanding or confu-
sion as to the acceptability of the water for a particular surgical requirement
1t1s desirable to designate the product as stenile tap water, steride water
for external use or stenle distilled water, whichever the case may be
Ordinary water as supplied for drnnking purposes 1s usually designated

tap water, meaning that 1t has undergone only the common punfication

process of chlormation required of a public water supply so as to make 1t
safe for human consumption While tap water 1s generally recognized as
beng free of pathogenic orgamsms 1t 1s defimtely not stenle After sterth-
zation 1t will still contam most of the ongmal chemical impurities, includ
ing dead bactena and pyrogens which render it unsafe for use mn the
preparation of parenteral solutions 1sotomic fluids, or for other surgteal
application where a phystologteal environment for wound healing must be
mamtamed

Stenlized tap water produced in water sterihzers of the pressure type 1s
widely employed m hospital operating rooms and delwery rooms for rou-
:i;et :tse: 11: ‘l;and basins, wngations, hot pacls, etc Many surgeons feel

p water 1s sabisfactory for such apphications However, other
147
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supplies for 30 mnutes at 250° F (121° C), as in Figure 79 It 1s well to
remember that these suture matenals are also subject to the condition of
superheating as are all fabrics and textiles To avoid superheatmg the
strands should be moustened lightly with water before placing them n the
sterilizer
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Fig 80 Pair of modern water sterilizers—steam heated

valve which closes automatically if the gauge glass 1s broken when the
reservorr 15 under pressure

When water 15 sterihized 1n any vessel opportunity for recontamunation
mmmediately begins when the water cools and continues until the reservorr
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surgeons, mcreasmg n number within the last few years, recognize that
stenle tap water does not fulfill the requirement for an ideal wngating
flnd and this group advocates the use of strictly 1sotonic solutions in the
operating room

The use of nonpressure reservoirs for water sterilization 1s no longer
recognized as a reliable method Long expenence has proved that water
m this type of contammer may not always be rendered sterile because the
highest temperature attamnable 1s 212° F (100° C ), and 1t 1s almost imme
diately exposed to contammation occurring through unfiltered ar contact
and through unstenle gauge glasses or draw off faucets Loose fitting reser
voir covers mahe 1t mmposstble to provide for air filtration and, lacking
steam under pressure, there 1s no means for flushing out gauge glasses or
draw off faucets If a water filter 15 provided 1t 15 impossible to sterihize 1t
or the pipe connections leading to the filter These factors constitute the
principal objections to the nonpressure method for water stenlization

Because of more dependable operation the pressure method for the
sterilization of water has become the commonly accepted standard of hos
pital practice Recent trends would indicate that the pressure method will
Lkewise give way m the not too distant future o an even more rehable
process, namely the mdividual flask method for the preparation, sterthza
tion and dispensing of sterile water and other solutions n the hospital (see
Chapter 18)

WATER STERILIZERS SHOULD PROVIDE FOR EFFECTIVE
WATER AND AIR FILTRATION

The essential features of construction and operation of a pair of modern
water sterihzers are shown m Figures 80 and 81 Other umts, whether
heated by gas or electricity are sumlar in design and operation Steam 15
the preferred source of heat because 1t 1s fast economical and safe The
steam supply for each reservorr 1s controlled by a single valve and the
return line from each heating coil 1s equipped wath a thermostatic trap and
check valve Automatic pressure regulators, one for each reservorr mam
tam the correct steam pressure and temperature of 15 17 pounds and
250° 254° F (121° 123° C ) throughout the stenhzing period The left
hand (cold) reservorr contans a cooling coil and the flow of cooling water
1s controlled by a dialed regulator adjustable for varying water pressures

Each reservorr 1s also equpped with an mdividual, self stenlizing com
bmation water and air filter—controlled by a smgle valve In fillng the
tanks the flow of water 1s visible through the glass front of the filter case
A percolating system 15 also provided for each water level gauge which
automatically circulates water through the gauge while the reservoir 1s
undergomg sterlhization Each gauge connection to the reseryoir mcludes a
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of water from the reservorr, an equal amount of ur 1s drawn 1 to gga;e
& To illustrate, a 25 gallon reservorr of water was heated to s
(121° C) and then allowed to cool to atmospheric temperature The
reservorr was 5o arranged that Al ur was taken through a glass water
trap Twenty four hours after the heat was turned off, ur bubbles were
still bemng drawn m visibly
through the water trap n
appreciable quanhity This
air absorption and air con-
tact defimtely permits con-
tamnation, unless the arrss o e
passed through an effective  Conon b bt tos
bactena retentve filter Al Uflondo o ddny
room air carries a certamn  stenlzer
amount of dust, a consider-
able portion of which 15 la-
den with mcroorganmisms
which may or may not be
pathogeme

Some of the older water W e Reserv ¥
sterthizers still 1n use today,
are equpped with ar fil-
ters sunidar to that shown
m Figure 82 This device
consists of a small metal
cup contaiming cotton wool
as the filter medwum,
mounted above an auto 1€ 82 A common type of vacuum release valve

and arr filtering cup found on older water stenlizers

:;ahc valve on ﬂ’}(;ldomelof It 1s worthless as an arr filter

e reservorr e valve

closes approximately tight but rarely completely tight, when the reservorr 1s
subjected to iternal pressure durmg stenhization It opens freely to relieve
vacuum when the water cools and when water 1s withdrawn, for the intake
of air The cotton m the cup serves poorly as a filter because 1t becomes
mostened by steam escaping through the valve durmg steriization This
causes the cotton to shnnk away from the walls of the cup When most, the
cotton becomes so dense that air can be forced through 1t only with diffi-
culty As the result, there 1s hitle filtration of air but a definite intake of
dust particles and condensate from the cup back mto the reservorr This
type of filter on a water sterthzer 1s worthless

The combned water and air filter used on sterilizers shown in Figures 80
and 81 1s so constructed that 1t can be automatically sterihzed by steam
each time the water 1s steriized The water filtening element (Fig 83)

A 1itoke

\{v '

Th s volve clo d
p  rebutopsnsund v
vacwum—to admtor
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has been emptied Hot water, upon cooling absorbs air until 1t 15 in equiltb
rium with the atmospheric (room) temperature and with every withdrawal
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Fig 81 This diagram shows essential features of construction and operation of the
steam heated water sterihzers
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of wAter from the reservorr, 1 equal amount of ur 1s drawn m to r—cpolflce
st To illustrate, a 25 gallon reservorr of water was heated to 250 II‘
(121° C) and then llowed to cool to atmosphenc temperature The
reservorr was so arrnged that all ur was tahen 1n through a glass water
trap Twenty four hours after the heat was turned off, ur bubbles were

still beng drawn m visibly
through the water trap
appreciable quantity This
arr absorption and air con
tact definitely permits con-
tamnation, unless the air 1s
passed through an effective
bactena retentive filter All

Al toke
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1 ght mo 3 when wat
U Flteredoro ddrty
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room arr carries 1 certun
amount of dust, a consider
able portion of which 1s la-
den with microorganisms
which may or may not be
pathogeme

Some of the older water
stertlizers, still in use today,
are equpped with arr fil
ters stmilar to that shown
m Figure 82 This device
consists of a small metal
cup containng cotton wool
as the filter medum,
mounted above an auto
matic valve on the dome of
the reservor The wvalve
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Fig 82 A common type of vacuum release valve
and air filtenng cup found on older water stenlizers
It 1s worthless as an arr filter

closes approximately tight but rarely completely tight, when the reservorr 1s
subjected to mternl pressure during stenhization It opens freely to reheve
vacuum when the water cools and when water 15 withdrawn for the intake
of air The cotton 1n the cup serves poorly as a filter because 1t becomes
moistened by steam escaping through the valve duning stenlization This
causes the cotton to shrnk away from the walls of the cup When moist the
cotton becomes so dense that air can be forced through 1t only with diff
culty As the result, there 1s Little filtration of air but a definite mtake of
dust particles and condensate from the cup back nto the reservor This
type of filter on a water sterihzer 1s worthless

The combined water and air filter used on stenhizers shown 1n Figures 80
and 81 15 so constructed that 1t can be automatically stenlized by steam
each time the water 15 stenlized The water filtering element (Fig 83)
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consists of three removable filter discs made from a specially prepared
fibrous material which will withstand the action of steam without serious
loss of efficiency The water filter 1s mounted in the filter case behind a
glass cover through which the operator can see the passage of water as the
reservorr 15 bemng filled

Arr mtake to the reservorr occurs through the same filter case and might

Fig 83 Ths 1s typical of one type of water filter used on modern water stenihzers It
consists of three removable filter discs made from a compressed fibrous materal

be drawn back through the water filtering element except that 1t 15 so dense
that air will pass through 1t only by considerable pressure For the filtration
of air a secondary element 1s provided consisting of tightly compressed
noncorrosive metal wool mamtamed m a moist condition The arr filtering
element 1s backwashed by steam every time water 1s stenhzed It possesses
a fair degree of efficiency m the removal of bacteria and dust particles No
arr filter will assure complete protection In fact the sterlization of air by
filtration through a fibrous medium means nothing more than the estab
hishment of a permissible probabihity for passage of a contaminant

The valve controlling raw water supply to the filter 1s a double action
valve which when opened admits water to the filter and automatically



Water Sterlizers 153

closes the rear connection on the valve lading to the drun When the
valve 15 closed, water flow 1s shut off wnd the rear connection to the drain
1s opened Then should the valve leak shightly, lethage 1s conducted
duectly to the dram mstead of the water reservoir During sterthization
steam from the reservorr passes through the filter to the dramn and this flow
contmues until the filter (thermostatic) trap 1s heated and closes, holding
the entire filtering system under pure ste im pressure 1§ long as stenlization
continues

An arr mtake tube connects the air filtering compartment directly to the
ar-vented waste A ball check m the filter case prevents flow from the
Slter to the waste but admts air freely under shght back pressure as when
water 1s withdrawn from the reservowr or when the sterthzed reservorr cools
down In this manner modem water sterihzers give faxly rehable protection
agamst the hazards of recontamnation

STERILIZATION OF GAUGE GLASSES

Of the water sterthzers m use today there are many with no provisions
for the automatic stenthzation of gauge glasses These units present special
problems because the water contamed 1n the gauge glasses 1s not subjected
to the sterilizing mfuence of the heat applied to the reservoir If the gauge
glasses are not flushed out during sterilization the unstenle water will later
contaminate the reservowrs Fortunately many of these older stenhizers have
valves on the gauge fittings permittmg the gauge to be closed off from
the reservorr and the unstenle water then dramed from the pet cock m
the bottom fitting Following this, steam 1s permitted to blow through the
gauge glass for about 15 seconds 1n order to provide for sterihzation Then
when the pet cock 15 closed and the valve to the reservor opened, the
gauge will refill with stenle water to the level mm the reservorr

The system employed for the automatic sterlization of gauge glasses
operates on the prmeiple of a coffee percolator, as shown mn Figure 81 A
metal tube ts attached to the source of heat so that a small volume of water
15 heated sufficiently m advance of the mam body of water to force 1t
through the tube the other end of which leads to the top of the water
gauge This circulation, mdicated by a film of water flowmng mto the top
of the gauge, continues, vigorously at first, but slowmng down as the water
m the gauge and the water i the reservorr approach the maximum teme
perature This eirculation eliminates accumulation of sediment n the bat-
tom of the gauge glass and subjects the water m the gauge to the same
sterthzing effect as the water n the reservoir

DRAW.OFF FAUCETS

One o the most serous enticisms 1n the use of water sterihzers 15 that
ro positive method has ever been devised for the sterlization of the draw-
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off faucet This 15 a most vulnerable location for the deposit of aiwr bome
bacteria and 1t 1s extremely difficult to completely protect the draw off
faucet aganst msect or contact contamination Present day faucets all
have bell shaped mouthpieces, designed to protect, insofar as possible, the
water outlets from contact contammation Probablv the most effective
method for the cleansing of faucets 1s as follows

At the end of the sterilization period, before turning off the heat place
a wide mouth pitcher or other large contamer under each draw off faucet
and permut the hot water and steam to flow through vigorously for at least
15 seconds This will serve to sterihze the critical surfaces of the mouth
prece and to flush out the connection leading to the reservorr as effectively
as can be done by any practical procedure If care 1s taken to wnsure that
thus detail 15 carned out each time the reservoir undergoes sterthzation the
draw off faucet will remam reasonably free of contamination

Some hospitals require the mouthpieces of faucets to be flamed before
use This 15 a troublesome detail and the practice should be discouraged,
especially if the sterilizers are located close to the operatmg room where
explosive anaesthetic gases are used It 1s also questionable if the flame as
usually applied ever contacts the critical surfaces of the faucet with suffi
crent intensity to sterithze

RESTERILIZATION OF WATER

The question frequently arises as to the maximum length of tume water
can be considered to remain sterile m water sterthzers If the stenlzers
are equpped with modern protective features and m good repair there 15
evidence to show that the water m the reseryoirs will remam sterile for at
least 24 hours However other factors justify the recommendation that the
water should not stand more than 12 hours before resterthzaton As must
be acknowledged the draw off faucets can be contammated easily and they
may be covered with dust particles after standmg many hours

The degree of contamination withm the reservorr, if 1t does occur, will
Iikely merease with time A slow leak 1n the cooling coil m the cold tank
or a faulty arr filter may contribute httle if any, contammation 1n a few
hours but the accumulated leakage or possible passage of contammants
durmg an entire day would definitely become a sertous matter The best
procedure 1s to establish a routine for the sterilization of water on an 8 to
12 hour basis This assures an added measure of protection 1 guarding
against recontamination

SAMPLING WATER FOR STERILITY TESTS

The collection of samples from water sterihzers for stenlity testing should
become a standard procedure in hospitals with properly equipped labora
tories and tramed personnel qualified to conduct this type of work The
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first step m collecting the sample of water 15 to sec that both reservoirs
(hot and cold tanks) have been sterthzed 1n the routine manner according
ta the operating mstructions This should be done m the afternoon preced-
g collection of the sample the following day m order that the stenlized
water may stand for at least 12 hours The purpose 1n permitting the ster-
Yized water to cool overmght s to afford ample opportunty for contamma-
tion to enter the reservoir whether from a faulty arr filter or a slow leak 1n
the cooling coil n the cold tank

The next step 1s to draw off approumately three fourths of the volume
of water m the reservorr and discard 1t Then hold a previously sterihzed
bottle or flask of about 200 ml capacity under the faucet and collect the
sample from the remarming water The flask should be immediately covered
with a stenle stopper and delivered to the bacteniological laboratory By
follow.mng this procedure 1t 15 possible to collect a sample from the upper
portion of water 1n the reservorr This 15 desirable because a low order of
contammation may not always be umformly dispersed throughout the
entire volume of water

Another method which gives equally satisfactory results 1s to run the
sample of water directly mnto a tube of stenle culture medium However,
this method requires extremely careful techmque m order to collect no
more and no less than the requred aliquot of water for the volume of
medium 1 the tube When this method 15 used, the medm should be con-
tamned 1n large test tubes with dimensions of 30 x 200 mm , each contamning
40 ml of fluid thioglycollate or other approved sterility test medium The
sample of water undergoing test should then be hmited to about 10 ml All
tests should be conducted 1n duplicate and the tubes mcubated at a tem-
perature of 32° 35° C

OPERATING INSTRUCTIONS
(Refer to F1g 80)

1) FrL Reservors Wirn Water Open filtered water valve and when
water gauge mdicates desired level m reservorr close valve tightly

2) To Tury oN HeAT Open steam valve for the reservoir to be stenhzed
Durmg stenhzation gauge glass 1s automatically sterilized, indicated by a
film of water contmuously flowmng into top of gauge above the water level
Each water gauge fiting at top and bottom has a push button shut off for
use only when gauge glass 1s broken Normally these push buttons must be
pushed all the way in They are pulled out with a twisting motion only to
close off the gauge

3) To Stermzze When thermometer mdicates 250° F (121° C) note
tlléls Um: as Iiiggx‘mng of exposure peniod Exposure should contmue for

mmnutes wi e automatic pr:
perature of o50° b (1210?1 ;img )regulator adjusted to mamtan tem-

4) Stean Frusa Draw oFr FAucers At end of the exposure period be
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fore turning off heat, hold a wide mouth pitcher under the draw off faucet
and permit hot water and steam to flow vigorously for 15 seconds to sten
lize the valve and to flush out the connection mto the reservorr

5} Crose Stean SuprLy VALVE Only after the draw off faucet has been
steam flushed close the steam supply valve tightly

6) To Coor Water When sterilization 15 complete, open cooling water

Wet  Flte

o
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U
Fig 84 Water sterthzers of all makes
were formerly piped as shown here with
dramnage connections leading durect to the
sewage system with no mtermediate aw

breaks Leaky valves 1 2 or 3 would per
mut the reservoirs under negative pressure

Wet  Fitee

T wap S phly
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Fig 85 This shows how air breaks can be

appled to the piping (Figure 84) to guard

agamst pollution from the waste Aw gaps

m all such connections should be s
mches or more

to draw 1 sewage or this mght be occa

sioned by the backing up of sewage due

to a clogged waste lne Present samtary
codes condemn this system of piping

valve to left hand reservoir and leave 1t open for about 30 mmnutes or until
water has been cooled to desired temperature mdicated by thermometer
Then close tightly the cocling water valve

7) ResmermzaTion Do not allow stenibzed water to stind more than
twelve hours before resterilization

HAZARDS OF OBSOLETE TYPES OF WATER STFRILIZERS
A dangerous source of stenle water contammnation 15 found mn obsolete
equpment where the connections on the sterlizers are made direct to the
waste with no mtermediate awr breaks This system still occasionally en
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countered 1n hosptals, 1s shown n Figure 84 With such 1 system of pipmg
there 1s no protection agamst the backflow of water from the waste to the
stertle reservorrs It 1s defimtely hazardous and samtary codes condemn
the method of piping and require rearrangement to conform to the system
shown m Figure 85 Here every dramage line 1s protected agamst back-
fow from the waste by means of open funnel air breaks

Any water sterilizers in use today lacking the latest protective features
should be considered obsolete and prompt action should be taken to re-
place or to modermize them Whatever the circumstances may be, 1t 1s
essentral that the waste Iine piping conforms with modern plumbing codes
Each tank should be equipped wath an mdividually controlled water and
aur filter, subject to automatic stenhzation Provision should also be made
for automatic sterthzation of gauge glasses In addition, methods should be
mstituted for the routme mspection and control of water sterihzers, with
special emphasis given to steam flushing of draw off faucets each time the
sterihizers are operated

REMOVAL OF SCALE FROM WATER STERILIZERS

The water supply n many localities contamns large amounts of lime, re-
sponsible for hard water conditions Application of heat to hard water
causes the line salts to deposit 1n the form of scale on the heating coils and
on the bottom and side of the reservoir Frequently thus scale will accumu-
late on the bottom of the reservoir, bulding up nto a mass of considerable
volume As soon as any discoloration of water 1s noted, or if particles of
scale appear when water 1s withdrawn, that 1s an indication that the tanks
need to be cleaned

The process of cleaning or removal of scale should not be attempted by
nursing personnel, rather the work should be carmed out by a tramed
mechanic or mamtenance man after routine working hours At weekly -
tervals or once each month, depending upon the qualty of the raw water,
the stenlizer should be filled to about one third of its capacity and heated,
to stenlizing temperature Cover the open funnel in the waste line with
towels draped about 1t to prevent escape of steam and water nto the room
then open the waste valve and permut the reservor to blow down until 1t 15,
empty Then, while the coils are stll hot, 1l the reservorr completely and,
w1t]hout heating permit the water to dram out This will remove the loose:
;r:; :, g;l:}zc:fsfecnvely but will not remove the hard deposit on coils and

If the stenlizers are electrically heated the accumulation of scale on the
heaters will eventually cause bumn out because the mass of scale becomes
so dense that the heat bwlds up to a degree that will actually melt t}‘\3
n}l’etal sheath of the heaters Usually it will be found necessary to dlsmanﬂ:
the stenhzers for efficient cleamng whether heated by direct steam or
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electricity This 1s a major task and the following points should be kept
mind when performing the work It 1s impractical to apply an acid or scale
solvent to the interiors of tanks Since comparatively little scale forms on
these surfaces the use of a wire brush or coarse knife for scrapmg the scale
loose will usually suffice Before reassembling, the tanks should be thor
oughly rmsed out with water Coils or heating elements require soaking m
warm muriatic acid (1 part acid to 9 parts water) until the scale has
softened sufficiently for easy removal The removal of scale from the m
terior of a coil can be accomplished by repeatedly filing the coil with the
dilute acid while 1t 1s being subjected to moderate heating Termmals on
electric heaters must be protected from the acid and care should be exer
cised to prevent the acid fumes from contacting highly fimshed or plated
surfaces After soaking the coils or heaters in the acid solution for about an
hour the residual can be removed by scraping with a coarse kmfe edge The
parts should be thoroughly nnsed m tap water before reassembhng m order
to remove all traces of acid

LIMITATIONS OF WATER STERILIZERS

The continued use of water stenihzers m hospitals has been serously
attacked by several authonties in the field of sterhzation Walter?® for
example, has stated that there 15 no practicable way of guarding the
sterilizers aganst contamiation and that the water 1s likely to be contam:
nated when 1t 1s drawn off In summary, water sterilizers are decded
luxuries that contribute hittle to aseptic techme A more recent statement
agamst the use of water sterilizers has been 1ssued by the Advisory Com
mittee on Sterthzation Procedures for Queensland Public Hosputals * This
group 1s of the opmion that sterility of the water can never be relied on—
the only safe water 1s water that has been autoclaved

Undoubtedly there 1s evidence to support the above statements when
one considers the many elements of faulty design and the obvious neglect
of protective samitary features on water sterihizers installed m hospitals
during the past fifty years It 1s hardly fair however to direct such severe
cnticism against the modern types of water sterihizers—those mstalled m
hospatals during the last two decades which for the most part have given
satisfactory service Many hospitals have mstituted routmne bactenologic
testing of water sterihzers and therr results over a long period of time have
shown that the sterihzers when maintamed 1n good mechamcal condition
are capable of operating with a high degree of efficiency Nevertheless, 1t
must be acknowledged that water sterihizers have defimte Iinmtations and
whenever such equipment 1s purchased by a hospital the facts should be
honestly presented and clearly understood Those features known to con
tribute to faulty operation and contamination of the water are

a) Ineffective arr filters



Water Sterihizers 159

b) Single water filter serving both reservoirs—lways 2 potentinl source
of contamimnation

¢) Cooling coil in cold tank This my develop a slow leak

d) No provisien for rutomntic sterilization of side arm gauge glisses

e) Leaky valves permutting raw wAter to enter sterile reservowrs The
most modern stenthizers are designed to prevent such n occurrence

f) Dramage connections piped direct to the waste lme, with no nter-
mediate air breaks Tlhis system of piping constitutes a violation of simtary
codes

g) No practicable method for the positive sterilization of draw-off
faucets
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CHAPTER X
Dry Heat Sterilization

T IS IMPORTANT for the student of stenhzation to clearly understand
the lumtations of dry heat as a sterilizing agent It should be used only

where direct contact of the matenial or substance with saturated steam 1s
mmnpractical or unattamable Dry heat in the form of hot air 1s difficult to
control within narrow limts, except tn a specially designed sterthzer It
penetrates matenals slowly and unevenly and long exposure periods are
required for stenithzation Because of the poor penetrability and the destruc
tive effect of the high temperatures employed, dry heat or hot arr 15 entirely
unsuited for the sterthzation of fabries and rubber goods On the other
hand, 1t 1s well suited for the\;teﬁlzatmn of keen, cutting fig_gLnjtrumen(S,
needles and syringes Dry heat does not exert a corrosive effect on sharp
mstriiments as IS commonly observed with steam, nor does 1t erode the
ground glass surfaces of syringes

The action of dry heat on objects 1s that of conduction The heat 1s ab
sorbed by the exterior surfaces of an article eventually heating the mtenior,
but the factor of moisture 1s lacking It 1s a false assumption to believe that
all substances normally m the liquid state or those which become Iiquid
upon heating such as petroleum jelly ( Vaselme ), can be rendered sterile
by the usual autoclaving process Petrolatum oils oily suspensions fats and
powders have no appreciable water content and the mossture of the steam
cannot be depended upon to permeate the substances Heat resistant organ
1sms concealed m these materials would of course, be heated to the tem
perature of the surrounding steam but lacking the moisture factor the
temperature would be inadequate for complete bactenial destruction 1n
any practicable exposure period Therefore 1t 1s necessary for the stenthza
tion of anhydrous oils greases and powders to utilize a dry heat method or
1ts equivalent, with a safe time temperature relationship takmg mfo ac
count any appreciable time lag characteristic of heating a particular load

RESISTANCE OF BACTERIA TO DR} HEAT

The phenomena responsible for the widely different temperatures re
quired 1n dry and moist heat sterthzation have been explamed on the basis
of the changes in the coagulability of protemns brought about by the ab
straction of water In the classic work of Lewith * frequently cited it was
found that varous protemns are coagulated by heat at lower temperatures

160
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when they contam an nbundance of water than when water has been ab
stracted from them The following dat1 demonstrates this pomnt

Egg alburmin + 50% water coagulites at 133 I' (58 C)

Egg albumin + 25% water coagulates at 185 176 Y (74 80 C)
Egg albumm + 18% water coagulates at 176 194 F (80 90 C)
Egg albumm + 6% water congulates at 293 F (145 C)

Egg albumin + 0% water coagulates at 320 338 F (160 170 C)

If the heat coagulability of protemns as mfluenced by moisture 1s the deter-
mimng factor 1t 15 logical to state that 2 temperature of at lewst 320° F
{160° C ) should be used 1 dry heat methods of stenlization It also fol-
lows that bacteria exposed to hot air may be dehydrated greatly before the
temperature nses sufficiently to cause death by coagulation, complete de-
hydration necessitating their destruction by actual burning For this reason,
most authorities agree that death by dry heat 1s primanly an oxidation or
a slow burming up process

A review of the hterature has shown that there 15 a lack of systematic
study on death time temperatures of dry heat or hot air The early findings
of Robert Koch” and his coworkers demonstrated that the spores of Bacillus
anthracs required a hot air temperature of 284° F {140° C ) for 3 hours
tmn order to insure their destruction The resistance of both vegetative bac-
tena and spores vares considerably with different species some bemg
Lilled more readily than others Mold spores appear to be mtermediate
resistance between vegetative and sporulating bacteria n that they require
a temperature of 230°-240° F (110°-115° C ) for 90 minutes for their de-
struction ® In the author s Jaboratory 1t has been found that dry spores of
Bacillus stearothermophilus which show maximum resistance to moist heat
will survive dry heat at 250° F (121° C ) for 2 hours but they are de-
stroyed at 320° F (160° C ) for 1 hour The data summanzed m Table 9
are deseriptive of the findings of vanous mvestigators mn determming the
time temperature ratios required for the destruction of bacterial spores by
means of dry heat In dry heat sterilization an exposure time of 60 minutes
at 320° F 15 approximately the equvalent of 15 minutes at 250° F 1n
moist heat

The microbicidal action of dry heat 1s markedly influenced by the nature
of the fluid or substance surrounding the organism In the presence of
orgamic matter such as a film of ol or grease the orgamsm 1s defimtely
protected or msulated against the action of dry heat Walter' has empha
f,l,zsffmii tlsmgoﬁ‘ta}r:ce of this factor, particularly m the case of surgical

which, 1f properly cleaned beforehand, may be sterillized n

one hour at 320° F If o1l or grease 1s present on the nstrument, safe sterih-
zation calls for 4 hours exposure at 320° F Rodenbeck' has studied the
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thermal death time temperatures of resistant dry spores m anhydrous o1l
The findings of this mvestigator are deserving of serious constderation
the estabhshment of safe exposure periods for dry heat sterilization of oils,
fats or other anhydrous flmds For example, it has been determined that
at a temperature of 320° F (160° C ) a penod of 160 mmutes 1s required
for the destruction of resistant spores n anhydrous oil or fat If the ol 15
hydrated or contamns a small amount of water, as hitle as 0 5 per cent, sten-
lization may be accomplished 1 approximately 20 minutes at this tempera-
ture Rodenbech also found that the addition of 1% water to fats, oils or
paraffin made sterlization possible mn the autoclave after 30 minutes at
120° C or 10 minutes at 130° C Fortunately most ails do contain a small
amount of moisture, less than one per cent, unless subjected to a specific
dehydration process

REQUIREMENTS FOR DRY HEAT STERILIZATION

In setting up standards for dry heat stenilization, 1t 1s difficult and some-
what 1mpractical to attempt to establish one time and temperature entirely
suitable for all types of supplies Several factors influence the tune-tempera-
ture relationship required The nature and properties of the arhcle or
matenal undergomg sterthzation must be rechoned with, strict attention
must also be given to the method of preparation, packaging or wrapping,
as well as loading of the stenihzer If these factors are 1gnored the exposure
tume selected may be madequate for destruction of the most resistant and
least accessible orgamsms Instruments represent the ideal for dry heat
sterihization because of the heat conducting properties of the metal but the
maxmum temperature employed must be restricted to 2 safe range beyond
which the temper of the metal may be drawn For heat stable articles such
as glassware, 1t becomes possible to use a higher temperature for a shorter
penod of time, than when sterthzing certam powders which may undergo
physical or chemcal change unless the temperature 1s maintamed below
the cntical pomt of the substance In dry heat sterihization the basic pomnt
to keep i mind 1s that the time required to heat a quantity of one material
to stenlizing temperature may differ markedly from that required to heat
another matenal to the same temperature Allowance must be made for any
such differential 1n the exposure time

For dry heat stenilization of hospital supples the most widely used
temperature 15 320° F (160° C ) for 1 hour, preferably 2 hours Thus re
quirement refers to the actual temperature of the load It does not make
allowance for any appreciable time lag characteristic of a particular load
after the stenilizer has reached flus temperature In establishing rehable

methods for dry heat (hot air) sterthzation, the following time temperature
ratios are considered adequate
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340 F (170 C) 1 hour
320 F (160 C) 2 hours
300 F (150 C) 2% hours
285 F (140 C) 3 hours
250 F (121 C) 6 hours preferably overmight

HOT AIR STERILIZERS (GRAVITY CONVECTION TYPE)

There are two kinds of hot air sterihzers 1 common use the gravity con
vection type and the mechanical convection or forced air circulation type
For both umts the preferred method of heating 1s by electricity because it
affords accurate and dependable temperature control within the desired
range For routine work the temperature range should be 320° 325° F
(160° 1683° C') but the automatic regulator should be readily adjustable

Fig 86 Electrically heated hot air sterhzer grawity convection type
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for lower temperature sterihzation if the need occurs When 1t 15 desired to
stertlize glasswre only, as mn the laboratory, close temperature control 15 not
so essentral, and the temperature may advance to 1s much s 400° F (204°
G ) wathout harming the glassware For this reason the lnboratory hot air
sterilizer 15 frequently just a plan, umnsulated, gas fired oven, without
accurate thermostatic control To be sure, gas cannot be controlled with
the same accuracy as electricity

and the use of gas mvolves a defi Adyustable air vent

nite fire hazard Such equipment
has no place n the modern labora-
tory or hospital and 1t should not
be used for the stenization of ma

tenals that require accurate tem- _%

perature control or are known to tnsulation—s] £ _§

be combustible 1n nature | &8
In the gravity comvection hot arr I S

stertlizer shown 1n Figures 86 and Hoator ol ‘\

87, the arr circulates 1 accord with e D S, e s

eusting temperature differences }

between various portions of the ttttttt
chamber When air 1s heated 1t
expands with a corresponding de
crease 1 density The cooler air
descends m the chamber and the
heated arr nses to displace it The ascending warm ar gives up some
of 1ts heat to the load mn the chamber and also contracts m volume At
the same time the descending cool air 1s heated as 1t passes over the heating
elements In this manner the cycle 1s repeated, setting up gravity convec-
tion arculation m the chamber The speed of circulation 1s dependent
upon the ventilation provided through the adjustable air vent or exhaust
located on top of the sterilizer, and also the temperature differential be
tween the region of the heaters and the exhaust port

The design charactenstics of the gravity convection hot air sterihzer
mfluence the functional efficiency The design should not oppose the nat-
ural flow of aur currents by directing the arr stream around comers through
baffles, etc The heater bank should be located beneath the chamber
separated from 1t by a perforated metal plate, which serves not only as the
chamber floor, but as a diffusing surface to produce umform heating effect
over the full horizontal plane of the chamber Pre heated fresh arr can then
nse through the perforated plate pass up through the chamber flow
through the perforated diffusing panel which forms the celling and finally
exhaust stself through the adjustable ventilating port on top of the cabmet
At best, the gravity convection type stenilizer 1s much slower m heating

Air intake

Fig 87 Schematic diagram of ar circula
tion m gravity convection hot air sterthizer
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340 F (170 C) 1 hour
320 F (160 C) 2 hours
300 F (150 C) 2% hours
285 F (140 C) 3 hours
250 F (121 C) 6 hours preferably overmght

HOT AIR STERILIZERS {(GRAVITY CONVECTION TYPE)

There are two kinds of hot air sterihizers 1n common use, the gravity con
vection type, and the mechanical convection or forced air circulation type
For both units, the preferred method of heating 1s by electnaity because it
affords accurate and dependable temperature control within the desired
range For routme work the temperature range should be 320° 325° F
(160° 163° C ) but the automatic regulator should be readily adjustable

i ey it o . -

Fig 86 Electncally heated hot air sterhzer gravity convection type
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the turbo blower where 1t 15 mixed and diffused with rearculating aur The
heated aur then passes through a duct, where a hugh st1tic pressure 1s built
up, foreing the aur over to 2 compartment on the oppostte side of the cham-
ber Here 1t passes through another perforated diffuser wall and the ur 1s
discharged umformly over the entire vertical plane arer of the chamber
This msures a positive arflow m the honzontal plane, thus mamtammg
umiform temperature and equal transfer of heat to all regions As the heated
air flows cross the chamber and passes through the diffusing wall in front
of the heaters 1t 1s recirculated by the turbo blower and the cycle repeated
Any portion of the circulting air can be exhausted to the outside through
the adjustable vent on top of the sterilizer
With the mechanical convection sterilizer, air velocity, direction of circu-

lation and heat mtensity are controlled to produce umform temperature m
the chamber regardless of the type of load To meet the requirements of
heavy usage m hospital work an efficient hot air stenilizer should have per-
formance charactenstics as follows

Power consumphion—approuamnately 520 watts per cu ft of chamber capaaty

Come up tme to 320 F in chamber {no load)—no longer than 30 munutes

M. d hrougt hamber (no load)—22 F

Come up time to 320 F wth fully loaded chamber of glassware—no longer than
75 mmnutes

In addition to the above charactenstics, the sterilizer should have pos:
tive means for exhaust of gases or vapors Liberated durmg the sterihzing
process Automatic controls are also a desirable feature including a 5 hour
timer and an alarm

USE OF AUTOCLAVE AS HOT AIR STERILIZER

Supervisors frequently mquire as to the advisability of using the ordmary
pressure steam stenilizer (autoclave) with steam 1n jacket only as a substi-
tute for the hot air or dry heat stenilizer Certainly this can be done 1s bemg
done 1 many hospitals but the method 15 not deserving of recogmtion as a
standard procedure unless the sterilizer 1s equpped with proper controls
When operated with steam m jacket only at 15-17 pounds pressure, 1t 1s
true that the chamber walls of the dressing sterilizer are uniformly h,eated
to 250° F , and that conditions m the chamber are moderately swted to hot
arr sterthzation However, the thermometer located i the chamber dis
charge line does not function as an idicator of the chamber temperature
when steam 15 applied to the jacket only Moreover 1t 1s just as ml: ortant
to record the true conditions of time and temperature for dry heatpsterl
zation as 1t 1s for saturated steam under pressure This constitutes the ﬁ1 ]t
senous objection to the method—there 1s no reliable mean: iy

s of checkin
temperature conditions 1n the ch: 5
o amber without modification of the steri~



166 Principles and Methods of Stershization

requires longer time to reach stenhzing temperature and less uniform m
temperature control throughout the chamber than the mechanical convee
tion type It should be used only for applications where rapid and precise

t
i
i
4
i

y-TOIFFUSER WALLS|

6LASS WOOL
INSULATION

'TURBG BLOWER

BALL BEARING
MOTOR

AIR INTAKE

Fig 88 Hot awr stenhzer electncally
heated mechamcal convection type F1g 89 Diagram of arr exrculation m me
Farced ae cuculation 1s accomplished by chamcal convection hot arr stenhzer

a motor dnven turbo blower

heating unrestricted loadabihity of chamber and accelerated amr circulation
are not decisive factors

THE MECHANICAL CONVECTION TYPE

For hospital use particularly m the laboratory and the central supply
department the mechameal convection hot arr sterilizer (Fig 88) offers
the maximum 1n functional efficiency at mimimum cost This type 1s usually
equipped with a motor driven turbo blower which produces rapid move
ment of a Jarge volume of heated air to convey heat directly to the load
under controlled temperature conditions The heater bank (Fig 89) 1s
mounted 1n a compartment separated from the working chamber by a dif
fusing wall directly n front of the turbo blower An adjustable ur mlet
opens into the heater compartment As the mcoming air 1s heited 1t enters
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before use In many cases 1t 1 apparent that chermienl disinfection methods
are employed for convemence rather than bacteriological efficiency or surgl-
cal safety

Dry heat stenilization of sharp mstruments c1n conveniently be carned
out m the hot air stenlizer at 320° F (160° C ) for one hour The first
requirement ts that the mstruments be clean, free from o1l or grease, other-
wase this exposure me may be inadequate It 1s preferible to plce the
mstruments on shallow alurmnum
trays m the sterilizer to enhance
the rate of heatng through the
heat conducting properties of the
metal Cauhon must be exercised
to guard agamst overheatmg Ex
posure to temperature appreci ly
higher than 320° F may destroy
the Leenness of the cutting edge
If the autoclave 15 used as the dry
heat stenilizer with steam 1 jacket
only at 250°-254° F, the exposure
period should be no less than four
hours for clean instruments pre
pared as above

Walter*® has described a dry
heat sterihizer for cutting edge 1n
struments 1 which the mstru-
ments are heated by direct contact
with a metal surface mamtamed at
320° F This method provides
rapid and uniform heatmg Hawn F1g 90 Suture needles may be
and Walter'” have also described a ﬁ;;:dﬁzdr:‘s’jl}:‘og:dhsi:lh’i
umque method of packaging scal at 320 F for not less thu
pel blades for dry heat sterihza
tion The scalpel blade 15 hermetically sealed mn an aluminum
prior to sterihzation It 1s possible that blades packaged m this n
become commercally avaslable

Suture Needles When suture needles are sterilized by situr
ser1ous rusting occurs which 1s difficult to overcome Experience
that dry heat sterihization 1s the method of choice The needles
be cleaned by soaking i a detergent solution and then dried 1
1s required they can be passed through a bag of fine emery p
packaging 1t 1s desirable to nsert the needles m a Iightly fo'
pack and wrap with mushn as m F 1gure 90 Sterihzation m
accomplished at a temperature of 320° F for not less than one L
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Another disadvantage 1n the use of the autoclave as a dry heat stenizer
1s that the standard steam pressure maimtained 1n the jacket 15 15 17 pounds,
equivalent to 250°-254° F (121°-123° C) With this dry heat temperature
m the chamber, safe sterilization calls for six hours exposure preferably
overmght An exposure period of this order s indicative of a relatwely
mefficient process, especially when safe sterilization can be accomphshed
m a much shorter time at a ugher temperature m a dry heat oven In the
mterest of economy and for the hospital that does not have a dry heat
stenlizer, there 1s some ment to loading the dressing stertlizer with syringes
and needles for an overnight exposure at 250° F During this period the
dressing stenihzer would not normally be required for other purposes

In the case of oils greases and lubricated gauze 1t 15 not uncommon to
expertence spillage or leakage of these matenials i the sterithzer chamber
‘When this occurs 1n the autoclave, 1t necessitates careful cleaning to remove
all traces of o1l or grease from the chamber surfaces Otherwise, supples
undergomng steam sterhzation later may possibly become contamnated
with a film of oil which serves as a protective barrier agamnst moist heat
stenlization Oul or grease mn the chamber eventually leads to partal clog
ging of the discharge lime which then requires cleamng and service by an
experienced mechame to msure efficient operation of the stenihzer The
obvious answer to 2ll of these shortcomngs 1s not to use the autoclave as
a substitute for the hot air sterilizer, except 1 an emergency or until such
time as suitable equipment designed for dual purpose sterilization can be
procured

PREPARATION OF SUPPLIES

The mmportance of thoughtful attention to details cannot be overempha
si1zed 1n preparing supplies for dry heat stenhzation Instruments, syriuges
and needles must be free from traces of o1l or grease Wherever practicable
the quantity of a hquid or a powder should be imited to that required for
a single use application An attempt should be made to standardize on types
of contamners methods of packagmg and loading to msure that when the
sterthzer reaches the proper temperature the load also wall be at this tem
perature or very close to 1t

Cutting Edge Instruments Selection of a satisfactory method for stenlt
zahion of cutting edge mstruments frequently poses a problem for the oper
ating room supervisor Surgeons requrre both sharp and sterile mstruments
Chemical disinfection 1s commonly resorted to particularly for scalpel
blades but great care must be used to msure that the wstruments are
thoroughly cleaned before immersion 1 the germeide and that sufficient
time be allowed for disinfection to take place Then 1if the germicide con
tains formaldehyde or anv other imtatmg substance 1t 1s necessary to
srinse the instruments m sterile water and dry them under sterile conditions
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before use In many cases 1t 1s pparent that chemical disinfection methods
are employed for convemience rather thn bactertological effictency or surgl-
cal safety

Dry heat sterthzation of sharp mnstruments c1n convenently be errned
out 1 the hot arr sterilizer at 320° F (160° C ) for one hour The first
requirement ts that the instruments be clen, free from o1l or grease, other-
wise this exposure time may be nadequate It 15 preferable to place the
mstruments on shallow alurmnum
trays m the sterihzer to enhance
the rate of heatng through the
heat conducting properties of the
metal Caution must be exercised
to guard agamst overheating Ex
posure to temperature appreciably
higher than 320° F may destroy
the keenness of the cutting edge
If the autoclave 1s used as the dry
heat stenithzer with steam 1n jacket
only at 250°-254° F, the exposure
period should be no less than four
hours for clean instruments pre
pared as above

Walter’® has described a dry
heat sterilizer for cutting edge 1n
struments m which the mstru-
ments are heated by direct contact
with a metal surface mamtamed at
320° F This method provides
rapxd and uniform heatmg Hawn Fig 90 Suture needles may be prepared m
ond Walter” have lso decrbed a5 v e T e e
umque method of packaging scal at 320 F for not less than 1 hour
pel blades for dry heat steniliza-

tion The scalpel blade 1s hermetically sealed m an alummum forl pachet
prior to sterthization It1s possible that blades packaged in this manner will
become commercially available

Suture Needles When suture needles are sterihzed by saturated steam
sertous rusting oceurs which 1s difficult to overcome Expenence has shown
that dry heat sterilization 15 the method of choice The needles should first
be cleaned by soaling 1n a detergent solution and then dried If polishin,
1s required they can be passed through 2 bag of fine emery powder Fo%
packaging 1t 1s desirable to msert the needles n a Lightly folded gauze
pack and wrap with muslin as m Figure 90 Stenlization may then be
accomplished at a temperature of 320° F for not less than one hour
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Powders The slow rate of heat transfer through jars or canisters of pow
der malkes 1t necessary to employ abnormally long periods of heating to
msure sterthzation This pomt 1s illustrated graphically m Figure 91 A
four ounce jar of powder of the type shown m Figure 92 requires 115 mm
utes to reach the sterihzing temperature of 320° F m the hot air sterilizer

HOT AIR
OVEN

SYRINGE
W pp )

Vi LAYER 1
POWDER

Y4 LAYER=10
VASEUNE

SYRINGE
(Tb)
1R
POWDER
VASELINE

20 JAR
POWDER

1A
VASELINE 118 MIN.
40 am

POWDER 15 MIN.

1% AR
E

VASEUN 120 MIN.

4 mr
VASELINE 145 MIN,

I 1
TING EXPOSURE
RATE OF HEAI -

10 320° F {160 C) T PERIOD

Fig 91 Time required to heat specific quantities of materals from room temperature of

75° F t0 320 F 1n hot air sterthzer The Iightly shaded section of each bar represents

the exposure period after the material has reached a temperature of 320 F The total
time consumed 1n the heating process 15 equal to the entire length of each bar

From the time that the stenihizer itself reaches this temperature the powder
still requires 55 minutes longer Then for safe sterthzation it 1s necessary
to add an exposure period of two hours which makes the total heating time
about four hours Srmular conditions of slow heating prevail for the smaller
9 ounce and 1 ounce jars of powder The poor heat conducting properties
of the glass jar the layer depth of powder and the surface area exposed are
the chief factors which contribute to the slow rate of heating of powder

For example 1 ounce of powder was placed 1n a Petr1 dish (Fig 92)
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Fig 92 Comparative rates of heating different guantities of powder to 320 F 1n hot

air stenhzer The time recorded for each contamer 1s actually the additional time

needed for the materal to reach 320° F after the stenlizer has attained this
temperature

Fig 93 Comparative rates of heating duff quantities of petrol jelly te 320° T

in hot air stenhizer The time recorded for each contaner 1s actually the add:ttonal

fime needed for the matenal to reach 320 F after the stenhzer has attamned this
temperature
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forming a layer % inch thuck, and then heated 1n the hot air sterthzer By
means of a potentiometer and thermocouple 1t was determined that after
30 minutes heating, the temperature rise ran parallel to that of the sterihizer,
and after 60 minutes both were at the same temperature of 320° F This
represents the 1deal condition~uncommonly practiced 1n the hot air sterilt
zation of powders The use of contaners for bulk pow der mvolving quantt
ties much greater than one ounce should be discouraged Also wherever
possible, the quantity of powder should be restricted to a % inch layer m a
Petn dish or simular type of contammer If these conditions are 1gnored the
exposure period of 2 hours at 320° F my be madequate

Sulfonamide Powders The sulfonamides, mcluding sulfanilamide, sulfa
diazine sulfathiazole and sulfamerazine are relatively heat stable chem
cals In powder form they may be heated to a temperature of 311° F
(155° C) for 1% hours without decomposition This temperature 15, how
ever close to the meltmg pont of sulfamlamide (165° C ), and for a greater
margn of safety, 1t 1s recommended that the pow ders be stenlized at 285°
300° F (140°-150° C ) for 3 hours A convement method of preparation 1s
to place small amounts of the powder, not exceeding 4 or 5 grams, m double
envelope paper contamers Test tubes with cotton plugs mdividually
wrapped also serve as suitable contaners

Zme peroxide 15 another substance which should be dry heat sterilized
at 285° F (140° C ) for four hours This time and temperature 1s requred
to activate or mobilize the oxygen and at temperatures higher than 285° F
1t begins to decompose To be effective this material must conform to cer
tam mmmum standards which have been outhned m detail by Meleney **

Other chemicals such as kaohn, zmc oxide mercurous chloride and bis
muth subnitrate can be dry heat steriized at 340° F (170° C ) for one
hour or 320° F (160° C ) for two hours

Oils and Nonaqueous Vehicles The slow rate of heating evidenced m
the sterthzation of powders 1s even more marked m the case of oils For
example the time required to heat a 4 ounce jar of petroleum jelly ( Vase
Iine ) from room temperature of 75° F to 320° F 1n the hot awr sterilizer
1s 165 mimutes as shown m Figure 91 From the time the sterhzer reaches
this temperature the petroleum jelly requures 100 minutes longer heating
to reach 320° F If the exposure penod of 2 hours 1s then added, the total
heating time becomes 4% hours for sterlization of this quantity of petrol
eum jelly

The time required to heat small quantities of petroleum jelly or petrola
tum to sterthzing temperature 1s far greater than commonly observed m
hosputal practice This statement 15 supported by the data given m Figure
91 which shows that a 1% ounce jar requires 120 minutes and a 1 ounce jar
110 rminutes to heat to 320° F This means that when the stenilizer reaches
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320° F , an additional period of 60 minutes and 50 minutes respectively 1s
requured for the two smaller contaimers to reach sterihzing temperature thAs
1n the case of powder explamed above, the depth of the layer of oil and the
surface area exposed greatly influence the rate of heating To illustrate, a
% nch layer of petrolatum, 1% ounces, was placed 1n a Petnt dish (Fig 93)
and then heated m the hot air stenhizer With potentiometer and thermo-
couple 1t was determined that after 30 minutes heating the temperature nise

Fig 94 A wide bottom flask 15 1deally suited as a contamer for petrolatum and other

oils normally liquid at room temperature The quantity of oil should be Limited to a

% mch layer about 1 oz 1n order to provide some margmn of safety mn stenlization

Petrolatum gauze can be convemently prepared 1n the catheter tray shown above The

gauze stnps should be limited to about 20 and the petrelatum to no more than 4 oz
making a layer % inch deep m the tray

m the petrolatum almost paralleled that of the stenihizer and that at the
end of 60 minutes the petrolatum required only 3 minutes longer heatmg
to reach 320° F Agam, this condition approaches the 1deal and the results
confirm the recommendation that for safe sterthzation the quantity of on
should be imited to approximately one ounce
Admuttedly the Petr1 dish 15 not the most suitable contaner for oils be

cause of 1ts shallow depth and the possibility of spillage It can serve as a
convement receptacle for petroleum jelly, omtments or other preparations
not normally hquid at room temperature A stamless steel needle jar,
3% x 2 mches, with cover, 15 a suitable contamer for oils, also the Erlen-
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meyer flask shown mn Figure 94 Since the commonly used oils such as
petrolatum, paraffin, olve o1l and peanut oil are thermostable, they may
also be stenhzed at 340° F (170° C ) for one hour At this higher tempera
ture small bottles with heat resistant screw caps, contaming no more than
1% ounces of the matenial are quite satisfactory If larger quantities are
required, then 1t becomes necessary to determie beforehand the additional
time needed for the matenal to reach sterilizing temperature after the
sterilizer has attamed that temperature Faling this, 1t 15 useless to try and
establish 2 mimmum safe exposure period, especially where the operator
must rely upon the chamber temperature indicated by the thermometer as
the beginning of the exposure period
Petrolatum ( Vaseline ) Gauze The preparation and stenhzation of

petrolatum gauze has long been a troublesome procedure Observations 1
many hosprtals have revealed the all too frequent error of preparing too
much material, with large excess of petrolatum inadequate exposure for
sterilization or overheating at too ligh a temperature with consequent
charring or parhal destruction of the gauze stnps If proper attention 1§
given to the details of preparation and heating the product easily can be
controlled within safe hmts The procedure 1s as follows

Prepare about 20 strips of bandage gauze each 6 to 8 mches long and 2 inches

wide Place the stups 1n a stamless steel catheter tray with dimenstons of 25 inches

wrde x 8 inches long < Ik inches deep Cover the stnps wath 4 ounces of petrolatum

previously liquefied by heating This should form a layer & inch deep m the tray

‘with a thun layer of petrolatum over the topmost gauze stnp (see Fig 94) Stenhze

1 the hot arr stenhzer at 320 F for 2k hours
In the stenhzation of petrolatum gauze prepared as above a Jonger
exposure period 15 required than mn the case of oils, due to the greater depth
of the layer 1n the tray If the temperature 1s mamntamed within the range
of 320°-330° F, there should be no evidence of charrmg or discoloration of
the gauze Repeated tests have shown that a temperature of 340° F will
produce some discoloration while 2 temperature of 360° F for a short
pentod of time produces definrte charring of the gauze

Gershenfeld®® recently made a thorough mvestigation of methods of

preparation and sterilization of petrolatum gauze 1n hospatals His findings
showed no umiform satisfactory techmque employed m the vanous mstite
tions He stated that the homemade techniques vary widely as to details
of preparations and one cannot help but feel dubtous of the efficiency of
the procedures of preparation and stenlization as to their yielding at all
times a sterile product and one possessmg pharmaceutical elegance Yar
lett Gershenfeld and McClenahan ® have also reported on methods for
sterility testing and the preparation and stenilization of petrolatum gauze
Therr findings mndicate that steam processing of gauze mpregnated with
white petrolatum cannot be relied upon to produce a stenle product In
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meyer flask shown 1 Figure 94 Smce the commonly used ails such as
petrolatum, paraffin, olive ol and peanut o1l are thermostable, they may
also be stenhized at 340° I' (170° C ) for one hour At this hugher tempera
ture small bottles with heat resistant screw caps, contammng no more than
1% ounces of the matersal are quite satisfactory If larger quantities are
required then it becomes necessary to determine beforehand the additional
time needed for the matenal to reach sterthzing temperature, after the
sterthzer has attained that temperature Faihing thus, 1t 15 useless to try and
establish 2 mimimum safe exposure period, especually where the operator
must rely upon the chamber temperature mndicated by the thermometer as
the begimnmng of the exposure period
Petrolotum ( Vaselne ) Gouze The preparation and sterhization of

petrolatum gauce has long been a troublesome procedure Observations in
many hospitals have revealed the all too frequent error of prepanng too
much matenal wth large excess of petrolatum, madequate exposure for
sterhization or overheating at too high a temperature with consequent
charmnng or partial destruchon of the gauze stnps If proper attention 1
given to the details of preparation and heating the product easily can be
controlled wathin safe hmits The procedure s as follows

Prepare about 20 stnps of bandage gauze each 6 to 8 inches long and 2 iches

wide Place the stnps m a stamless steel catheter tray with dimensions of 24 inches

wide x 8 inches long x 1% inches deep Cover the stnps with 4 ounces of petrolatum

previonsly houefied by heating This should form a layer % nch deep m the tray

with a thin Jayer of petrolatum over the topmost gauze stnp (see Fig 94) Stenlize

1n the hot air sterhzer 2t 320 F for 2k hours
In the stenlizaton of petrolatum gauze prepared as above a longer
exposure period 1s required than 1 the case of oils due to the greater depth
of the laver mn the tray If the temperature »s maintamed withm the range
of 320°-330° F, there should be no ewidence of charnmg or discoloration of
the gauze Repeated tests have shown that a temperature of 340° F will
produce some discoloration while a temperature of 360° F for a short
peniod of time produces defimte chamng of the gauze

Gershenfeld™ recentlv made a thorough mvestigation of methods of

preparation and stenhzation of petrolatum gauze 1 hospitals His findings
showed no umform satisfactory techmque employed m the vanous mshitu
tions He stated that the homemade techmques varv widely as to details
of preparations and one cannot help but feel dubious of the efficiency of
the procedures of preparation and stenhzation as to their yrelding at all
times a stende product and one possessmg pharmaceutical elegance’ Yar
lett Gershenfeld and McClenahan® have also reported on methods for
stenhty testing and the preparation and sterihization of petrolatum gouze
Thesr findings indicate that steam processing of gauze ympregnated ith
white petrolatum cannot be relied upon to produce a stenile product In
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meyer flask shown mn Figure 94 Smnce the commonly used oils such as
petrolatum, paraffin, olive o1l and peanut o1l are thermostable they may
also be sterilized at 340° F (170° C ) for one hour At this higher tempera
ture small bottles with heat resistant screw caps, contammg no more than
1% ounces of the matenal, are quite satisfactory If larger quantities are
required then it becomes necessary to determine beforehand the additional
time needed for the matenal to reach stenlzing temperature, after the
stenthzer has attamed that temperature Failing thus, 1t 15 useless to try and
estabhsh a mimmum safe exposure period, especially where the operator
must rely upon the chamber temperature indicated by the thermometer as
the beginning of the exposure period
Petrolatum ( Vaseline ) Gauze The preparation and stermhzation of

petrolatum gauze has long been a troublesome procedure Observations n
many hospitals have revealed the all too frequent error of preparing too
much material with large excess of petrolatam madequate exposure for
sterilization or overheating at too high a temperature with consequent
charring or partial destruction of the gauze strips If proper attention 1s
given to the details of preparation and heating the product easily can be
controlled within safe himts The procedure 1s as follows

Prepare about 20 strips of bandage gauze each 6 to 8 inches long and 2 mches

wide Place the strips 1n 2 stamless steel catheter tray with dimenstons of 24 mnches

wide x 8 inches long t 14 inches deep Cover the strps with 4 ounces of petrolatum

previously hquefied by heattng This should form a layer % inch deep in the tray

wath a thin layer of petrolatum over the topmost gauze strip (see Fig 94) Stenlize

m the hot arr stenlizer at 320 F for 24 hours
In the stenhization of petrolatum gauze prepared as above a longer
exposure period 15 required than 1n the case of oils due to the greater depth
of the layer n the tray If the temperature 1s mamntamed within the range
of 320° 330° F, there should be no evidence of charrmg or discoloration of
the gauze Repeated tests have shown that a temperature of 340° F will
produce some discoloration while a temperature of 360° F for a short
perniod of time produces definite charring of the gauze

Gershenfeld®® recently made a thorough mvestigation of methods of

preparation and sterthzation of petrolatum gauze i hospitals His findings
showed no uniform satisfactory techmque employed n the various mstitu
tions He stated that the homemade techmques vary widely as to details
of preparations, and one cannot help but feel dubious of the efficiency of
the procedures of preparation and stenihzation as to therr yielding at all
times a stenle product and one possessing pharmaceutical elegance Yar
lett Gershenfeld and McClenahan ® have also reported on methods for
stenlity testmg and the preparation and sterihzation of petrolatum gauze
Therr findings indicate that steam processing of gauze mpregnated with
white petrolatum cannot be relied upon to produce a sterle product In
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fact steam treatment at 259° F (126° C ) for 60 minutes failed m every
mstance to kil spores of in orgamsm belonging to the subtilis pumihis group
of the genus Bacillus, even when the petrolatum gauze was processed m
thin layers

Operation of Hot Aw Sterilizer For efficient operation of any hot air
sterihizer, the characteristics of the mndividual umt must be known Close
regulation of temperature 1s 1mportant to avord over exposure of the less
heat-stable articles and to prevent under exposure with the possibility of an
unstenile load Never load the chamber to the hmit Allow some space
between each packaged article and between each bashet or contamer of
supplies Keep all articles well away from chamber sidewalls so that the
free circulation of air 1s not cut off

After placing load i sterihzer check the thermometer to see that 1t 1s
properly inserted m top of chamber Adjust the ar flow damper to me
dium position and partially open the air inlet and exhaust vents The heat
should then be tumned on and the thermostat set to mamtam the desired
temperature range Time the exposure only when the thermometer shows
the correct temperature Avoid opening the door durng the exposure
period because the chamber will cool rapidly If the methods of prepara
tion for the varous supplies deviate greatly from those summanzed 1n
Table 10, then 1t 1s incumbent upon the operator to determine expert
mentally the time required for the materal to reach sterilizing temperature
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Craprer XI
Sterilization and Care of Syringes and Needles

THE SUPPOSEDLY STERILE SYRINGE

URING the past decade much has been written about the supposedly
sterile syringe and 1ts rmplications 1n a variety of conditions attribut
able to faulty mjection techmque Mild mflammations and mfections not
uncommonly follow the moculations and mjections which play such an 1m
portant part 1 modern treatment Accidents following mjections are espe
cally sertous when they occur 1n hospital practice or m the course of mass
moculations and on more than one occasion, severe and even fatal results
have occurred as the result of a contammated syringe and needle—sup
posedly sterile Viral hepatitis may readily be transmutted by contammnated
syrmges needles and other equipment employed for takmg venous blood
or for capillary puncture?® - Multiple mjections with a single syrmge and
vempuncture using madequately sterthzed syringes may spread the causa
tive agent of serum hepatitis ® *

In a review of this subject by the Medical Research Council ® 1t was re
ported that alcohol 1s used more often than any other chemical disinfectant
for sterthzing syringes, although the practice 1s not recommended This
widespread use of alcohol as a disinfectant 1s a perpetual cause of disquiet
to those famihar with its germicexdal properties Alcohol 1s totally meapable
of destroymng bactenal spores The hterature records several cases of post
operative gas gangrene conclusively traced to mstruments supposedly stert
hzed by alcohol ® Complete bacterrological sterihty can be achieved only
by steriization 1n the autoclave with saturated steam under pressure or
the hot air sterhzer Boiling i water will destroy pathogemic organisms
but 1t cannot be rehed upon to destroy resistant spores A bolled syrnge
may 1f thoroughly cleaned beforehand be accepted as reasonably safe
where stenihization n the hot air oven or autoclave 1s not possible but a
boiled syringe 1s not necessanly sterile and 1ts safety cannot be guaranteed
Of the many recommendations made by the Research Council Commuttee
those deserving of special emphasis are

A fresh stenle syninge and needle must be used for each mjection or

aspiration
In climes where many injections of the same fimd are given the same
syringe may be used for several sut or nt lar mjections

but not infravenous provided a fresh sterile needle 1s used for each patient
A syringe that has been used for aspuation eg of blood from a vem or
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pus from an abscess, or for mtrnvenous injection which always entuls asp
ration of blood must be cleaned and stenilized before 1t 1s used agun

It 1s essentinl to keep svringes for mjection separate from those used for
aspirition

Synnges and needles require thorough cleanng after use before resten
Tization

Contamination of syrnges and needles may occur duning assembly after
sterthzation as the result of contact with fingers dust or droplets of saliva
from either the doctor or the subject, or to contact of the needle with a non
stenle surface

Handle needles with sterile forceps only syringes with dry, washed hands,
talung care to touch only the outside of the barrel and the handle of the
piston

Do not talk cough or sneeze over a stenle syninge Persons with known
or suspected upper resprratory mfections must wear masks while carrymg
out injections

The practice of “dishung up” a stenle syringe and needle m an open bowl

1ly one which any hqud, 1s condemned
Stenle syringes and needles must be placed m stenle covered contamers

CLEANING OF SYRINGES

For the busy hospital a centralized syringe and needle service 1s consid-
ered essential For maximum efficency the service should be delegated to
the central supply department, where the procedures of cleaning and sten-
hzing for all syninges are under one control If syninges are not thoroughly
cleaned after use, sterlization may be meffectiv e, particularly if the synnge
contams traces of o1l grease or coagulable protein The following procedure
1s recommended for the manual cleamng of synnges

1) Immeduately after use separate barrel and plunger and nnse thor-
oughly with cold tap water This s particularly necessary when the synnge
has been used for aspiration of bleod or body flmds

2) Wash barrel and plunger m warm water to which has been added a
safe and effective detergent (Fig 95) Scrub outside surfaces wath a good
grade fibre brush and use a test tube brush for cleaning mside of barrel
AVOID SCRATCHING Be sure and force detergent solution through tip
of syringe (Care should be exercised 1n selecting a detergent for this apph
cation because alkalies, soaps and many detergents erode the ground glass
:urfacedss the:!elzy causiiéhe  Symnge to leak or bind ) A non etching and

ow-sudsing detergent ered to mamta
best suted for cloamag of symmges in neutral pH 1n use solution 1s

3) Rmnse m three changes of water A brush sho

uld be used with th
ﬁrsr; nnse todma.Le sure that all traces of detergent are removed from‘groun(;3
surfaces and graduation marks The third or final rmse should by d
with freshly distilled water o mace
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Sterilization and Care of Syringes and Needles

THE SUPPOSEDLY STERILE SYRINGE

URING the past decade much has been written about the supposedly
sterile syringe and 1ts implications 1n a variety of conditions attnbut
able to faulty mjection techmque Mild inflammations and mfections not
uncommonly follow the noculations and mjections which play such an 1m
portant part 1n modern treatment Accidents following mjections are espe
cially sersous when they occur i hospital practice or m the course of mass
moculations and, on more than one occasion severe and even fatal results
have occurred as the result of a contammated syrmge and needle—sup
posedly sterile Viral hepatitis may readily be transmitted by contammated
syringes needles and other equipment employed for taking venous blood
or for capillary puncture? * Multiple mjections with a single syrmge and
vempuncture using madequately stenilized synnges may spread the causa
tive agent of serum hepatitis 3 *

In a review of this subject by the Medical Research Council,” 1t was re
ported that alcohol 1s used more often than any other chemical disinfectant
for stenhzing synnges, although the practice 1s not recommended This
widespread use of alcohol as a disinfectant 15 a perpetual cause of disquiet
to those famihar with 1ts germicidal properties Alcohol 1s totally mcapable
of destroymng bactenial spores The literature records several cases of post
operative gas gangrene conclusively traced to mstruments supposedly ster1
lized by alcohol ® Complete bacteriological sterthty can be achieved only
by sterithzation 1n the autoclave with saturated steam under pressure or m
the hot air stenlizer Boiling m water will destroy pathogenic organisms
but 1t cannot be rehied upon to destroy resistant spores A boiled syringe
may, if thoroughly cleaned beforehand be accepted as reasonably safe
where sterihization 1 the hot air oven or autoclave 1s not possible, but a
boiled syringe 1s not necessarily stenle and 1ts safety cannot be guaranteed
Of the many recommendations made by the Research Council Commuttee,
those deserving of special emphasis are

A fresh stenle syninge and needle must be used for each injection or

asprration
In chimics where many mjections of the same fiuud are given the same
syringe may be used for several sul or mt lar mjections

but not ntravenous provided a fresh sterile needle 1s used for each patient
A syrmge that has been used for aspiration e g of blood from a vem or
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Courteay Loa Angeles County Health Dept  Los Angeles Calif

Fig 97 Mechanical synnge cleaner Washing action 15 accomplished by forced jets
of detergent solution directed mto and over barrel and plunger surfaces

successful techme 1s to use the B D Syringe Opener, 1s shown m Fig 96
This 15 an all metal syringe for loosening any frozen Luer slip or Luer Lok
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4) Alter final ninsing permt parts to air dry and then assemble, taking
care to match the serial numbers of barrel and plunger

Failure to clean syringes immediately after use may result in the plunger
sticking 1n the barrel or the needle sticking on the tip of the syringe Varous
methods may be used to separate the frozen parts but probably the most

Courtesy B cton Drckmson ond Company

Fig 95 Synmges requure thorough cleaning after use and before stenlization If the

manual procedure 1s followed a test tube brush of appropnate size will facihtate
cleaning 1nside of barrel Avoid scratching of ground surfaces

96 Separatmg a frozen synnge with the B D Syrnnge Opener This all metal
f;xgmge o ag means for | any frozen Luer shp or Luer lok
i synnge (Becton Dickinson & Co )
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1 gauze and included n the sume pachge With tlus method of prepara-
tion the exposure period should be not less than one hour, preferably two
hours, from the time that the hiot aur stenihzer shows 320° I' (160° C )
Care must be taken to msure that the chamber 1s not overloaded and that
some space 15 allowed between the wrapped syringes for free ur cireulttion
In an efficient hot ur stenlizer, moderately londed, the nse of temperature
m the lond should closely
follow that of the cham
ber (see Fag 91)
Another method which
has certain advantages
especially for the larger
synnges, 1s to place the
plunger 1n the barrel with
the needle attached The
assembled syringe 1s then
placed 1n a Pyrex test tube
of such diameter that the
barrel of the syringe fits
Ioosely m the tube with
the flange resting on the
top rm as illustrated 1n
Figure 99 The tube
should be of sufficient
length to accommodate
the syninge with needle at
tached wathout the poimnt
of the needle touching the

Fig 98 This method of packaging syringes 1s suitable
bottom of the tube ( A 10 for either hot air or pressure stexm stenihization The

ml syringe requires a test plunger 15 removed from the barrel and the parts are
tube 200 mm 1n length wrapped 10 mushn

and 25 mm outside diameter, whereas a 5 ml syringe requires a tube 150
mm m length and 20 mm outside diameter) With this method the cotton
stopper 1s ehminated because a portion of the syninge extends above the

rim of the tube The upper portion of the tube should, however be covered
with a mushn wrapper

A recent technic descibed by Walter
heat stenlization 15 worthy of note After
1cal cleaner, they are dried assembled
the syringe tip as 1n Fagure 100 The s

" for preparing syninges for dry
washing the synnges in a mechan
and a plastic shield® placed over
yringes are then sorted into baskets

* Plasti £
1ngha r:s ;’::i’s Or Synnges are available from Fenwal Laboratories Inc 47 Mellen Fram
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syrmge ‘The procedure 1s to first fill the synnge opener with warm water
Attach 1t firmly to the tip of the frozen syringe by holding at the base of
the barrel Then apply firm, steady pressure gradually increasing the pres
sure until water mfiltrates around the plunger and reaches the top of the
barrel Do not grasp the frozen syringe, but rather let it hang free keep
the pressure steady, and the plunger will gradually be expelled from the
barrel A towel spread beneath the syringe will prevent breakage m the
event that 1t separates with expulsive force Other methods are sometimes
used 1 an attempt to separate a frozen syringe but their success has not
been altogether uniform These nclude Boiling the syringe 1n 25% aqueous
glycenne for ten minutes, removing plunger while syringe 1s still hot Plac
mg synnge 1 1ce water for five mmutes and then immersing up to the
flange, in hot water for a few seconds, then quickly removing the contracted
plunger from the expanded barrel

MECHANICAL SYRINGE CLEANER

The ever mereasmg use of syringes for immumzation antibiotic therapy
and hematologie studies has created a major problem of supply for hospi
tals The average general acute hospital of 200 beds may use anywhere
from 200 to 300 syringes daily To hand wash this number of svringes 1s
unquestionably an arduous task which consumes 2 great amount of time
and 1ntroduces the costly factor of breakage The most feasible solution to
this problem 1s the use of an effcient, automatic syringe cleaner or washer
Experience i many hospitals justifies the claim that the daily complement
of syringes can be thoroughly cleaned, with less handlmg and less break
age, m approximately one quarter of the time requred by the manual
cleaming process

The mechanzcal syringe cleaner shown 1n Figure 97 1s well sinted to the
needs of the average hospital It employs five eircular stamless steel racks
to hold any combmation of all standard makes of syringes The capacity 15
156 syrmges with barrels and plungers matched 1n their respective slots m
each rack Washing action 1s accomplished by forceful jets of detergent
solution directed mto and over barrel and plunger surfaces The jets are
fed by a centrifugal pump operated by an electric motor housed under the
base of the drum The total washing and rmnsmg cvele may be vared from
5 to 20 minutes by means of an automatic timer control

STERILIZATION OF SYRINGES

Dry heat 15 considered the most satisfactory agent for the sterihzation of
syrmges prmeipally because all morsture 15 elumnated thereby mmmzing
erosion of the ground glass surfaces A common method of preparation 1s to
remove the plunger from the barrel and wrap the parts together m one
mushn cover as shown 1n Figure 98 1f desired the needle can be embedded
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The prmeipal disadvantage 1n the use of dry heat for the sterihzation
of syringes 15 the time required to do the job Even with the most cfficient
of hot arr stenlizers the time required to process 1 heavy load of syringes
averages 3 to 4 hours The autoclave with stexm to jacket only, serving as
a hot arr sterilizer, requires 1 mmmum of 4 hours exposure It cannot con
ventently be used for this purpose during the day because of the demands
placed on 1t for steam sterlization of other supphes This leaves the hospital
with the alternativ e of either using the qtoclve as a hot ur stenhizer waith
an overmight exposure or, during the day, use the more rapid process of
sterihzing the synnges with saturated steam under pressure In the interest
of expediency many nstitutions favor the steam sterhzation process

When prepanng syringes for steam sterihzation they should always be
disassembled—the plunger separated from the barrel If this 1s not done
direct steam contact to all surfaces cannot be assured and the stenizing
process may be meffective The attempted steam stenlization of a dry
assembled syringe 1s contrary to established principles If assembled syr-
mges are to be stenlized by steam 1t 1s necessary to rinse the parts with
distilled water, leaving them distinetly moust, just before assembling, pack-
aging and placing 1n the stertlizer The residual film of moisture will then

Fig 101 Special muslin fo
pp T steam stenl of disassembl
poctoet:sﬂ;ue x;mvxded for the barrel and plunger The size of th:ewra;;e:y;ns%xemc'r ont
ow for complete coverage and the tie strngs facilitate rapid preparation et
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Fig 99 This method of prepanng the synnge for hot air sterhzahon 15 advantageous

for certams types of work the syrnge bemg completely assembled with the needle

attached The test tube should be of such diameter that the svrnge fits loosely m the
tube with the fange resting on the nim of the tube

Fig 100 This method of prepanng syringes (assembled) for dry heat stenhzation 15
rapid efficient and economical A plastic shield 15 placed over the synnge tip as shown
The phunger cannot be removed until the seal 15 broken between the shicld and syrninge

by size, loaded into the autoclave (at the end of the days schedule} and
with steam admuitted to the jacket only they are dry heat stenhzed m an
overmght evposure Upon removal from the sterlizer the syrnges are
available for immediate use “The plastic shield seals off the tip of the svr-
mge so that the plunger cannot be removed until the seal 1s broken between
the shield and syrnge This 15 accomphshed by gently twisting the sheld
and pushing 1t agamst the tip Added advantages of this techme are quich
dentification of synnge size and storage requinng less space
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The principal disadvantage m the use of dry heat for the stenlizatton
of syringes 1s the time required to do the job Even with the most cfficient
of hot arr stenilizers the time required to process 1 hewvy load of syringes
averages 3 to 4 hours The autoclave with steam to jachet only, serving as
1 hot air stenlizer, requires a rummum of 4 hours exposure It cannot con-
veniently be used for this purpose during the day because of the demands
placed on 1t for steam sterilization of other supphes This leaves the hospital
with the alternativ ¢ of either using the autoclave s a hot air sterthizer with
an overmght exposure or, duning the day, use the more rapid process of
sterthzing the syringes with saturated steam under pressure In the mnterest
of expediency many mstitutions favor the steam stenhzation process

‘When prepanng synnges for steam stenhization they should always be
disassembled—the plunger separated from the barrel If this 1s not done
direct steam contact to all surfaces cannot be assured and the sterihzing
process may be meffective The attempted steam sterthzation of a dry
assembled syringe 1s contrary to established principles If assembled syr-
mnges are to be sterihzed by steam 1t 1s necessary to rinse the parts with
distilled water, leaving them distinctly moust, just before assembling, pack-
aging and placing 1n the steriizer The residual film of morsture will then

Fig 101 Special muskn wrapper for st
pockets are provided for the i ol phaner pion ©
to allow for complete cov

t disassembled s: T
barrel and plunger The size of the wrappery:smsgueﬂicxm
erige and the tie stnngs facilitate rapd preparation
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Fig 99 This method of prepanng the synnge for hot air sterihzation 1s advantageous

for certan types of work the syrnge bemng completely assembled with the needle

attached The test tube should be of such diameter that the syringe fits loosely in the
tube with the flange resting on the nm of the tube

Fig 100 This method of preparning syninges (assembled) for dry heat stenhzation 15
rapid_efficient and economical A plastic shield 1s placed over the syringe tip as shown
The plunger cannot be removed until the seal 1s broken between the shield and syringe

by size, loaded 1nto the autoclave (at the end of the day s schedule), and
with steam admitted to the jacket only they are dry heat sterihized 1n an
overmght exposure Upon removal from the sterihizer the syringes are
available for immediate use  The plastic shield seals off the tip of the syr
inge 5o that the plunger cannot be removed untl the seal 1s broken between
the shield and syringe This 15 accomplished by gently twisting the shield
and pushing 1t against the tip Added advantages of this techmc are quich
rdentification of syringe size and storage requining less space
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provide steam contact to the nside surfrces Unfortunately this method 1s
also objectionable, becruse the residual water the assembled synnge
dunng stenihization will 1t
tack the ground glass and
leach out alkal, which later
will destroy certun drugs
admtted mto the syringe

Special mushn wrappers
faciitate preparation of
syrnges for steam sterthzn-
ton (Fig 101) There are
two pochets m the wrapper,
one for the barrel and one
for the plunger The he
strings sewed to the outside
of the wrapper assist
rapid packaging Syrnges
packaged mn this manner
can convemently be sten
Tized with bulk loads of dry
supphes at 250° F for 30
mnutes

The use of specially fab
ricated paper bags for
packaging of syringes has
become very popular mn the
past few years When prop
erly carmed out, the meth
od 1s safe, effictent and eco
nomical especially for the
hospital where Jarge num
bers of syrninges must be
processed daily To realize
the maximum from this
technique the first require
ment 15 to select 1 paper
bag of the night character
isties It should be made

Fig 105 When properly packaged the syringe and
preferably from a white needle will rest 1n bag as shown Stenlize m the

salfite bond paper of hlg]l autoclave at 250° &l:?lx;eSstrrr;l:utes followed by 15
bursting strength, with con ¢

trolled porosity to permit adequate steam permeability dunng sterithzation
and limited arr permeabihity following sterilization In addition 4ll seams
and folds of the bag should be umformly sealed with heat resistant adhesive



Fig 102 Place folded gauze square 3 x 3 contaming needle 1 Pak with hub of
needie pownting up

Fig 103 Place disassembled synnge m Pak
Tig 104 Fold over top porbon of Pak twice and staple or seal for tight closure
186
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to prevent opemng up durng sterthzation The techmque of pi\d\agmg,
stenlization and use 1s described under Digures 102 to 1098, wclustve

CLEANING OF NEEDLES

Lake syringes, needles require thorough cleaming ns soon as po;]snblcb';ftes
use Particular attention must be given to the mside of the hub w crcb m;)
or dirt may have accumulited The following procedure should be ob-
served m the mnual clewnmg of needles

1) Immediately after use fush thoroughly with cold water

9) Insert stylet or necdle wire through necdle to make sure there 1s no

Fig 109B Roll barrel and needle one turn
f x%négg:ndmx:f:dalze ::e;:::i: fbﬁd‘gﬁ?ﬁ n gauze place plunger beside barrel and
g}:uze square (3 x 3 ) one fold Thread fimsh roll as shown Insert ;n Pak and
needle mto gauze and place barrel beside steniize as 1 Figure 105 For removal
needle as shown follow the procedure shown in Figures

106 107 and 108

cloggmg or obstruction 1n the cannula (Always msert stylet through the
hub—not from the pomt )

3) Place needles i basm of hot water to which an alkaline detergent
capable of dissolving blood has been added Wash thoroughly wside and
out Use syringe to flush the cannula Carefully clean mside of hub with a
tightly wound cotton applicator

4) Rmse well with freshly distilled water and mspect for cleanhness and
sharpness The use of ether, acetone or alcohol as a final ninse contributes
httle to the cleanng process To hasten drying the needles may be placed
over a warm radator or on top of the stenhizer If the ncedles are to be
sterthzed by steam some moisture must be present i the cannula at the
time of placing n the sterdizer

As with synimges, the manual cleaming of lnrge numbers of hollow needles
15 2 difficult and time consuming tash Human fatigue must eventually take



Fig 106 To use tear off top portion of Pak exposmg contents as shown
Fig 107 By holding Pak firmly insert plunger in barrel Then by holding hub of
needle from outside of Pah force lightly tip of synnge mto needle
Fig 108 Finally withdraw assembled syninge with needle attached from Pal reads
for immediate use The gauze square remaming in Pak may be used as 1 scrub or
compress for the maculation site

188
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lization The techmque of packiging
ent opemng up duning ster
eg;xez:\tlon :?:d use 1s described under Figures 102 to 109B, inclusive

CLEANING OF NEEDLLS

ossible after
, needles require thorough clening as soon as pt
sLl‘I;:rsti::)‘;%re%\t‘tenhon ml‘llst be guven to the mside of the hub where b]oo‘;i-
rcdu-t may hue accumulited The followmg procedure should be o
ed m the manual clemng of needles
Er1‘) Immediately after use flush thoroughly with cold water
2) Insert stylet or needle wire through needle to make sure there 1s no

Fig 109A Alternate method of packaging Fig 109B Rell barret nng ne;dlg one] tun(;

syrninge and needle 1n paper bag Open 1 BWZ€ place plunger beside a;rﬂi and

e 3 5 ot ook L e Mt g

et mto g:::glea r;;l spl}:\cfnbMd beside follow the procedure shown i Figures
106 107 and 108

clogging or obstruction m the cannula (Always msert stylet through the
hub—not from the pomt )

3) Place needles in basm of hot water to which an alkalne detergent
capable of dissolving blood has been added Wash thoroughly mside and
out Use syninge to flush the cannula Carefully clean nside of hub with a
tightly wound cotton applicator

4) Rinse well with freshly distilled water and mspect for cleanhness and
sharpness The use of ether acetone or alcohol s a final ninse contributes
httle to the cleaming process To hasten drying the needles may be placed
over 2 warm radiator or on top of the stenhizer If the needles are to be
stenlized by steam some moisture must be present i the cannula at the
time of placing 1 the sterilizer

As with syrimges the manual cleaning of large numbers of hollow needles
s 1 difficult and time consummng taskh Human fatigue must eventually take
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its toll wnd when this occurs a percentage of the needles will be poordy
cleaned, especially on the mside of the hub and some, perhaps, not at all
The mechanical needle cleaner, now employed 1n many hosprtals, will do
much to safeguard cleaning efficiency and to standardize techmque Time

Conrteny Los Anp Ies County Heolth Dept Loz Angeles Cabif

Fig 110 The two mechanical needle cleaners shown here we typieal of those com
monly used 1n hospitals

study measurement figures show that 2 munutes {average) 1s required to
properly clean one needle ¢ At the top rate of 30 per hour only 240 needles
can be cleaned per day per person by the manual process In this same
penod of time one person operating the mechamical needle cleaner can
wash 100 needles every 10 minutes or 600 per hour Obvioushy the mechan
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1cal cleaner effects 4 tremendous s1vings m personnel time, msofar 1s the
actual process of washing 1s concerned The needle cleaners shown n Iig-
ure 110 are tvpical of those m common use The sequence of operation

REGULAR POINT

l:no 1 Open Be .|_1
SV Heel Lma I..sd.;. .|.‘

=

TopV w

HUBER POINT

g

SdeBe 1o um n Heet
‘-—S»d L] ol—-I

Top Vew

==

b

Removing outward Fsh hack on Regular Point

| ST |

Remowving outward fish hook on Huber Point

bl

Remaving inward fish heok on Regular Pomnt

/

| DA |

Removing inward fish hook on Huber Point

//

R

Note double ongle used for grinding side bevels

== ___—

Note double angle used for grinding side bevels

,

e

Finithed pa nt ready for use again

Fig 111 Needle sharpemng techmque (Becton Dickmson & Co)

compnises 1) cleaning out the hub of the needle with a power driven swab
2) foreing under pressure three separate cleaning liquids through the y

nula and 3) foreing compressed air through the cannula lea%m tc("im‘
and ready for sterilization The needles are placed m the machine gm1 umtr)s
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of 12 by means of specially designed holders or racks which accommodate
all lengths and sizes

SHARPENING OF NEEDLES

Before sterihization the pomt of each needle should be carefully
spected with the aid of a hand lens or magnifymg glass to determume 1f 1t
15 damaged and m need of sharpening Particular attention must be given
to the detection and removal of burrs, fish hooks, and dull, broken, or
misshaped pomnts The use of a fine Arkansas o1l stone 1s essential for sharp
ening, also a needle adapter fitted with a handle to hold the needle A hght
mineral o1l on the stone hastens sharpening, pres ents clogging of the gnind
g surface and gives a smoother fimsh The first step 1s to gnnd off any
hook on the tip of the needle (see Fig 111) Then the bevel must be re
stored and sharpened This may be accomplished by placing the bevel flush
on the stone at the proper angle, followed by movement of the needle 1n
an elliptical pattern, until 1t 1s smooth and shiny The sides of the bevelled
pownt should then be Lightly rubbed on the stone so that it will penetrate
skin easily and smoothly In sharpeming a needle with a fitted stylet care
must be taken to keep the stylet i place so that perfectly matched bevels
are mamtamed

STERILIZATION OF NEEDLES

The preferred method for the stenihzation of hollow needles 1s dry heat
1 the hot air stenhzer They may also be sterlhzed m the autoclave with
steamn m Jacket only at 250° 254° F (15 17 pounds pressure) and an over
mght exposure period The dry heat process leaves the needles absolutely
dry and assures sterility of the cannula, even when the stylet 1s left n place
Routinely needles should not be sterilized with stylets n place because of
the possibility of corrosion due to electrolytic action between stylet and
needle

Special tubes of the hour-glass type serve 1deally as containers for nee
dles The restricted sides suspend the needle mn the tube and thereby
protect the pomt (Fig 112) The open end of the tube 15 stoppered with a
cotton plug Needles prepared m this manner may then be placed m wire
mesh metal baskets for loading m the sterithzer It 1s important to note that
the tubes and needles m the middle of the basket will not attamn sterihzing
temperature as rapidly as those near the sides In fact when the sterihzer
shows 320° F (160° C ) the temperature of the needle in the most cen
trally located tube 1s only 277° F (136° C ) This needle requires 55 min
utes longer heating time to reach 320° F Therefore when needles are
prepared as in Figure 112 the absolute mimimum exposure time 15 two hours
after the sterilizer shows 320° F

Needles prepared 1s in Figure 112 can also be sterihzed with steam



Care of Syrmges and Needles 193

under pressure m the atoclue If this procedure 1s followed, each needle
should be flushed with freshly distilled water and left distinctly mosst, just
before plicing mn the stenhizer Also the tubes contuning the needles should
rest on their sides m the sterihizer to facihtate ur remoy al and steim intake
to each tube and needle Under these conditions the exposure period 1s 30
mmutes at 250° F, followed by drymng for not less than 15 minutes

Fig 112 Needles in spectal tubes of the hour glass type with restricted sides stoppered
with cotton plugs may be stenhzed by dry heat or by steam under pressure The metal
baskets facihtate loading 1n the stenlizer and later handling in storage

UNIT CONTAINERS FOR ISSUE AND RETURN OF SYRINGES
AND NEEDLES

Methods 1n force for the preparation, sterilization, 1ssue and return of
svringes and needles 1n hospitals show a senious lach of standardization It
1s fair to state that of the vanety of techmes m use relatively few meet the
requirements for a comprehensive syringe and needle service To be sure,
there are perfectly acceptable methods for cleaning these 1tems, the rules
for packaging are well defined and the methods of sterthzation are reliable
when properly conducted Stll, n most mstances, there 1s an important
element lacking—a convement system for the daily issue and return of
syringes and needles to and from the varous floors or stations throughout
the hospital As a practical approach to this problem the first step 1s to
establish a centralized synnge and needle service This 1s one of the specific
functions of the central (supply) service department in the hospital An
area should be set aside wathin the department for the daily care and prep
aration of syringes and needles as i Figure 110 Secondly, a standardized
umt container should be developed for the daily 1ssue of sterile syringes
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Care of Syringes and Needles 195

and needles to the vanous floors throughout the hospital A similar, com-
pamion type, umit contuner should likewise be employed for the return of
the soiled 1tems to the central service department

The assembled umt contuners shown in Figures 113 and 114 demon-
strate the principle of the proposed system The sterile umt (g 113)
contamns 2 sufficient number of 2, 5, and 10 ml syrninges and needles of
appropriate stzes to satisfy the norm] dauly complement of a 25 bed nurs-
mg umt Both syringes and needles are mdividually packaged for effective
protection agunst contammation The umt contuner may be sterilized
either by steam under pressure at 250° F for 30 minutes or by hot air at
320° F for 1 hour or 250° F for 6 hours

The soiled umit contamer shown i Figure 114 1s for the return of the
used syringes and needles to the central service department It contans one
water tight tray i which 1s placed a thick cellulose sponge The sponge 15
saturated with an effective detergent germicide Immediately after use, the
needles are flushed out with water and stuck mn the sponge as shown This
treatment heeps the needles moist prevents residual soil from drymg and
facilitates safe handhng upon their return to central supply The used syr-
inges are Iikewise rmsed with water immediately after use, disassembled,
and placed m the special rack as shown The empty needle tubes are placed
m one end of the contamer If terminal sterthzation of the needles and
synnges s necessary the entire umt contamer can be subjected to auto-
claving The umt contamer system helps to standardize methods and pro-
mote safety m the routine handhng of syringes and needles
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Disinfection of Instruments and Utensils
by Boiling Water

HE USE of the word sterilhization 1s mcorrect when apphed to boil

mg water as an agent for rendermg instruments and utensils free from
all rmerobial hfe Several mvestigators have shown that boiling water or
moist heat at a temperature of 212° F (100° C ) 1s madequate for the
destruction of resistant bacterial spores (See Table 5 p 42 ) There 1s
also some question as to the efficacy of boiling water for the mactivation of
certamn viruses® * under ordmary methods of use It 15 considered more
appropriate to designate the process as one of disinfection or samtization
The official definttion of the word disinfection adopted by the American
Public Health Association 15 killing of pathogenic agents by chemical or
phystcal means directly applied ! Sanitization imphes a process whereby
the number of prganisms present on utensils 1s reduced to a safe level as
judged by public health requirements It does not imply complete freedom
from bacteria Samitization 15 a less precise term than dismfection and 1s
more approprately apphed to a cleanmg process

THE STATE OF BOILING

The highest temperature that can be attamed m boilng water m any
open or non pressure vessel 15 212° F (100° C ) at sea level At higher
altitudes the atmospheric pressure 15 reduced and water will boil at lower
temperatures for example 1n Denver boiling occurs at 202° F (944° C),
and m La Paz Bolvia at 188° F (866° C } It makes no difference how
much heat 1s applied to the vessel—when ebullition occurs the temperature
will have reached the maximum The application of more heat will sumply
mncrease the rate of evaporation and produce more violent boilmg When
water boils slowly with the formation of only a few bubbles hiberating very
Irttle steam the condition may be described as mld boiimg  When water
bouls so rapidly that bubbles form all over the surface continuously but not
violently the condition may be described as vigorous boilmg  There 15
no advantage gamned m applymg so much heat that the water boils vio
lently giving off clouds of steam Also too vigorous boiling will rapidly
deplete the water m the vessel and require frequent refillng which 1s
objectionable The heat should be regulated to maintan a moderate boillng
condition

Instrument and utensil botlers may be vented to the atmosphere to dis-

196



Dusinfection by Boiling Water 197

pose of excess steam, or they mty be equipped with condenser vents n
which cold water 1s permutted to flow through a condensing device at the
rear of the chamber 1n such manner as to condense excess steam as fast as
it forms Nether of these methods makes any attempt to conserve heat,
they merely cispose of the excess steam created by too vigorous boiling
Regardless of the venting system employed on the boiler, some steam should
escape from under the cover to nform the operator that the chamber 15
Slled with free flowing steam Not infrequently, m the attempt to keep all
steam out of the room or perhaps to conserve heat, the apparatus 1s regu-
lated for the production of steam at so slow a rate that the temperature
above the water may drop below the range at which disinfection should be
conducted Under this condition the water just simmers, very little steam
1s formed, and the temperature above the water may never get hugher than
170° F (76° G ) Ths 1s hazardous for any article that may extend abave
the surface of the water or when the apparatus 1s bemng used as a steamer
only for disinfection

With the usual simple boiler, the rate of heating can be controlled only
by manual regulation of the valve or switch The operator will turn on the
heat to the highest range until the water boils, then the heat 1s turned down
until the desired range 15 mamtamed This requires close attention and
some acquired shill Within recent years automatic devices have been made
available for all hospital types of boilers which control the rate of heating
They are known as excess vapor regulators In service, they utihze the
full amount of heat to bring the water to a boil quickly, then automatrcally
reduce the heat to maintam the proper rate of boling without creating an

excess of steam Figure 115 shows application of this type of control to a
steam heated instrument boiler

BOILING OF INSTRUMENTS FOR DISINFECTION

The preoperative boiling of surgical mstruments for dismfection 1s not
recommended except where steam under pressure 15 unavailable This state-
ment 1s made with full knowledge that mn certain hospitals and cluucs
where comparatively high standards prevail, mstruments are boiled for 20
minutes i ordinary tap water—with apparently good results Nevertheless
In comparison with established standards for surgical sterilization the tech
e 1s open to question and 1its use should be discouraged wherever steam
under pressure 1s available If the bothng process must be used, 1t 15 1m-

perative that the mstruments be thoroughly cleaned beforehand to remove

traces of dried blood, o1l and grease Jomnted mnstruments must be opened

or unlocked before placing mn the boiler With water boiling at 212° F
(100° C) the mummum exposure period should be 30 minutes At high
altitudes the exposure period should be mereased ~bout 5§ mmutes for each
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1000 fect clevation 1bove sea level It 1s necessary that the boiler contun
suffcient water so that =l parts of the mstruments are well covered The
water level should be adjusted before boiling with at least an mch of water
above the instruments

The bactencidal efficiency of boiling water m1y be increased by the
addition of sufficient sodium carbonate (sal sod1) to make a 2 per cent
solution or by the addition of sodium hydroxide (caustic soda) so as to
mahe a 0 1 per cent solution i the boiler Mundel* reported that the addi-
tion of this amount of washing soda mrhedly ncreases the disinfecting
power of boiling water and also decreases its corrosive action on metal
mstruments Bactenal spores 1n water resisted bothing for 1bout 10 hours,
but they were destroyed 1 1 2 per cent soda solution at 208° F (98° C )
m 10 to 30 minutes Other workers® employing 1 similar technic demon-
strated that when contaminated and oiled imstruments were boiled m a
2 per cent soda solution, 2 period of 10 minutes boxhng was necessary to
produce sterlhzation Boihing water to which alkali has been added in the
ahove mentioned concentrations 1s adequate for the destruction of most
spores m an exposure period of 15 minutes

Scale formation resulting from deposttion of lime salts on mstruments
and utensils routinely boiled 15 difficult to control, especially m hard water
areas The scale formation can be reduced appreciably by boiling the
water for ten munutes before placing the instruments 1n 1t Durnng this
mterval, a part of the hme salts 1n the water will deposit on the heating
coils, leaving less to accumulate on the mstruments Frequent draining of
the boiler as well as too vigorous boiling contribute to scale formation The
addition of fresh water means the presence of more lime salts The desirable
procedure 15 to use the water 1n the boiler throughout the day, then drain
and carefully clean the boiler at the close of the day Water softeners are
also of some advantage but they do not entirely overcome the difficulty
O1l or grease should never be permitted m any mstrument boiler These
substances provide a protective barner for bactena through which the
moist heat cannot penetrate The use of boilling type sterilizers for surgi-
cal sterihization of nstruments and utensils has become outmoded because
the margn of safety with steam under pressure 15 greater, the time required
1s less and the mstruments are mamtained 1n better condition

BOILING OF UTENSILS

The procedure given above for the disinfection of nstruments by boiling
also applies to utensils It 1s a hazardous practice to attempt disinfection +f
parts of the utensils extend above the surface of the water If the utensils
are nested with parts exposed above the water 1t will be difficult for steam
to contact all surfaces Even when the utensils are turned bottom side up
air will be pocketed 1n them thereby preventing steam contact to all sur
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pH of the cleining solution, wd the mechamenl factor of agitation or
scrubbing

Most detergents may be clissified as esther Iughly alkaline, moderately
alkaline, neutral, and 1cid cleaners The highly alkalme detergents usually
contam sodum hydrovide or caustic soda s the prmary active ingredient,
to which 15 added sodium metasilicate s 1 corrosion 1nhubitor Usually tn
sodwum phosphate or 2 pyrophosphate 1s 1dded to the formulation to pre-
vent calclum and magnesium salts from precipitating out when the deter-
gent 1s used 1n hard water One or more wetting (surface active) agents 1s
also added to ncrease the wetting penetrating spreading and nnsing
properties of the formulation As « rule, the highly alkaline detergents
possess rapid dissolving power for dried blood or protemn and for emulsify-
mg fats and oils They are corrosive to aluminum and will readily attack
ground glass surfaces, such as synnges They are not harmful to rubber

The moderately alkaline cleaners of which there are many commercially
available are of vaniable composition They usually contamn sodium carbon-
ate or soda ash, sodium metasilicate and one or more phosphate compounds
as the basic mgredients A surface active or wetting agent 1s also added to
enhance the detergent properties The moderately alkaline detergents are
the most satisfactory for general purpose use They are less corrosive than
the highly alkaline cleaners but they may attack alummum and ground
glass surfaces, mcluding syringes Representative of this class are products
such as “Pyrem  Surg:clean, Calgomte, Haemosol Alconox, etc

The neutral cleaners are those products which 1n use solution develop
a pH close to neutrality They are mixtures of strong wetting agents to
which are added neutral phosphate compounds or other farly neutral
builders to give the solution detergent properties in addition to the surface
actve effects of the wetting agents The synthetic (household) detergents
offer many examples n this classification Aerd detergents operate 1 the
PH range substantially below 70 The acid properties are usually obtained
through the mcorporation of a mild organic actd or phosphoric acid m the
formulation to which 1s added an effective wetting agent The acid deter-
gents cxtubit low sudsing properties They are useful for the removal of
certamn types of soil such as mulkstone from dairy equipment

SANITIZATION OF DISHES

Wherever possible equipment designed specifically for the washing of
dishes should be used When an efficient detergent 1s employed 1n an ap
proved type dishwashing machie followed by a hot water rinse, the dishes
are rendered clean and the bactenal count 15 reduced to a safe level The
detergent solution 1n the washer should be n the range of pH 10 11 and
ata temperature of 140° 145° F (60° 63° C) For rinsing the water should
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faces The requirement should be strictly enforced that all utensils be com
pletely submerged during the boiling process The exposure period should
be 30 minutes from the time boiling temperature has been reached As with
mstruments, dependable technique demands that the utensils undergoing
disinfection be thoroughly cleaned beforehand Do not permut the utensils
to remam 1 the boiler for any considerable period of time after boiling As
the steam condenses and the water cools upon standing air contaming dust
particles will be drawn mto the chamber with the possibility of the utensils
becoming contammated

TERMINAL DISINFECTION OF INSTRUMENTS BY BOILING

The 1mmediate care of mstruments and utensils used on septic cases 1s
of serious concern especially where facihities are not avatlable for vse with
steam under pressure, such as the pressure mstrument washer sterihizer At
best boiling water 1s a poor substitute for steam under pressure, but when
an emergency occurs and the only equpment available 15 an nstrument
boiler, the most practicable procedure yielding reasonable precautionary
measures must be followed This means that some method must be used
whereby the bactericidal efficiency of boiling water can be depended upon
to decontammate the nstruments and to protect the nurse agamst the
infectious hazard m later cleaning of the mstruments Immediately follow
g the septic operation the nstruments (unlocked and open) should be
transferred to the boiler and suffictent trisodium phosphate added to the
water so as to make a 2 per cent solution With the mstruments completely
submerged, the water should then be brought to a brisk boil and the boil
mg contmued for not less than 15 minutes The mstruments may then be
cleaned n the usual manner The alkalimty due to the tnsodum phosphate
will assist m solubilizing the orgame matter on the mstruments and 1t will
also enhance the bactencidal efficiency of the boiling water

CLEANING AND SANITIZING AGENTS

Water 15 the umversal cleaning and samtizing agent and an adequate
supply of hot water 1s the strongest weapon agamst dirt Although water
alone possesses some detergent value 1t s largely meffective for the re
moval of proteinaceous soil 01l and grease from the surfaces of mstruments
and utensils The addition of a swtable detergent to water 1s therefore of
the greatest importance for effective cleaning The purpose of the detergent
1s to facilitate the exchange of a soiled surface condition for a clean surface
plus a soiled detergent This exchange process which 1n effect constitutes
the cleaning operation 1s dependent upon the kind of surface bemng cleaned
the nature and amount of soil the composition and concentration of the
detergent time of exposure to the cleaning agent hardness of the water,
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be mamtained at 2 mmunum temperature of 170° F (77° C) for 2 min-
utes or 212° F {100° C ) for 30 scconds

In the event that proper equipment 1s not avulable, the utensil boiler
shown m Digure 116 mny be used for sxmtrzation or terminal disinfection
of dishes Residual particles of food must be removed from the dishes be-
fore placing them in the boiler Plates and saucers should be stacked on
edge 1 the tray or bashet, ind cups or other deep dishes should rest on
their sides so that water will drain from them All articles must be sub-
merged 1 the water A sufficient imount of low foaming detergent 1s then
added and the dishes are boiled for 15 minutes

THE INDIVIDUAL PATICNT'S UTENSILS

There are varous procedures n use today for the handling of the indi-
vidual patient s utensils consisting of wash basin, emesis basin, mouth cup,
etc In a few hospitals these supples are delivered to the central service
department for washing wrapping and sterihization by steam under pres-
sure This procedure has been cnticized on the grounds that supphies of
this type used by the general hospital patient do not require stexlization
for safety Also, 1t 1s difficult to mamtain control over the procedure be-
cause of failures on the part of floor personnel to arrange for delivery of the
utensils to central service In other imstitutions adequate facilities are avail
able for steam sterilization of the utensils i utility rooms In many mstitu
tions 1t 1s common practice that the mndividual patients utensils are not
subjected to any form of sternilhzation following the routine washing process

It must be acknowledged that each new patient admutted to the hospital
1s entitled to a freshly samitized kat of utensils This does not necessanly
mean that the articles be subjected to a surgical stenlization process, al
though 1n certam istances autoclaving may prove to be the most conven-
1ent method If the utensils have been thoroughly cleaned with hot water
and detergent and then subjected to bolling or steaming there 1s every
reason to believe that the degree of samtization 1s at least the equivalent of
the dishes and eating utensils furnished on the food tray Unfortunately
there are few, 1f any utility rooms equipped with a utensil washer sanitizer
suited for this application The ordinary utensil boiler (Fig 116) 1s largely
unsatisfactory for the operation because of hard water conditions 1n many
hosprtals and the lack of a convement hot water rinse following the boiling
process Until such time as more appropriate equipment becomes avulable
the recommended procedure for handling the mdividual patient s utensils
1s as follows

When the patient leaves the hospital room, the various utensils are col
lected and washed wath hot water and detergent m the clean up unit of the
utiity room After drymg and mspection the utensils are wrapped 1n a
double thickness muslin cover The packaged hit 1s then sterilized in the
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Fig 116 Typical steam heated utensil boller with cover raised Sumlar units heated
by electneity or gas are i common use
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be mantuned at 1 nunumum temperature of 170° I' (77° C) for 2 mun-
utes or 212° F (100° C ) for 30 scconds

In the event that proper equipment 15 not avalible, the utensil boiler
shown 1n Figure 116 m1y be used for sxmtization or terminal disinfection
of dishes Residual particles of food must be removed from the dishes be
fore plhcing them m the boiler Plates and stucers should be sticked on
edge 1n the tr1y or basket, ind cups or other deep dishes should rest on
their sides so that water will drun from them All articles must be sub-
merged 1n the water A sufficient imount of low foaming detergent 1s then
added and the dishes are boiled for 15 mmnutes

THL INDIVIDUAL PATIENTS UTENSILS

There are vanous procedures in use today for the handling of the indi-
vidual patient s utensils consisting of wash basin emesis basin mouth cup,
etc In a few hospitals these supphes are delivered to the central service
department for washing wripping and stenhzation by steam under pres-
sure This procedure has been cniticized on the grounds that supplies of
this type used by the general hospital patient do not require sterilization
for safety Also, 1t 1s cdifficult to maintamn control over the procedure be-
cause of failures on the part of floor personnel to arrange for dehery of the
utensils to central service In other mstitutions adequate faciities are avail
able for steam sterilization of the utensils 1n utility rooms In many mstitu-
tions 1t 15 common practice that the ndividual patients utensils are not
subjected to any form of sterthzation following the routine washing process

It must be acknowledged that each new patient admutted to the hospital
1s entitled to a freshly samtized kit of utensils This does not necessanly
mean that the articles be subjected to 2 surgical sterihization process, al-
though in certain mstances autoclaving may prove to be the most conven
1ent method If the utensils have been thoroughly cleaned with hot water
and detergent and then subjected to boiling or steaming there 1s every
reason to believe that the degree of samtization 1s at least the equivalent of
the dishes and eating utensils furnished on the food tray Unfortunately
there are few 1f any utility rooms equipped with a utensil washer samtizer
suited for this application The ordmary utensil boiler (Fig 116) 1s largely
unsatisfactory for the operation because of hard water conditions m many
hosputals and the lack of a convenient hot water rimse following the boiling
process Until such time as more 2ppropnate equipment becomes available
the recommended procedure for handling the individual patients utensils
15 as follows

When the patient leaves the hospital room, the various utensils are col-
lected and washed with hot water and detergent in the clean up unit of the
utity room After drymng and mspection the utensils are wrapped 1n a
double thickness mushin cover The packaged Lt 15 then sterihzed 1n the
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Fig 116 Typical steam heated utensil boiler with cover raised Simlar umts heated
by electnaity or gas are in common use
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Fig 118 The push button 1s pressed with

forearm starting cycle A pilot light comes

on and the attendant 1s then free to leave

the umt if she so desires returmng later

to remove the cleaned and dismfected
bedpan or unnal

Fig 117 Automatic bedpan washer dis

mfector The depressed foot pedal opens

door and spreads locking clamps to re
cewve bedpan or unnal

Organisms Micrococcus aureus and Escherichia colt

Pans Inoculated Ordinary white enamel bedpans were selected from the
stock m routine use at a local hospital

Site of Inoculation Pomts of moculation were selected that were under
neath the lip of the pan mn concealed locations and m three of the tests
roughened areas where the enamel was chipped off were used as inocula
tion sites

Medwa Lmployed for Subculture Plam bowllon and blood agar plates
Ezxposurc Tsme Thirty sixty and nmety seconds

Tests Were Conducted as Follows The bedpans were first sterihzed by
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autoclave at 250° F for 15 minutes, followed by 15 minutes drymg The
Lit 15 then removed from the stenilizer, placed 1n clean storage m the utility
room or transferred to the bedside table in the patient s room If a pressure
utihity sterthizer 15 not available on the floor, then the utensil boiler will
have to be used, but the utensils must not be wrapped Followng sanitiza-
tion by boiling for 15 mmutes the utensils should be dried wrapped m
cloth or paper and then placed 1 storage

DISINFECTION OF BEDPANS AND URINALS

The objective 1 the handling of bedpans and urnals 1s to dispose of the
excreta under the most sanitary and least offensive conditions and at the
same time to disinfect the utensils msofar as the communicable disease or-
gamsms are concerned Hospital personnel are well acquamted with appa-
ratus known to the trade as Bedpan Washers and Sterihizers To designate
such equipment as a sterithzer 1s mcorrect because 1n normal usage no
attempt 1s made to sterithze the utensil nor is the process capable of sterih-
zation m the strict sense of the word Unfortunately the term has been
firmly established m the minds of hospital people as well as the manu-
facturers of the equpment and that name will undoubtedly continue to be
used

Modern apparatus for washmng and disinfecting bedpans has been vastly
mmproved 1n recent years to faciitate the completion of this most offensive
duty the nurse must perform With the automatic umt shown in Figures 117
and 118 the nurse brings the soiled pan or urmal to the fixture presses the
foot pedal to open the cover nserts the utensil within the fleible arms
and removes her foot from the pedal The cover closes automatically and
at the same time the utensil 1s emptied She then touches the push button\
with her forearm and this starts an umnterrupted cycle of washing and
steammg The first action 1s that of a cold water wash with mside and
outside flushing of the utensil as well as complete flushing of the chamber
The scrubbing action of the jet stream of water 15 enhanced through air
entramnment After washing with cold water for 2 mmnute the umt auto-
matically shuts off the water supply and nstantly admits Ive steam to the
chamber for 1 mnute A bleeder trap 1s connected to the steam supply line
which constantly bleeds condensate from the hne thereby assurng expo-
sure to Live steam throughout the dismfection period The pilot hight re
mains on during the entire cycle warning a second operator that the fixture
15 m use and the door should not be opened until the eycle 1s completed
In a fixture of this type steam 1s liberated direct from the supply lme at
close range against the surfaces of the utensils The utensil heats rapidly
because of 1ts fixed proximity to the source of steam Under these conditions
a short exposure period of 1 mimute 1s permussible for dismfection as evt

denced by the following tests
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Fig 118 The push button 1s pressed with

Fig 117 A 1c bedpan washer-d forearm starting cycle A pilot light comes
mfector The depressed foot pedal opens  on and the attendant 1s then free to leave
door and spreads locking clamps to 1¢  the umt if she so desires returning later

cewe bedpan or unnal to remove the cleaned and disinfected

bedpan or urnnal

Orgamsms Micrococcus aureus and Escherichia colt
Pans Inoculated Ordmary white enamel bedpans were selected from the
stock 1n routine use at a local hospital
Site of I lat: Pomnts of lation were selected that were under
neath the lip of the pan i concealed Jocations and 1n three of the tests
roughened areas where the enamel was chipped off were used as mocula
tion sites
Medwz Employed for Subculture Plam bouillon and blood agar plates
Exposure Time Thirty sixty and ninety seconds
Tests Were Conducted as Follows The bedpans were first sterihzed by
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autoclave at 250° F for 15 mmutes followed by 15 minutes drymg The
kut 15 then removed from the sterihzer placed m clean storage in the utility
room or transferred to the bedside table in the patients room If a pressure
utility sterthzer 1s not available on the floor, then the utensil boiler will
have to be used, but the utensils must not be wrapped Following sanitiza-
tion by boilng for 15 mmutes the utensils should be dned, wrapped m
cloth or paper and then placed m storage

DISINFECTION OF BEDPANS AND URINALS

The objective m the handhing of bedpans and urmals 1s to dispose of the
excreta under the most samtary and least offensive conditions, and at the
same time to disinfect the utensils msofar as the communicable disease or-
ganisms are concerned Hospital personnel are well acquamnted with appa-
ratus known to the trade as Bedpan Washers and Sterihizers To designate
such equipment as a stenihzer 1s mcorrect because 1 normal usage no
attempt 1s made to stenihze the utensil nor 15 the process capable of sterili-
zation m the strict sense of the word Unfortunately the term has been
firmly established m the minds of hospital people as well as the manu-
facturers of the equipment and that name will undoubtedly continue to be
used

Modern apparatus for washing and disinfecting bedpans has been vastly
mproved 1 recent years to facilitate the completion of this most offensive
duty the nurse must perform With the automatic umt shown in Frgures 117
and 118 the nurse brings the soilled pan or urmal to the fixture, presses the
foot pedal to open the cover, mserts the utensil withm the fleable arms
and removes her foot from the pedal The cover closes automatically and
at the same time the utensil 1s emptied She then touches the push button'
with her forearm and this starts an unmterrupted cycle of washing and
steamng The first action 1s that of a cold water wash with inside and
outside flushing of the utensil as well as complete flushing of the chamber
The scrubbing action of the jet stream of water 1s enhanced through ar
entramment After washing with cold water for % mmnute the umt auto
matically shuts off the water supply and instantly admits hve steam to the
chamber for 1 mmute A bleeder trap 1s connected to the steam supply line
which constantly bleeds condensate from the line thereby assuring expo-
sure to hve steam throughout the disinfection period The pilot light re-
mains on during the entire cycle warning a second operator that the fixture
15 1n use and the door should not be opened until the cycle 15 completed
In a fixture of this type steam 1s hberated direct from the supply lme at
close range agamnst the susfaces of the utensils The utensil heats rapidly
because of 1ts fixed proxumity to the source of steam Under these conditions

a short exposure penod of 1 minute 15 permussible for disinfection as evt
denced by the following tests
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Fig 119 The installation of a clmical sink adjacent to the bedpan washer disinfector
will be found useful especially for the manual cleamng of bedpans with brush
and detergent

disinfector will serve about 15 patients adequately and this figure 15 used
as a gwde m the arrangement of utihty rooms in new construction In
private or sem: private rooms where toilet facihities are available, the toilet
should be equipped with 2 modern bedpan flushing attachment as m
Figure 121 The bedpan 1s cleaned here and retamed until the patient
leaves Then it 15 taken to the washer disinfector located 1n the sub utility
room on the floor and disinfected prior to use by the next patient This
method saves time and undesirable traffic through the corridors

For the smaller hospitals where steam 15 not available for flushing of
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steam under pressure to free them of any spore bearing bacterta Different
areas on the surfaces of the pans were then moculated from fresh cultures
of Micrococcus aureus and Escherichia coli The pans were then placed m
the Aeroflush fixture and flowmng steam admutted for the required perod
(The cold water wash was ehmmated in the test seres ) At the end of the
steaming period the door was opened, the pans removed and subcultures
were made from the moculated areas mto the plamn bowllon and on blood
agar plates and these cultures were incubated for 24 hours at 37° C

Results
Exposure Time Micrococeus aureus Eschenchia colt
30 seconds Stenle Stenle
60 seconds Stenle Sterile
90 seconds Stenile Stenle

The above tests were repeated on six different occasions, and m each case
the subcultures were found sterile

BEDPANS CONTAINING OIL

Pans contammg stools from ol enema patients cannot be properly
cleansed by this or any other smmlar washing and steaming process The
excreta will be flushed out but residual o1l globules will remam 1n the pan
Placing paper m the bottom of the pan before use will reduce the difficulty
of cleaning, but nurses are prone to forget this detail Oily pans can only be
rendered clean by use of a totlet brush and detergent In some hospitals the
brush 1s suspended close to the bedpan cleaning fisture and the detergent
15 kept on a shelf nearby The nurse can hold the cover open with the foot
pedal 1 posttion to cleanse the pan and so apply the brush and detergent
But this 1s an awkward procedure and proper cleaning occurs only now and
then with unusually panstaking personnel It 1s considered better practice
to provide a chimieal sk close to the bedpan washer that 1s used largely for
this one purpose as in Figure 119 Then when an oily pan 1s encountered
it 15 taken immedsately from the bedpan washer to the sk scoured with
brush and detergent and returned to the fixture for a second cycle which
renders 1t clean and disinfected

ALTERNATE METHODS OF HANDLING BEDPANS AND URINALS

The procedure described above 1s the one most practical for any mstitu
tion where steam 15 available for heating Modern planning does not make
provision for the mstallation of bedpan washing and disinfecting equip
ment within the utility room unless the room 1s divided mto soiled and
clean work areas The 1deal arrangement makes provision for a sub utihity
room or bedpan closet to serve each nursing umt of approximately 25
patient beds distubuted as 14 private room beds with toilet faciities 14
sem provate room beds and 14 ward beds A typical layout for a sub utiity
room 15 shown 1n Figure 120 Expernence dictates that one bedpan washer

—
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Fig 119 The mstallation of a chmeal sink adjacent to the bedpan washer disinfector
will be found useful especially for the manual cleaning of bedpans with brush
and detergent

disinfector will serve about 15 patients adequately and this figure 1s used
as a gwde m the arrangement of utility rooms mn new construction In
pnwvate or semi private rooms where tollet facihities are available, the toilet
should be equipped with a modern bedpan flushmg attachment, as
Figure 121 The bedpan 15 cleaned here and retained until the patient
leaves Then it 15 taken to the washer disinfector located in the sub utihty
room on the floor and disinfected prior to use by the next patient This
method saves time and undesirable traffic through the corndors

For the smaller hospitals where steam 15 not available for flushing of
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bedpans an alternate method must be used This requires a combination
apparatus consisting of a bedpan washer, without the steaming attach-
ment, and an electrically heated utensil boiler or steamer mounted close
by, 4s in Figure 122 The utensil steamer contamns a removable rack which
holds five bedpans and a wall support 1s usually provided near by to accom-
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Fig 120 Typical layout for a sub utility soom or bedpan closet to serve each nursing
unit of approximately 25 patient beds

modate two of these rachs one above the other This 1s the way such
apparatus 1s mtended to be used

The nurse disposes of the excreta m the bedpan washer and flushes the
pan with cold water If the pan 15 solled with ail she scrubs it out as
explamned above and flushes 1t again mn the fixture Then she transfers the
pan to the utensil steamer for dismmfection (It 15 assumed that the nurse
who puts the fifth pan mn the steamer will turn on the heat electneity or
gas, and stay with the apparatus until the pans are disinfected ) Then she
removes the carmier of five pans to the wall support and returns an empty
carnter from the wall support to the boiler or steamer ready for the recep-
nion of the next pans to amve Ma this y techmque be
comes somethmg of a problem in floor control Nurses often forget to carry
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She » i s 3
Fig 121 The mstallatton of a Diverter Valve with movable spray arm above the

tollet as shown provides a convemuent and effective method for flushing and nnsing
bedpans

through the disinfecting process when the carrier has been filled Then the
next nurse who arrives with a pan finds herself m an embarrassing position
She has no place to put the washed pan, must place 1t on something while
she disinfects the Joaded carrier to make room for her own pan That sort
of thing can be controlled only by ngid supervision, but 1t should be con-
trolled so that the entire cycle of handling pans becomes strict routme
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ROUTINE CARE OF BEDPAN WASHER

The type of bedpan washer dismfector shown 1 Figures 117 and 119
mcorporates certamn features of design which have done much to elimmnate
the serious objections inherent m earlier designs One highly mmportant
feature 1s the loose fitting cover which serves a two fold purpose The cover

Fig 122 A combmation of bedpan washer electrically heated utensil steamer and a
typical wall support for two five pan racks This hind of assembly 15 swtable for
smaller hospitals where direct steam 1s not available

1s baffled on the mside so that in normal usage there 15 no leakage of water
The loose fitting design of cover also serves as an overflow so that pollution
can nse m the chamber, under adverse conditions not appreciably higher
than the bottom of the cover Similarly the loose fitting cover serves to
admit room air to the chamber for continuous aeration The effect 1s that
of a chimney on any fuel consuming stove or furnace Room air enters
entrams with odots or vapor and passes up the vent stack Lacking the
Toose fitting cover or 1ts equivalent openmg for arr mtake odors are trapped
mn the chamber offenstvelv

The bedpan washer disinfector needs occasional cleaming with a toilet
brush just as ordmary toilet bowls are clewned The white porcelain enamel
fimsh of the hopper serves a useful purpose 1n makmg immediately appar
ent any soiled surfaces Obviously the soiled surfaces can only be seen
when the cover 1s opened, but 1t 1s a matter of good housekeeping as well
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Fig 123 The mtenor of any bedpan washer disinfector becomes soded just as any
torlet bowl does at times and 1t requires the same kind of cleaning

as samtation to frequently scrub the mntenor of the washer (Fig 123) It
1s no mark of commendation, for the otherwise well managed hospital, to
find bedpan washers that have never been cleaned out since mstallation
Strict floor supervision can surely govern the cleining of this equipment
as frequently and as thoroughly as toilets are cleaned
In former years attempts were made to bmld apparatus m which the con

tents of bedpans and urinals could be disinfected before releasing 1nto the
sewage system Needless to say the equipment never proved satisfactory
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and sanitary protective features were largely 1gnored Today the need for
such equipment has been largely done away with as the result of the
modern city sewage disposal plant When 1t 1s necessary to actually dism
fect feces or urine, a dependable method 1s to mix 1 part of compound
cresol solution with each 10 parts of fecal matenal and allow to stand for
30 mmnutes
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Cuarten XIII
Chemaical Disinfection

HE NEED FOR safe and effective chemical disinfectants 1s of great
Tpractlcal mportance to the hospital They are required for the destruc-
tion of orgamsms present on delicate mstruments and supplies which
cannot be rendered stenle by other means due to therr heat sensitive
characteristics  Efficient surgical antiseptics are also required to assist 1n
the degermation of the hands and arms of the surgeon as well as the skin
of the patient at the operative site General utility disinfectants are likewise

essential for mstitutional use 1n order to mummize the infechion hazards

from entertc, respiratory and other pathogens present on floors, walls and
furmture
DEFINITIONS

Disinfection By defimtion this 15 any process, chermical or physical by
means of which pathogenic agents or disease producing microbes are de
stroyed It 1s essenbially a process which will destroy the nfectious agents,
usually the communicable disease orgamisms but not necessanily exactmg
to lull resistant bacterial spores The more common disinfecting agents are
chemicals, boiling water, flowing steam and ultraviolet radimation As ordr
nanly employed the disinfection process may or may not be adequate for
the destruction of tubercle bacilli and for the mnactivation of viruses Dis
nfectants should be used on mammate objects only They should nat be
confused with the use of antiseptics as applied to the body *

Stershization Sterlization may he defined as any process by means of
which all forms of microbial hfe {bactena, spores fungr and viruses) con
tammed m hquids on instrumients and utensils or within various substances
are completely destroyed” The word “sterile denotes the complete freedom
from or absence of all living microbes and other forms of Ife In the strict
sense of definition, “sterle 15 an absolute term but the word 1s subject to
common ge and pretation by both laymen and professional
people The Council on Pharmacy and Chemistry of the American Medical
Association? has reported on this subject as follows

“The Council on Pharmacy and Chemustry has formally gone on record as
disapproving of the use of the terms sterle stenlze and stenlization in
a bactenologic sense other than 1n therr correct scientific sigmficance 1e
meaning the absence or di of all micr These terms are
not relative and to pernut their use 1 2 relative sense not only 15 incorrect
but opens the way to abuse and misunderstanding

Germictde A germicide 1s anything that will destroy germs or microbes

c 1
usage lves the af of ch 1 agents to kill disease
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producing germs but not necessarily resistant bactenal spores Germiaides
are usually employed 1 solution form for application to living tissue as well
as mammate objects Other commonly used terms with similar defimtions
are bactenicide fungierde, virucide and sporicide

Antiseptic  Antiseptics are substances which, when applied to micro
orgamsms will render them mnocuous erther by killing them or preventing
their growth, accordmg to the character of the preparation or the method of
application # They are preparations made especially for application to hiving
tissue If the substance 1s of such a nature or 1s used m such a way as to
only prevent the growth of bactena 1t may be classed as a bactenostatic
agent

CAUSE OF DISINFECTION

The destructive processes which lead to the death of bactenal cells when
m contact with a chemical dismfectant have not been satisfactorily ex
plamed Depending upon the type of disinfectant used, certamn reactions
occur such as oxidation when chlorne and related compounds are used
hydrolysis 1n the case of acids alkahes and hot water, and coagulation of
protems 1n the cell probably occurs when all potent disinfectants are em
ployed The relationship of chemical constitution or structure to disinfect
mg action 1s hkewise mmperfectly understood at the present time It 1s
known, however that chemical composition does not solely account for
germicidal activity Other properties associated with the disinfectant, such
as solubihity 10mzation and surface tension, have a marked effect upon the
germicidal power Perhaps it will suffice to say that mn the disinfection
process the bacterial cell 1s porsoned by the chemical agent To bring this
about, 1t 15 necessary to assure mtimate contact of the disinfectant with the
bactenal cell so that the chemical agent can be absorbed and thereby per
mtted to act upon the vital constituents of the cell

FACTORS WHICH INFLUENCE DISINFECTANT ACTION

There are several factors which mfluence the action of a disinfectant and
ultimately determme 1ts efficiency to destroy microorgamisms under prac
tical condrtions Those of primary importance are

1) Cleanlmess of the Surface Inadequate cleanng of the surface to be
disimfected prevents intimate contact of the dismfectant with the bactenal
cell The presence of blood pus, oil or grease interferes with the action of
all germcides The first requirement 15 absolute cleanlness of the surface

2) Concentration A weak solution 1s usually not as effective as a strong
solution of the same disinfectant One exception 1s ethyl alcohol where 70
80% aqueous solutions are more germicidal than absolute alcohol Where
tissue 1rritation 1s not mvolved strong solutions can be used The phenol
coefficient should be not less than five and the use dilution for general
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disimfecting purposes must be germicidal under the conditions of the
AQAC Use Dilubon Confirmation Test’*

3) Tunc When bactera re exposed to 1 disinfectant thev are not de
stroyed anstantly Denth follows an orderly process n which time and con-
centration are mterdependent The time required for disinfection may vary
from seconds to hours

4) Temperature The rate of dismfection 1s accelerated with an mnerease
1n temperature Since most disinfectants are applied at room temperature
or body temperature this 1s relatively ummportant, except when a chemical
agent 1s added to hot or boiling water to increase the germicidal efficiency

5) Type of Orgamsm Some orgamsms are more readily killed than
others The Pscudomonas group are particularly resistant to the action of
disinfectants also the tubercle bacillus Bacterial spores nnd certan virnses
show mavimum resistance to chemcal agents It 1s doubtful if any disin-
fectant swtable for routme use can be depended upon to destroy the virus
of serum hepatitis A good general disinfectant should be capable of de-
stroyng the following microorgamsms 1n 10 mmutes 1t room temperature °

Mycobacterium tuberculosis Si P var hemolyt:
Shigella paradysenteriae Drplococeus pneumomae
Eschenchm coh Corynebacterium diphtherae
Pseudomonas aeruginosa Candida albicans

8) Presence of Organsc Matter The action of most disinfectants 1s
markedly decreased and often nullified m the presence of orginic wastes
Blood, pus, feces, wound debrs, mucus and other heavy secretions are
the common offenders The disinfectant should retam at least 50% of its
germeidal power 1n the presence of standrd orgamic matter (10% horse
serumn ) when tested by the official phenol coefficient method

PROPERTIES OF DISINFECTANTS

Alrohols Ethyl alcohol 15 widely used as a skin antiseptic It DOSsesses
valuable wetting properties and 1s 2 fanly good fat solvent The optimal
germcrdal concentration 1s usually given as 70 per cent by weight (81 per
cent by volume), although Morton s® findings mdicate that 1t has a hagh
degree of germicidal activity m the range of 50 to 95 per cent When prop-
erly used 1t will destroy vegetative orgamsms but 1s meffective agamst
spores Because of 1ts protem coagulating action mstruments must be thor-
oughly cleansed before contact Its usefulness as a disifectant for articles
contamingted with acid fast orgamsms—tubercle baeill has not been well
defined j{s’gpgw(@ls rapidly displacing ethyl alcohol for many uses
It exhubits shghtly gréater germicidal action, 1s a better fat solvent and has
alower surface tension In a 50 per cent solution 1t 1s an effectiye germiaide
agawnst non sporulabing bactena The degermmg action s optimal when



214 Principles and Methods of Sterihzation

producing germs but not necessarly resistant bactenal spores Germicides
are usually employed 1n solution form for application to living tissue as well
as mammate objects Other commonly used terms with similar defimtions
are bactenicide fungicide viruerde and sporicide

Antiseptic  Antiseptics are substances which when applied to micro
orgamsms will render them mnocuous either by killing them or preventing
their growth, according to the character of the preparation or the method of
application * They are preparations made especially for application to living
tissue If the substance 1s of such a nature or 1s used m such a way as to
only prevent the growth of bacteria 1t may be classed as a bactenostatic
agent

CAUSE OF DISINFECTION

The destructive processes which lead to the death of bacteral cells when
m contact with a chemrcal disinfectant have not been satisfactorily ex
plamned Depending upon the type of dismfectant used, certamn reactions
occur such as oxidation when chlorme and related compounds are used
hydrolysis 1n the case of acids alkalies and hot water, and coagulation of
protens 1n the cell probably occurs when all potent disinfectants are em
ployed The relationship of chemical constitution or structure to disinfect
g action 1s hkewise mmperfectly understood at the present time It 1s
known, however, that chemical composition does not solely account for
germicrdal actvity Other properties associated with the disinfectant, such
as solubility, 1omzation and surface tension, have a marked effect upon the
germicidal power Perhaps it will suffice to say that m the disinfection
process the bactenial cell 1s posoned by the chemical agent To bring this
about, 1t 15 necessary to assure mtimate contact of the disinfectant with the
bacterial cell so that the chemical agent can be absorbed and thereby per
mtted to act upon the vital constituents of the cell

FACTORS WHICH INFLUENCE DISINFECTANT ACTION

There are several factors which mfluence the action of a disinfectant and
ultrmately determme 1ts efficiency to destroy microorgamisms under prac
tical conditions Those of primary importance are

1) Cleanhness of the Surface Inadequate cleaning of the surface to be
disinfected prevents intimate contact of the disinfectant with the bacteral
cell The presence of blood pus, oil or grease interferes with the action of
all germicides The first requirement 15 absolute cleanhness of the surface

2) Concentration A weak solution 1s usually not as effective as a strong
solution of the same disinfectant One exception 1s ethyl alcohol where 70
80% aqueous solutions are more germicidal than absolute alcoho! Where
tissue 1rmtation 1s not mvolved strong solutions can be used The phenol
coefficient should be not less than five and the use dilution for general
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metal mstruments or irticles made of rubber All hypochlorites detenorate
upon aging either m solution or powder form Therr germicidal efficiency
1s reduced 1 the presence of orgame matter

fodme Iodne m tincture form 1s the traditional agent for preoperative
shin disinfection One or two per cent 10die dissolved m 70% alcohol 15 an
excellent shm antiseptic In the usual concentrations todine displays high
bactencidal eficiency and low tissue tovicity It may be writating to tissues
and 1t stams badly Two per cent aqueous 10dme has been reported to be
sporicidal * It has been recommended as an ‘emergency stenhzing agent
for surgical mstruments mcluding kmfe blades, plasties and rubber goods
An 1odine solution of 05 to 1 per cent m 70% alcohol 1s the agent of choice
for diswfection of clmical thermometers A new 1odophor disinfectant
( Weseodyne ) has been reported”” to be a general purpose disinfectant,
effective agamnst viruses fungi and bactena, including 3 tuberculosis

Formaldehyde Formaldehyde 1s a gas Iughly soluble m water The
U S P solution (Liquor Formaldehydi) contaimns 37% (by weight) of the gas
m water A 5 per cent solution 1s actively germiczdal and sponicidal i the
presence of moderate amounts of orgamc matter ** Formaldehyde also pos-
sesses a powerful deodorant action It 1s imitating to tissues and any instru
ment disinfected with 1t must be thoroughly rinsed m sterile water before
use Because of 1ts sponicidal activity 1t 1s probably the most reliable chemr-
cal agent for wstrument disimfection Low temperatures reduce its germm-
cidal power It should be used at room temperature or above

Quaternary Ammomum Compounds Typical of this class of germiaides
are Zephitan  Phemerol and Ceepryn They are surface active com
pounds and possess the useful property of lowerng the surface tension of
solutions They are lughly stable and nen imtiting when used m recom-
mended concentrations They are incompatible with soap but retam therr
activity reasonably well m the presence of protein Their value as tubercu-
locides and virucides has not been clearly established They cannot be
depended upon to destroy spores For instrument disinfection, the usual

concentration 15 1 1000 aqueous solution to which 05 per cent sodim
nitrite 15 added to mmmmize corrosion

CHEMICAY, DISINFFCTION OF INSTRUMENTS

The process of chemical disinfection of mstraments 1s often referred to
as cold stenhzation This 1s confusimg terminology becanse many of the
chemical agents employed are not capable of destroyng all forms of micro-
bial hfe Indeed the great majonty of instrument germicides cannot be
depended upon to Wl the tubercle bacillus Yet according to the strict
defimtion of disinfection the process must destroy pathogemc or disease-
produemg orgamsms The ideal chemical disinfectant would rapidly kill
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solutions of 70 per cent (by weight) and stronger are used Price” has stated
that 1sopropyl alcohol might well be substituted for ethyl alcohol to pre
pare the skin of the field of operation, but 1t 15 not recommended for re
peated washing of operator s hands

Phenols and Cresols Phenol 1s an extremely toxic compound and highly
destructive to tissues In germicidal concentrations 1t 1s wrntant and pro
duces local anesthesia when appled to a skin surface When added to soap
or soap solutions 1t has hittle germicidal action It 1s not effective agamst
spores As a practical disinfectant, 1ts use 1s imited It has a high tempera
ture coeficient, 1e  hot solutions are more effective disinfectants than cold
solutions For this reason phenol 1s occasionally added to boling water m
a 2% concentration for the disinfection of contammated instruments follow
g a septic case Other disinfectants, such as Amphyl or O syl are better
suited to this appheation  Lysol also 1s a caustic substance and not safe for
application to the skin It 1s widely used as a general utity disinfectant for
floors and walls although the odor 1s objectionable to many people

Cresols are more valuable than phenols as practical disinfectants The
compound cresol preparations such as Liquor Cresolis Saponatus retam
their germicidal powers 1n the presence of organic matter meluding sputum
and feces The cresols will destroy vegetative orgamsms i dilutions of
1100+to 1 300 but they are not effective agamst spores They are probably
the disimfectants of choice agamst acid fast bactera—M tuberculosis The
virucidal powers of the cresols have not been well established The newer
synthetic phenoltc disinfectants known as O syl and Amphyl apparently
display a residual antibactenal effect on disinfected surfaces® which should
enhance their value as general utihty disinfectants

Hexachlorophene (G-11) 1s a phenolic denivative, currently popular as
a surgical scrub It 15 virtually isoluble i water, but soluble m alcohol
acetone and dilute alkah It retaims 1ts antibactenial potency n the presence
of soap Gump® has stated that G-11 1s a safe and harmless chemical It s
clamed that the synthetic detergent vehicle pHisoderm fortified with
G 11 15 more effectrve than any detergent commonly employed for the
preoperative preparation of th/e skn

Chlorine Compounds The hypochlontes (sodm and calcrum) are the
most useful of chlorme contammg compounds for practical dismfection 1
the hospital Ther germicidal power 1s dependent upon the release of free
hypochlorous actd Dakms solution contams 045 to 050% sodium hypo
chlorite Chlormated lime contams 30 to 35% calcium hypochlonte Com
mercial laundry bleaches such as Clorox are solutions of sodiam hypo
chlorite The equivalent USP solution contams about 5% sodium hypochlo
nte When diluted 1 1000 these solutions are useful for disinfection of bed
pans unmals toilets and floors They should not be used for disinfection of
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Rubber and Plastic Goods The many different synthetic matenals enter-
g mto the manufacture of rubber and plstic items make 1t difficult to
select an all purpose agent for dismfection In certun cases, such as for
rubber sheetmg, soalung m alkaline formaldehyde solution 1s considered
satisfactory The use of 10dime solutions 1n strengths of 0 5 to 2 per cent may
be useful For clean plastic tubing, where spores are not a problem, soaking
1 70 per cent ethyl alcohol may also be efficacious Gum elastic catheters
are best dismfected m an aqueous formaldehyde solution, after which they
should be thoroughly ninsed with stenle water
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any orgamsms (spores, tubercle bacilh and viruses) remaming on an mstru
ment after cleaning It would retain a ligh percentage of 1ts activity m the
presence of organic matter leave no touc or imtating residue on the
mstrument be non corrosive and of low cost * Obviously such a dismfec
tant has never been found The use of chemical disinfectants should be
limuted to those mstruments which cannot be steriized by heat

Cutting Edge Instruments When facilities are not available for dry heat
stenhzation of delicate, sharp imstruments, they may be disinfected by
complete immersion for 18 hours m one of the following solutions

1 h

The must be th cleaned bef d to remove 1ll
blood pus o and grease

1 BORAX FORMALDEHIDE SOLUTION—

Sodium tetraborate 500 gm
Formaldehyde soluton USP 1000 ml
Distilled water to 10000 mi
11 BENZALKONIUM FORMALDEHADE SOLUTION—*
Isopropanol, 99% 9000 ml
Methanol (technical) 720 ml
Formaldehyde 37% 1440 ml
Zephiran concentrate 12 8% 144 ml
Sodm mtrite 180gm
Disulled water to make 18000 ml

Following dismfection the mstruments must be thoroughly rnsed with
sterile water before use The commercially available product known as
“Bard Parker Germicide may be substituted for either of the above solu
tions Itis claimed that this product will destroy spores m 3 hours exposure
resuling m a much shorter disinfecting time

Telescopic Instruments (Cystoscopes Thorascopes) With the exception
of the Kirwin Cystoscope these mstruments cannot be stenhzed by heat
Alkahne germicides will attack the surface of the lenses and the solvent
action of others may loosen the cement m which the lenses are set Dism
fection can best be accomplished by soakmg in  Uroheide  solution for 30
minutes

For the termmal disinfection of bronchoscopes and laryngoscopes 1t 15
recommended that they be soaked m 1 1000 solution of caleium hypochlo
nte (chlonnated hme) for 30 mmutes Following disinfection they should
be rmnsed 1n tap water and dried

Chintcal Thermometers The method selected for the disinfection of
thermometers should be effective agamnst M tuberculosis According to
Frobisher and Sommermever ** effective disinfection may be accomphshed
by wiping the thermometers thoroughly with cotton wet with a solution of
equal parts of 95% ethy1 alcohol and tincture of green soap then immerse
them for 10 mmutes 1n a 1 0% solution of rodine 1n 70% (by volume) 150pro-

pyl alcohol
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Roceal,” 1 2500 aqueous solution, to which should be added 0 5%
sodwum mtrite as an anti corrosive agent Apply by scrubbing and
allow to dry on surfaces

3) If the contamimated case involves Mycobacterum tuberculosis, then
1t 15 recommended that Amphyl or O syl, 2% aqueous solution, be
substituted for the above gernicides

4) For dismfection of unused suture tubes, ampoules, ete Immerse m the

following solution with exposure period of 18 hours

Isopropyl alcohol 89% 700 m!

Formaldehyde USE 37% 25 ml

Sodium bicarbonate 10gm

Sodum mitnte 10gm

Distilled water to 1000 m!
TECHNIC

Gloves At the end of the operation, each member of the surgical team
rmses off outside of gloves m splash basin With the exception of the
scrubbed nurse or scrubbed assistant, all gloves are removed and placed
mn the basm (The feasibility of attempting to salvage contaminated gloves
1s a moot question Some hospitals prefer to destroy them )

Gowns With the help of the circulating nurse or assistant gowns are
removed from all members of the team except the scrubbed nurse or
scrubbed assistant and transferred to the laundry bag, designated later as

contammated ”

Drapes and Towels All contammated linen from the operating field and
table 1s collected by the scrubbed nurse and transferred to the laundry bag
contaming the gowns The wet portions of linen should be rolled inwardly
with the dry areas on the outside—forming a protective cover

Instruments The surgical mnstruments are collected, opened and placed
m the mstrument washer tray located on the mstrument table The needles
are placed m separate needle box which, m turn 1s placed in mstrument-
washer tray

Suture Tubes The unused suture tubes and ampoules are immersed m
the jar contaiming formaldehyde germicide

Catheters and Tubing These articles are placed 1 mstrument pan con-
taming appropriate germicide makng sure that all surfaces are submerged
and that the solution 15 1n contact with the Jumen of the tubing

Disposable Items Soiled sponges broken suture tubes, cut sutures, torn
gloves, knife blades and other disposable 1tems are collected and plac,ed m
waterproof bag This bag 1s Jater dehvered to the mcmerator for burnm

Suction Bottle The rubber tubing and stopper are removed from thge
suction bottle and placed on top of the instruments i the mstrument
washer tray The contents of the bottle are emptied mto the hopper located
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Terminal Sterihization of Instruments and Supplies
Followmg Septic Cases

HE NEED FOR a reliable rapid and simple procedure for cleanng

up after a septic case 1s apparent to all operating room personnel In
those hospitals where adequate sterthzing facilities exist m the sub sterthz
mg rooms the procedure can be relatively simple, but for the nstitutions
with one autoclave only m the operating smte or for those equpped with
non pressure (boilling type) instrument stenhzers, the procedure becomes
more difficult and proportionately less efficient It 1s believed that the fol
lowmg techmic can be adapted to the needs of most hospitals with alter
nates provided to accommodate the use of sub standard sterihzing facthties
wherever they may exst

PROCEDURE-- A

Adapted to hospitals with adequate sterihzing facilities serving each pair
of operating rooms The equipment to consist of—~

Pressure Instrument Washer-Sterihzer with trays

High Speed Pressure Instrument Sterilizer 167 x 24”7 or 12 x 167 1 247,
with trays
Supplies Required

Laundry bags mesh type

Laundry bags canvas—outer protectors

Cleaning cloths (washed gauze)

‘Waterproof paper bags

Waterproof paper

Needle box perforated

Instrument tray with cover

Instrument trays for use in mstrument washer

Suture jar with germicide

Contamer for germiaide

Trisodium phosphate
Germicides Required

1) For disinfection of non expendable items such as catheters bougtes

etc—
“Zephiran or Urolicide 1 1000 aqueous solution Exposure pe-
riod mimmum of 30 minutes

9) For disinfection of furmture—
290
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Roceal, 1 2500 aqucous solution, to which should be added 0 5%
sodium mitnte as an wti-corrosive agent Apply by scrubbing and
allow to dry on surfaces

3) If the contammated case mvolves Mycobacterium tuberculosis, then
1t 15 recommended that ‘Amphyl or O syl 2% aqueous solution, be
substituted for the above germicides

4) For disimfection of unused suture tubes, ampoules etc Immerse 1n the

followmg solution with exposure period of 18 hours

sopropyl alcohol 99% 700 ml

Formaldehyde USP 37% 25 ml

Sodium bicarbonate 10gm

Sodium mitnte 10gr

Distilled water to 1000 ml
TECHNIC

Gloves At the end of the operation, each member of the surgical team
rinses off outside of gloves m splash basin With the exception of the
scrubbed nurse or scrubbed assistant, all gloves are removed and placed
1n the basin (The feasibility of attempting to salvage contammated gloves
15 a moot guestion Some hosprtals prefer to destroy them )

Gowns With the help of the circulating nurse or assistant gowns are
removed from all members of the team except the scrubbed nurse or
scrubbed assistant and transferred to the laundry bag designated later as

contammated

Drapes and Towels All contarminated hinen from the operating field and
table 15 collected by the scrubbed nurse and transferred to the laundry bag
contaimng the gowns The wet portions of limen should be rolled nwardly
with the dry areas on the outnide—forming 2 protective cover

Instruments The surgical instruments are collected, opened and placed
1 the mstrument washer tray located on the mstrument table The needles
are placed 1 separate needle box which, in turn 15 placed m mstrument-
washer tray

Suture Tubes The unused suture tubes and ampoules are immersed
the jar contamng formaldehyde germicide
mﬁf:ge;;;&; :;gaz:::;i ,;{3:5; :;\i::c]es are tl;xlaced m mstrument pan con-
and that the solution 15 1n con'tact wntghszr © oy el urfaces are submerged

d e lumen of the tubing
Disposable Items Soiled sponges broken suture tubes cut sutures torn
gloves, kife blades and other disposable 1tems are collected and placed 1n
waterproof bag This bag 15 later delivered to the mncmerator for burnin,
Suction Bottle The rubber tubmg and stopper are removed from tlg
suct}nlon bottle and placed on top of the instruments 1 the mstrumen::
washer tray The contents of the bottle are emptied 1nto the hopper located
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m the sub stenhzing room The bottle 1s then washed with trisodium phos
phate solution (If the instrument washer-sterthzer will accommodate the
suction bottle, 1t may be placed directly on top of the instruments 1 the
tray, with no washing beforehand )

Utensils The gloves are removed from the splash basin, dramed briefly
and placed in a second tray furnished with the instrument washer sterlizer
The contents of the glove basin and other utensils are emptied nto the kack
bucket The kack bucket 15 then emptied mto the hopper, followed by wash
mg with gerreide (If the pressure mstrument stertlizer will accommodate
the kick bucket, 1t may also be sterihized directly by pressure steam )

Sterihzation The basins and utensis, including the suction bottle are
transferred by the scrubbed assistant to the pressure mstrument sterilizer
for sterihizabion by the circulating nurse at 270° F (132° C ) for 3 mimutes
Care should be used to place the basins on edge m the chamber and the
bottle m 2 horizontal position so as to avoid trappmg air The trays of mstru
ments and gloves are then transferred to the mstrument washer by the
scrubbed assistant

Furmture The nurse s mstrument table 1s the last to be stnpped Drapes
are removed and placed mn the laundry bag Germicide 1s apphed to all
contamnated surfaces of furniture, mncluding the operating table, nurses
table, basmn stands Mayo stand, sponge rach, etc It 1s best apphed by satu
rating an absorbent cloth or gauze and then scrubbing the contammated
area The germicide should be permitted to dry on the surface Spots of
blood or pus on the floor should be removed promptly and m the same
manner before drymg takes place It 1s not considered necessary to wash

down the walls of the operating room unless those surfaces are known to
be contammated The floor should be mopped after each operation with
an effective detergent disinfectant

Contamnated Linen At the close of the clean up the nurses gown 1§

removed and placed 1 the laundry bag contaming other contamnated
linens The bag 1s tightly closed and transferred to a second bag made of
canvas as an outer protector The outer bag should be plamly marked

contamimated and then sent to the laundry The nurse or assistant finally
removes her gloves and places them n the tray of the instrument washer
Detergent 1s then added and the load processed according to the operating
mstructions

It 1s no longer considered necessary to quarantine the operating room

for 24 or 48 hours after a septic case Thus will contribute Lttle, if anything
to the efficiency of the decontammation process

PROCEDURE—“B”

Adapted to hospitals with Limited sterihzing facilities serving each pair
of operating rooms or the entire surgical swite The equipment to consist

of—
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A Dressing Stenlizer, 167 x 24" or 20" x 36” and/or

A Pressure Instrument Sterihizer, 1687 x 24”7, equipped with 1 deep, water-
tight tray

Supplies Requred In addition to the supplies listed under ‘ Procedure
A, a deep contamer 1s required, similar to an arm sok basin, unless a pres
sure sterhizer 1s avulable and equipped with 2 deep, watertight triy for
holding mstruments A supply of tnsodim phosphate 15 also needed

Germiades Required Same as for Procedure A’

Techmc Al steps m the handling of matenls and supplies are the sxme
as for Procedure A, except that the mstruments, gloves and tubing must
be collected 1 the deep watertight tray, covered with water containng
two tablespoonfuls of trisodium phosphate per gallon, and autoclaved for
45 munutes at 250° F (121° C ) Caution must be exercised m removing
this tray from the sterilizer to avord scalding The basms and suctton bottle
should be carefully washed with tnsodium phosphate solution, placed m
the autoclave and sterilized at 250° F for 15 minutes

PROCEDURE— C

Adapted to hospitals with sub standard sterthzing faciliies The equip-
ment o consist of—

One or more mstrument boilers

One or more utensil boilers

Supphes Required Same as for Procedure A

Germicides Required Same as for Procedure A

Techmc All steps m the handling of matenals and supphes are the same
as for Procedure A except that the gloves and tubmg should be placed
i the waterproof bag and disposed of by burning No attempt should be
made to sterihze these items by boilling The mstruments should be dism-
fected by boiling for 30 mmutes m a 2% solution of trisodium phosphate
The utensils should be treated m the same manner, making sure that all
parts are completely covered with water during the boiling process Be-
cause boiling water 15 not a rehable sterilizing agent, this procedure cannot
be recommended except where facilities for steam under pressure are un-
available

Handling of C ted Linen The handhing of contammated lmen
calls for a procedure whereby no one need touch the linen after it has left
the source of contammation or the 1solation aren This means that at the
close of the clean up work following a septic case the lwundry bags must
be securely closed If mesh bags are used they should be placed m outer
bags made of canvas for proper protection The outer bugs should be
planly marked contamnated They may then be transported to th
laundry without concern or fear on the part of personnel At the laundr;

the speciall Led
ton fs f:, “0):"’5““' ed bags should be segregated and handled in one opera-
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Open the canvas cover on the bag and with a parr of tongs, pick up each
mesh bag and deposit 1t m the washer

When the washer is loaded treat its contents as any other load of washing
Deposit the empty canvas bags 1n a washer designed for colored garments
and treat as any other sumilar load

Sterilize the tongs for future use

For more detailed information on the handbng of contaminated Lnen,
mcluding the public health aspects the reader 1s referred to the Amencan
Hospital Association publication entitled Hospital Laundry—Manual of
Operation
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Sterihzer Controls, Sterthization Indicators and
Culture Tests

TERILIZATION FAILURES occur n hospitals even though personnel
charged with this responsibility have instructions to correctly prepare

and expose the surmcal supphes to saturated steam under pressure at
950° F for 30 munutes As a rule, surgeons recogmize that all wstruments
and supphes used m the performance of an operation constitute a potentr-
ally major source of contammation for opertve wounds Dandy,! for ex-
ample, has attributed the majonty of postoperative infections to nadequate
stenlization of the towels, gowns, gauze and other supphes that pass
through the stenhzers The availability of the most modem sterhzing
equipment as well as published methods for safe stenhzation of supphes
still does not entirely prevent the occurrence of fatal postoperative wmfec-
tions resulting from madequnte stenlization? Far too few workers recog-
e that the orgamsms carmed nto 1 wound by the hands and mstruments
of a surgeon are apt to be more harmful and virulent than those occurrng
there by acadent

For the most part sterthization falures are the vesult of a series of factors
esther smgly or combined, which mahe up the human equation 1n stenhzer
operaton Those of primary importance are

a) Failure to observe and understand the regulation of the stenhzer so
as to mamntam a saturated steam temperature of 250°-254° F, equivalent
to 15 17 pounds pressure

b) Incorrect methods of packaging and wrappmy of supphes with htle
or no regard far the size and density of the individual packs

¢} Carelessness i loading the stenhzer wath distegard for the necessity
of providing for complete ar removal and for free arculation of steam
throughout the load

d} Fulure to ime correctly the proper period of exposure~usually due
to 1gnorance or neghgence on the part of the aperator

e} Tulure to carry out the correct sequence of operations m the sterliz
m%)m :le, as the result of carelessness, fatigue or distraction

ttempts to stenthize materalk

talcum po“‘z)ier and petrolatam s which e mperaans to stev, such as

2} Attempts to short cut established methods of stenhzabion on the
S:;‘:m?i etumted bactenological tests with orgamisms of unknown heat

9%
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Fig 124 Recording thermometers furnish rehable records of what transpires m the
sterthzer during the dy They are mvaluable m the mamntenance of standards

h) Faulty equipment resulting from lack of mamtenance and lack of
}Jasm knowledge concerning the principles of operation and care of ster
1Zers

RECORDING THERMOMETERS

When properly mstalled and used the recording thermometer 1s a prac
tical detector of faulty sterihzation This instrument (Fig 124) contamns a
standard clock mechamsm electrically operated or mechanically wound
which revolves an 8 mnch diameter chart once m 24 hours It mdicates and
records the same temperature as that shown by the indicating thermometer
Jocated 1 the discharge system of the sterilizer chamber It also records the
duration of each exposure Lackmg the recorder the operator can and
frequently does forget to time the exposure when the temperature has
advanced to 250° F as preseribed Without the recorder 1t 1s difficult to
maintam the required umformity where several mndividuals have access to
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the stenlizers or to prove what hns or has not been done 1 routine prachice
If the exposure periods are greater or less than preseribed, or if the tem-
perature has not been mamtammed within the proper limitattons, there 15 a
positve record of the errors, thus providing evidence needed upon which
to act 1n correcting discrepancies

Recording thermometers are subject to some distortion of the ghly
flewble pen arms but means for easy readjustment are provided on the
imstrument Accuracy of the recorder should be cheched at weekly intervals
or oftener as follows Operate the stenlizer m the routine manner until the
temperature becomes stable at the maximum range which should not be
less than 250° F, nor more than 234° F, as shown by the mdicating ther-
mometer on the sterithzer If there 1s any deviation, adjust the screw on the
pen arm until the temperature of the recorder 15 the sime as that shown by
the mdicating thermometer

In the author s opiion, the recording thermometer should be considered
a necessary part of every surgical supply sterilizer, because 1ts proper use
most certainly promotes safer performance It should be regarded as stand-
ard equipment, not a luxury The abihty to prove with d-uly chart records
that definite standards of time and temperature are bemg mamtaned
should appeal to those who must shoulder the responsibihity for steriliza-
tion Withont the recorder, the supervisor 1s helpless 1n detecting discrep-
ancies

INDICATING POTENTIOMETERS

The most dependable physical method for testing the functional eff-
ciency of stenlizers, the penetration of steam through a porous load or the
rate of heat transfer through solution contamers mvolves use of a poten-
tiometer, an mstrument for measuning temperature 1n the most maccessible
portion of the load dunng sterthzation When using this mstrument, access
to the load 1s gamned through a thermocouple, two small wires of dlgsum]ar
metals (usually copper constantan) soldered together at the ends and -
serted i the Joad The terminal ends of the thermocouple are brought out
under the door of the stenlizer, impinging agamst the door gasket, and
connected to the potentiometer, as m Figure 125 Any change m ten;pera-
ture at the jomed ends of the couple develaps a thenmoelecine cusrent
wiich 15 immediately ndicated on the dil of the mstrument A rehable
potentiometer normally has an accuracy of adyustment of the order of + 0 5°
F In this manner the penetration of steam through a load can be fo]];wed
readmgs bemng taken at frequent mtervals and the results then plotted o
graph paper With such data one can easily determine, if 1 given steril .
cy :lehprovxdes a reasonable factor of safety e

Vhen using the potentiometer, the chamber of the stenlizer should
filled to the maxymum contemplated for routine loading The test pazf

£
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Fig 125 The potentiometer 1s a useful instrument for testing the efficiency of sten

lizers or n determimng the rate of heating of a given load The thermocouple leads

are mserted under the edge of the door and the pomt 1s located n the center of
the test pack

selected for observation should be the largest and most densely arranged
one and 1t should be located near the front bottom of the chamber to which
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pomt the steam will travel with the greatest Ing The thermocouple should
be buried 1n the most compact part of the pack, usually 1n the center, to
which steam will gan access most slowly 1f the method of prepanng the
pachs follows the standardized procedure and if the loading of the packs in
the chamber 1s typieal of routine practice, such tests are highly sigmficant
Care should be used, however, to guard aganst superheating by using only
freshly Jaundered fabrics for the test pach
Tor bulk loads of surgical packs, both large and small, 30 mmutes expo

sure at 250° to 254° F should show a reasonable margin of safety in time
beyond that required to meet the mimmum standard For example, 1f the
test pack with thermocouple showed that 12 minutes were required to
reach 250° F, measured from the time the discharge e thermometer on
the stenlizer reached this temperature, 1t would require an exposure of 24
mmutes to meet the mmmum standard To this should then be added an
additional 6 minutes for a fair margin of safety, making a total of 30 minutes
exposure If the test data shows that the pack 15 so dense that the Tmmmum
standard of 12 mnutes at 250° F cannot be mamntamed 1n 30 minutes
exposure, the correct procedure would be to revamp the package, perhaps
remove some of the more compact articles and wrap those separately

Stenhzation should not continue for much longer than 30 minutes, because

added exposure becomes mcreasingly harmful, especially to the outer lay-
ers of fabrics

AUTOMATIC TIME TEMPERATURE CONTROLS

The buman element must be rechoned with n order to safeguard the
hospital agamst failures in sterthzation of supplies During the past few
years stenihzer manufacturers have recogmzed this problem and accepted
the responsibility of doing therr part in bringing about better control and
more effective methods for stenlization 1n hospitals The development of
automatic control mechamsms designed to mimmize the human element 1
sterthzer operation 15 a good example of industry s attack on the problem
Typical of the class of automatic time temperature controls 15 the nstru-
ment shown i Figure 41, page 86 The function of any such control shonld
not be hmited to automatic iming of the selected exposure penod, but
rather 1t should extend to all phases of the sterhzing process, to the: end
that all steps mn the cycle normally carried out manually by t’he operator
are conducted automaticdly according to a predetermied pattern estb
hshed by the supervisor This means that when the contro} s set for opera
tion 1t will avtomatically time the established exposure penod atp th,
correct temperature exhaust the steam from the cham ;

ber, govern the pro
ess of drymg and finally, sound an alarm announcing completion o? thce

cycle Since all exposure persods are hased upon mawmntenance of a minimum
standard temperature, the contro] should be of the type that vall nsure
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Fig 125 The potentiometer 1s a useful instrument for testing the efficiency of sters

lizers or m determuning the rate of heatng of a given load The thermocouple leads

are mserted under the edge of the door and the point 1s located in the center of
the test pack

selected for observation should be the largest and most densely arranged
one and 1t should be located near the front bottom of the chamber to which
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(melted) umiformly when subjected to temperatures of 248° to 252° F for
5 to 8 munutes At shghtly lower temperature (245° T') the time required
to fuse the control ringed from 20 to 30 minutes These results encouraged
Underwood to mike the recommendation that approved stenihization mdi-
cators can be used to advantage s an occasional check aganst faulty pack-
aging loading and performance of stenthizers An evaluation of 2 group of
tell tale mdicators by Walter® revealed marked discrepancies m indivadual
controls with a suficient number showing delayed changes 1 end points so
as to confuse operators and to cause unnecessary restenhization of supphes

It 1s the authors belief, based upon observations over 1 period of ten
years that all sterihzation indicators possess the same general disadvantage,
to a greater or lesser degree, 1n that a percentage will be found to react to
a time temperature ratio inadequate for stertlhization or that the end poits
are not sufficiently clear 5o as to permit accurate interpretation of the re-
sults These controls do not indicate the actual bwld up of temperature m
the test pack nor do they indicate how much over-exposure may have been
applied It 15 unfortunate for the user that the manufacturers of such con-
trols have not attempted to bring about umformity or standardization of
end points to conform to a safe time temperature relationship required for
stenhzation of supplies Consequently, one type of indicator used in one
hospital may react to a different time temperature relationship than another
type employed in another hospital

The majonty of glass tube indicators contain essentially the same mate-
nial, namely a pellet of sulfur which in the pure state has a melting pont
of about 248° F (120° C ) In the process of manufacture certamn changes
may be mtroduced m the matenal which alter the melting pomnt Also,
variations 1n the thickness or composttion of the hermetically sealed glass
tube affect the rate of heat transfer and the time temperature conditions to
which the control will react It 1s doubtful of there 1s any control commer-
cially available that can be depended upon to react exactly the same every
tume without failure Studies have shown that rarely will any of the glass
tube indicators melt at a temperature as low as 240° F (116° C ) for 30
munutes A fair percentage will however, undergo partial or complete melt-
mg at 245° F (118° C) for 10 minutes J(I}ré\ltf the paper indicators
“llnch undergo color change when exposed to moist heat at 250° F for 5,
122 and 20 minutes are fanly reliable However, they occastonally pose a

\/prohlem for the untramed operator because the color change or end pomt

15 not sharp and correct interpretation 1s difficult

If stentlization andicators are to be used, the dicator of whatever form
1t may be should be placed i the center of the largest and most densel
wrapped pachage 1n the load This pachage should then be placed on thz:,
perforated tray or shelf i the front bottom of the sterihizer chamber Th,
correct method for placing indicators n packs 1s shown n Figure 1,‘2(;53
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automatic re cycling 1n the event that the temperature 1n the sterihzer falls
below the standard at any time during the exposure period

In discussing the funchonal efficiency of automatic controls in pressure
steam stenlization 1t should be understood that any such control mstru
ment must, of necessity, have certain imitations because 1t cannot indicate
or compensate for faulty methods used 1n the preparation, packaging and
loading of supplies m the sterthzer Regardless of the degree of mechanical
perfection exhibited by the stenihizer and the controls which guarantee
unvarymg umformity of operation, sterilization of the load 1s still depend
ent upon correct methods of packagmg and strict adherence to established
rules for Joading the sterilizer

The prime purpose of any automatic control 1s to guard agamst the m
accuracies of human behavior in sterilizer operation To this end, it 1s
essential that the mstiument elimmate the mental burden of remembering
the time at which the exposure period began and when 1t should end Laike
wise 1t should eliminate errors 1n the reading of the thermometer, 1nsure
the proper sequence of each step m the sterilizing cycle, and protect the
load agamnst under exposure or over exposure The reliability of the control
should ment complete confidence on the part of the operator to the extent
that once 1t 1s set 1n operation the exact period of continuous exposure at
the correct temperature, as well as the entire cycle of performance, will be
carried out with accuracy and precision not obtamable through manual
operation The use of automatic controls on sterihizers naturally presupposes
the need for periodic mspection and servieing to msure peak effictency of
operation A properly trained mechamc or serviceman famihar with the
equipment should always be engaged for this work If these requirements
are met sterihzers equipped wath automatic controls can be depended
upon to afford a greater factor of safety m routine sterihzation with a sub
stantial savings 1n personnel time, matenals and supplies

STERILIZATION INDICATORS

Authonitative opimon 15 seemingly divided on the actual worth of all
stenhzation mndicators or controls of the tell tale type For long this sub
ject has been a controversial one and not nfrequently the utihtarian value
of such mdicators 1s questioned Echer * for example, m evaluating the effi
ciency of these devices found that their turning pomts based on melting of
the idicator substance or on color changes, had not been standardized and
they vanied n the time temperature ratios required for complete change
In contrast to these findings Hoyt* reported that one type of mdicator
when properly used and interpreted was found to be an adequate check
on the efficacy of steriization of rubber gloves On the basts of hundreds of
tests under widely varymg conditions of appheation m hospitals Under
wood? reported that the hermetically sealed glass tube control reacted



Controls, Indicators and Culture Tests 233

methods Mechwmeal controls or stenhzation mdieators of the tell tale”
type which supposedly react to mimmum standards of time nd tempera-
ture do not conshtute 1 direct approach to the Iethahty of the sterlizing
process Culture tests are more renssuring to bacteriologists and surgeons
in general Unfortunately, the delay entuled in determining the results of
culture tests makes them somewhat impractical except for the periodic
chech on the mamtenance of minimum stindards If they are not properly
planned they may be distinetly misleading The usual culture test 1s mean
wngless unless dry spores of established heat resistanee 1 known popula
tions are used
v The use of culture tests for periodically determmmng the efficiency of
stenlizing processes 1n hospitals should be established as a standard proce
dure If the hospital has a properly equipped laboratory and a qualified
bactenologist or tramned technician to do this work, then the culture test
becomes a reliable means for the penodic testing of sterility of supphes
The bactenal spore strip techmic described below 1s a safe and prachcal
procedure It can be used as an effective method of control mn both large
and small hospatals
SPORE BEARING ORGANISMS
1) Bacillus subtilis var globigu,
USDA Stramn 1221a,
ATCC No 9372
2) Baaillus stearothermophilus,
NCA Stram 1518,
ATCC No 7953

PREPARATION OF SPORE STRIPS®

Inoculate a holle flash, contaimng nutrient agar with a suspension of
cells from a 24 hour nutrient agar slant culture of desired orgamsm Incu
bate the flask at 32° C for B subtilis or 55° C for B stearothermophslus
After 5 to 7 days mcubation, prepare a smear of the growth and stamn with
Malaclute Green spore stain If microscopic examination shows heavy spore
production, the growth 1s washed from the agar with a small quantitv of
stenle water and aseptically filtered through several layers of gauze The
suspension 1s then ready for standardization

Prepare a1 100 dilution of the suspension in stenle water, heat 1n boilm
water for 5 minutes and cool immediately This wall destro; the Vegetahvi
cells and the less resistant spores From the boiled suspension prepare senal
dilutions plate on nutnent agar, icubate for 48 hours and then mahe
spore counts Standardize suspension

Small strips of filter paper, 2’ x %", are then moculated with g measured

* A product of Amencan Sterlizer Co Ene Pa
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When ndicators are used for setting up standards for stenthzing systemati
cally prepared loads, a heavy load of supplies as large and dense as any
that will be encountered 1n routine practice should be assembled Then
select six of the heaviest and most densely wrapped packages Place one
mdicator or control n the center of each of these pachs then place the
packs on edge 1n the bottom of the sterthzer Add the remainder of the

Fig 126 The correct method for using stenlization mdicators or culture tests The

controls should be located i the center of the largest packs—near the bottom and n

the coolest area of the chamber The coolest portion of the chamber 15 at the front
bottom near the outlet to the discharge line

load as st will nommally be placed Stenilize for 30 mnutes timing the
exposure when the thermometer shows 250° F with the stertlizer regn
lated to produce 2 maximum of 250° 254° F Upon completion of the cycle,
remove the load and examine the controls

Sterlization ndicators culture tests and other detectors are often placed
at the extreme top of the chamber tied to the end frames of loading cars
or located just under the covers of packages Tests made under such care
less conditions mean nothing and may develop a false sense of secunty 1
a highly mefficient sterilizer

CULTURE TESTS FOR DETERMINING EFFICIENCY OF
STERILIZATION
The best means at our disposal to confirm the stertlity of an article or to
determine the efficiency of a sterihzing process are stnctly of a biological
pature Bactenological culture tests designed to confirm the presence or
absence of living microorgamsms constitute the most commonly employed
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methods Mechanical controls or sterilization mdicators of the tell tale”
type which supposedly react to mmmum standards of time and tempera-
ture do not constitute a direct approach to the lethality of the steriizing
process Culture tests are more reassuring to bacterologists and surgeons
m general Unfortunately, the deliy entuled in determiming the results of
culture tests makes them somewhat impractical except for the penodic
check on the mamtenance of mmmum standards If they are not properly
planned they may be distmetly musleading The usual culture test 1s mean-
ingless unless dry spores of established heat resistance in hnown popula-
trons are used

v The use of culture tests for periodically determimng the efficiency of
stenhizing processes m hospitals should be established as a standard proce-
dure If the hospital has a properly equipped laboratory and a qualified
bacteriologist or tramned techmcian to do this work then the culture test
becomes a reliable means for the penodic testing of stenlity of supples
The bactenal spore strip techme described below 1s a safe and practical
procedure It can be used as an effective method of control mn both large
and small hospitals

SPORE BEARING ORGANISMS

1) Bacillus subtilis var globign,
USDA Strain 1221a,
ATCC No 9372

2) Bacillus stearothermophilus
NCA Stram 1518
ATCC No 7953

PREPARATION OF SPORE STRIPS®

Inoculate a Rolle flask, contaming nutnent agar, with a suspension of
cells from a 24 hour nutnent agar slant culture of desired orgamsm Incu-
bate the flask at 32° C for B subtilis or 55° C for B stearothermophilus
After 5 to 7 days incubation prepare a smear of the growth and stamn with
Malachite Green spore stam If microscopic examination shows heavy spore
production, the growth 15 washed from the agar with a small quantity of
stenle water and aseptically filtered through several layers of gauze The
suspension 1s then ready for standardization

Prepare a 1 100 dilution of the suspension i stenle water heat in boiln
water for 5 mmutes and cool immedhately This will destroy the ve, etahvi
cells and the less resistant spores From the boiled suspension pre; a%e serial
dilutions plate on nutment agar ncubate for 48 hours and tien mak
spore counts Standardize suspension ¢

Small strips of filter paper 2” x %* are then moculated with a measured

* A product of Amencan Stenlizer Co Ene Pa
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‘When mdicators are used for setting up standards for stenthzing systemat:
cally prepared loads, a heavy load of supplies as large and dense as any
that will be encountered 1n routmne practice should be assembled Then
select six of the heaviest and most densely wrapped packages Place one
mdicator or control 1n the center of each of these packs then place the
packs on edge 1n the bottom of the stenhzer Add the remamnder of the

Fig 126 The correct method for using stenhzation indicators or culture tests The

controls should be located i the center of the largest packs—near the bottom and i

the coolest area of the chamber The coolest portion of the chamber 15 at the front
bottom near the outlet to the discharge line

load as 1t will normally be placed Sterhize for 30 mnutes, timing the
exposure when the thermometer shows 250° F, with the sterhzer regu
lated to produce a maximum of 250° 254° F Upon completion of the cycle,
remove the load and examme the controls

Sterithzation indicators culture tests and other detectors are often placed
at the extreme top of the chamber tied to the end frames of Joading cars
or located just under the covers of packages Tests made under such care
less conditions mean nothing and may develop a false sense of security m
a lughly mefficient stenhizer

CULTURE TESTS FOR DETERMINING EFFICIENCY OF
STERILIZATION

The best means at our disposal to confirm the sterility of an 2rticle or to
determne the efficiency of a sterilizing process are stnetly of a biological
nature Bacteriological culture tests designed to confirm the presence or
absence of hving microorganisms constitute the most commonly employed
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packs and msert two envelopes contunmg the bacterial spore strips m the
center of erch prck, as shown m Figure 127 Rewrap the pachs and identify
by marhing witha Venus 6B penail Place the packs on edge on the bot-
tom shelf of the sterthizer chamber, near the front, s i Digure 128 Add
the remainder of the load mn the usual manner and operate the stershzer
according to stindard procedure Upan completion of the sterthzmg cycle,
meluding the drying penod, remove the envelopes contaming the spore
stnps from the test pachs ind deliver them to the laboratory for sterthty
testing

Spore strips may also be used for deterrmning the efficiency of sterthza-

+

r .

e .

. wh vy

Ve LRV

» ‘ «

b . AT

¥ v

- 7

i -A

ey AT At

i 3 T, 6 P
251 M “

Fig 128 Ths shows the correct

posihon of the
stnps It should rest on edge et pack contamung the b

on the bottom shelf of the stenlizer ¢
the front

actenal spore
hamber—near



234 Principles and Methods of Sterthzation

amount of the suspension so as to give a spore count of 100 000 or more per
strp The strips are dried at room temperature for several hours mserted
m small sterihzable Glassine paper envelopes, sealed, and placed m clean
storage

HEAT RESISTANCE OF SPORE STRIPS

Contrary to popular belief, the spores of B subtilis are not highly resist
ant to moist heat Spores from most strains of this organism will show a

Fig 127 Bactenal spore strps or other culture tests should be placed in the most
dense portion of the test pack

uniform resistance to most heat equal to or greater than the pathogemc
orgamsms 1ncludmg dry spores of CI tetam and Cl welchn Stnps with
populations of 100 000 to 200 000 spores each will usually survive exposure
to saturated steam at 215° F (102° C ) for 5 mmutes but will be hilled m
15 mmutes at 220° F (104° C)

B stearothermophilus 1s one of the most resistant orgamsms hnown
Spore strips with populations of about 100 000 will usually survive expo
sure to saturated steam 1t 250° F (121° C ) for 5 munutes but will be
lalled in 12 minutes

USE OF SPORL STRIPS

When using bacterial spore strips for determining the efficiency of stert
lizing processes, care must be tahen to msure proper placement of each
strip n the most mccessible to steam portion of the test pachage The
correct procedure 1s to select two or more of the largest and most dense
pachs which compnise a part of the routme load of bulk supplies Open the
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Fig 129 The first step 1n culturing the bactenal spore stnp 15 fo cut open one end of
the envelope with stenle seissors

Fig 130 Carefully withdraw the spore stup from the envelope with stenle forceps

Fig 131 Immerse the spore stup 1 the tube of stenle Fluid Thioglycollate Medium
and place 1 incubator

237
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tion of rubber gloves In this application 1t 1s necessary to mnsert the enve-
lope contaumng the strip m one of the glove fingers, and then wrap m the
usual manner Do not attempt to sterthize gloves for less than 15 mmutes
at 250° F The supervisor should record and file the following sterilization
test data each time spore strips or other culture tests are made

Date of test

Sterilizer

Type of load

Number test strips used
Location of test strips m load
Sterthzing conditions

Temperature {Dial thermometer® F
‘Temperature {Recording thermometer) F
Exposure period minutes
Test conducted by
Department

STERILITY TEST PROCEDURE

All tests for stenlity should be conducted m a clean and dust free area
of the laboratory with as nearly static ar eirculation as 1s possible Do not
work 1n front of open windows or in drafty areas The bacteriologist or
techmeian should observe nigid bacterologic techmic throughout the pro
cedure

1) Cut open one end of the spore strip envelope wath stenle scissors, as
m Figure 129 Carefully withdraw the spore strip with stenle forceps (Fig
ure 130) and immerse 1t 1n the culture tube (25 x 200 mm ) contaming
25 ml of sterile Flmd Thioglycollate Medium, as m Figure 131

2) Incubate the tubes for 7 days at 32° C for B subtilis strips and 557
C for B stearothermophilus stnps Observe the tubes daily durmg the
meubation period If turbidity develops i the medium at any time during
cubation 1t 1s mndicative of bacterial growth—presumably due to spores
which have survived the stenlizing process

3) Controls One or more posttive controls should be mcluded m each
test senes performed on a monthly or sem: monthly basis This requires
the transfer of an unexposed spore stnp from the envelope to the tube of
freshly prepared Flmd Thioglycollate Medium followed by mcubation at
the correct temperature A positive result indicates that the medmm pos
sesses suitable growth promoting properties and that the spore strips con
tamed viable spores prior to the sterihzing process A megatwe control
should also be included 1n each test series consisting of one or two tubes of
the Fluid Thioglycollate Medium only The absence of growth following
mncubation shows that the medium was effectively sterthzed before use
m the sterihty test procedure

Upon completion of the sterility test the bacteriology laboratory should
send a report to the supervisor giving the following information
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The Central (Supply) Service Department

HE CENTRAL SERVICE Department of the modern hospital, more
commonly known 15 central supply, 1s the natural outgrowth of a
movement or system mstituted some years ago by the Amerrcan College of
Surgeons* for the standardization of surgical dressings and for the cen
trahization of all surgrcal supplies mto one umt By defimtion the central
supply department compnses that service withm 2 hospital which proc-
esses, 1ssues and controls professionil supphes ind equipment, both sterle
and unstenle, to all departments and floors of the hosprtal for the care and
safety of the patients both medical and surgical The modern concept of
sterile supply centrahzation has been developed by many workers, some
associated directly with hospitals, others connected with government agen
cies and also industry The early contnbutions of the late W B Under-
wood- ¢ are partrcularly noteworthy His extensive studies relating to the
plannmng and orgamzation of work m the central supply service depart-
ment, from both the administrative and technical viewpomnts, led to a
number of sigmficant and mmportant findings In bnef, lus poneenng
efforts did much to establish the basic philosophy of centralization which
when put mto practice later by many hospitals was proved mvaluable
In the earlier days, all stenhzation for the entire hospital was centralized
i the surgery, and with fewer operations to prepare for, the surgical nurs
g staff was able to meet the stenhzing requirements with some degree of
satisfaction Later on as surgenies became busier, 1t was quite popular ta
relocate the sterihizers mto the surgery work room still under the super
viston of the operating room supervisor In this room, the usual surgical
dressings were prepared sterthzed and then distributed to the vanous
wards umts or departments of the hosprtal Even today, in many hospitals
this still 15 the plan and the source of all stenle supplies for the operating
rooms and the floors Inappropnately, this work room 15 often referred to
as central supply That 1s by no means what 15 1nplied by the modern
term central supply service as here used
The purpose of a central supply service 1s often misconstrued In this
department 1t 1s practical to prepare sterithze and issue all professional sup
phies for the hospital except instruments used in the operating and delnery
1rooms supplies for the mfant formula room and the laboratory In some
‘\‘zsg:als with facilities for steam sterihzation in the operating rooms and
mstrument and utensil stenhza;lon on the floors 1t 15 ssumed that
23
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To ({ Supervisor)
Dept
Date Test Strips were Cultured
Results of Culture Tests (Check One)

One Strip Negative Other Positive [

Both Strips Positive []

Should test be repeated® Yes [ No (O

‘Was Control Strip Cultured? Yes [7 No [J

Control Stnip Test Result

Positive [ Negatne OJ

Signature
Date

FREQUENCY OF CULTURE TESTS

A standard procedure should be set up for the routme evaluation of each
pressure steam sterilizer m the hospital on a monthly or sem monthly basis
by means of culture tests If practical the procedure should also include
dry heat or hot air sterthzers Wherever possible all bulk supplies should
be stenlized with saturated steam at 250° F for 30 mnutes The operating
room supervisor and the central service supervisor should put forth every
possible effort toward the standardization of sterhizing techmes Frequent
checking of the sternlhizing process by means of culture tests, the mamte-
nance of exact standards for the preparation packaging and loading of
supplies 1n the stertlizer, plus mntelhgent and pamnstahimg supervision are
factors recogmized as essential to the effective sterihzation of surgical sup
phes
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duties Centralization has taken the operation of sterilizers out of the cluss
of everybody’s busmess md no one person s mdividual responsibility, and
pliced st m 2 highly specithzed elass wath both supervision and responst
bility centered on the shoulders of one responsible person, the central
supply service supervisor

PLANNING TIHE DLPARTMENT

In plnmng any department within 4 hospitl, the functions of that
department must be clearly defined consequently, the functions of 1 cen-
tral supply service should be carefully studied as the mmtil step m plan
ming This can best be done through the organizition of a planning
committee consisting of the hospital administrator, the architect, techmcal
consultant, director of nurses, the person who will be responsible for the
admmstration of the depirtment and also representative members from
the areas thronghout the hospital which will be using the services of the
central supply Only m this way 15 1t possible to assure mclusion of the
many factors which must be considered Schafer® has recently published
a detuled outhine of the objectives of the department which 1s deserving of
sertous study i the imthal planming stage It 1s reproduced here m part by
permission of the publisher 1s follows

1) What department will be responsible for the Central Supply Service?
Very catly 1 the plinning stage it 15 advisable to determine where within
the hospital orgamzational pattern the Central Supply Unit will it Because
most of the matenals supphed by the unit are used bv or through the nurs
mg department that group usuilly 1s ealled upon to operate the unit How
ever in some instances the pharmieist s gven the responstbility for tus
umt

2) What services are to be provided?

a) Stenle supplies and equipment
Hosprtals vary but most Central Supply Services mnclude sterile, supphies and
equipment for treatments surgical operations and deliveries Routine Ppatient
care equipment s usually decentralized but could be centralized effcctively
especially m a small hospital 1t s usually considered safer to decentrahize
the stertdization and disinfecting equpment and materals from septic or
fectious patients A system of centralization 1» possible but 1t has not been
used sufficiently to recommend 1t at tlus time

b) Unstenle supphes and equipment mcluding mdwidual tems and
assembled sets can be effectively included 1n the Central Supply Service

c) Appartus
The muntenance and storage of apparatus such as oxvgen tents and inhala
tors in the Central Supply espeaially m small hospitals 15 recommended
Larger hospitals may find 1t more practical to have pparatus stora, .
other departments such s anesthesin or mantenance &6 under
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a perfectly satisfactory system has been achieved With this arrangement
1t cannot be demed that all the necessary sterihzation facilities have been
provided, but who 1s to operate these numerous sterihizers® Under such
conditions 1t 15 difficult to establish and mamntam anything approaching
standardization of sterhzing technics throughout the mnstitution In the
operatmg room service to the surgeon takes precedence over operation of
the sterihzers On the floors bedside nursing care 1s of prime mmportance
and operation of the sterithzers 1s more or less everybody s business and no
one person s individual responsibility The net result 15 deserving of serious
consideration and 1t constitutes one of the valid reasons for the establish-
ment of a comprehensive central supply service

ADVANTAGES OF CENTRAL SUPPLY SERVICE

The recogmzed advantages of centralization are efficiency, economy and
safety When properly organized the system promotes efficiency through
good supervision of cleaning mamtenance and sterihization of materals
The problems of standardization, umformity, and coordination of materials
and procedures are more easily controlled because the work 1s under con
stant supervision by an individual who devotes her entire time to this
actvity A central supply service 1s also economical because it avords dupl-
cation of equipment mfrequently used The life of matenals 15 prolonged
through more efficient handling and better methods of preparation and
sterthzation Procedures do not vary from day to day with changng per-
sonnel The use of non professional personnel working under competent
supervision with assembly lme methods and mechanical equipment results
m marked savings for the hospital One group of non professional worhers
whose primary function 1s the preparation of supplies cin be tramed to
perform exactng techmes when the system 1s ighly standardized and
adequately supervised This relieves professional personnel for other duties
not the least of which are patient care activities

A summary of the advantages of centralization of stenle supplies would
be mcomplete without recognition of the element of safety The old
decentralized system of sterilization on several floors and mn several depart-
ments by many people has undoubtedly been responsible for a major per-
centage of failures m stenhzation Many cases have been recorded where
Joads of supplies were 1nadequately sterilized some where steam was never
admitted to the chamber of the sterilizer and 1n more than a few mstances
the entire process of steriization has been omitted The evidence agamnst
over stenlization of supphes 1s equally as bad 1f not worse Here no hazard
1s mmvolved msofar as unsterle supplies are concerned but the destruction
of matenals has mcurred unnecessary costs for the hospitals These unsatis-
factory practices do not always occur through the fault of the individual
but rather because of interference with other and perhaps imperative
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duties Centralization has taken the operation of stenlizers out of the class
of everybody s busimess and no one person s individunl responsibality,” aind
placed 1t m 1 hghly speciahized elass with both supervision and responst
bility centered on the shoulders of one responstble person, the central
supply service supervisor

PLANNING THL DLPARTMENT

In planming any department withun 2 hospital, the functions of that
department must be clearly defined, consequently, the functions of 2 cen
tral supply service should be carcfully studied as the mti1l step i plan-
mng This can best be done through the orgamzation of a2 planning
commuttee consisting of the hospital «dministrator the architect, technical
consultant, director of nurses, the person who will be responsible for the
admmmstration of the department and also representative members from
the reas throughout the hospital which will be usmg the services of the
central supply Only mn this way 1s 1t possible to assure mclusion of the
many factors which must be considered Schafer® has recently published
2 detarled outline of the objectives of the department which 1s deserving of
senous study 1n the mithal plinning stage It 1s reproduced here m part by
permission of the publisher as follows

1) What department will be responsible for the Central Supply Service?
Very early m the planning stage 1t 1s advisable to determme where withmn
the hospital orgamzational pattern the Central Supply Umt will fit Because
most of the mateniils supplied by the unit are used by or through the nurs-
g department that group usually 15 called upon to operate the umt How
eve: m some instances the pharmaerst 1s given the responsibility for this
un

2) What services are to be provided?

a) Stertle supplies and equipment
Hospitals vary but most Central Supply Services mclude stenle supplies wnd
equipment for treatments surgrcal operations and delveries Routine patient
care equipment 1s usually decentralized but could be centralized effectively
especaally 1 a small hospital It 15 usually considered safer to decentralize
the steriization and dismfecting equipment and matenals from sephc or
mfectious patients A system of centralization 1s possible but 1t has not been
used sufficiently to recommend 1t at this time

b) Unstenle supplies and equipment meluding mdividual stems and

assembled sets can be effectively meluded m th
o A ly ed n the Central Supply Service

The maintenance and stora
ge of apparatus such as
tors 1n the Central Sup P e

ly es)
Larger hospitals may fi Py espeanlly in small hospitals 15 recommended

nd 1t more practical to have
apparatus stora; ds
other departments such as anesthesia or mamtenancs P B0 uncer
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3) What departments are to be served and extent of service to each?
a) Linen
Although many hospitals have not included the preparation of linen packs
for the operating room and dehivery swites under Central Supply 1t 1s now
considered advisable to do so Some sterile lmen 15 also required for the
m patient and out patient umts Linen inspection and folding 1s space and
time consumimng and fluences area equpment and personnel requirements
b) Dressings
Surgical dressings gauze and cotton supplies for all departments of the hos
pital can best be handled through Central Supply
c) Gloves
It 1s advisable to centralize all rubber glove processmg and sterihizing The
laundry may wash and dry the gloves
d) Instruments
It 15 not considered adwvisable to mclude operating room and delivery room
mstruments m the Central Supply because of numbers required control
and the necessity for emergency stenhization Instruments for treatment
sets on patient units can be effectively centrahzed
e) Syringes and needles for all units can best be handled through a
centralized system Recent studies on the causes of infectious hepatitis have
emphasized the mportance of efficient sterihization of syringes and needles
f) Centralizing the processmg of treatment trays and sets for all m
patient and out patient units provides improved service
g) Unsterile supplies and equipment for the m patient and out patient
umits melude such rtems as non sterile treatment trays bandages pads hot
water bottles 1ce bags heating pads communion sets and morgue sets
h) Operating Room and Delivery Room Suite apparatus are usually
not kept m a Central Supply Umt The apparatus normally stored m Central
Supply ncludes such items as mhalators suction machines oxygen tents
and dramage equpment
1) Other services could mclude certam drugs or solubions but it 1s
generally accepted that these should be mcluded under the pharmacy
4) What items will be purchased ready made?
a) It 1s usually considered more economrcal for hosprtals to purchase
surgical dressmgs ready made
b) Parenteral solutions
Manufacturing parenteral solutions 1n a hospital reflects a substantial mone
tary saving but for safety reasons should only be done under the supervision
of a qualfied pharmacist
¢) Stenile disposable parenteral admmstration sets are now used by
many hospitals They assure safety and savings in personnel time
5) What preparation will materials recewve mn other departments?
a) Some hosprtal Jaundries prepare lmen packs for surgery and obstet
ries and send them to Central Supply ready for stertlization
b) Some hospital laundries efficiently wash and dry rubber gloves
but domg them m the Central Supply Unit elminates the necessity of trans
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portmg the gloves from one depurtment to another and centribizes the
entire procedure in one aret

6) How frequently raw supphes are receved from centrl stores will de

the ge space required  Usually matenals are 1ssued to Central

Supply about once a week in gquantities required for the weel or mn carton
lots as supphed by the manufacturer The Central Supplv Uit should not
be used for a Central Store Room

7} What method of distnbution will be used, 1¢e, dumb water, truck or
messenger? Since ny centrahized service 15 only as cffective as afs distribu
tion svstem, careful studv and attention should be given to this aspect of
operation To provide good patient care, supphies nd equipment must be
avalable whenever and wherever needed with « mummum of delay When
a minimum stock of frequently used stems are delivered to the varnous hos-
pital umits where they are used the mcffioent and costly practice of umt
personnel making frequent tnps to Central Supply and the numerous mter
ruphons for the Central Supply workers to 1ssue matersals 1s elmnated or at
Jeast mmmized A dumbwarter, properly located 1s also helpful

8) Where will supphes and equipment prepared n Central Supply be
stored? Except i a small hospital where the distance to Central Supply
15 rsmumal, 1t 15 usually better to stock a minumum guantity of items routinely
used on the particular umits and heep only a reserve of these items (usually
24 hour stock), and matenals infrequently used m Central Supply storage

9) What stenhzing equipment 15 available m other areas of the hospatal?
‘The number kind and location of stenlizers throughout the hospital may
influence the Central Supply Unit functions

10} Where wiil the Central Supply Service be located?
In an existmg hospital avardable space usually dictates the location In a new
hospital ease of distubution to various hospital units 1s 1 very important
factor In a small hospital an area adjoming the operating room suite 15
often selected

11) The size of staff required to operate the department wall be deter
mined by the services meluded, orgamzation and traiming of personnel and
the utihzation of mechamcal equipment It has been estimated that a 100
bed hospital, furmshung stenle matenal for treatments surgical operations
and delwveries, and some unstenle supphes equipment, and apparitus will
requre approximately four workers provided mechanical equipment 1s used
and work smphfication practiced

l?l.\ ) An; pel&sor;)nel facilities such as lochers and toilets nearby? Since all
workers should change to clean umfarms to
facihities should be a%allable work n Gentral Supply locker

13) Are housekeepmng facihties such as a jamtors closet nearby? House
Leeping faciities may be mcluded outside the Central Supply Unit but
provision for a mop and some cleaming supphes within the umt 15 desirable

14) What type of record systom 15 planned? Some hospitals make a direct
charge to patients for equipment obtamed from Central Supply,

others pre-
pare charges from the patients record on the basis of services given or }iwe
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3) What departments are to be served and extent of service to each?
a) Linen
Although many hospitals have not included the preparation of linen packs
for the operating room and delivery suites under Central Supply 1t 1s now
considered advisable to do so Some sterile linen 1s also required for the
in patient and out patient umts Linen mspection and folding 15 space and
time consummg and influences area, equipment and personnel requirements
b) Dressmgs
Surgical dressigs gauze and cotton supplies for all departments of the hos
pital can best be handled through Central Supply
¢) Gloves
It 15 advisable to centralize all rubber glove processing and stershzing The
laundry may wash and dry the gloves
d) Instruments
It 1s not considered advisable to include operating room and deltvery room
mstruments n the Central Supply because of numbers required control
and the necessity for emergency sterilization Instruments for treatment
sets on patient units can be effectvely centralized
e) Syrmges and needles for all umts can best be handled through a
centralized system Recent studies on the causes of mnfectious hepatitis have
emphasized the importance of efficient stenilization of syringes and needles
f) Centralizing the processing of treatment trays and sets for all m
patient and out patient umts provides improved service
g) Unstenle supphes and equipment for the m patient and out patient
umts nclude such items as non sterile treatment trays bandages pads hot
water bottles 1ce bags heating pads communion sets and morgue sets
h) Operating Room and Delivery Room Swite apparatus are usually
not kept m a Central Supply Umt The apparatus normally stored m Central
Supply includes such items as mhalators suction machmes oxygen tents
and dramage equpment
1) Other services could mclude certan drugs or solubons but 1t 15
generally accepted that these should be included under the pharmacy
4) What items will be purchased ready made?
a) It 1s usually considered more econommecal for hospitals to purchase
surgical dressings ready made
b) Parenteral solutions
Manufacturing parenteral solutions 1n a hospital reflects a substantial mone
tary saving but for safety reasons should only be done under the supervision
of a qualified pharmacist
¢) Stenle disposable parenteral admimstration sets are now used by
many hospitals They assure safety and savmgs 1n personnel time
5) What preparation will maternals recewve n other departments?
a) Some hospital laundnes prepare Imen packs for surgery and obstet
rics and send them to Central Supply ready for stenihization
b) Some hospital Jaundnes efficiently wash and dry rubber gloves
but doing them m the Central Supply Umt ehminates the necessity of trans
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200 249 Beds 5 Square feet per bed
250-300 Beds 4% Square fect per bed
300 Beds and up 4 Square feet per bed

Proper distribution of the appropriate aren for a1 basic department 1s
normally accomplished 1 tlus manner

Distilled
Water Room Clean Work Room
% of the area Clean Work Room Sterile (im:lug/uo;terﬂlxm:!Arta)
(includes rea) | Storare Room
Recenng _and 2 of the srea 15 of the area
Clean Up Room
1§ of the area Distilled
Water Room
1§ of the ares Sterile
Storage Room
RECTANGULAR PLAN Recewing and | % of the area

Clean Up Room
/% of the area

SQUABE PLAN

The above conditions fulfill the requirements of a basic department only
Additional space must be provided for a more comprehensive service when
1) All surgical packs dressings and utenstls are to be prepared m this
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Fig 132 Typical layout of a central supply room for a 100 bed hospital The dimen
sions of the space allotted are 42 feet long by 16 feet wide This provides an area of
about & square feet per bed including space for unsterile equipment storage

department Add % square foot per bed to the clean work room area for
this additional service

2) All delnery room packs dressings and utensils are to be prepared m
this department Add % square foot per bed to the clean worl. room Area
for this additional service

3) The department 1s required to prepare parenteral solutions for the
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mclusive rates for care Many hospitals have printed or mmeographed requ
sition forms which promote uniforrmty and simplfy paper work An ex
change system 1s also sometines used A procedure book and card file or
Kardex for varous procedures 1s also helpful Requisitions may be recewved
by 1 orbyap 1c tube system

15) Teaching programs should make provision for adequate instruction
and tramng of staff

16) What work stations should be planned?
The work stations should provide a continuous work flow of all matenals
and equipment through the Central Supply Umnit from dirty to clean to ster
1le without back tracking for maximum efficiency and to avoid contaminat
mg sterlle supplies which could be disastrous

Frow or Work

Maternals are recerved into the Central Supply Umt by dumbwaiter
truck or messenger from
Central Stores
Hospital Units and
Laundry
Materals from Central Stores are put i Bulk Storage area and removed
as required Used matenals go to disassembly where they are taken apart
and sorted for cleanmng
The first step 1n processmg all used matenals and some new matenals
brought mto the umt 1s a thorough cleamng
Clean matenals including linen from the laundry go to the processing
and assembly area where they are mspected put in proper condition, assem
bled and packaged for stenlization or stored clean ready for use Sterihzed
goods are exther distributed directly to the departments where they are used
or stored 1n the storage area m Central Supply Four storage areas are re
quired sterile unsterlle apparatus and bulk (raw storage) Bulk or unstenle
storage can be safely mcluded i the processmg area but st 15 advisable to
provide a separate stenle storage area
Materals are distributed by dumbwarters carts trucks or messenger to
hospital umits
In order to operate the department office space employee and housekeep
mg facihities must also be provided

SPACE ASSIGNMENT FOR DEPARTMENT
The total area allotment 1n square feet per hosptal bed (mcluding bassi-
nets) will vary with the size and type of hospital Expenence has shown
that the followmng areas can be relied upon to provide adequate space 1
most 1nstances

75- 99 Beds 7 Square feet per bed
100 149 Beds 6 Square feet per bed
150 199 Beds 5% Square feet per bed
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Cou tesy Georgia Baptut Mo pital Atlants Ga

Fig 134 General clean up area where soiled supplies are d d bled
cleaned then sent to the clean work area

F1 135 Clean work area Table 1n left foreground 1s used for making up varous
trays The other tables are used for preparmng surgreal and obstetrical packs

best results Any floor or even the basement where the traffic to and from
the department will not seriously interfere with general hospital operation
15 considered an acceptable location It should not be located 1n the surgery
comdor or in the delivery yoom suite Howeser, m certan cases it may be
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hospital Add % square foot per bed to the distilled water room for this
service

4) An unsterile equipment yoom 15 required for the storage of apparatus,
such as oxygen tents, gas evacuators, heating cradles, etc Add 1 square
foot per bed 1 the form of an additional room for thus service

5) A separate area for the processing of gloves 1s required 1t should be

STERIIZING “J

AREA g STERILE STORAGE AREA
8

Trormaaes” [ ouic sosa e
CORRIDOR
J Tiation ourcH S6om. tEcining l

clove pom  SOLUTION ROOM
%Y Y

o £co o x

%

nves
s

sueives
sueives

S0 GEs $

UNSTERILE
STORAGE

5 tves

: .

- - 1

Fig 133 Tlus central supply department layout 15 rep e of modern pl

for a hospital of 400 beds The entire department comprises an area of 2600 square

feet equivalent to 6% square feet per bed Note how planning permits a continuous

work flow from receiving to dispensing sections without back tracking Figures 134 to
139 1llustrate individual sections of this department

located wathin the clean worl room, completely enclosed with a glass
partiton The glove room should be equipped with washer, dryer and
powdering apparatus A work counter for glove reparing and wrapping 1s
also essential (see Fig 63, p 118) An area of approumately 100 square feet
will usually suffice for this service

A typical layout of a central supply room for a 100 bed hospital 1s shown
n Figure 132 The space allotted 15 42 feet long by 16 feet wide, mclud
ing space for unsterile equipment storage The layout shown m Figure 133
15 for a hospital of 400 beds It represents an area of 2600 square feet, with
all facilities for a comprehensive department ncluded Figures 134 to 139
mclusive also apply to this plan

LOCATION OF DEPARTMENT

Since the goal of central supply service 1s perfection of sterihzation tech
mques and economy 1n centralized control of professional equipment
actual Tocation 1 relation to distance from departments 1s of secondary
ymportance Whether m new construction or 1n existing buwldings the place
most 1solated from other functions of the hospital wall usually bring the
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on the s1me floor with these departments In the basement there 15 least
traffic, puent and otherwise, and lewst confhiction with and interference
from other departments As 1 rule, spice does not come at as hugh a pre-
mwm m the basement as it does on other floor Ievels The location selected
should be a samitary and reasonably dust free nrex with good highting, ven-
tilation access to vertical transportation and possibilities for expansion, 1f
required

Cowrtery Grorgia Baptut Hospal, .;Ua ta, Ga
Fig 138 Supervisors station Here all clencal worl, 55 performed 1t connectt o h
control and operation of centra] supply o
Fig 139 Recening and diy,
ensmng sta
Dot gocening and d d;;m D g stations Retumned materials are receved through

pens to adrmut linen carts from laund
1ssued through dispensing door at nght upon presentation ofun :}farf:zpskfs e
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Fig 136 Stenhzing area The) large rectangular sterlizers equipped with automatic

controls and recording thermometers are used for bulk loads The cylindnical stenhzer

at nght 1s for emergency and small loads Hot air stenhzer at left 1s for needles
syringes oils ete

Fig 137 Stenle storage area Sterile supplies are kept here for distnbution upon
requisition  This section 15 conventently located adjacent to the dispensing door

248
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doors ibove and drawers below A record connter with drwers under 13
also an essential item a8

Unstenle Equipment Storage Room The only eqmpment requured for
ths room 15 an adequate number of open shelving rachs (six feet ligh) of
enameled steel construction The room should be lacated Adjacent to the
recerving and clean up aren, if possible, at least on the unstertle end of the
department

STAFTING THE DEPARTMENT

The problem of selecting personnel for operation of the central supply
service begms with the supervisor In a few cases supervision of ths depart-
ment has been placed under the direction of the hospital pharmacist
How ever, most hospital admumstrators® agree that st should be nnder the
direction of a regstered nurse who would act as supervisor The selection
of this nurse with responsibility as supervisor 15 2 lnghly :mportant factor
1 determimng the ultimate success of the department In addition to bemg
2 topflight nurse wath thorough expenence m her profession, she should
possess more than average executive ability, be capable of supervising the
activities of others and 1t the same time have the faculty of grasping prob-
Tems quickly and to see that the duties of the department are carned out in
the most efficrent manner Granted that a nurse with this degree of execu-
tive ability may not be rendily found 1n some hosprtals, but usually one can
be selected, who after bemg sent to other hospitals to farmbarize herself
with organization and operation of the department, will become a successful
supervisor The supervisor should also have a well grounded sense of econ
omy and a firm but personable disposition Technically she should have a
thoraugh knowledge of hosmtal requirements covering the dagnostic and
therapeutic armamentanum, and an ever present sense of responsibility
toward safe and effiuent patient care The supervisor needs an assistant,
preferably a regstered nurse, to reheve her and act s supervisor durmg
vacation pertods and 1 emergencies

Beyond these two Ley persons, the personnel of central supply service
may differ with each bospital However nursing students and lay personnel
are commonly employed n the department Male and female attendants
can be used A female attendant 15 usually found more efficient for the day-
time penods when the bulh of meticulous work 15 to be done In the werage
general hospital of between 100 and 950 beds the staff of this deparstment
sall consist of fise to seven persons ‘The supervisor her assistant and one or
two attendants will be on duty during the hours from 7 A ns to 3 »ar One
or two attendants will work from 3 2\ 10 11 pas ¥f 2 nurse or other quah-
g:i“‘ing lf;gor;z:lg peqr:;: 1s avatlable for mght duty, it may be advanta
these cmpb)ies theﬁg 18 neeelgegp:n fﬂl)ml\nlx’ o n dditon to
clerieal dutses and the remamd o oo aen vork. part time an the

er as a general attendant
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ESSENTIAL EQUIPMENT FOR DEPARTMENT

Recerng and Clean up Room The stationary equipment m this area
should consist of a receving counter with three open shelves under two
smks, one for washing and the other for rmsmg, with storage cabinets
under also a clean equipment counter with storage cabmnets under Stam
less steel 1s the metal of choice for fabrication of the equipment (see
Fig 134)

Dustilled Water or Solution Room The umits 1n this room should also be
fabricated of stamless steel, all welded seamless construction The clean
up unit should consist of an unclean equipment counter with three open
shelves under, two smks, one for washing and one for rinsing wath storage
cabmets under, also a clean equipment counter with storage cabmets under
A water still and distilled water storage bottle should be mounted mtegrally
above this umt

The preparation umt should have at least one small smk with removable
grille and storage cabmets under A water still and distilled water storage
bottle should be mounted mtegrally above this umt Complete facihities for
the cleaning and preparation of needles, tubing and syringes should also be
provided If parenteral solutions are to be prepared here, the followmng
additional equipment 15 required

Flask wisher Flask dramnage carriage
Hot plate (two burners} Solution making equpment and glassware

The Solution Room should be a strictly samtary area enclosed with a
glass partition to keep out dust and hint which may anse from the handling
of dry goods and fabrics i other areas of the department (see Figs 147
and 148, p 263)

Clean Work Room The equipment m this area may be of enameled steel
construction wath all work surfaces made of stamless steel Dependmg upon
the size of the room, the essential items are as follows

Unstenle storage cabnets with glass doors Work table with bms across top and
(s1x feet hugh) or open shelving tlting bins on sides

VWork counters with cabinets drawers and Portable carmages (double deck)
knee space under

Work table with flat top Supensors desk

The steriizing area which comprises a part of this room should have
steriizers of the appropnate types and sizes to meet the peak requirements
of the department (see Fag 136)

Stenle Supply Storage Room Here agam the vanous cabinets may be of
enameled steel The normal requirements nclude storage cabmets with
glass doors (six feet high) some cabinets with open shelving others with
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doors above and drawers below A record counter with drawers under 15
also an essential item

Unstenile Equipment Storage Room The only equipment required for
tns room 15 an adequate number of open shelving racks (six feet Iugh) of
enameled steel construction The room should be located adjicent to the
recening and clean up area, 1f possible, at least on the unstenle end of the
department

STAITING THE DEPARTMENT

The problem of selecting personnel for operation of the central supply
service begins with the supervisor In 2 few cises supervision of this depart-
ment has been pliced under the direction of the hospital pharmacist
However, most hospital admimstrators® agree that 1t should be under the
direction of a registered nurse who would act as supervisor The sclection
of this nurse with responsibility s supervisor 1s a nghly important factor
1n deterrmming the ultimate success of the department In addition to bemng
a topflight nurse with thorough expenence mn her profession, she should
possess more than average evecntive ability, be capable of supervising the
activities of others, and at the same time have the faculty of grasping prob-
lems quickly and to sce that the duties of the department are carned out n
the most effcient manner Granted that a nurse with this degree of execu-
tive ability may not be readily found n some hospitals but usually one can
be selected, who, after being sent to other hospitals to famihanze herself
with organization and operation of the department, will become a successful
supervisor The supervisor should also have a well grounded sense of econ-
omy and a firm but personable disposition Techmcally she should have a
thorough knowledge of hospital requirements covering the dingnostic and
therapeutic armamentanum, and an ever present sense of responsibility
toward safe and efficient patient care The supervisor needs an assistant,
preferably a regstered nurse, to relieve her and act as supervisor duning
vacation peniods and 1n emergencies

Beyond these two key persons, the personnel of central supply service
may differ with each hospital However, nursing students and Iay personnel
are commonly employed mn the department Male and female attendants
can be used A female attendant 1s usually found more efficient for the day
time penods when the bulk, of meticulous work 1s to be done In the nerage
general hospital of between 100 and 250 beds the staff of this deprtment
will consist of five to seven persons The supervisor her assistant and one or
two attendants will be on duty during the hours from 7 A7t to 3 P 3 One
or two attendants will work from 3 s to 11 » ar If a nurse or other quah-
fied and responsible person 1s available for night duty, it may be advanta
geous to keep the department open from 11 par 10 7 A3t In addition to
these employees there 1s needed one clerk whao can work part trme on the
clerical duties and the remainder as 4 general attendant
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ESSENTIAL EQUIFPMENT FOR DEPARTMENT

Recewing and Clean up Room The stationary equipment i this area
should consist of a receiving counter with three open shelves under two
siks one for washing and the other for rinsing with storage cabnets
under, also a clean equipment counter with storage cabmets under Stam
less steel 1s the metal of choiwce for fabrication of the equipment (see
Fig 134)

Dustilled Water or Solution Room The umts m this room should also be
fabricated of stamless steel, all welded seamless construction The clean
up umt should consist of an unclean equipment counter with three open
shelves under two sinks, one for washing and one for rinsing, with storage
cabinets under, also a clean equipment counter with storage cabmets under
A water still and distilled water storage bottle should be mounted integrally
above this umt

The preparation umt should have at least one small sink with removable
grille and storage cabmets under A water still and distilled water storage
bottle should be mounted mtegrally above this unit Complete facilities for
the cleaning and preparation of needles tubing and syringes should also be
provided If parenteral solutions are to be prepared here the following
additional equipment 1s required

Flask washer Flask dramage carrage
Hot plate (two burners) Solution making equipment and glassware

The Solution Room should be a strictly sanitary area enclosed with a
glass partitton to keep out dust and lnt which may arnse from the handling
of dry goods and fabrics m other areas of the department (see Figs 147
and 148 p 263)

Clean Work Room The equpment 1n this area may be of enameled steel
construction with all work surfaces made of stainless steel Depending upon
the size of the room the essential items are as follows

Unstenle storage cabinets with glass doors Work table with bins across top and
(six feet lugh) or open shelving tiling bins on sides

Work counters with cabmets drawers and  Portable carnages (double deck)
knee space under

Work table with flat top Supervisor s desh

The sterihzing area which comprises a part of this room should have
stertlizers of the appropriate types and sizes to meet the peak requirements
of the department (see Fig 136)

Stenile Supply Storage Room Here agam the various cabimets may be of
enameled steel The normal requirements mclude storage cabmets with
glass doors (six feet hugh), some cabinets with open shelving others with



Fig 142 Female cath tion tray The cath should be ﬂushed with d‘shlled
water st befors wrapping The tray should be placed on edge m the stenhizer never
nght side up since m that positon air would be trapped m the basins
Fig 143 Correct method of Joading trays m the stenthzer Al are resting on edge with
no iterference from other prcks or supplies

253




252 Principles and Methods of Sterihzation

R . B

Fig 140 Standardized tray and wrapper The wrapper 1s designed m size to suit the
tray and includes a pocket mnto which the trav shps freely s shown This provides
the hner for the tray and 1s convement to use

i e -

Fig 141 Typical dressing tray Instruments are not harmed when handled m this
manner but for effective sterihzition the jomted mstruments must not be locked

PREPARATION AND STERILIZATION OF TREATMENT TRAYS

The preparation and stenihzation of treatment triys 1s normally 2 func-
tion of central supply service In certam hospitals 1t 1s not unusual to find
- total of 40 to 50 different trivs carried mn stock m varymg quantittes
Other hospitals where the requirements have been carcfully studied with
the aim of ehmmating unnecessary work without the sicrifice of anv 1impor
tant article require only 1bout half that number of trays The suggestion 1s
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Fig 142 Female cath ion tray The cath should be flushed with distilled
water just before wrapping The tray should be placed on edge in the stenhzer never
nght side up since in that position awr would be trapped m the basins
Fig 143 Correct method of loadng trays im the sterihizer Alf are resting on edge with
no mterference from other packs or supphes
283
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made, therefore, that the actual requirements be studied on the basis of
elimination of those trays in which the contents are so similar to others that
possibly certamn ones can be combined and still serve the needs adequately

Wherever possible shallow trays similar to the one shown m Figures 140
and 141 should be used The purpose of the shallow tray 1s to mnimize the
hazard in stenhzation 1n the event that 1t 1s carelessly loaded 1n the sten
hzer If a deep tray 1s placed m the stenthzer nght side up, arr will be
trapped n 1t and the sterilizing process will be neffective A shallow tray
largely ehminates this hazard, merely because 1t 1s shallow and can trap
very little air Sumilarly if the tray mcludes any vessel such as a medicine
glass or Kelly flask, as shown i Figure 69, the arrangement should be such
that when the tray 1s placed 1n the sterilizer, any water that might be con
tamned 1n the vessel would all drain out If this 1s done the air m the vessel
will gravitate from 1t and steam will promptly take its place Otherwise as
with the deep tray resting right side up in the sterithzer the ar will be
trapped within and sterilization will be meffective The assemblmg of trays
15 greatly facilitated by keepmg on file a photograph of each type of tray
plus a list of items on the tray The 6 x 8 inch cards may be used for isting
the 1tems and also for giving specific mstructions for processing each item

When rubber tubmng 1s ncluded m the tray contents care must be used
to avord contact with other matenals such as glassware and mstruments
During the process of sterthzation used tubing will frequently stick to these
surfaces Just before wrapping the tubing and 1its attachments must be
flushed with freshly distilled water and the nterior surfaces left moist This
also applies to catheters (Figure 142) Avoid kinks 1n the tubing because
they are harmful to rubber and make sterihzation difficult Wrapping of the
trays can be greatly simphfied by preparing covers of suitable size, as
shown i Figure 140 The tray shdes mto the pocket provided and elm:
nates the need for any other lmer over the tray The correct method of
loading trays in the sterilizer 1s shown m Figure 143 All are resting on
edge with no mterference from any surrounding pachs or supphes Effec
tive sterilization calls for 30 mmutes exposure to saturated steam at 250° F
followed by 15 minutes drymng

LENGTH OF TIME SUPPLIES MAY BE CONSIDERED
TO REMAIN STERILE

The data reported i the iterature on this subject 1s indeed scanty It s
known that protection agamnst contammation of sterile wrapped supplies 15
Jargely dependent upon the porosity of the wrapper and the method of
wrapping The most serious aspect of contammation 1s that due to msects
and vermin (ants roaches and silverfish) which may gain access to the
sntertor of a package through the folds of the wrapper In general the
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storage areas for sterile supphies m hospatals can be depended upon to be
free of msects and vermin In the tropies the problem of msect control may
be more difficult wnd occasionally 1t hias been found necesstry to institute
rither elaborate methods, such as specilly designed contuners, to protect
the supplies agunst msect contrmination

Aside from the problem of msect contammation, there 1s 1 possibility,
however remote 1t may scem of bacterrn eventually penetrating the mushn
or paper burmer Just when this will occur or under what conditions 1s duffi-
cult to determine m hospital prictice Changes in atmospheric conditions
surrounding the pachages handling the packages so as to force ur m and
out arc contnbuting factors to possible contammation In the authors Inb-
ortory stuthes hw e been made to determine how long syringes and needles
will reman stenle when wrapped m mushn as compared to packaging n
paper bags and then held n cleqn storage The results indieated that bacte-
il contammation does not gun access to syringes or needles pachaged
erther muslin or paper bags for at least four weeks Certainly under normal
conditions of clean storige supphes properly wrapped in double thickness
muslin compnsing four Inyers can be depended upon to remain stenle for
at least four weeks There 1s no need to resterilize supplies at the end of one
weeh or even two weehs storige Beyond this period most articles will
have been 1ssued for use
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The Rectangular (Bulk Supply) Sterilizer

HE RECTANGULAR bulk supply sterilizers 1re used extensively
hospitals for sterthzation of heavy loads of supplies i laboratores for

sterthzation of apparatus meluding anmmal cages and n mdustry for
sterithzation of surgical dressings and various propuetary products For
many yeurs bulk sterthzers were piped to carry the full stexm supply line
pressure n the jackets pressure ringing from 40 to 60 pounds or higher
With this method of piping a reducing valve was supplied by means of
which the high jacket pressure could be reduced automatically to the
common stermizmg range of 15 to 20 pounds for the chamber It was for
merly thought that the igh jichet pressure was of special value i the
drymg of matenials Later 1t was found that the increased pressure serves
no useful purpose In fact 1t 1s definitely harmful because 1t deselops a
high degree of superheat m the chamber which 1s mjurious to fabrics and
other matertls The superheating of steam detiacts from its microbicidal
properties because 1t dries out the steam—reduces 1ts moisture content
Internal tempeiatures m such sterihzers may range as hugh as 280° to
300° F while the chamber pressure 1s only 15 to 20 pounds which should
develop a temperature no greater thin 250° 259 F For this reason bulk
type sterthzers have occastonally been criticized becwse of the destructive
effect on fibrics mattresses etc

The modern rectangular surgical supply nd bulk tvpe sterthzers have
controlled jacket pressure of 15 17 pounds which develops 1dequate ster
Lizing temperature of 250° 254° F and no superheat 1s produced by the
jachet The details of construction piping and vilving for @ typieal bulk
sterithzer re shown in Figure 144 All pressure sterilizers should be de
signed constructed mnd stamped to meet the 1equirements of the Unfired
Pressure Vessel Code of the Amenican Society of Mechneal Engmeers
This 1ssures the purchaser that the equipment meets 1cceptable standards
of sifety

One of the most uneconomic il practices the hospitil cn indulge 1n 1s the
selection of sterilizers of small capcity or perhaps several umts of small
size rather than one or two large sterizers This handicaps the central
supply department espect illy beciuse with Iimited cipacaity the personnel
may be un1ble to conscientiously sterthize the full quota of supphes within
the working hours Every hospital should have one or two large sterihzers
with sufficient capraity so that 75% of the bulk supplies required duly cn

256
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be sterhzed m three or four towds There s abso ¢ hmt in wize md cipaety
of stentzers for hospital wse The vers farge ciumbers wath dimensions of
36 1 42\ 81 mehes (75 eubne foct) md greater we cumbersome from the
stwdpowt of lowhng wd unlowdmg Nurses o caperiance cifficalty m
the opumng wd closmg of the hge doors The most dessrible sizes of
sterthzers for routme hospital use, pisticuiardy m contril supph we those
with dimensions of 24 < 36 v 16 mches (21 cubie feet) md 21 < 36 < 60
mchies {30 wubne ft) Adeguate epreity cue of lowdg cconomy of
operition wd reduction of Thor e the cssential factors i determining
sterthizer wi7es

DISINFLCTION QU MATTRUSSTS, RUDDING AND CLOTHING

There 15 2 need for disnfection of mattresses beddmg and clothing
commumicible disease umts, psychintne hospitils and penad mstitutions As
1 rule the orgimsms responsible for commumerble discases are rather
casily destroved The usuil samtiztion processes of baing nd laundering
apper to be wequate for termml disimfection of blunhets and hnens
However, these methods are not considered pricticeal for the treitment of
mattresses nd pifows Also when these matends become mfested with
pirsites associited wath pedieulosis or sealnes effcctive methods of control
must be enforced Steam under pressure has been widely used for the disin-
fection nd stenhbzation of mattresses for many yews, but not without
difficnlty Overstenhzation wd extrome earelessness m handhing have been
responsible for the rummtion of many mattresses in mstitutions If the
disifection process 15 16 be suecessinl wd the maten s preserved then
efficent methed of handhng must be devised, the operator must be properdy
truned "nd someone wn anthonty should supervise the work Only under
these condiions cn reasonably satisfactory results be obtuncd

‘The mattress disnfector should be of the correct size for efficient lording
Chmbers with dumensions of 42 % 48 x 81 inchies and 48 x 34 « 64 mches
are smtable for the reception of the commonty used m ttresses when resting
on horizontnd shelves as i Figure 145 Do not plice more than one mat-
tress on each shelf because stacking of mattresses together will scriously
mtcrfere with stexm penctration and deving Bedding should be rolled
loose bundics the matenals from one bed only m each bundle These can
;x w]mppe{d]m one of the she: ts from the bed Clothing should be plced
ll))‘?iis)trtxlle e‘f; :)mttmg bags When loadcd m the stenhzer the bundles must

no more thun ane Iver deep Using the shelf ty pe carnage

lternate shelves ¢m be removed to e sufficient space
“ :;3:\7;:‘ ni‘c\m})]e‘;a:lcx;‘s]n:;i :l(‘x‘l\:cgoé;xr g‘smfechon than re required for
be adjusted to provide pressure 1t 4 :: é"g el to the stenihzer shauld
pounds no Ingher Thus showld
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produce 1 maximmum temperature m the chamber of 220° to 230° F (104°
110 C) An exposure perod of 30 mmutes 1s required t this temperature
At the end of the exposure period the stcam 1s exhausted from the chimber
and 1 partal vicuum creited mn the chimber either by means of 2 stexm

j——— PRESSURE REGULATOR

STEAM 1O JACK

TO STEAM SUPPLY ———er————————

SAFETY VALVE
STEAM TO EJECTOR
TO ATMOSPHERIC EXHAUST

ATMOSPHERIC EXHAUST VACULM EXHAUST

VACUUM BREAKER

]

Fig 144 Details of construction piping and v ilving for  typicil rectaingular bulk
sterihizer

ejector or 2 vacuum pump When the chamber gauge shows about 20 inches
of vacuum the vacuum breiker valve should be opened leaving the cjector
and chamber exhaust valves open also This will «dmit room ur nto the
chamber for entrainment with the remaiing vapor and odors which will
then be exhausted to the atmosphere This aerating and drymg process
should be contnued for t least 15 minutes after which the lond may be
removed from the chamber If a Inrge amount of vapor or odor escapes 1nto
the room when the door 1s opened that will indicate that the drying process



e P

\

Fig 145 Mattress disinfector with drop wheel loading car

Fig 146 Rectangular bulk sterihzer and vacuum pump for commerenl sterihzation of
packaged dressings cotton etc
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should have been contmued for a longer period Do not permit mattresses
bedding or clothing to remain m the chamber following the disinfection
process, unless the door 1s wide open Otherwise wet matenals may be

Fig 146A One of the latest developments m rectangu
lar sterihzer design The corroston resistant nickel clad
steel of the chamber mteror 15 welded to the sold
Monel metal end ring The mstruments wnd controls are
flush mounted 1n the finshing panel This type of stert
Iizer for recessed mstallation functions ideally in the
sterihzation of bulk loads of fabrics or solutions

expected Preferably re
move the load to venti
lated sheluing to avoid
sweating

Under the most effi
cient method of opera
tion the disinfection of
mattresses by steam
leaves much to be de-
sired The process 1s not
satisfactory for the treat
ment of mnersprmg mat
tresses because of the
problem of corrosion It
also has an adverse effect
upon foam rubber mat
tresses or matenals Re
peated disinfection wall
result m discoloration
hardenmg loss of elastic
ity and tensile strength
Hair and feathers com
monly used m mattresses
and pillows are subject
to hydrolytic decompost
tion by steam which re
leases active sulfur con
taming substances These
substances have a partic
ular affimty for the me
tallic surfaces of the

chamber and the lIoading carnage resulting in the accumulation of a dark
greasy deposit A newer process for cold disinfection of mattresses bed
ding and clothing utihzing ethylene oude gas m the form of Carbouide

shows promise of bemg a superior method

COMMERCIAL STERILIZATION

The problem m commercial sterihzation of packaged dressings cotton
etc 1s to permeate bulk loads of material with moist steam carefully avord
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mg too much morsture, md to ccomplish stenlization i an cconomcl
penod of exposure The proecss s wnbly requires wm cfficient v wcuum
pump, one cipable of producing not less thin 26 28 mches (mercury)
vacoum m the stenlizer m 1 bndd pertod (Lig 116) This method of ur
discharge from the sterhizer 15 used m preference to the graaty process
becwse of ats speed nd cfficiency The Targer bulk stenlizers usutlly have
two drun outlets from the bottom of the chamber ¢ wh individually fitted
with 1 thermostatic trap to facilitate rypid drunge Provision s also made
for 1 by pass around the pressure control v alve to the jicket by means of
winch the delivery of stc un to the chimber e be consderbly cxpedited
The method of operation 15 s follows

First the steam s admitted to the jichet until the pressure hecomes
stable at 15 17 pounds Then the vcuum pump 1s turned on to create n
mtil vaicuum of 26 28 inches i the chamber Steam 1s then wWdmitted to
the chamber for 1 brief period of what 1s termed  preheating  This con-
tinues for about 15 minutes dunng which the loid 1s heated to about
212° I' The vacuum pump 1s turned on agun to discharge the imtinl (pre
heating) steam ind to draw out the excess moisture deposited on the goods
but leaving them hot The actual stenilizing steam 1s then admatted to the
chamber, and since the matenals are essentially dry and hot, very httle
additionl mossture 1s deposited Exposure for 30 minutes to 1 temperature
of 250° F then follows after which a final vacuum 1s drawn to dry the
load Aeration of the chamber 1s 1ccomplshed by openmg 2 vacuum
breaker valve contuning nn arr filter and the load 1s then removed from the
chamber sufficiently dry for immediate storage The refinements of the
system usually cause very httle distortion of cartons or discoloration of
labels

Apparently some commercial processes for steriization of prckaged
market cotton are not always as effective 1s they should be Silliker and
Hess' found 14 samples of market cotton labeled contents sterile until
package 1s opened out of 415 samples taken to contamn viable organisms
This represents a rather small percentage of contamination which could
have escaped standard control measures However the conclusion was
drawn that the cotton 1tself was the source of the bacterin

REFERENCE
1 Suimer J H anp Hess E P Stenihty of Murket Cotton JAM A 149 1374 1376 1952
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should have been continued for a Jonger pertod Do not permit mattresses
bedding or clothing to remain 1n the chamber following the disinfection
process, unless the door 15 wide open Otherwise wet matersals may be

»
s,

Fig 146A One of the latest developments in rectangu
lar stenhzer design The corrosion resistint nyckel clad
steel of the chamber mteror 1s welded to the sohd
Monel metal end ring The mstruments and controls are
flush mounted m the finishung panel This type of sten
hizer for recessed installation functions rdeally i the
stenihization of bulk loads of fabrics or solutions

expected Preferably re
move the load to vent
lated shelving to wod
sweating

Under the most efft
cient method of opera
tion the disinfection of
mattresses by steam
leaves much to be de
swred The process 15 not
satisfactory for the treat
ment of mnerspring mat
tresses because of the
problem of corrosion It
also has an adverse effect
upon foam rubber mat
tresses or materials Re
peated disinfection will
result 1 discoloration
hardening loss of elastic
ity and tensile strength
Hair and feathers com-
monfy used in mattresses
and pillows are subject
to hydrolytic decompost
tion by steam which re
leases active sulfur con
taming substances These
substances have 1 partic
ular affimty for the me
tallic surfaces of the

chamber and the loading carnage resulting in the accumulation of a dark
greasy deposit A newer process for cold disinfection of mattresses bed
ding and clothing utih7ing ethylene oxde gas 1n the form of Carboxde

shows promuse of bemng a superior method

COMMERCIAL STERILIZATION

The problem n commeraial stesthzation of packaged dressings cotton,
ete 1s to permeate bulk loads of material with moist steam carefully avoid
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mg too much mosture nd to weomphsh stenhization m - cconomic 1l
peniod of caposure The process mvarbly requires w cffivent vicium
pump one capible of producng not less thain 26 28 inches (mercury )
vicuum 1 the stenbzer mo bnef penod (g 116) This method of ur
discharge from the stenlizer s nsed i preforence to the grivity process
Leewse of its speed md cfhacnes The Tager bulk sterlizers usudly have
two drun outlets from the bottom of the diumber, cich mdmadunlly fitted
with 2 tharmostitie trap to Nalitaite ripid drunyge Provision 1s also made
for 2 by puss wound the pressure control v ihve to the jicket by means of
winch the delivery of ste i to the cdhamber e be consideribly expedited
The method of operation 1s as follows

First the stemm as dmitted to the jichet until the pressure hecomes
stable 1t 15 17 pounds Then the s wunm pump s tumed on to create n
mmibial \ cuum of 26 26 wnches m the ehwmber Steam 1s then wdmitted to
the chamber for 1 braef period of what as tarmed  preheting This con
tinues for about 15 mmutes during which the lowd 1s heated to about
212° I The vacuum pump 1s turned on agun to discharge the imtral (pre
heating) steam nd to draw out the excess moisture deposited on the goods
but leaving tham hot The 1ctunl sterlizing steum s then admitted to the
chamber, ind since the materials re essentially dry and hot, verv httle
additional moisture 15 deposited  Exposure. for 30 minutes to 1 temperture
of 250° F then follows, 2fter which 1 final vacuum 15 drawn to dry the
lowd Aeration of the chamber ts ccomplished by opeming 1 vacuum
breaker valve contuning n qur filter and the lo:d 1s then removed from the
chamber sufficiently dry for immediate storige The refinements of the
system usually cause very DLittle distortion of cartons or discoloration of
labels

Apparently some commercil processes for stemlization of packaged
market cotton are not alwys as effective as they should be Silliker and
Hess! found 14 samples of market cotton, labeled contents sterile until
package 1s opened, out of 415 samples taken to contun viable orginisms
This represents a rather small percentage of contamimation which could
have escaped standard control measures However the conclusion was
drawn that the cotton itself was the source of the bacterin

REIERENCE
1 Suisxes J H anp Hess E P Stenlity of Market Cotton JA VA 149 1374 1376 1952



Craprer XVIII
Preparation of Parenteral Solutions

HE SUBJECT of parenteril therapy 1s of the utmost importance to
chmeinns and hospitals The word parenteral 1s derved from the

Greek meanmg other than the intestinal tract * In normal usage the term
prrenteral therapy 1s apphed to the method of admimistering fluds through
vemns The purposes of prenteral therapy are to mamntan or replace body
stores of witer electrolytes calories, vitarmns and protem, to restore acid
base balance and to restore blood volume Sife intravenous solutions are
therefore required to achieve these purposes and to meet the mdividual
needs of each patient

There are two courses available to hospitals to meet the widespread
demand for safe parenteral solutions The mstitution m1y purchase the
commercially prepared products or 1t may manufacture 1ts own solutions
The latter method 1s particularly attractive because the economics of hos
pital manufacture results 1n a marked savings for the mstitution Many
hospitals currently prepare their own solutions and there 1s a steadily
mereasing bodv of evidence to show that these solutions are safe economt
cal and practical” ¢ Other hospitals are also desirous of reducing costs
of solutions used n parenteral therapy but they are reluctant to undertahe
the manufacturing program because of feir of untoward allergic or febrile
rewctions This fear complex 1s founded largely upon unsatisfactory past
experiences m certan hospitals where the solutions were prepared under
conditions believed to be safe and practical 2t the tine It 15 now known
that these past farlures to produce satisfactory solutions were almost mvar
ably due to madequate cleaning facihities lack of control on qualty of
distilled water mprovised equipment and lack of shilled supervision

The preparation of chemically pure sterile and pyrogen free solutions 1s
not 1 difficult matter providing the matenals used m manufacturmg are
of lugh punity and if the personnel responsible for cleaming of the appa-
ratus are thoroughly rehable A dependable system for hospital made solu
tions compnises the following major elements

1) Proper Planming of the Solution Room Adequate space should be
provided m a room designed specifically for this purpose It may be located
as a part of or adjacent to the Pharmacy or n the Central Service Depart
ment (See Figs 147 and 148 )

2) Adequate Cleaming Facilities Efficient methods must be used for the
cleamng of all apparatus bottles and closures entering nto the manufac

ture of solutions
262



C urt y The P ading Ho pital Read ng Fa
Ty 147 Intravenous and external solution cquipment clean up room

g 148 Intravenous and external solution preparation room
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3) Punity of Distilled Water A source of high punity pyrogen free dis
tillate 1s essential Water stills should be equipped with conductiity re
corders for a continuous check on the purity of the distillate

4) Punity of Chenucals All chemicals used m making the solutions must
be of high punty and free from pyrogemc substances

5) Disposable Intravenous Admunmstration Sets It 1s no longer consid
ered safe or practical for the hospital to employ reusable intravenous sets
The wadability of disposable commercial sets which are sterile, non toxic
and pvrogen free 15 an added mncentive to the hospital made solution pro
gram

6) Needle Clearung Facilities Chemical cleanliness of needles 1s essential
for safe reactionless mfusions

7) Shilled Superuvision Centralized responsibility for the preparation of
solutions should be delegated to the hospital pharmacist or the pathologist

PYROGENS

Familanity with the basic facts concerming pyrogens 1s essential to the
successful preparation and handling of parenteral solutions The term
pyrogen means fever producing Although the chemical composition of
pyrogens has not been definitely established the latest evidence suggests
that they are complex polysaccharides apparently attached to another
radical contaming nitrogen and phosphorus ¢ It 1s generally accepted that
pyrogens are by products of bacterial growth or metabolism They may be
closely relited chemically to bacterial antigens ® It 1s known that pyrogens
occur only mn media which have been contarmnated with bacterra Many
species of bacterta mcluding air borne contammmants yeasts and molds
produce pvrogens ° They have been shown to be of a particulate nature
larger than 50 millimicrons but smaller than 1 micron

The concept of a pyrogenic substance produced by bacteria was estab
hished by Seibert 1 who showed that the substances designited pyrogens
were products of breilli usually found m niver water Rademaker' also
found them 1 varyimg numbers in tap water i numerous cities their num
ber varymg with the sewsons Pyrogens are extremely soluble m water and
theyv cannot be removed by pissage through a Berkefeld filter They may
however be removed by adsorption on an activated asbestos filter or on
activated charcoal® ' 1° ' Pyrogens cannot be destroved by autoclaving
except at very high temperatures for a prolonged period of time Banks *
for example found that pyrogenic water was rendered mnocuous by heat
ing to 1 temperature of 284° F (140 C) for 30 minutes Sterthization 1s of
no practicil vilue in removing pyrogen from solutions intended for paren
teral admimstration  According to Wylie and Todd ' the ordmary process
of stenlization by wtoclwving at 240 F (116° C) for 30 minates will de
stroy 1bout 23 per cent of the pyrogenic activity of 1 concentrated solution
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yet this process will hme e offect on 1 dhlute solution such 1s might
ansc from 1cadental contimmtion of water

One major source, of pyrogens 1s distilled water which has hecome con-
tammated with ur borne pyrogome bacteny A poorh designed water still
or one that 1s operated mcorrcetly my Uso praduce distillate contuning
pyrogenic substances Although pyrogens arc non vohitile they arc still
capble of pissmg through the ordimary distillation process by mens of
entrunment or cury over with mmeril mpunties to the distillate Tap
water s the usil source of contunmttion and 1wy glssware or tubing
rinsed or washed in tap water will produce pyrogen unless sterlized within
an hour Rademaker™ found that pyrogen cn be developed within two
hours 1t room temperature m the drymg films of mosture remuning 1n
such tubing and equipment Sumiluly 1 sufficient amount of pyrogen cn
be formed within an mtruenons needle ninsed m tip water to produce a
reaction

A pvrogente or febnile reaction may occur any time from 15 mimutes to
8 hours following the mjection of 2 solution contuning pyvrogemic sub
stances Such reactions from imtravenous solutions occur 1 hospitals even
though the means to ehminate them entirely are well known In the opmion
of certain authorities ™ * these reactions are mexcusable i the hight of
present day hnowledge The precautions necessary for the prevention of
reactions m routine parenteral therapy are

1) Use only freshly distilled water from an efficient still m the prepira
tion of solutions and for the ninsing of all apparatus

2) Provide for intelhgent and reliable operation of the w iter still Diseard
the first fraction of distillate 1t the beginning of each davs operation
Trequent cleamng of the water still at regulr intenals 1s necessary

3) Prepare solutions and sterihze the final products within 2 tew hours
after the water has been distilled

4) Immediately sterihze all tubing needles and glassware after nnsing
;;llth distilled water to prevent production of pyrogens 1n residu il mosture

ms

5} If nondisposable mntravenous sets arc used, permit 50 to 100 ml of
prrogen frec solution to be run through the set and wasted before mserting
the needle into the ven

WATER STILLS

Modern usage of the term distilled water signifies 1 process ol in
evaporation of raw water by bailing followed by immediate condensahog
of the hiberated steam or water v 1por The quality or purity of the cond N
sate produced by tlis process can vary greatly and still conform to :}“
bsic charactensties of distilled w ter If the distilled wAter 15 to be us, 15
m critsienl apphications demanding unusyal quality such as for the pre;afa
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3) Punity of Distillcd Water A source of high punty, pyrogen free dis
tillate 15 essentral Water stills should be equipped with conductivity re
corders for a continuous check on the punty of the distillate

4) Purity of Chemucals All chemicnls used i making the solutions must
be of lugh punty and free from pyrogenic substances

5) Disposable Intravenous Admimstration Scts It 1s no longer consid
ered safe or practical for the hospital to employ reusable intravenous sets
The availability of disposable commercial sets which are sternle non touc
and pvrogen free 1s an added mcentive to the hospital made solution pro
gram

6) Needle Cleaning Facilities Chemical cleanliness of needles 1s essential
for safe reactionless mfusions

7) Shilled Supervision Centralized responsibility for the preparation of
solutions should be delegated to the hospital pharmacist or the pathologist

PIROGENS

Fumhanty with the basic facts concerning pyrogens 1s essential to the
successful preparation and handhng of parenteral solutions The term
pyrogen means fever producing Although the chemical composition of
pyrogens has not been defimitely estiblished the latest evidence suggests
that they are complex polvsaccharides npparently attached to another
radical contaming nitrogen and phosphorus © ? It 1s generally accepted that
pyrogens are by products of bacterial growth or metabolism They may be
closely related chemically to bactenal antigens ® It 1s known that pyrogens
occur only 1n medta which have been contammated with bacteria Many
species of bactent meluding ar borne contaminants yeasts and molds
produce pyrogens ® They have been shown to be of a particulate nature
larger than 50 milhimicrons but smaller than 1 mieron *°

The concept of a pyrogeme substance produced by bacternn was estab
lished by Seibert '* who showed that the substances designated pyrogens
were products of bacilli usually found m river water Rademaher! also
found them 1 varving numbers in tap water in numerous cities their num
ber varymg with the scasons Pyrogens are extrcmely soluble 1n water and
they cnot be removed by passage through 1 Berkefeld filter They may
however be removed by adsorption on an activated asbestos filter or on
actrvated charcoal ™ ™ 1° ' Pyrogens cannot be destroyed by autoclaving
except at very igh temper1tures for a prolonged period of time Banks '
for example found that pyrogenic water was rendered mnocuous by heat
ng to a tempcrature of 284 F (140 C) for 30 minutes Sterthizatron 1s of
no practical vilue 1 removing pyrogen from solutions intended for paren
teral 1Wdmmistration Accordmg to Wylie and Todd ¥ the ordinary process
of sterdization by wtoclving at 240 F (116 C) for 30 minutes will de
stroy wbout 25 per cent of the pyrogenic activity of 1 concentrated solution
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of spriy or form from the nsing stexm After passmg the baffle plites the
dn steam continues upw ard to the condenser where 1t contacts 1 cooling
cotl, 15 condensed into water, wd finalhy flows by gravity to the collecting
vessel or storage bottle

The mechnicnl design fotures of iy still will hrgely determine ats
cfliciency m producing distilfite of lngh punity The cross sectional aren or
diameter of the evporitimg pan s an amportant factor The larger the

i

Fig 151 Sull with evaporator pan removed and steam coil exposed for duly cleaning
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tion of injecttbles o1 mtravenous mnfusions it must be substaintialhy free
from ympurities of * mmeral metallic or orgmic nature and above 1l free
from pyrogenic substwnces Of the methods currently availble for the
prepration of low residue water, that of hstiflvhon when carred out in 4
properly designed and correctly operated still stands unequalled s the best
method for producing pyrogen free water of the highest punty Evidence
confirmmg the supenonty of the distillation process 1s not abways exsly

Fig 149 Sectional view of svater stifl de Fig 150 Side view of stll with storage

signed for the production of pyrogen free

ted tly m front
distillate 10 gallons per hour capaaty ewbov mounted duectly 1

obtunable because of the mediocre performance of the average water stll

The prmaple upon which all water stills operate 15 essentially the sime
The source of heat may be either steam electricity or gas dependimg upon
the type of still The larger capaenty sulls ranging from 5 to 50 gallons per
hour output are usutlly heated by stean wlhile those of small capresty
from 1 to 5 gallons per hour are usmlly heated by electniesty  The bsie
parts of the still consist of 4 evaporator pan or border t medium of heating
~ vapor tower 1nd 1 condenser In operation the raw water 1s fed mto the
evaporiting pin where 1t 15 heated and converted into stem (see Fags 149
and 150) The steam nises m the vapor tower where it conticts 1 senies of
baflle plates the purpose of which 15 to ehminate entrunment of droplcts
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used metals Copper and brass should be plated with pure block tin of st 1s
antieipated that these metals will come 1n contact with the distillte A still
fabricated of corroston resistant monc] metal wath mehel condensing coil
probably represents the most satisfictory combntion Aluminum 1s not 2
sutable materal for fabrication of the v iporiting pan because of its
susceptibility to attack by alkaline water

The selection of swtible tubmg for the transmussion of distilled water
from the source to 1 1rous locitions frequently poscs 1 problem Bloch tin
tubing hns long been recogmized 1s @ satisfietory matenal for thus purpose
because of aits low solubility charictensties Stunless steel (316) tubing
may also be used with 1 fur degree of certunty that the distilled water
will not become sertously contimmated with metallic substances Alurm
num pipe or tubing has Jikewise been used suceessfully for the transmussion
of distlled water Howaver, smilt amounts of aluminum will be dissolved
m the w iter until 1 subst mtil alummum owide coting has formed on the
mtenior of the tubing nd fittmgs The product known as  Uscolite, a nigid
plastic pipe 15 probably 1s safe 1s my v ulible matert:l for the transmis
sion of distilled water It 1s msoluble 1 water and ean be threaded to
accommodate fittings i much the s une manner as ordnary pipe

OPERATION AND MAINTENANCE OI' WATER STILLS

The watcr still must be hept elewn This pont has been recognized by
authontics for veirs but too frequently stills are put mto service and
operated for long pcriods of time with 1o cleaning of the mtenior parts
until something goes dristiciily wrong Practice his clewly demonstrated
that the distillate from a single effect still of good design 1s entirely switible
for parenteral solutions when but only when the still 15 ddean Frequent
clewng 1s a fundamental 1equirement m the operition of wy still The
frlequcnu of cleunng will depend upon the quality of the raw water sup
ph

When parenteral solutions fiist came mto cxtensn e use, serious difficul
ties were experienced with distillite collected fiom mefficient or foul stills
In 1n effort to solve the pioblem double or triple stills were widely advo
cated uscrs forgettmg that while double or triple distillition might post
pone the dyy that ulimatcly these stills would also become foul and then
product unfit for use Cle wnng double or tuple stills myvolves twice or three
times the Inbor cxpense nd dehy necded for cleanng 1 single effect still
Amy still i contimuous service wall become mereismgly foul until regud
less of 1l the protectne baffles ind intueate pissigewtys with mysterious
names the product becomes unfit for use Ultra refinements 1 the per-
formance of 1 clewn still ue not significint The mtent should he to provide
W apparitus instead which will produce mtiadly water of stisfictory
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water area m the evaporator pm with generous allowance for stcam space
above the water surface the less opportumity there 1s for violent bodmg
When the water boils violently there 15 proportionately more carry over of
non \olatile substances than when the water 1s subjected to moderate con
trolled bothng In additon the evaporator pan should be easdy removable
without the use of tools within convenient reach of the operator, to facth
tate duly cleaming of the pan and heating coil 15 m Figure 151

The height of the vapor tower 15 another important factor m the design
of the still This determnes the disengnging distance between the water
level 1n the evaporating pan and the condenser It has 4 direct beanng
on the tmount of entrunment or possible cairy over of droplets of raw
water mto the condenser The vapor tower should also be of wide cross
section so that the veloeity of the steam can be mamntamed at a fow level
thereby discouriging entramment The 30 meh nse of the vapor tower on
the 10 gallons per hour stil shown m Figure 149 including the proper
placement of baffles msures optimum conditions for the prevention or
removal of entramed spray or foam from the steam

One of the most difficult problems to cope with m any water still 1s the
removal of released gises from the condenser Unless some postive and
efficient means 13 mcorporated on the stll to promptly remove hberated
gases ascendmg from the evaporator such as carbon dionde chlonme
ammoma etc 1t s difficult to prevent therr reabsorption nto the distllate
When this occurs in the werage sull the punty of the distilled water
marhedly lowered as can be demonstrated by metns of the conductnity
meter If these foreign gases are forcefully 1nd contmuously ejected from
the condenser a water of lnghex purity 1s obtaned Most wter stills depend
an a shght emission of steam vapor from the condenser to force ejection of
the foreign gases and to visibly mdicate that the gases are not stratified m
the condenser A more effiient method s the mstallation of a controlled jet
evacuator which mtroduces 2 shight negative pressure on the condenser
thereby assunng automatic removal of the gases as rapudly s they collect
m the condenser

Al water stills should be equpped with a deconcentrator or bleeder
device on the evaporatng pin to permt contimuouns formation of steam
from a flowing stream of witer This prevents concentrition of impunties
which m the case of hard water may produce excessne foammg with
resulting entramment of droplets to the distillate Stlls should also be
prouded with automatic regulating valves on both water and steam lmes
to prevent primang or surges n bothing and to mawmtain the correct balance
between water supply to evaporator and the rite of heating

The metals used in the construction of a still also influence the quility
of distdlate Monel michel alummum copper and brass are the commonly
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tonship of parts per albon of sodiam chlonde 1n solution to speaific
resistance and spceific conduct inec 1s s follows

rry Specific Revitanee Specific Conductance
Sodwum Chlorde in Ohms (18 C) in Micromhos (18 C)

01 1010000 099
05 578 000 173
10 377 400 265
20 222 200 150
30 500 635
40 122000 820
50 99 500 1003
60 81000 1190
70 72700 1375
80 G4 100 15

90 300 1715
100 518500 1930

Absolutely pure water would hne 2 conductince of about 005 mi-
cromhos or 20,000 000 speaific ohms resistance at 25° C Water of this
punty cannot be produced by the distillation process but it has been ob-
tamed by the detlomzation process Actually, the production of 20 10 or
even 5 million ohms water 15 chiefly of acaidemic interest, since water
exceeding 1 mullion ohms 15 of rdequate punty for almost exery application
It 15 obv1ously not difficult to meet the requirements of the Pharmacopoera
for distilled water with total dissolved sohds of less than 10 parts per
million In terms of 1omzable solids this would mean 2 distillte of approxi-
matcly 50,000 ohms resistance Almost any still even one that 1s carelessly
operated, will produce distillate of this punity The problem 1s to provide
assurance that the water shall be pyrogen free To measure conductance or
resistance 1n terms of specific ohms 1s @ direet function of the quantity of
electrolytes or 1omzable mmpurities present m the water Admittedly this
does not constitute a direct measurement of pyrogemic content, but 1t should
be understood that pyrogens are nonvolatile and their presence m freshly
distrlled water 15 proportional to the amount of entrunment or carry over
of droplets of raw water from the evaporating pan of the still Therefore
measurement of the jomzable (mineral) impurities by means of the con-
ductivity meter affords 1 continuous chech on the performance of the still
and also a reliable indication of the possibihity of pyrogen contammation

A conventent and accurate method for determiming the purnity of distilled
Wwater 1s shown m Figure 152 The recording conductivity meter 1s attached
to the wall, adjacent to the still The conductinity cell with self contuned
thermistor (automatic temperature compensitor) 1s sexled into the draw
off cock of the Pyrex glass storage bottle This feature assures the operator
?:o]mo‘lvn punty of the distillate at the pont of use When water 15 drawn

m the bottle 1t passes through the conductivity cell and the specific
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purity with the all important provision of means for mamtaining that
quality by easy daily cleanmg

The still shown m Figure 149 has been designed specificlly for produc
tion of distillate for parenteral flluds Repeated tests i various laboratories
have shown the distillate to be pyrogen free with the average punty rang
g from 400,000 to 800,000 specific ohms resistance Interior parts of the
still are easily accessible for mnspection and cleanmg without the use of
tools The evaporating pan 1s attrched to the body of the still, or detached,
by loosenmg the tee handle and then applymg a twisting motion which
actuates 2 bavonet jomt This pan should be removed daily for thorough
rmsing to remove sludge and scale Hard scale adhering to the steam coil
will slow down the performance and cause the still to produce less than its
rated capacity When the coil becomes badly coated, 1t should be discon
nected and a clean (spare) coil put 1n its place The coated coil can then
be treated with 4 dilute (5%) hydrochloric acid solution to remove the
scale, after which 1t 1s retamned as a spare When handled 1n this manner
no great delay occurs s the result of the cleanmg process

PURITY OF DISTILLED WATER

All distilled water entering into the production of parenteral or mtra
venous solutions must be pvrogen free and meet the requrements of the
Pyrogen Test as outhned n the Pharmacopoein of the United States The
water must also contamn no more than 10 parts of total dissolved solids per
mulhon parts of water To meet these requirements a continuous and accu
rate chech on the punty of the distillate 15 requred The simplest over all
check on the quality of distilled water 1s the measurement of specific con
ductance Electrolytic or solution conductivity 1s 1 measure of the bility
of 1 solution to carry an electric current Specific conductance 1s defined as
the reciprocal of the resistance i ohms of a 1 cm cube of the hquid at a
specified temperature The umt of specific conductance 1s the reciprocal
ohm or mho Since this 15 a very large value of electrolytic conductivty the
practical umt commonly employed 1s 1 millionth of a mho or 1 micromho
In practice conductance measurements are usually made n terms of resst
ance smee resistance 1s the reciprocal of conductince Resistance 1s meas
ured in ohms and the term specific resistaince 1s therefore ohms per
centimeter cube

Aqueous solutions of acids alkahes and salts have high conductivity be
cause these chemicals when dissolved n water dissociate nto positively
and negatively charged 1ons which carry electrical current as they migrite
through the solvent In the process of distilliion or deomzation there 15 %
reduction m the number of 1ons both positive and negative m the water
resultmg m poorer conductiity or the reverse higher resistince The rela
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Fig 152 Recording conductivity meter and storage carboy The conductivty cell i
sealed mto the draw-off cock of the glass storage carboy

GLASS CONTAINERS

The solution contamers should be made of non soluble, borosihiente
heat resmtant glass Pyrex {Cormung) glass has been found most sahisfactory
for this purpose Tts low expinsian cocfficient mmmzes breakage due to
thermal shock 1ts physical havdness resists breakage due to careless han
dhing and 1ts chemeal stabibity resists hydrolysis by the solutions when
subjected to repeated wse The contamers should be designed for hewvy
thick wall fabrication so as to withstand repeated use moderately rough
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resistance 1s indicated on a 10 mch honizontal scale Jocated at the top of
the conductivity meter The resistance 1s also recorded on the 12 mnch
crrcular chart which rotates once each 24 hours

Distilled water acceptable for use i preparation of parenteral solutions
should have 2 punty equal to or better than the following charactenstics

Resistance (speafic ohms}) 500 000
Speatfic conductance (micromhos} 20

pH 5760
Residue after evaporation (1 hr @ 105 C) 10ppm
Chlende (CI) Olppm
Ammonia (NH;) 0l ppm
Heavy metals (as Pb) 00l ppm

As a general rule 1t 15 advisable to reject all distilled water which gives
a reading of 250 000 specific ohms or less on the conductivity mstrument
This 15 equivalent to about 2 parts per million of electrolytes

The reaction of ordinary distilled water 1s always acid because of the
absorption of carbon diouide Water which has taken up carbon dioide
from the ur until equilibrium has been established wall contain about 003
per cent of carbon dioxide by volume, and the calculated pH should be 57
In fact ths 1s the value usually found n distilled water which has been
freely exposed to the air Water from an efficient stll collected and stored
in closed nonsoluble glass contamers will usually have 2 pH of 60 to 64

CHEMICALS

All chermeals used m the preparation of parenteral solutions must be of a
high degree of chemical purity and free from pyrogeme substances The
standard of punty of each chemmecal should conform to the requirements of
the US Pharmacopoera or preferably the Amernican Chemical Society
Speaifications for Reagent Chemicals Wherever possible the chemicals
should be purchased on a tested pyrogen free aind known chemical assay
basis m pre weighed quantihies protected aganst contammation m well
closed contamners The acceptance of any particular lot of chemical also
depends upon the quantity of foreign matter present Excessnve dust or dirt
15 evidence of careless handhing prior to packaging and sufficient cause for
rejection The presence of foreign particles such as parts of msects indicates
serious contamination

Only the highest purity dextrose should be used for the preparation of
solutions Certam lots of dextrose may contam acid dehydration products
or protem spht products formed by side reactions during the course of
manufacture These impurities may give rise to a yellow color often mus
taken for caramelization upon sterilization of the dextrose soluhons They
may also lead to the formation of white flocculent precipitates m the final

solutions *
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Fig 152 Recording conductivity meter and storage cuboy The conductuvity cell 15
scaled into the draw-off cock of the glss storage ¢boy

GLASS CONTAINCRS

The solution contumcrs should be made of non soluble, borosilicite,
heat resistant glass Pyrcx (Corning) glass has been found most s wisfactory
for thus purpose Its low expansion cocfficient mumizes breaknge duc to
thermal shock its physical hardness resists bretkage due to careless han
dhng and 1ts chamical stability resists hydrolysis by the solutions when
subjected to repeated use The contamers should be designed for hewy,
thnck wall fabrication so as to withstand repeated use, moderately rough
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Fig 153 Automatic flask washer and rmser This umt has an index dnve mechanism

with 6 stations loading tap water rinse two wash stations tap water ninse and final

distilled water tinse Accommodates flasks from 75 ml to 2000 ml capacity It will

clean about 360 flasks per hour Washing action 15 accomplished by forced jets oper

ated from a centrifugal pump An automz{)hc detergent dispenser 1s bmlt into the
chamber

handling and both positne and negative pressures created during the
sterthzation and cooling process All surfaces must be smooth and free from
depressions or crevices which would hinder thorough cleaning
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Solution flasks of square design as shown 1 Digure 154, offer severnl
adsantages over the round or pear shaped types The square shape provides
an almost flat contact surface betw een flasks when pliced side by side thus
avording pressure cracks or fractures when the flasks re foretbly bumped
agamnst exch other The square shape also permits 2 greater number of
flasks to be sterilized per lond and requires less storage space mn shelf area
followng sterihzation

The thorough cleaming of flasks and all other items of glasswre 15 essen-
tial to the successful preparation of safe solutions The cleaning process
should be conducted as follows

1) Rinse each flask with tap water to remove any restdue of solution

Fig 154 Portable flask dramn carmage
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2) Wash m solution of 05 per cent Calgonite or other equally effective
detergent 1n distilled water Rinse three times with freshly distilied water
{The use of an automatic flask washer and rinser as shown m Fig 153 pro
vides 2 more efficient method of cleaning )

3) Inspect each flask for water breaks The mferior should be crystal

d

5 eic €

Fig 158 Posttion of cap on
Fig 155 Automatic seal  collar showmng pathway for Fig 157 Position of cap
mg closure This shows  escape of air from flask when automatically sealed on
posibon of cap on collar 1, pounds pressure has de collar by vacuum after so
before stenihzation veloped i flask during stenn  Jution has been stenlized

lization

clear with no spots n the film of distilled water left on the glass after the
final rinsing

4) Invert on portable flask draimn cart for drammg as in Figure 154

5) The flashs should be filled with solution as promptlv as possible after
washing If they are permitted to stand for several hours before fillng the
final nnsing process with freshly distilled water must be repeated

FLASK CLOSURE

An automatic self sealing closure should be used on all parenteral solu-
tion flasks The combination closure consisting of collar and cap when
apphed to the glass contamner must provide safe storage of the sterthized
solution under hermetically sealed conditions The collar should be of
molded nontowic heat resistant neoprene or equal which retams 1ts rest-
tency after repeated sterthzation It should not become tacky nor should 1t
stick to esther the contamer or the cap The cap should be fabricated from
a heat-resistant plastic such as Durez with smooth surfaces accurately
formed to fit perfectly and securely over the top and flanged cdge of the
companion collar All collars and caps must be free of easily detached frag
ments or particles of neoprene or plastic

A typical example of one kind of self sealing closure 15 shown i Figures
155 156 and 157 Figure 155 illustrates the collar i position on the flask
with the cap engaged The cap locks on the collar and 1t will not fall off
when the flask 1s moved about The lip of the collar 15 shghtly compressed
by the cap when m proper posttion thus sealing out posstble arrbome con

tamiation
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Figure 156 shows the positien of the eap nd colfar during sterifization
Due to the rsc m temperature and pressuse during stenhization, the hiquid
and ur n the finsh cxpind nd when an 1ternal pressure of 1% pounds 15
reached the seal between the lip of the collar and the top of the cap 1s
broken, thus permitting the trapped sur to escape In this manner all excess
vapor and air are evacuated from the flash duning sterlization

Figure 157 shows the collar and cap after stenhzation When the mternal
pressure of the flask drops below 1% pounds, the seal between the hip of the
collar ind cap will agun be m effect In the process of coohing the higud m
the flask will revert to its ongmal volume less the amount lost by vapornza-
tion Since the pnmary seal between the hip of the collar and the cap will
not permit entry of air, a vacuum results which draws the cap down tightly
onto the collar forming a tnple seal as dlustrated

All collars and caps must be thoroughly cleaned and rmsed with freshly
distilled water before placing on flashs

SOLUTION PREPARATION UNIT

In general, there are two systems avatlable to hospitals for the prepara-
tion of parenteral solutions The first, and most widely used system, em-
ploys the principle of mtially prepanng a solution concentrate which 1s
then filtered An appropnate ahquot of this concentrate 1s deltvered to the
final contamner together with the required volume of distilled water so that
the final solution 15 of the correct concentration This procedure 15 accom-
phshed with the a1d of automatic burettes or the safety filler device, as
shown an Fagure 158 The safety fller device uses two graduated Pyrex
glass eyhnders with adjustable, Jocking pistons which are set for a pre-
deterrmned quantity of concentrate solution and distilled water The safety
filler 15 adjustable for any size flask by simply rasing or lowenng the
suspension bar which 15 attached to the counter top The concentrate bottle
of 9 liters capacity with dispensing tube and fntted glass lter 15 also
shown i Figure 158 The concentrate disp g tube has of for the
attachment of a rubber tubing connection to the concentrate cyl;lder and
also for the apphcation of pressure or vacuum to the concentrate bottle

The bulk system or batch method for the preparation of parenteral solu-
tions 18 shown 1 Figure 159 This necessitates the us
tank equipped with facithties for bulkh dilution £
automatic dispensing of the fimshed solution nto
pre mux tank of 200 hiters capacity 1s fabnicated of sta
comung m contact with the solution can be readily d
mg and sterthzation Mixng 1s accomphshed by

centrifugal pump which operates from a 1, hp
extertor of the tank The solution Jevel i the tank
mdacator knobs permanently located on the pump

e of a large mixing
ltration, and semi-
flasks The portable
inless stee] All parts
1sassembled for clean
means of a ureulating
motor attached to the
1s easily determined by
support tube This per-
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mts the convenient preparation of quantities of solution ranging from 40
to 180 Iiters The bottles are filled by means of pressure from the pump
which also circulates the solution through an unglazed porcelam filter The
correct volume of solution 1s automatically delivered to each bottle when

10 Gals per hour

Water St 12 Gals Pyrex Carboy

Recording Thermometer

Conductivity Meter Temperature Compensated

Conductivity Cell
10 Honizontol Scale
ASPF Sofety Filler

Distilled Water Cyhnder
g Steam Valve
e |
Concentrate Cylinder Fritted Glass Filter
™ Control Panel for
Pressure Yacuum
Pump

Suspension Bar —)
Counter Top

Floor Level _
~ N ~(_"\ N N N v\_\_
Fig 158 Diagram of solution preparation umt similar to the assembly shown i
Figure 148

the hand lever 1s depressed When filling the bottle 1s completely closed
and arr escapes through an automatic vent With the pre mix tank system,
1t 15 practical to fill about 200 bottles per hour

PROCEDURE FOR MAKING PARENTERAL SOLUTIONS
(Safety Filler Apparatus—Fig 158)

1) Open water supply valve on still Then open steam supply valve Open
draw off cock on storage bottle to permut imtial distillate to dran to waste

2) Prepare concentrate solution with freshly distilled water as per direc
tions given 1 Table 11 Insert fritted glass filter mto top of dispensing tube
1n the concentrate bottle Attach rubber tubing to the opening 1 the con
centrate dispensing tube and the vacuum side of the pump Apply vacuum
to bottle Then pour concentrate mnto the filter
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Fig 159 Portable Pre mix tank of 200 lters capacity For use with bulk system or
batch method for preparation of parenteral solutions

3) Frequently check the reading on the Recording Conductivity Meter
‘When the pomter indicates a resistance of better than 250,000 specific chms
close the draw off cock and permit the distillate to accumulate m the
12 gal storage bottle

4) After the concentrate 1s filtered change the rubber tubing connection
on the vacuum side of the pump to the pressure side Remove glass Hlter
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mts the convement preparation of quantities of solution rangmg from 40
to 180 Iiters The bottles are filled by means of pressure from the pump
which also circulates the solution through an unglazed porcelam filier The
correct volume of solution 15 automatically delivered to each hottle when

10 Gals per hour

Water Sull 12 Gals Pyrex Carboy

Recording Thermometer
Conductvity Meter Temperature Compensated
Q Conductwity Cell

10 Horizontal Scale

ASPF Sofety Filler

Distilled Water Cylinder
g Steam Valve

I Fritted Glass Filter

Control Panel for

Pressure Vacuum
Pump

Concentrate Cylinder

Suspension Bor ]
Counter Top i

Concentrate Botlle

Floor Level
AN N DR NN
Fig 158 Diagram of solution preparation umit similar to the assembly shown in

Figure 148

the hand lever 15 depressed When fillng the bottle 15 completely closed
and air escapes through an automatic vent With the pre mix tank system
1t 1s practical to fill about 200 bottles per hour

PROCEDURE FOR MARING PARENTERAL SOLUTIONS
(Safety Filer Apparatus—Fig 158)

1) Open water supply valve on still Then open steam supply valve Open
draw off cock on storage bottle to permut mtial distillate to dran to waste

2) Prepare concentrate solution with freshly distilled water as per direc-
tions given m Table 11 Insert fntted glass filter into top of dispensing tube
1 the concentrate bottle Attach rubber tubmg to the opeming 1n the con
centrate dispensing tube and the vacuum side of the pump Apply vacuum
to bottle Then pour concentrate mto the filter
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Fig 159 Portable Pre mix tank of 200 lters capacity For use with bulk system or
batch method for preparation of parenteral solutions

3) Frequently check the reading on the Recording Conductivity Meter
‘When the pointer indicates a resistance of better than 250,000 specific ohms,
close the draw off cock and perrt the distillate to accumulate 1n the
12 gal storage bottle

4) Alter the concentrate 1s filtered, change the rubber tubing connection
on the vacuum side of the pump to the pressure side Remove glass filter
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and msert cap m opemng Attach rubber tubing from draw off cock on
storage bottle to large cylinder ilet on the Safety Filler Set adjustable
pistons on Safety Filler for the desired volumes

5) With the pump applying approximately 2 pounds pressure on the
concentrate bottle and the draw off cock on the distilled water storage
bottle open, raise the valve handle on the Safety Filler to the horizontal
position This will permit both eylinders to fill simultaneously, the concen-
trate cylinder by pressure and the distilled water cylinder by gravity

6) Have clean supply of flasks collars and caps prepared Collars and
caps should be placed 1n a shallow tray of freshly distilled water conven
1ently positioned near the operator Tag or label flasks with proper 1dent1
fication of solution

7) Raise hood of Safety Filler and position flask under 1t then lower
hood over the mouth of the flask Lower valve handle of Safety Filler to
the vertical position causing both cylinders to empty into flask

8) After drainng of eylinders raise valve handle on Safety Filler to the
horizontal position This will agam permt both cylinders to fill Meanwhile,
operator can attach collar and cap to the filled flask and position another
flask under the hood

9) Continue until desired number of flasks are filled

10) After the desired number of flasks are filled and closures apphed,
transfer to the sterihzer loading carriage Immediately stenhze at 250° F
for 30 minutes At the end of the exposure period steam should be ex
hausted slowly from the chamber of the sterihzer to avord violent ebulh
ton If stenihizer 1s equipped with automatic control selector switch should
be set at slow exhaust When chamber pressure gauge shows zero door
of sterthzer 15 opened and load removed

11) After cooling check each flask for vacuum seal To test for proper
seal, grasp the flask firmly in one hand and jar the flask by tapping the cap
with the other hand A water hammer click gives evidence that the stert
lized flask has the proper degree of vacuum and 1s hermetically sealed

STERILIZATION OF HEAT SENSITIVE SOLUTIONS

Careless operation of the sterihzer use of too much heat or an unduly
prolonged exposure period will destroy or senously impair the quahty of
certain solutions When difficulty 1s encountered the cause 1s almost 1n
varably over stertlization The exposure period selected must be adequate
for each individual flask or bottle m the stenlizer The total number of
flasks placed n the stenlizer 15 not mportant The time required for the
sterthzer to reach 250° F will vary with the size of the Joad but exposure
at this temperature should not vary For example 1000 ml flasks of dex
trose solution are normally and properly sterihzed m 30 minutes exposure,
with the sterilizer operating at maximum controlled temperature of 250°-
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and msert cap m opening Attach rubber tubmg from draw off cock on
storage bottle to large cylinder mlet on the Safety Filler Set adjustable
pistons on Safety Filler for the desired volumes

5) With the pump applying approximately 2 pounds pressure on the
concentrate bottle and the draw-off cock on the distilled water storage
bottle open raise the valve handle on the Safety Filler to the honizontal
positon This will perrit both cylinders to fill simultaneously, the concen
trate cylmder by pressure and the distilled water cylinder by gravity

6) Have clean supply of flasks, collars and caps prepared Collars and
caps should be placed mn a shallow tray of freshly distilled water conven
1ently positioned near the operator Tag or label flasks with proper 1denti
fication of solution

7) Raise hood of Safety Filler and position flask under 1t then lower
hood over the mouth of the flask Lower valve handle of Safety Filler to
the vertical position, causmg both cylinders to empty into flask

8) After draimning of cylinders, raise valve handle on Safety Filler to the
honzontal positton This will agam permit both cylinders to fill Meanwlile
operator can attach collar and cap to the filled flask and position another
flask under the hood

9) Conhinue until desired number of flasks are filled

10) After the desired number of flasks are filled and closures apphed
transfer to the stenhzer loading carriage Immediately sterthize at 250° F
for 30 minutes At the end of the exposure period steam should be ex
hausted slowly from the chamber of the sterihzer to avoid violent ebullt
tion If stenlizer 15 equipped with automatic control selector switch should
be set at slow exhaust When chamber pressure gauge shows zero, door
of stenlizer 1s opened and load removed

11) After cooling check each flask for vacuum seal To test for proper
seal, grasp the flask firmly m one hand and jar the flask by tapping the cap
with the other hand A water-hammer click gives evidence that the stert
lized flask has the proper degree of vacuum and 1s hermetically sealed

STERILIZATION OF HEAT SENSITIVE SOLUTIONS

Careless operation of the sterihzer use of too much heat or an unduly
prolonged exposure period will destroy or senously impair the quality of
certamn solutions When difficulty 1s encountered the cause 1s almost m
variably over sterthzation The exposure period selected must be adequate
for each mndvidual flask or bottle n the stenhzer The total number of
flasks placed mn the stenhzer 1s not inportant The time required for the
sterlizer to reach 250° I will vary with the size of the load but exposure
at this temperature should not vary For example 1000 ml flasks of dex
trose solution are normally and properly sterilized m 30 minutes exposure
with the sterlizer operating at maximum controlled temperature of 250°
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tinely on solutions, 1t 15 necessary to have avalable a sufficient number of
test ammmals Sterihty tests can usually be performed 1n the clintcal labora-
tory of the hospitl The basie reasons for concern about the element of
testing stem from unsatisfactory expenences 1n certam hospatals mn the past
when solutions were made under adverse conditions with makeshift equip-
ment, and more recently from scare sellng on the part of brased individ-
uls trymg to prevent hospitals from mehing thewr own intravenous
solutions

The sigmificance of tests to determme the quality of solutons should be
thoroughly understood Certamnly 1t 1s not the author s intent to discourage
the testmg of solutions 1 any hospital providing that switable facilities are
available Rather, 1t 1s the intent to point out that the hospital need not
institute an elaborate testing program to safeguard the production of intra-
\enous solutions It 1s acknowledged, however, that in the begmning and
for the first few months operation of a new solution room, the quahty of
the solutions produced should be firmly established, i order to convince
doubtful persons as to the safety and quality of product This factor of
safety and assurance 1s as much a responsibility of the manufacturer of the
equipment as 1t 1s of the hospital When a new solution room s opened, 1t
should be the responsibility of the equipment supplier to thoroughly -
struct the hospital personnel i the preparation of solutions, as well as to
penodically collect samples of the solutions for pyrogen test sterility test
and chemical assay These tests should be made by some responsible lab-
oratory and a report 1ssued m wnting to the hospital as substantial proof
of the safety of the system and to show that the quality of the solutions
meets the requirements of the U S Pharmacopoela m every respect

When parenteral solutions are properly prepared from freshly distilled
water and hugh punity chemicals 1t 1s not necessary to routmely test each
Iot for pyrogenic reachions Of the approximately 200 hospitals now making
therr own solutions very few routmely perform pyrogen tests There are a
few authonties however, who sist upon a biologic test as an additional
safeguard m establishing the quality of the product or as an occasional
chech on 2 lot of matenal which may be under suspicion Even then 1t must
be admutted that the biologic test for pyrogens 1s not conducted routinely
but rather on a penodic basis erther monthly or serm monthly, on random
samples taken from the stock of freshly prepared (stenle) solutions made

on the day of the test If an occasional pyrogen test 1s required 1t shounld be
conducted as follows

Use rabbuts (1500 gm or more) mamtamed at least one week on an un-
restricted diet and which are not losing weight Amimals which have been
previously used for pyrogen tests must have a rest period of at least two
days Use clinical thermometers prey 1ously tested to determmne time required
to record a maximum temperature Two days before test take four tempera
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254° F The average small bottle or flask of procame solution (one or two
ounces) will recerve the same sterthzing effect m 12 to 15 minutes at this
temperature (see p 319) Obviously the two contamers should not be
stertlized m the same load, unless the procaine solution 1s of the correct pH
which increases heat stability

Murphy and Stoklosa™ have studied the effect of autoclaving on the
stability of solutions of alkalordal salts, including procame hydrochloride
Their findings mdicated that such solutions may be sterilized by autoclav
mg, under properly controlled conditions, without significantly affecting
therr potency The optimum pH range for maximum stability of solutions of
alkaloidal salts was found to be from 2 9 to 4 8 before and after sterthzation
According to Bullock and Cannell,?! procame hydrochloride solutions are
most stable at a pH of 30 to 35 In this range they may be autoclaved at
250° F for as long as two hours with only 2 5% decomposition

After sterihization, pressure 1n the sterilizer must be exhausted slowly
Otherwise wviolent ebullition will take place which will result in blown
stoppers and an undue loss of find At best under the most careful regula
tion of exhaust, there will be a loss of 3 to 5% of the flmd by vaporization
This establishes a general rule for making up solutions which should be
observed Add an extra 5% of distilled water to each flask so that the sten
hzed product will have the concentration intended This factor has been
mcluded 1n the directions for prepanng solutions given mn Table 11

The practice of permitting the entire sterlizer to cool down slowly after
solution sterlization prolongs exposure to excessive heat In the case of
heat-sensitive solutions this may be detrsmental as evidenced by discolora
tion The most satisfactory method calls for some skill and care m regula
tion of the exhaust as follows At the close of the exposure period turn off
all heat to the sterihizer Close the valve admitting steam to the chamber
and then adjust the chamber exhaust valve slightly open to a degree that
will permut exhaust of pressure to zero 1 not less than 10 to 15 minutes
With this method the heat of the solution will be dissipated without violent
ebullition and at about the same rate at which the pressure 1s reduced

THE SIGNIFICANCE OF TESTS TO DETERMINE QUALITY
OF PARENTERAL SOLUTIONS

Can hospitals make satisfactory solutions without an elaborate testing
program? This question 15 frequently asked by admimistrators, medical and
surgucal staffs and other professional worhers who concern themselves with
the problems of parenteral therapy Many of these people labor under the
mmpression that 1t 15 essential to mamtam a biologies testing laboratory
mcluding an ammal colony 1n order to make pyrogen and sterihty tests on
each batch of solutions prepared in the hospital Such an understanding 15
not entirely correct To be sure if pyrogen tests are to be performed rou-
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ture readings every two hours and reject ammals with temperatures above
398° C House test ammals 1 individual cages and keep them at umform
environmental temperature + 5° for at least 48 hours before the test day

Performance of Test

1) Perform test at the same temperature as the animal quarters

2) Use three animals for each test

3) Withhold food one hour before test 1s started and for the duration of
the test Water may be allowed

4) Take a control test 15 mmutes before mjection of test material Ammals
may be used if the control temperature 15 above 389° C and below 398° C

5) Warm product to be tested to about 37° C and mject through ear vem
10 ml per kg (Use only syringes and needles known to be pyrogen free by
heating 1 a muffle furnace at 250° C for 30 mmutes )

6) Record temperature every hour for three hours

7) A positive test for pyrogens 1s demonstrated if two of the three rabbits
show a temperature rise of 06° C or greater If only one ammal shows such
a nise or if the sum of the temperature nses of the three anmals exceeds
14° C the test must be repeated using five rabbits The test shall be con
sidered positive if two or more of the group of five rabbits show an indvid
ual nise m temperature of 06° C or more above the normal established for
these ammals
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hospital, at one time or another, encountess epidemics of darrheal dis-
orders When but few fatalities accur, 1t 1s lnghly possible that the condition
may not be recogmzed as epidemic It may be said, however, that in the
aggregate, diarrheal diseases constitute one of the major preventable causes
of infant morbidity and mortality

The recognized pathogenic bactertt frequently associated wath such dis-
orders are for the most part Jocated in the mntestines and they are spread
princspally by person to person contact (in the case of fints a third party
assists) of a sort which permits transfer of human excreta A virus has long
been suspected as the cause of many of these disorders and at least five
epidemics with specific virus etiology have been proved® *

Rubmstemn and Foley® have reviewed mmneteen outbreaks of epidermc
iarrhea of the newborn as reported to the Massachusetts Department of
Health from 1935 to 1945 Of 768 newbom infants who were exposed dur-
ing the course of these outbreaks, 258 developed symptoms and 85 died,
resulting 1n a case fatality rate of 33 per cent Investigation of nursing tech-
miques and methods of formula preparation where these outbreaks occurred
revealed many mnadequacies Overcrowding msufficient personnel, general
use of a common rectal thermometer and inadequate supervision of formula
makung were frequently encountered Laboratory exammations of so-called
sterlizing solutions, mcluding aleohol hand solution and thermometer dips,
formulas mpples and utensils showed heavy bacteral contammation These
authors concluded that supervision of nursery room technmes and of formula
preparation constitutes a factor in the hospital care of newborn infants that
merits serious attention from hospital admimstrators

Although diarrheal diseases of the newborn are mcompletely understood
at the present time, 1t 15 still possible to establish baste standards designed
to mmumze the mtroduction and spread of mfectious agents m nurseries
To this end 1t 15 important to note that the American Academy of Pediatrics
Commttee on Fetus and Newborn has published a report covermg Stand-
ards and Recommendations for Hospital Care of Newborn Infants—Full-
term and Premature ? Simlarly, the Amenican Hospital Association has
prepared a manual embodying the physical facilities procedures and pre-
cautions necessary to the efficient production of formulas by the termmal
heating process® Also certain states® have established by regulation what
are considered to be the mmimum precautions to be observed for the con-
::01 of diarthea of the newbom These standards and recommendations
hav;: contributed greatly to progress in a nation wide program sponsored

y hospital medical and pubhe health groups to better the care of newborn
infants

Important among these stan
Gom 1 sty f spBhes sch 35 Sood, e s e decontamua-

tute a patential means of mass s ' ootung cte which const.
pread of mfection Major attention must



CuarTER XIX
The Infant Formula Room

PREPARATION AND TERMINAL HEATING OF INFANT FORMULAS

HERE IS PROBABLY no subject of greater importance to the hospital
than that which deals with the immediate care of the newborn mfant

and 1ts relation to neonatal mortality Medical science supported by accu
rate statistical data has shown that infections constitute one of the leading
preventable causes of infant deaths under one month of age Just what
percentage of this annual toll of mfants Iives 1s due to infections acqured
as the result of madequacies within the hospital nursery, formula room and
facilities for the segregated care of premature and mfected infants 15 appar
ently not known It 1s generally recogmzed, however, among the various
regulatory bodies and public health authonties passmg upon appomntments
for matermity service, that certam basic standards should be adopted to
msure decontammation or sterility of all supphes, such as food water,
clothing etc which represent a potential means of mass spread of infec
tion One of the more common causes of outbreaks of charrhea m hospital
nursertes 15 believed to be contamination of milk preparations and equip
ment used m the feeding of infants

Milk and muilk mixtures are excellent culture media for bactena and con
sequently they are preeminently fitted to convey the germs of mnfectious
disease It has long been known that the changes which take place m milk
to the extent of adding or detracting from 1ts nutritive value are due largely
to bacterial growth As the result of this relationship of milk to mfectious
disease the commercial pasteunization process has been adopted by most
of the dames serving the larger aties and communities throughout the
country

Experience has proved however that 1t 1s not adwvisable for a hospital to
rely entirely upon the efficiency of commercial pasteunization of milk as
dehvered from local dairtes for the feedng of mnfants In fact, 1t would
seem logical to consider that a disease 1n the commumty may be the possi
ble source of a nursery mfection due to a contammated mlk supply Such
a condition was reported by Ensign and Hunter! in an epidemic of diarthea
among 24 newborn infants m which there were 9 deaths The infants were
apparently secondarily mfected by mothers and nurses who drank the con-
tammnated milk m the hospital

DIARRHEAL DISEASES OF THE NEWBORN
It 1s the belief of certam public health authorities® that nearly every
286
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Courtesy Shodyeds Hosputal, Puttsburgh Pa
Fig 160 A highly practical arrangement for the formula room swted to the needs of
the average hospital The clean up area shown at the left is segregated from the
preparation area by means of a parhtion wall
Fig 160A Receving and clean up area of modern formula room (approumately
Tx17)
Tig 160B Formula preparation room (appr ly 9 x 17)
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also be gwen to the space equipment and facilities available for the prep-
aration of nfant formulas The need for a strict formula room techme
together with a rehable method for terminal heating of formulas cannot be
averemphasized The method employed must provide posttive protection
aganst contammation n later handing of the formalas up to the time of
feeding Furthermore, a scrupulous techmque must be developed for the
control of cross mfections within the nursery

PLANNING THE FORMULA ROOM

The location of the formula room and supervision of the work of pre
parmg the formulas will vary with the type of hospital, its personuel
and its special admmstrative problems Suggested locations are the detary,
the matermty and the pediatnes departments The advocates of the die
tary department location are usually of the opwmion that preparation of
formulas 15 primandy the dietihans responsibility, therefore the formula
room should be located near the general diet kitchen However, if thus
location 15 selected 1t 15 umportant to make sure that the formula room
15 completely separated from the diet kitchen and food storage room
The matermty specialists feel that smce they are most dwectly con
cemed with the welfare of newbom infants the formula room should
be under their supervision on the matermty floor Also when a separate
pediatrics department exists, some pechatncians are of the opmion that the
formula room should be under their direction Certam hospitals have
located the formula room near the central supply department and so far as
can be determined this has not proved to be a disadvantageous location
The final selection of a location can as a rule be decided only after consul
tation with the hospital administrator durector of nurses the pediatncian
and the dretttan Whatever the errcumstances may be 1t 1s essental that
the formula r0om be located where the danger of contamination 15 the least
and where the most adequate supervision can be rendered by a nurse or
dietitsan who 1s expenenced 1n formula room and sterdizing procedures It
15 also essential that a separate room be provided for preparation of the
feedings and that this room be used for no other purpose

Many formula rooms are too small to efectively accommodate the prep
aration of the normal complement of feedmgs each day Operating eff
ciency s largely dependent upon the provision of ample space proper
arrangement of counters cabinets and smhs so that the important details of
preparation can be accomplished without confusion Wherever possible
the formula room should be divided tnto two sections 2 clean up area and
a preparation area separated by means of a full length partition wall
which there 15 located 2 visual ¢ tion window and a double door
formula stenbizer extending imto both sections as m Figure 160 Thes ar-
rangement provides posiive segregation and permits the exclusive use of
the clean up area for recemang and washmng of the bottles mpples and
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pertture Finally, they nre plced m a large refrigerator located 1n the
preparation room or preferably transferred to smaller refrigertors serving
each nursery umt

Allocation of Space In selecting a space for the formula room considera-
tion must be given to the maximum number of bottles of formula and water
to be prepared each day, with due allowance for future expansion, if con-
templated The total arex to be allocated will vary somewhat with the type
of layout and the equipment selected for the service Expenence gamed m
formula rooms using the segregated type of plan and the double door stert
lizer (Figures 160A and 160B) supports the recommendation that the aret
should be adeguate for the mstallation of a sterihizer of sufficient capacity
to permut processing of the total number of bottles m no more than three
and preferably two cycles of operation This statement 1s based upon a total
processmng time of approumately one hour for each load of formulas,
mcluding loading and unloading of the stenlizer, and rrespective of
whether the nonpressure or pressure method 15 used for termmal heating
The following table gives suggested space requirements for formula rooms
based upon current planmng data

Suggested Space for

Total Number of Formuls Laboratory Size
Bottles Per Day of
(Formula and Water) Clean up Preparation Total Sterilizer
Room Room Area Sq Ft
Up to 66 8 x 12 {one room 100 1
72 to 180 6 x 13 9 x 13) 200 23 ;%‘é
186 to 360 6 x 15 10 x 15 250 2 ”
366 to 600 8 x15 12 x 15 300 2§";§é"§gg
606 to 900 8 x16 17 x 16 400 24 x38 x48

Almost without exception 1t can be said that the two section segregated
type of plan 15 the layout of choice for the infant formula room However,
1t 15 also recognized that there are many small hospitals with requirements
approxumating 6 to 12 formulas (36 to 72 bottles) daily, desirous of estab
lishing a safe formula room techmque but obviously unable to allocate
space and to provide equipment to conform to the 1deal and more refined
features of planning because of hmited facilities and econormic reasons For
these hospitals 1t 1s suggested that serious consideration be gwven to the
single room type of plan as shown m Figure 162 The over all dimensions of
this layout are 8 x 12’ and a mimmum of equipment 1s speafied A formula
r00m so planned can function with efficiency speed and safety under com
petent supervision, providmg the procedures of cleaning and preparation

are segregated by the proper time and space and with du
necessity of terminal heating of al} formulas © regard for the
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utensils, and the other section for preparation termmal heating and storage
of the formulas With the axd of the double door sterilizer 1t becomes con
venient to establish an exacting technic within the preparation area which
mnsures presterihization of the washed supplies (bottles mpples and uten
sils) and thus precludes the entrance of potentially contammated equip-
ment mto the preparation room

Formula Room Flow Chart The contimuty of procedures or work flow of

PRE
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NURSERIES NURSERIES FEEDING

Fig 161 Formula room flow chart.

supplies through the formula room 1s llustrated m Figure 161 The actraty
naturally begms at the recerving entrance of the clean up room where used
bottles mpples racks utensils etc are returned for cleaung Then follows
m correct sequence the operations of soaking washing and nnsing of the
supphes after which they are placed on the counter or a portable carnage
for subsequent movement to the stenhizer From this pomnt the matenals
and supphes may be transferred directly to the double door sterihizer ob-
serving the usual precautions for racking of bottles use of contaners or
wrappers for supples when required

After stenlization the load of empty bottles mipples etc 1s withdrawn
1 the preparation room and placed upon the appropnate counter section
With clean prestenhzed equipment now available the formula ingredients
are measured and mixed bottles labeled filled nipples attached protective
caps applied and the assembled bottles placed m racks The completed
formulas are then transferred to the stenithzer for the terminal heating proc-
ess after which they are permutted to cool for a short time at room tem
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perature Finally, they are pliced m a hrge refngertor located m the
preparation room or preferably transferred to smaller refrigerators serving
each nursery umit

Allocation of Space In selecting a space for the formult room constdera
tion must be gven to the maximum number of bottles of formula nd water
to be prepared cach day, with due allowance for future expansion, 1f con
templated The total aren to be allocated will vary somewhat with the type
of layout and the equipment selected for the service Lxpenence gamed 1n
formula rooms using the segregated type of plan and the double door steni-
hzer (Figures 160A and 160B) supports the recommendation that the area
should be adequate for the mstallation of a stenhzer of sufficient capraity
to permut pracessing of the total number of bottles m no more than three
and preferably two cycles of operation This statement 1s based upon a total
processing tume of approximately one hour for each load of formulas
mcluding loading and unloading of the stenlizer, and wrespective of
whether the nonpressure or pressure method 15 used for terminal heating
The following table gives suggested space requirements for formula rooms
based upon current planmng data

Suggested Sgace for

Total Number of Formula Lagboratory Size
Bottles Per Day 0]
{Formula and Water) Clean up Preparation Total Sfen{:zer
Room Hoom Area Sq Ft
Up to 66 8 x 12 104 ” "
72 to 180 6 x 13 (036 ‘mlo:;n) 203 .’llg" ; ?}é"
186 to 360 6 x 15 10 x 15 250 24 x24" "
366 to 600 8 x 15 12 x 15 300 24 :Sﬁ'igg"
806 to 900 8 x 16 17 x 18 400 24" x 36” x 48~

Almost without exception 1t can be smd that the two section segregated
type of plan 1s the layout of chorce for the infant formula room However
1t 15 also recogmzed that there are many small hospitals with requirements
approuimating 6 to 12 formulas (36 to 72 bottles) daily, desirous of estab
lishing 2 safe formula room techmque but obviously unable to allocate
space and to provide equipment to conform to the 1deal and more refined
features of planning because of himited facilities and economic reasons For
these hospitals 1t 15 suggested that senous consideration be gven to the
single room type of plan as shown i Figure 162 The over all dimensions of
this Jayout are 8 x 12 and a mmumum of equipment 15 specified A formula
room o planned can function with efficiency speed and safety under com
petent supervision providing the procedures of cleaning and preparation

are segregated by the proper time and space and with due
necessity of terminal heating of all formulas regard for the
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utensils and the other section for preparation, termmal heating and storage
of the formulas With the aid of the double door sterihzer 1t becomes con
venuent to establish an exacting techme withm the preparation area which
misures prestershization of the washed supphes (bottles nipples and uten
ss) and thus precludes the entrance of potentially contammated equip
ment mto the preparation room

Formula Room Flow Chart The contmumty of procedures or work flow of
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Fig 161 Formula room flow chart

supphes through the formula room 1s lustrated w Figure 161 The activity
naturally begins at the recerving entrance of the clean up room where used
bottles mupples racks utensils ete are returned for cleanmng Then follows
in correct sequence the operations of soaking washing and minsing of the
supples after which they are placed on the counter or a portable carmage
for subsequent movement to the sterilizer From this pomt the materals
and supphies may be transferred directly to the double door stenhzer ob
serving the usual precautions for racking of bottles use of contamers or
wrappers for supphes when required

After stenhization the load of empty bottles mpples etc 1s wathdrawn
1n the preparation room and placed upon the appropnate counter section
With clean presterthzed equpment now available the formula mgredients
are measured and mived bottles labeled filled nspples attached protectine
caps apphed and the assembled bottles placed 1 racks The completed
formulas are then transferred to the stenihizer for the termmnal heating proc
ess after which they are permitted to cool for a short time at room tem
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ESSENTIAL LQUIFMENT FOR THL 1IOSPITAL FORMULA SERVICE

In hsting essentinl equipment for the formuly service st 15 important to
gne considerttion to the nstallation of counters, cabinets and sinhs fabn
cated of noncorrosi e metal, preferbly stunless steel The features of con-
struction should be of Ingh quality n order to be assured of functional
efficiency and so s to pernut e1sy clexmng of all working surfaces Operat-
g efficiency 1 any formult room 15 hrgely dependent upon the prowision
of adequate sprce, proper rringement of work counters wnd appropnate
equipment so that the important detuls of clewng and preparition can be
accomplished without confusion The following items are usually regarded
as essentinl equipment for the werge hospital formuln service

Clean up Room

1) A worh counter of approprite size with open shelving under the
recenving end for the temporany storage of used bottles, racks supphes, ete
1t should be equipped with two smhs motor dnven bottle (brush) washer
and bottle rmser as mdnidual units Such equipment should preferably be
fabricated of 2 noncorrosn e metal (I8 8 stainless steel), all welded seam-
less construction, offening no possibility of dramage or seepage collecting
cracks which might serve as harbors for bactera or vermin propagition

2) One or more portable bottle earnages, double or tnple deck, for the
comveyance of bottles and utensils withmn the formula reom

3) Wherever spice permits @ hand scrub sink or lavatory should be
mstalled 1 the clean up room This umt should be equipped with 1 knee
aperat;:d water supply valve and hquid soap dispenser operated with arm
contro.

4) A jamitors closet or cabmet for the storage of room cleanmg supphes
and mops should be located mn the clean up room or adjacent to 1t This

feature permits the exclusive use of cleaming equpment m the formula
umt

Preparation Room

1) A formula preparation umt consisting of a work counter of swtable
size with storage cabmets under fabricited of stunless steel Standard
construction usually features one compartment smk with removable gnlled
cover and a two burner (electnc) hot plite com emently located along the
counter section Since this umit must be used for the preparation of bulk
formulas, minng of ingrechents filling of bottles et care should be t1hen
to msure that the counter section 15 of sufficient length 1nd wadth to perrart
the vanious operations to be conducted eficiently

2) Wherever space permts, consideration should be given o the phce-
ment of a central work table within the preparation room This stem 15 1m
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In discussing the various aspects of formula room planning and tech
nique, 1t 15 1mportant to note that certain states® have established by regu
lation what are considered to be the minimal standards required for the
control of diarrheal diseases of the newborn Therefore, 1t 15 essential where
1 . |
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Fig 162 Suggested formula room layout for the small hospital

such regulations are mn force that the hospital secure approval from the
proper health authonty (usually the State Department of Health) on all
proposed construction plans and equipment to msure that they comply

with the regulations or samitary codes applicable to the hospstal and formula
room
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¢) The manual opemng wnd closmg of valves on the sterhzer e ehms
pated

d) Operating nstructions e smphfied

) Consenves powes, matenals and personnel time

6) A pressure wter stenhzer, single tank, 15 also considered an essentsal
wtem for the formul prepation voom It not only 1ssures a converient and
dequate supply of sterde water for certun types of Feedings which cannot
be subjected to terminal heating but 1t also promotes santation and pro-
1vides 1 constant and controlled quality of water for use i the preparation
of routime formulas The wAter stenhizer filter system removes particulate
matter from raw tap water, sterhzation process reduces mineral content of
hard water therebs presenting further precipitation of hme salts on inside
of formula bottles (The flask system may be substituted for the water
stenthzer with equal or greater efficiency )

7) Adequate refugeration 1s 2 necesyity for the proper cooling and stor-
age of formulas Extraordinary lond conditions are ymposed by attempting
to cool rapidly the hot bottles 4t a teraperature of approumately 200° F
{83° C} to the bolding temperature of 40°-45° F (4°7° C ) mn 2 mum-
mum of time and without cxcessne wear and stran on the equpment

Care should be used 1 the selection of a refngerator for this appheation
because repeated tests have shown that the average commeraial refrigerator
cannot be depended upon for prompt and efficient coohag of formula
bottles The performance specifications are such as to require a specially
designed refrigeration system equipped with a heavy duty compressor,
equalizer tank, oversize cods wnd 1 forced atr evaporator

The size of the xefnigerator and the net cubic capacity will vary with the
average requirements of the nursery and whether the prepared formulas
are to be stored and dispensed from one large refugerator Jocated 1n the
formula room or stored m a smaller refrigerator located 1n each nursery
work room

8) Portable bottle carnages double or triple dech stamless steel with
rals surrounding each deck to prevent bottles or rachs from shding off
These canages are used for the cony eyance of bottles and utensils withm
the formula room and for transporting prepared formulas to nursenes

9) Formula bottle carners fabnicated of corrosion resistant metal, either
6 8 or 12 bottles capacity

Nursery

1) Yortable bottle warmer fabneated of Monel metal with thermostatic
control and thermometer This umt should be of suffcient capacity to
2ccommodate the heating of 12 or 24 formula bottles of exther 4 oz or 8.0z
s1ze from the normal refngerator holding temperature of 45° F (7° C)
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portant to the busy formula room 1n order to maintan the proper continuity
of work flow and to provide additional counter space for the filling, capping
and racking of the bottles of formula The table need not be more than 2%
or 3 feet wide and 6 feet long, fabricated preferably of a noncorrosive metal
3) The presence of a hand scrub smk or lavatory 1s regarded by all
authonties as an essential item for every formula preparation room It
should be equipped with a knee- or foot operated water supply valve and
located near the entrance to the preparation room A Lgud soap dispenser
with arm operated control should also be mcluded
4) Formula sterihzer, for recessed or open mounting, double door con
struction, of suffictent size and capacity to pernut termmal heating of the
total number of bottles 1n no more than three and preferably two eycles of
operation The sterhzer should be equipped with suitable controls, valving
and piping for rapid and precise terminal heating of formulas by exther the
nonpressure (streaming steam) process at 212° F (100° C ) or the pressure
steam method at 230° F (110° C) Inaddition the stenlizer should permit
without mechamical adjustment, the pressure steam sterihzation of empty
bottles, mpples dry goods and other supplies common to the formula room
The sterihizer shown m Figure 160 fulfills the most exacting requirements
1 that positive segregation of the clean up room from the preparation room
can be mamntamed simply by building the partition wall around the stert
hzer The double door feature with controls on the clean side permuts pre-
stenlization of the washed bottles mpples and utensils and precludes the
entrance of potentially contammated equipment nto the preparation room
5) It has long been recogmzed that the human element 1s of considerable
mportance m the development of a safe formula room techmque The
physical and chemical changes produced 1n formulas in the event of over
exposure or excessive heat treatment and the degree of manual control and
attention required during the stenlzing cycle should definitely not be
mmmized Success m obtaming uniform results, day after day n termunal
heating processes 1s largely dependent upon the simplicity of the process
and the amount of attention required from the operator for correct opera
tion of the stenhzer
The human element in formula sterilizer operation can be markedly
relieved by the mstallation of an efficient automatic time temperature
control such as illustrated m Figure 166 The functional efficiency of the
automatic control mn formula stenlizer operation may be summarized as
follows
a) The human error attendant with manual operation of the sterihzer 15
mimmzed
b) The conventional method of timing the exposure period 15 eliminated
—a safeguard agamnst possible underexposure or overexposure of the Joxd
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water should be subjected to ths process Lactie acid formulis prepared
with Meads Powdered Lactie Acd Milk No 1 {with Dextrr Maltose),
Lactic Acid Milk No 2 (Plun), Powdered Protemn Milk, and Mead's Pow-
dered Lactie Aaid Mhilk, Half Skam, my also be subjected to terminal heat
Jﬂg

Step 1 Tollowing prepirition, the formulis are immedintely pliced m
stenlizer and subjected to nonpressure steim for 30 minutes at 2127 F
(100° C) The peniod of exposure 1s timed when the thermometer nds

cates 210° T (99° C) i sts advance toward the mrumum  Exposure
continues for 30 nunutes (no Jonger), sfter which the stewm s tumned off
and the door opened immeditely Detaled mstructions for operation of
formula stenlizer are given on page 307

Note Certam pubhe health authonties® and other regulatory bodies require
that termmnal heating shall be conducted s follows “The entire product
shall then be subjected to terminal heating by steam under pressure of not
less than 15 pounds (250° T or 121° € ) for not less than 5 minutes, or at
a pressure of not less than 6 pounds (230° I' or 110° C ) for not less than
10 minutes, or by flowing steam 1t a temperature of not less than 212° F

{100° C ) for not less than 30 munutes The temperature of the formula or
flnd, as determined by periodic eximenation, shall be not less than 200° ¥

{93° C ) at the end of the heating process The mipple cap shall remam on
the bottle until the time of feeding If frt ymces, or formulas contamming
lactie acid, meats or cereals are gnen to newborn infants they may be
offered without such termunal heating, but shall be prepared with wd
stored mn presterthized equipment

Step 2 Remove formulas from stenlizer 1nd allow to cool at room tempera-
ture for one to two hours Fmally transfer formulis to refnigerator mam

tamed at a temperature of 40°-45° F {4°-7° C ) where they remain unti}
feeding ime

C) Feeding of the Infant {Nursery)

Step 1 At feeding time the nurse with scrubbed and disinfected hands,
removes from the refngerator a bottle of formula for each infant and places
it mn the bottle rack or cammer The rack s then placed 1 the botte
warmer contaming water at the correct level and allowed to reman there
for a short penod of time (15 20 minutes) until the formulas have attamed
a temperature of 100° F (38°C )

Note The bottle warmer should accommodate 24 formula bottles of
either 4 or 8 ounces eapacity and 1t shonld automatically mamtain the cor-
rect temperature of 100° F (38° C) Care should be taken to msure that
the level of water 1 the bath does not come m contact with the paper ca
protecting the mipple and upper portion of the bottle It 15 mportant t}nl:
the warmer be emptied washed with soap and water and resterthzed daxl(
The constant warm temperature 15 conducive to bactenal growth Unlez's
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to the normal feeding temperature of 100° F (38° C) withm approx
mately 20 minutes

2) Scrub sk or lavatory, equipped with knee operated water supply
valve and hquid soap dispenser

3) Refrigerator with adequate capacity for cooling and storage of formu
las This umit 15 usuallv located in the workroom adjoining the nursery and
need not be more than 10 cubic feet capacity

FORMULA ROOM TECHNIC

Even though there may exst some diversity of opmion with respect to
the varous details of formula room procedure, 1t 15 generally recogmzed
that the combined application of a strictly clean techmque with an ap
proved method of termmal heating offers the greatest promse of success
i producing formulas that are umform m quahty and bacteriologically
safe

The procedure outlined below 1s especially recommended for the prep
aration and terminal heating of formulas and water for infants It overcomes
unconditionally the problems attendant with the sterilization of solutions
by means of pressure steam as well as the uncertamnties of the outmoded
pasteurization process It makes available a precision method that not only
msures posttive destruction of all commumecable disease producing organ
1sms but, m addition, provides a maximum of protection agamst contamma
tion 1n later handhing of the formulas—up to the time of feedng

A) Formula Preparation

Step 1 Before performing any duty n the Formula Preparation Room the
nurse should employ the conventional three minute scrub

Step 2 All bottles mpples and utensils are to be thoroughly washed with
hot soap suds or some other effective detergent, rnsed 1n hot water and
stenhized by pressure steam at 250°-254° F (121°-123° C ) for a period of
15 mmutes (See Care of Bottles and Nipples Sections D and E )

Step 3 Formula mgredients (milk, sugar or modifier, such as Dextrt

Maltose corn syrup ete ) and stenle water should be placed m sterile con

tamers mixed and then transferred to previously washed sterile bottles
(Cautron—Do not fill bottles beyond last graduated line, mndicatmg maxt

mum volume )

Step 4 Sterile mpples are then attached to bottles and each nipple com

pletely covered with a previously stenlized paper cap extending well over
the shoulder of the bottle and held firmly in place with a rubber band

Label bottles and place 1n appropnate rachs or carmers (If paper caps are
used the mfants name or number can be wnitten directly on the cap )

B) Termnal Heating of Formulas
Feedings prepared with whole milk shim milk evaporated milk and/or
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T'mply nursing bettles always bottom sile up 13 munutes
Nipples fn mushn bag 13 mimstes
Utensls spoons measunng deviers 15 minutes
Paper caps Joosely packed i tray with pesforated bottom 13 minutes
Rubber gloves in trmdin wrapper 15 minutes
Water in 1000 or 2000 mi faks 30 minutes
Table cores gowns face maeks in mnshin covers 30 minutes

H) Bactenologie Testing of 1ormulas

For hospitals with 2dequate Iaboratory scnvice and a competent bicteriolo-
gt st 15 considered essential that an assembled bottle of formula, taken at
random, after 24 hours of refageration t $0° F (1° C) be sent daily to
the laboratory for evumpition Such cxaminition should melude 2 bactennl
plate count of the formula according to Stand1rd VMethods for Examina-
tion of Dawry Products * The mpple should also be cheched for bacterl
contamination  Formuhs having less than 23 orgamsms per ml are con
sidesed acceptable

For hospstals without adequite laboratory service, arrangements should
be made to have a sample of termmnalls heated formult tested at Jeast once
aweek by some recognized laboratory

NECESSITY FOR PRESTERILIZATION OF SUPPLICS

With the techme outlined above for termunal heating of formulas m
bottles with nupples attached it mught be argued that presterihzation of
bottles, nipples and utensils 1s an unnecessary step and that thorough wash
g of the equpment should suffice 1s a preparatory measure Theoretically
that s true However the mmportant pomt 15, one cannot 1lwavs be sure of
the thoroughness of the washing process, especially 1f mik has been per-
mitted to dry on the mside of bottles and mipple surfices Even then it 1s
acknowledged that neither presterihization of bottles and equipment nor
termmnal heating of the formulas can altogether compenste for poor clean
g It has been shown experimentally *® that formul bottles used day after
day without thorough cleamng eventually can produce contimmated for
mtulas m spate of a terminal heat treviment of 230° ¥ (110° C ) for 10 mun-
utes

There 15 no substitute for good cleamng of bottles, nipples and utensmils
used in prepanng mfant formulas The extra precaution of prestershization
1, nevertheless, considered to be good prachice 1f for no other reason than
to prevent the entrance of potentally contammated equipment mto the

ormula preparation room Also when special formulas are required that
cannot be subjected to termmnl heatmg the feature of prestentization as
a part of the standard formula procedure makes 1t unnecessiry to set up 2
special techmque Since authorities are 1 agreement that mpples especiall:

must undergo presterhization as an extra precaution it 1s only logical tha)t
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1t 1s cleaned and stenihized daily, 1t may harbor bacteria which could adhere
to the bottles and be carried to the mfant

Step 2 The feeding nurse (masked, hands and arms scrubbed and disin-
fected) selects from the rack or carrier the formula labeled for the infant,
checks and records the amount of milk m the bottle Fially, the paper cap
1s removed from the nipple and the mfant elevated for the feeding

D) Care of Bottles

Immediately after feeding, rinse the bottles well with cold water All bottles
should then be returned to the clean up section of the formula room and
carefully washed in hot water containing some effictent detergent (The
bottles, mpples and caps from 1s0lation and suspect nurseries should be dis
infected by bothing before bemng returned to the formula room ) The use of
a bottle brush or preferably a mechanical washing unit to remove any parti
cles of milk protemn or sediment that may adhere to the glass 1s recom
mended Rinse bottles thoroughly in hot runmng water (mechamcal
rinser) mvert 1n stainless steel carners and sterihze by pressure steam at
250° 254° F (121°-123° C ) for a period of 15 minutes After stenhzation
bottles may be placed on preparation work counter and covered with a
sterile sheet

E) Care of Nipples

Remove mipples from bottles immediately after feeding and rmse mside
and out with cold running water, followed by careful washmg mn hot water
contaiming some effictent detergent, upon return to the formula room Rinse
thoroughly with hot running water Place mpples m mushn bag and ster1
hze by pressure steam at 250° 254° F (121°-123° C ) for a penod of 15
minutes Longer exposure should be avoided

F) Care of Utensils

Followmng completion of the formulas the various utensils and contamers
used m therr preparation should be delrvered to the clean up section of the
room for thorough washing nnsmg and sterihization When loadmg utensils
large graduates, quart milk bottles jars and other contamers 1n the sterihzer
care should be taken to mnsure that the contamers are mverted or at least
rest on their sides never 1n the upnight position, otherwise stenhization may
not be accomplished

G) Miscellaneous Supplies

The same sterthizer used for ternunal heating of formulas should be so
adapted that 1t can be also utilized for the pressure steam stenlization of
gowns table covers face masks and other supphes common to the formula
room and nursery The recommended periods of exposure at a temperature
of 250° 254° F (121° 123° C ) for these various supplies are as follows
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Empty nursing bottles always bottom side up 15 minutes
Nipples in mushn bag 15 minutes
Utensils spoons  measuning devices 15 munutes
Paper caps loosely packed In tray with perforated bottorn 15 mueutes
Rubber gloves in muslin wrapper 15 minutes
Water 1 1000 or 2000 ml flasks 30 minutes
Table covers gowns face masks {n mushin covers 30 minutes

H) Bacteriologic Testing of Formulas

For hospitals with wdequate laboratory service ind 1 competent bacteriolo-
gist 1t 1s considered essentral that n assembled bottle of formula, taken it
random, after 24 hours of refrigeration at 40° T (4° C) be sent daily to
the laboratory for exammation Such examnation should nclude a bactersal
plate count of the formulr according to Standard Methods for Examuna-
tion of Darry Products The mipple should also be checked for bactenal
contarmnation Formulas having less than 25 organisms per ml are con-
sidered acceptable

For hospitals without adequate laboratory service, arrangements should
be made to have a sample of terminally heated formulx tested vt least once
a week by some recogmized laboratory

NECESSITY FOR PRESTERILIZATION OF SUPPLIES

With the techmc outlined above for termnal heating of formulas m
bottles with nipples attached, it mght be argued that presterilization of
bottles, mpples and utensils 1s an unnecessary step and that thorough wash
ng of the equipment should suffice as a preparatory measure Theoretically
that 1s true However, the important pomt 15, one cannot always be sure of
the thoroughness of the washing process, especially 1f milk has been per-
mitted to dry on the mside of bottles and nipple surfaces Even then it 1s
acknowledged that nesther prestenlization of hottles and equipment nor
terminal heating of the formuls can altogether compensate for poor clean
mg It has been shown experimentally® that formula bottles used day after
day without thorough cleaming eventually can produce contrmmated for-
mulas m spite of a termunal heat treatment of 230° F (110° C ) for 10 mn
utes

There 15 no substitute for good cleaning of bottles, mpples and utensils
used 1 prepaning mfant formulas The extra precaution of presterilization
15, nevertheless considered to be good practice 1f for no other reason than
to prevent the entrance of potentully contammated equipment 1nto the
formula preparation room Also, when specsal formulis are required that
cannot be subjected to termwnal heating the feature of prestershzation as
a part of the standard formula procedure makes 1t unnecessary to set up 1
special techmque Since authartties are 1 agreement that nipples Pspec;fllv
must undergo presterilization as an extra Pprecaution, 1t 1s only logieal that
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1t 15 cleaned and sterilized daily, 1t may harbor bacteria which could adhere
to the bottles and be carried to the mfant

Step 2 The feeding nurse (masked, hands and arms scrubbed and disin-
fected) selects from the rack or carner the formula labeled for the mfant
checks and records the amount of milk in the bottle Finally, the paper cap
15 removed from the mpple and the infant elevated for the feeding

D) Care of Bottles

Immediately after feeding rinse the bottles well with cold water All bottles
should then be returned to the clean up section of the formula room and
carefully washed i hot water contaiming some efficient detergent (The
bottles mpples and caps from 1solation and suspect nurseries should be dis

fected by boiling before being returned to the formula room ) The use of
a bottle brush or preferably a mechanical washing unit to remove any part:

cles of milk protem or sediment that may adhere to the glass 1s recom

mended Rmse bottles thoroughly m hot running water (mechamcal
rmser), invert m stamless steel carniers and sterithze by pressure steam at
250°-254° F (121°-123° C ) for a period of 15 minutes After sterihzation

bottles may be placed on preparation work counter and covered with a
sterile sheet

E) Care of Nipples

Remove mpples from bottles immediately after feeding and rmnse mside
and out with cold runmng water, followed by careful washing 1n hot water
contaming some efficient detergent, upon return to the formula room Rmse
thoroughly with hot running water Place nipples m muslhn bag and stert
lize by pressure steam at 250° 254° F (121° 123° C ) for a period of 15
minutes Longer exposure should be avoided

F) Care of Utensils

Followmng completion of the formulas the various utensils and contaners
used m their preparation should be delivered to the clean up section of the
room for thorough washing rmsmg and sterihzation When loadmg utensils,
large graduates quart milk bottles jars and other contamers 1n the sterihizer,
care should be taken to msure that the contaimers are nverted or at least
rest on their sides never in the upnght position, otherwise stenilization may
not be accomplished

G) Miscellaneous Supplies

The same sterithzer used for terminal heating of formulas should be so
adapted that 1t can be also utihzed for the pressure steam sterithzation of
gowns table covers face masks and other supplies common to the formula
room and nursery The recommended peniods of exposure at a temperature
of 250°-254° F (121° 123° C ) for these vanous supplies are as follows
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counts were reduced to tess than 10 organisms per m} Similar datn has been
reported by Linles et al*° on formulas processed 4t 230° T (110° C } for
10 minutes

For presen ahion of nutntn e vilue of fonmulis, termml heating must be
controlled s regards time and tempertture so s to asord undesirble
chemucal chnges m the mith The nutnients s hich are more esily damaged
by excessnc heat trewtment are the wmimo 1aid, lysme, and certan of the
vitumns prticularly ascorbic acid and thiumme  Studies by Hodson'*
hase shown that proper treatment of formulis by either of the approved
methods of terminal heating does not produce deletenous changes to a sig-
mificant degree

At the present ime public health authenties and other regulatory bodies
recogmize two methods for terminal heating of formulas—the nonpressure
(flowing steam) process and the pressure steam method Although expen-
ence has demonstrated that on the whole the nonpressure method 15 more
dependable and less troublesome 1t should be understood that both meth-
ods are regarded as satisfactory for termmal heating if conducted properly
m stenlizers designed and constructed for this purpose

The nonpressure termunal heating process, desenbed above, was devel-
oped with full appreciation of those factors which form the basis for heat
treatment of infants formulas namely, to render formulas bactenologically
safe of umform quality wathout producing sigmficant chemucal or physical
changes and ssmpheity of the process so that the technic may be entrusted
to the relatively untramed personnel with full assurance that the formulas
will be subjected to the same stenthzmg mfluence day after day Research
on the part of vanous mvestigators has shown that nonpressure terminal
heating at o temperature of 212° F (100° C ) for 15 to 30 minutes not only
yielded formulas bactenologically safe, but fewer compheations were en-
countered than when usmg pressure steam at abnormally high tempera-
tures Space wall not permit 2 detarled explanation of the known advantages
and disadvantages of the two methods Therefore the charactenstic data
has been summarized as follows

Pressure Method Monpressure Method

1 T;m;stucmpeta!ure r;ls!mnshlp-'- 1) Time temperatute relationshipes
2 F {121 C} for 5 mnutes 210 2%
b 0 e e e e 10 2 F (99 10D C) for 30 minutes
munutes
2} Bacteniologically safe
3} Chemical changes produced—
a) l(?:amal destruction of vitarmns B, and

2) Bactenologically safe

3) Chemical changes produced—mnumum of
untoward effects Some destruction of heat
hbtle vitamins apparent any method

of heat treatment ncludmg that of pas
teurization

b} Camamelzation—resulting 1 partsal
destruchon of lactose (milk sugar)
¢} Coagulation of milk protemns apparent

in formulas prepared with whale mulk
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the bottles and utensils should lihewise be prestenhized and thereby effect
a standard procedure

Preventng Nipple Clogging When certam types of formulas prepared
from whole mulk, powdered mulk or evaporated mik are subjected to ter
minal heatng a scum frequently forms on the surface of the midk Unless
this scum 1s broken up 1t will almost snvanably clog or plug the holes 1
the mpples durmg the course of feeding To guard agamst diffieult scum
formation 1t 15 good practice to shake lightly each bottle of formula as soon
as 1t 1s removed from the stenbzer and agam dunng the penod the formulas
are permutted to cool at room temperature before transfernng to the refng
erator

A nigid rule should be established to prolubit change or removal of nip
ples from formula bottles for any reason dunng the feeding of an fant
Another bottle of formula should be substituted rather than nsk contamma
tion by changmg the mpple Since cloggmg of the nipple 15 probably the
most prevalent reason for making the change, it has been recommended
by the American Hospital Assocration® that mpples with croaal masions
be used rather than those with ordinary punctured holes The crucal cut
consisting of two 4 mm 1ncistons made 1 the rubber at nght angles form
ng a cross provides a valve like action which closes as soon as pressure of
the mfants mouth 15 released Peto™ has summanzed the advantages and
dsadvantages of the cruel cut mpple for umform flow of formula Nipples
with this type of opeming appear to function satisfactorly for about five
weeks of dnly use Most of the cial facturers of mpples have
now added the crueral eut type to ther hnes

APPROVED METHODS FOR TERMINAL HEATING

The terminal heating of formulas should be unn ersally adopted m hospr
tals Under prachical conditions of operation and competent supervision
the method can assure bactenologically safe milk muxtures for infants The
time temperature relationshup of the process must be adequate to destroy
pathogens ncluding the mactivation of viruses Whereas sterthity of the
formula 15 hughly desirable 1t 15 not always obtamnable The amount of heat
that can be applied 15 limted by the fragile character of mik which if
heating 15 too severe will undergo both physieal and nutntional damage

According to Light and Hodes * the filtrable virus isolated from stools of
infants with epidenuc diarrhea 1s regularly mactivated by 10 minutes boil
g Smath et al ¥ also showed that formulas mamtamed at 212° F {100° C)
for 15 minutes were stenle and complete destruction of various pathogemc
test orgarnsms was obtamed when formulas were moculated with substan
t12] numbers of these organisms These workers also demonstrated that the
nonpathogeme spore formmg organsm B globign was completely de
stroyed m the majonty of samples tested and in the remuning samples the
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In evaluating am method for the het treatment of formuls, whether

I nonpressute ar pressure steam, the path to the ehmnation of contamma-
tion 15 beset with putfalls If the techmque set up does not chmmate the
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numerous and obvious opportumties for recontammation of formulas, exte-
ni01s of bottles and mpples, between heat treatment and feedmng all other
refinements wall be lost or most certamly mmumzed m value For this rea-
son, the short paper bag or cap has been proposed as a protective meduun
against contammation 1n later handling of the formulas This feature, shown
in Figure 164, represents a distinet advance 1 the authers opan, over
the conventional glass or metal mpple protectors which nterfere to some
extent with immediate and complete contact of the steam to all surfaces of
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4} Boiling of formulas may eccur with some
loss due to evaporation Nipples may be
blown off bottles holes 11 mupples clogyed
and/or outer surfaces of mpples contam
nated wath dned mulk

5) Requires careful mechameat control and
attention during stertlizing cycle

S; Total processing tme—30 to 40 mnutes

a

Principles and Methods of Stenlzation

4} Formulas do not boil
pressure within bottles

No engendered

5) Mimmum of attention requwed from the
h t or aperators Ip
8) Total processmg time—J35 o 40 mmutes

O ™ of fi i un
desiable physical and chemieal changes

8) Requires slow exhaust of pressure from
stenilizer—10 to 15 mnutes

9) Plugging of chamber dramn line of stan
leer Thes usually occurs if formulas boid
over and coagulated milk gamns access to

7} No undesirable changes produced in for
wmulas as result of moderate overevposuse

8} Nospressuxe steam 1n chamber of sten
tizer Load may be removed fmmediately
wpon completion of persod of exposure

9) Pluggmng of chamber dramn hae of sten
bzer does not constitute a problem with
nonpressure method

the outlet valve

With the above factors formmg the basis for mveshgatve worh on this
subject the author has no hesitancy m recommending the nonpressure
method as the supenor techme for the terminal heating of formulas The
recommended period of exposure for 30 mmutes after the thermometer
mndicates 210° 212° F (99°-100° C ) allows an ample factor of safety that
will automatically compensate for normal varnations 1n Joad charactenstics
Furthermore even though the temperatare of the vapor surrounding the
bottles 15 212° F (100° C ) the formulas will not boil This pomt has been
determined by earefully conducted tests uhbzing a Leeds & Northrup
potentiometer with thermocouples extending mto the bottles of formula
duning the entire period of exposure Figure 163 shows a typical tempera
ture chart performance curve of the nonpressure termmal heating process

An mspection of Figure 163 will reveal that 1 the environment of fiow-
g steam at a temperature of 212° F {100° C ) the formula itself will
develop a maximum temperature of 212° F (100° C ) for not less than 20
mmutes From the time when the thermometer mdicates 212° F (100°C ),
the formula requires approvmately 8 minutes to reach mauimum tempera-
tare In addition 1t has been determined that the nipple attached to the
bottle and protected by a paper cap reaches a temperature of 212° F
{100° C } at the same time as the thermometer located m the chamber
drain hne of the stenthzer

Boihng of the flud 15 definitely and mtentionally avorded for more than
one reason but specifically to averd foreing some of the formula out
through the nipples to clog the mpples and to leave a film of drred ik
on the outer surfaces which mught promote later contarmmation It matiers
not at all whethes the chamber of the sterihizer 15 large or small or whether
it 15 completely Flled or only partly filled the exposure penod should
always be the same—and the stenhzing results will be the same
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In evaluating any method for the heat treatment of formuls, whether

1y nonpressure or pressure steam, the path to the ehmination of contamina-
ion 15 beset with pitfalls If the techmique set up does not ebminate the
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numerous and obvious opportumities for recontammation of formulas exte
riors of bottles and mpples, between heat treatment and feeding all other
refinements will be lost or most certamnly mmmized m value For this rea-
son, the short paper bag or cap has been proposed as a protective medium
agawst contamination 1o later handling of the formulas This feature shown
lt;\] Figure 164, represents a distmet advance m the authors opimion, over
e te conventsonal glass or metal mpple protectors which mterfere to some
*tent with :immediate and complete contact of the steam to a1l surfaces of
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the mpple Steam readily permeates the paper covermng, thus assunng
decontammation of all surfaces of the nipple As long as the paper cap
remains mtact and held firmly 1 place by means of a rubber band 1t pro-
vides effective protection agamst am-bome and contact contammation up
to the time of feeding
Cooling of Formulas It 1s obvious from the data given above that the
terminal heating process will largely elimmate the necessity for immediate
cooling and permit a reasonable amount
of lauty 1n getting the processed formulas
mto the reftigerator and cooled to the
holding temperature of 40° to 45° F
(4° t0 7° C) Occasionally, however, one
may find formulas contaminated with an
extremely heat resistant sport beaning or-
gamsm of the thermophilic type which
cannot be destroyed at a temperature of
212° F (100° C ) for 30 minutes or 230°
F (110° C) for 10 mmnutes In certam
formula rooms where this condition oc
curred 1t was found that prompt and effi
cient cooling of the formulas was abso
lutely necessary, otherwise rap:d bactenal
growth took place so as to make the formu-
las undesirable for the feeding of newborn
mfants Regardless of the form and effec-
tiveness of the terminal hearng process,
1t 15 recommended that all formulas be
cooled to the holding temperature of
40° 45° F (4°7° C ) wthin a period of
g{idw:s z}}:s;xor:sp:’:‘er;’;i 1p, 10t more than four hours This can be ac-
mpple protector complished most effectvely by taking ad-
vantage of the prelimmary period of cool-
g at room temperature for one hour followed by adequate refrigeration
Whereas the most rapid method for cooling formulas 15 by means of a
arrculating cold water bath, this process does not necessarily represent safe
practice for milk formula rooms even though the cooling (tap) water has
previously been subjected to some form of chlormation Outbreaks of
testmal disease attributed to water supplies which have presumably con-
formed to the United States Public Health Service standards for water have
raised the question as to whether present critena for evaluation of potability
of water might not be profitably re examined To be sure, the tap water
used for this cooling process comes 1n contact only with the extenors of
the nursing bottles but 1t 1s not dufficult to visuahize that the wet bottles as
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runoved from the bath, mny m certun mstances constitute 1 potential
rmeans of contamminatien carned to the refngertor and thence to the nur-
sery Another rerson why the cold water bath 1s not recommended for the

;V P AMEBHA . Rl
gy AR
AHIINOIN
Fig 165 Refngerator test results m cool !
ol ;:gFMd of formula bottles from 188 F

coohng of formulas 15 the possibility of a cont

through cross connections or defectsym the hox;;:l;:a;in;ﬁ:)er SSUI:PXY
Such defects m plumbing systems are not altogether mnfrequent evegn t)hs emh
present day practice requures the ehmimation of all submerged n} tougd
dxr;:lt con:xecmf)ns to drams on all plumbing fixtures s

equate refrigeration becomes, the

cooling and storage of the mfants fomulraesfofl?};eaa:;i::?olr::e thelproper
exator canunot be depended upon for prompt and efficient oot icm e
mula bottles withn a maxmum of four hours twme The 0 ?fg of for
specifications are such as to require a specially designed refngsmzt:a:ycse
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the mpple Steam readily permeates the paper covering, thus assuring
decontammation of all surfaces of the mpple As long as the paper cap
remains intact and held firmly 1n place by means of a rubber band, 1t pro
vides effective protection aganst air-borne and contact contammation up
to the time of feeding
Cooling of Formulas It 1s obvious from the data given above that the
termnal heating process will largely elimimate the necessity for immediate
cooling and permit a reasonable amount
of laxity n getting the processed formulas
mto the refngerator and cooled to the
holding temperature of 40° to 45° F
(4° to 7° C ) Occasionally, however, one
may find formulas contammated with an
extremely heat resistant sport bearng or
gamsm of the thermophihic type which
cannot be destroyed at a temperature of
212° F (100° C) for 30 minutes or 230°
F (110° C) for 10 minutes In certamm
formula rooms where this condition oc
curred 1t was found that prompt and effi
cient cooling of the formulas was abso
lutely necessary, otherwise rapid bactenal
growth took place so as to make the formu
las undesirable for the feeding of newborn
mfants Regardless of the form and effec-
twveness of the termmal hearing process,
1t 1s recommended that all formulas be
cooled to the holding temperature o;
40°-45° F (4°-7° C ) withm a penod of
iﬁdm:s gz‘xor:spzierel?i pe  TOt more ghan four hours This can be ac-
mpple p je most effectrvely by taking ad-
vantage of the prehmmary penod of cool-
g at room temperature for one hour followed by adequate refrigeration
Whereas the most rapid method for cooling formulas 1s by means of a
arrculating cold water bath, this process does not necessanly represent safe
practice for milk formula rooms even though the coohng (tap) water has
previously been subjected to some form of chlorination OQutbreaks of 1n
testinal disease attnbuted to water supphies which have presumably con-
formed to the Umted States Public Health Service standards for water have
raised the question as to whether present critena for evaluation of potability
of water might not be profitably re examined To be sure, the tap water
used for this cooling process comes mn contact only with the extenors of
the nursing bottles but 1t 15 not difficult to visualize that the wet bottles as
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two hours after termmal heat trentment—or 1s a safe method of water cool-
ng uthized?

11) Are formulas then pliced m a refrigerator and muntuned st a tem-
pertture of 40° I (4° C) untdl feeding tme?

12} Does the mdiniduil who removes the bottles of formul from the
refngerator at feeding time serub hier hands before touching the bottles?

13) Does the feedig nurse wear a mash and scrub her hands and arms?

14) Is the nurse prolubited from changing the mipple or the size of the
holes 1n the mpple?

15) Are bottles and mpples from ssolation and suspect nursenes disin-
fected by boihing for 15 minutes before bemng retumed to the formul room?

16) Are bottles wnd nipples ninsed well with cold running water in the
nursery mmediatcly after feeding and before being rcturned to the formuh
room?

17) In the formula room are all bottles, mpples and utensils washed with
an effective detergent, using a bottle brush or mechamcal washing umt?

18) Are mpples imerted m the cleanmg process to remove nn coagu-
lated matemal?

19} Are bottles and mpples ninsed n hot runmng water and prestenhzed
before use?

20} Is a bottle of formula taken at random sent daly to the Ihboritory
for bactenologic testing?

FORMULA STERILIZER OPERATING INSTRUCTIONS
(Refer to Fig 166)

1} Daly Before Heating Stenlizer Rumove plug sereen from bottom of
chamber and clean hnt and sediment from pores of stramer

2} Operation of Cyclomatic Control Alwavs set ‘Selector and Timer
before turming  Valve Handle (located m center of control panel) Tumn
Tumer counterclockwise only The small white light mdicites when
“Tuncr s operating When Valve Handle' 1s tumed to Ster the red
hght wilf come on At completion of timed stenhzing penod the vabe
automatically turns to ‘Eshaust  Yellow hght comes on and red hight goes
out When load 15 completely processed, green Light comes on and alam
will sound until operator tums Valve Handle o OF” Lod now ma be
remoy :;d im;n }slt;mhzer To 'permlt excess vapor to eseipe from stenlizer,
:g;r;wogas sghtly (about ¥} for 5 mmutes Then open door fully and

Terminal Heatng of Formulas Terminal heat
esther Nonpressure (streaming steam) Method o;r;%;:;};cb; l:?l?(?; Cg dnb‘t
subject factie aerd formulas or protem malk formulas to termn i} he(')xu:g
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tem equipped with a forced arr evaporator and an extra heavy duty com
pressor and condensmng umt Suitable refrigeration equipment 1s available
for this appheation as shown by the test results given m Figure 165 Here
1t will be observed that a normal load of 300 formula bottles (2 ounces milk
per bottle) at a temperature of 189° F (87° C ) required only 2% hours to
cool the bottles to the holding temperature of 45° F (7° C ) These find
mgs are typical of sutable refngeration equipment designed to meet
unusual requurements encountered 1n the cooling of formulas

The size of the refrigerator and the net cubic capacity of the cabmet will
vary with the average requirements of the nursery and whether the pre
pared formulas are to be stored and dispensed from one large refrigerator
located 1n the formula room or stored m smaller refrigerator umts on the
various nursery wards Whatever the circumstances may be, 1t 15 lughly
mmportant that the refrigerator be equipped with a forced air evaporator
and an extra heavy duty compressor and condensmg umt designed specifi
cally for this application

APPRAISAL OF FORMULA ROOM PROCEDURES

1) Is a separate room provided for the exclusive purpose of preparng
formulas and other fluds offered to mfants?

2) Is the formula room situated where the danger of contamination 1s
mimmized?

3) Is the formula room supervised by a dietitian or nurse expentenced m
milk room and steriizing procedures?

4) Does the formula room contain as mimmum equipment

Sterihizer Refrigerator
2 Sinks Work Table and Counters
Hand Scrub Sink

5) Does each individual prepanng the formulas employ the conventional
3 minute scrub before performing any duty mn the formula preparation
room?

6) Are formula ngredients placed i sterile contamers mixed and the
formula then dispensed 1nto previously washed sterile bottles?

7) Are individual feeding bottles covered with stenle mpples and paper
caps after fillng?

8) Are formula bottles placed i racks or contamers each providing the
94-hour supply of feeding for an mdvidual mnfant and labeled with the
name of the mfant?

9) Are the bottles of formula then placed 1 a sterthzer and subjected to
terminal heating at a temperature of 212° F (100° C ) for 30 minutes
or 230° F (110° C ) for 10 minutes?

10) Are formulas allowed to cool at room temperature for about one to
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o hours after terminal heat treatment—or 15 4 safe method of water cool
g utilized?

11) Are formulns then pliced in 1 refrigerator and mauntaned at a tem-
perature of 40° T' (4° C) until feeding time?

12) Does the sndividual who removes the bottles of formula from the
rdfngerator at feeding time serub her hands before touching the bottles?

13) Does the feeding nurse wear 2 mask and scrub her hands and arms?

14) Is the nurse prohibited from changing the mipple or the size of the
holes in the mpple?

15) Are bottles and mpples from 1solation and suspect nursenes disin-
fected by boiling for 15 mmutes before being returned to the formula room?

16) Are bottles and mpples ninsed well wath cold runming water in the
nursery immedhately after feeding and before being returned to the formula
room?

17) In the formult room are all bottles, mpples and utensils washed with
an effective detergent, using a bottle brush or mechanical washing umt?

18} Are mpples imerted m the cleanming process to remove any coagu-
lated matensal?

19) Are bottles and mipples rinsed 1n hot runnng water and prestenhzed
before use?

20) Is a bottle of formula taken at random sent duly to the laboratory
for bactenologic testing?

FORMULA STERILIZER OPERATING INSTRUCTIONS
(Refer to Fag 166)

1) Daly Bcfore Heating Sterilizer Remove plug screcn from bottom of
chamber and clean hint and sediment from pores of stramer
2) Operation of Cyclomatic Control Always set Selector and Timer
before turning Valve Handle (located m center of control panel) Turn
“Tiner counterclockwise only The small white hight mdicites when
Tumer 15 operating When Valve Handle 1s turned to ‘Ster the red
light will come on At completion of timed stenilizing period the valve
automatically turns to Exhaust Yellow light comes on and red light goes
out When load 1s completely processed, green hght comes on nd alarm
will sound until operator turns Valve Handle to Off Load now may be
removgd from stenhzer To permut excess vapor to escape from sterihizer
:sslr;v:;)ora(slhghtly (about %”) for 5 minutes Then open door fully and
Termngl Heating of Formulas Termmal heating may be conducted by
etther Nonpressure (streaming steam ) Method or Pressure Method Do not
subject lactic acid formulas or protem milk formulas to termnal heating



308 Principles and Methods of Sterihzation

Jocket Vacuum Breaker

Handle

Safety Valve

Operating f
; «Cyclomatic Controi :

Exhaust to
Atmosphere

Door Release .

Chamber Trap.
~ Thermostat

Check Valve — Thermometer

Jacket Return
Trep

@9
8
e
3
@
&

2
<

Check Valve

Vapor Trap:

4.
Dnuxb!v Thermogtat

i
. ;7 o Chamber Drom 2.

J - . By?u;s\fa‘!vrﬂ:{ s

(R -

’
o
t “ - 3 v:
{ -7 EIPUR
s -
b 1 Eorie e Pes

Fig 166 Typical formula stenhzer equipped with automatic control

unless 1t 15 known that the preparation will withstand such heating without
evidence of curdling

3) Recommended Method—Nonpressure (Streaming Steam) Sterilization
at 212° F (100° C ) With “Valve Handle at Of turn handle on Pressure
Regulator” to left (“Low” position)) as far as it will go Open “Steam Supply
Valve Place racks of bottles m sterihizer and lock door Then open “By-
Pass Valve Set “Selector” at “Slow Exh” and ‘Timer to 30 mnutes
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aposure When Jacket Gauge mdieates 5 7 pounds pressure, turn Valve
Handle to Ster Operator my now lenve the sterhzer and retumn only
when ovele has been completed

The thermostat and pressure regulator are set at factory for strexming
steun operation unless otherwise spearfied

4) Alternate Method—Pressure Sterilization at 230° T (110° C ) Set
Pressure Regulitor to obtun 57 pounds jrehet pressure The control
thermostat also shoukd be rdjusted by mechimie for operation at 230° F
(110> €} Tum handle on  Pressure Regulator to left {(“Low’ position)
as far st will go Open Stevm Supply Vilie and allow jacket pressure to
huild up to 7 pounds Plice rcks of bottles i sterdizer and lock door Set
“Selector” 1t Slow Lxh 1nd Tmmer to 10 mmnutes exposure Close By-
Pass Vahe and tum “Vahe Handle to Ster  Operator may now leave
stenhzer and retum only when eyele has been completed

5) To Stenlize Empty Bottles, Nipples, Utensils and Wrapped Supplies
With Vilve Handle at Off, turn handle of Pressure Regulator to nght
{“Ihgh postson} as fwr 25 it will go Open Stewm Supply Valve Allow
jacket pressure to buidd up to 15 17 pounds Plce load in sterlizer and
Jock door Clese By Pass Valve Tumn Timer counterclochwise to desired
exposure peniod Then turn Selector to the appropriate posstion of

Fast Esh of drying 1s not required
“Fast Lah nd Dy for wrapped supplies

Tumm Vahe Handle (clochwise only) to Ster Operator may now

leave steriizer and return only when cycle has been completed

Recovimenpep Perions o Exrosune
At250° F (121 C)

Minutes
Utensils contamers and measurng devices 15
Nursing bottles iaverted mn racks 5
Nepples m mushn bags 8
Paper caps loosely pached 1n tray with perforatrd bottom 15
Rubber gloves 1n mushn wr.x;ipcr is
Table covers gowns face masks in mushn wrapper 30

6) Manual Operation In the event of electnical current faidure stenlizer
may be operited manually by simply turming Selector to “Manual and
then turnimg Valve Handle (clockwise only ) to that position on the dal
which corresponds to the proper sequence of operations 1n the stenlizing
cyile

73 Shut Off Steam Supply

Value Unless sterdiz
er 1s to be
within a short time close this pod s

valve and permit stenhzor to cool
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Cuartrn W\
The Laboratory Sterthzer (Autoclave)

T 1S NO LONGER advisible to attempt to confine the subject of bacte-
I nological stenilization to the use of 1 single type of laboratory stenhzer
The development of new Inboratory techmiques, resulting from research in
infectious disenses and lied fields, has necessitated the design of highly
specialized stenhizing equipment to meet the unusunl requirements of these
rapidly evpandmg stenle techmiques and processes Many of these ster-
hizers are of the combimition type for use with either saturated steam under
pressure or Carboude gas (page 329) The latter method 1s relatively
new as a stenlizing process and 1t can be used to advantage 1s 1 substitute
for steam m the sterilization of 1 variety of hcat and moisture sensitive
matenals and apparatus Also deserving of mention are the many double
door laboratory sterilizers 1n routne use, which operate under nutomatic
contro! for applications where the trnsfer of matenial from an unstenle
room to a stenile room without mtroduction of contimination 1s the pnime
requisite Space will not permit detailed explanitions of the form and func
tions of these different types of laboratory sterilizers employed m bacterio-
logical research and industnal process control Only basic principles of
sterilization can be covered m this book The more complex equipment and
accompanymg techmques will have to awut the appeirince of a more
advanced work on the subject

It 15 regrettable that in more than a few laboratories, otherwise equipped
with highly efficient apparatus, one still finds autoclaves retumed 1 use
that are hopelessly obsolete Some of them are 20 to 30 yers old—bwlt at a
period when the fundamentals of steam stenlization as we now recogmze
them were not thoroughly understood certamly not appled With such
stenhizers dependable operation and umformity of results cannot be ex-
pected Reference 1s made specifically to those stenlizers from which ur 1s
discharged, if at all, by some type of hand regulrtion wnd 1 which the
thermometer 1f one 15 provided 1s located at the top of the chamber It 1s
true that these sterthzers can be operated so that air will be satisfactonly
ehmm~ted from the chamber but accurate dependable performance e
quires expert knowledge of the control and 1 degree of close supervision
that 15 commonly impractical to apply Another common fault found i old
stenlizers, especially those heated by gas or electncity, 15 the slow rate of
heating which makes 1t almost 1mpossible to sterihze heat sensitive fluids
and media m them without destructive effect Such sterihizers hive been

311
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responsible m a large measure for the crroneous assumption that lower
pressures and temperatures or fractional sterthization must be resorted to
for all heat sensitive flwmids

MODFRN LABORATORY STERILIZERS

The fundamental principles under which late models of sterihzers tunc
tion were apphed in this country about 1933, at which tme rather radical
changes were made by the manufacturers For several years followmng
these changes in design the most commonly used laboratory sterhzer was
the single jacketed pressure chamber as llustrated i Figare 167 This type
of sterthzer with mmor modifications 1s still widely used with exther direct
sterm, gas or electric heat It will function satisfactonly for the stenhzation
of bactenological media and solutions It 1s not well adapted, nor 1s any
single walled chamber, to the sterihization of wrapped supphes or any type
of foad that requires drving after sterhzation Because of the smgle will
construction the chamber will contam an excessive amonnt of moisture
followng sterthzation and without the md of radint heat from a steun
jacket, the residual mosture cannot be ehrminated Another disasdvantage
found 1 the single jacketcd autoclave 1s that m contimuous service one
load after another 1t 1s necessary to cool down the entire autoclave each
time a load 1s withdrawn

Today, the more generally useful and certainly more efficient laboratory
stenhzer 15 of the type shown wm Figure 168 This 1s constructed with a
steam Jacket which surrounds the side walls of the chamber exaethy the
same as provaded on all surgical supply sterihzers Pressure 1s first generted
m the jacket prior to admission of steam to the chamber, and thus pressure
15 mamtamed constant at 15 17 pounds throughout the cycle of operation
or the entire day With hot side walls no condensate forms on them, and
the load will absorb only that amount of moisture from the steam that is
required to hicat the load This feature permts the stenhzer to function just
as cfliciently for the sterihzation and drying of wrapped or porous supphes
as does any surgical dressing sterihizer The drying process may be nccom
phished cither by means of the vicuum dryer device which operates i con
junction with the automatic control, or by the cracked door mecthod (see
p 111) Swince pressure 15 mamtawed m the stcam jacket continuously
throughout worhing hours the sterhzer remams ready for immediate and
more rapid use than 1s possible with the single wall chamber from wiuch
pressure and heat must be exhausted exch time a load 15 withdrawn

The discharge of air and the movement of steam through the laboratory
sterilizer 1s the sune as m 7y modern pressure steam sterdizer When
steam 15 wdmitted to the air filled chamber 1t mmmedsately nises to the top,
compressmg the ur at the bottom  As the pressure builds up 1 the chamber
the aur 1s gradually forced out through the screened outlet leading to the
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chimber discharge hue, past the thermometer bulb, through the thermo
static trap and finally to the atmosphenic vent This flow will continue until
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responsible m a large measure for the erroneous assumption that lower
pressures and temperatures or fractional sterthzation must be resorted to
for all heat sensitive fluds

MODERN LABORATORY STERILIZERS

The fundamental principles under which late models of sterilizers func
tion were applied 1n this country about 1933, at which time rather radical
changes were made by the manufacturers For several years followmg
these changes m design the most commonly used laboratory sterlizer was
the single jacketed pressure chamber as illustrated in Figure 167 This type
of sterhizer with mmor modifications 1s still widely used with erther direct
steam gas or electric heat It will function satisfactonly for the stenhzation
of bacteriological media and solutions It 1s not well adapted nor 1s any
smgle walled chamber to the sterillization of wrapped supplies or any type
of load that requires drymng after sterihzation Because of the single wall
construction, the chamber will contamn an excessive amount of moisture
following sterihzation and without the aid of radiant heat from a steam
jacket, the restdual moisture cannot be elimmated Another disadvantage
found 1 the single jacketed autoclave 1s that m contimuous service one
load after another, 1t 1s necessary to cool down the entire autoclave each
tume a load 1s withdrawn

Tod 1y, the more generally useful and certainly more effictent laboratory
sterthizer 1s of the type shown m Figure 168 This 1s constructed with a
steam jacket which surrounds the side walls of the chamber exactly the
same as provided on all surgical supply sterilizers Pressure 1s first generated
m the jacket prior to admission of steam to the chamber, and this pressure
1s mamtamed constant at 15 17 pounds throughout the cycle of aperation
or the entire day With hot side walls no condensate forms on them and
the load will absorb only that amount of moisture from the stexm that 15
required to heat the load This feature permuts the sterihizer to function just
as efficiently for the stenlization and drying of wrapped or porous supplies
as does any surgical dressing sterihizer The drymng process may be accom
plished either by means of the vacuum dryer device which operates m con
junction with the automatic control or by the cracked door method (see
p 1l11) Since pressure 15 mamtamed 1n the steam jacket continuously
throughout worhing hours the stenilizer remams ready for immediate and
more rapid use than 1s possible with the single wall chamber from which
pressure and heat must be exhausted each time a load 15 withdrawn

The discharge of air and the movement of steam through the laboratory
stenilizer 1s the same as m any modern pressure steam sterihizer When
steam 15 admitted to the air Slled chamber 1t immedrately nises to the top

compressing the air at the bottom As the pressure builds up 1 the chamber
the arr 1s gradually forced out through the screened outlet leading to the
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duschrge hine beeomes clogged wath sediment or residue from spillage of
medin m the chamber, there will be no prompt advance m temperature,
even though the pressure may nse to the normnl operting range When
thus occurs, stratification of ur wid stexm m the chamber takes place with
the steam concentrated 1 the upper part of the chamber A thermometer
Iocated 1t the top of the chamber will then mdieate the temperture of
relntnvely pure stewm, while the Jower or bottom wer will be filled with arr
or an aur steam mnture at much lower temperature When the thermometer
s correctly Joeated mn the chamber discharge Iine 1t sl pramptly mdicate
faulty operation, the need for cleaning or mamtenanee, and the quahity of
the steam i contact with the foad In thus connection n added s«feguard
for the laboratory sterthzer 1s the wtomatic time temperature contro} The
thermostat which actuates the timer should also be located i the chamber
discharge line adjacent to the thermometer Unless the chamber s filled
with saturated stexm at the nght temperature the control will ful to fune-
hon
THE ISOTHCRMAL CONTROLLED STERILIZIR

The last few years have witnessed an expnding need 1 Jaboritones for
sterthzers with 2 much wider range of temperature control than 1s avadable
m sterthzers of standard design The requirements cover not only stenhiza-
tion by steam under prussure, but alse fractional sterilization, mspissiion
and pasteurization For any one sterdizer to perform all of these functions
mnvolves a controlled range of operating temperatures citendmg from
140° F (60° C) to 270° F (132° C} To the bacterologist this broad
range of temperature 15 useful bectuse 1t permuts lam to evaluste the
properties of solutions and media sterilized at progressvely hugher tem-
peratures and shorter periods of time It also permits fractional stenhization
and processing of heat coagulable culture medss, egg and blood serum
slants, and 1t provides a convement means of mvestigating margmal meth-
ods of stenhzation of solutions or biologies where a moderate degree of
heat plus chemscal action produces the required sterhzing effect
1 ghetﬂen]’tzcrl show(;n m Fx%x]re 169 15 typrcal of the latest development

aboratory steridt:
iabo ma;ymum oz:;azsggr; resseu rc:zrfnggr 1s steun jacketed nd constructed
pounds The operation 15 governed
by automatic controls which may be set for maintenance of steam tempera
ture anywhere i the range of 221°.270° F (105° C to 132° C ) with an
accuracy 0f 13° F (2 07° C) The automatic control also permits pre
selection of exposure periods inywhere in the range of 0 to 90 mimutes !;‘or
low temperature operation an 1sothermal control system 15 emploved to
prevent awr steam stratification 1 the chamber

selected on the thermostat dial anywhe h
(60° C to 104° ot

Temperatures may be
range of 140°-219° ¥
C ) with an average devirtion m the chamber of » 33° F
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Fig 168 A modern laboratony stenlizer steam jacketed type equipped with automatic
controls
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the air has been evacuated from the chamber then saturated steam follows
the air contacts the thermostatic element of the trap and 1t gradually
closes off and controls the flow Thereafter the trap will open shightly and
close again to permit the escape of air pockets and condensate as they
accumulate m the lower areas of the chamber

All laboratory sterthzers should have the indicating thermometer located
1 the chamber discharge Iime The purpose 1s primanly to detect any mter
ruption 1n the normal flow of air and condensate from the chamber If the
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discharge tme becomes clogged with sediment or residue from spillage of
media 1 the chamber, there will be no prompt advance n temperature,
even though the pressure may rise to the normal operating rwge When
this oceurs stratificition of ur and steam i the chimber tihes place with
the steam concentrated i the upper part of the chmber A thermometer
Jocated at the top of the chunber will then mdicate the temperature of
relatnely pure stean, while the Jow er or bottom aren will be filled w sthoawr
or an atr steam mixture 1t much lower temperature When the thermometer
15 correctly Jocated i the chamber discharge hne, it will promptly sndicite
frulty operation the need for clewmg or maintenance, and the quihty of
the stcam w contact with the load In tlus connection 1n added safeguard
for the laboratory stenhizer 1s the autematic time temperture contro} The
thermostat which actuates the timer should also be located m the chamber
discharge line adjacent to the thermometer Unless the chamber s filled
wath saturated steam 4t the night temperture the control will fasl to func
tion
THE ISOTHERMAL CONTROLLED STERILIZER

The last few years have witnessed an expandmng need s hboratonies for
sterthzers with a much wider range of temperature control than s 1 ulable
n sterthzers of standed design The requirements cover not only steriliza
tion by steam under pressure, but also frichional sterthzation, mspissation
and pasteunizahion For any one stenilizer to perform all of these functions
mohes a controlled range of operating temperatures extending from
1407 F (60° C) to 270° F (132° C ) To the bactenologst this broad
range of temperature 15 useful, because it permits him to evaluate the
properties of solutions and media stenhized at progressinely higher tem
peratures and shorter perods of time It also permuts fractiona} stenlhization
and processing of heat coaguhble culture medu, egg wd blood serum
slants and st provides a convenient means of 1 eshgating margmal meth
ods of stenhization of solutions or bialogies where + moderate degree of
heat plus chemical action produces the required stenhzing effect

The sterihzer shown in Figure 169 15 typical of the latest dey clopment in
laboratory stertlizer design The chamber 1s stexm jucheted and constructed
for 2 maximum operating pressure of 30 pounds The operation 1s governed
by automatic controls which may be set for mantenance of steam tempera
ture anywhere m the range of 221° 270° F (105° C 1o 132° C ) with an
accuracy of + 13° F (£07° C) The automatic control 1lso permats pre
selection of exposure periods anywhere m the range of 0 to 90 minutes For
low temperature operation an sothermnl control system is employed to
prevent ar steam stratification sn the chamber Tempesatures may be
selected on the thermostat dial anywhere m the range of 140° 219° F
{60° C to 104° C ) wath an averige deviation i the chamber of +33°F
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Fig 169 Ths unit 15 typical of one of the latest developments m laboratory stenlizer
design The Isothermal Control provides a range of operating temperatures from
140° F to 220 F The automatic pressure control regulator extends the range from
221 F i0 270 T
316
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(+ 18> C) When operiing wnder 1sothcrmal control the atmosphene
conditions m the chaunber approumtte saturilion with water vapor
it the evele
m::l:l%l-\‘;:m of the prmaple of operttion of the 1sothermal control 1s %xv;n
m Figure 170 Steun from the supply hne enters the chamber through the
steam nozzle or Ventuni dovce It immedntely contacts the cooling coil
through wlich water arculites i the steam ts reduced 1o temperature
before 1t has an opportumty to rech the chamber proper As stewm passes

Lolrg Yol
Outet

=
{ooling Coll e

Solenesd Valve

Steam
P oot
et

Swing Chetk |
Stean Tra Loving.
? ¥iater tiet
T Drap
Fig 170 Diagram of the pnnople of operation of low temperature Isothermal Control

through the nozzle 1nd into the chamber 1 negatne pressure 1s created at
the nozzle which 1s trinsmtted to the chamber drun opening through the
system of pipmg This suction draws mconung steam from the nozzle to-
ward the front end of the chamber and arcuhtes 1t back to the nozzle via
the discharge hine and into the chamber agun thereby assunng an 1sother-
mal condition throughout the chamber 1nd preventing asr steam stratifica-
tion This axrcnlatory process permuts the thermometer to function 1s a true
mdicator of temperature conditions withmn the chamber The supply of
steam to the chamber 1s governed by the solenoid valve which m turn s
actuated by the thermostat

Typical of the accuricy of temperature control n processing culture
medsa m the 1sothermal sterdizer are the following test data

Sterihizer 20 x 20 x 368 Laboratery Stenhzer steam heat equipped with
Cyclomatic control and Isothermal control
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Load 235 test tubes (18 x 150 mm ) 1n baskets each 14 filled with media
and stoppered with cotton plugs

Location of Thermocouples In tubes located at 1) front bottom 2) center
and 3) top rear of chamber Temperature readngs recorded by poten
tiometer

Series of Tests
5 at 140° F (60° C )
3at160° F (71° C)
3at 180° F (82° C)
3at 200° F (93° C)
3at210° F (985° C)

Conditions of Test Each test was preceded by a chamber warm up period
of 15 minutes at the operating temperature Observations were contin
ued for a 30 minute period after the load had reached thermostat setting
temperature Water flow through cooling coil was regulated at 20 gal
lons per hour for all tests below 200° F (93° C) No water was used
above this temperature

Results
Thermostat Thermometer Time to Heat  Dewation of Load Temp
Setting Reading Durin, Load to Process from Thermometer Temp at
F 30 Min _Pero g Temperature Thermocouple Positions
C _F Minutes Average F
[+ [4
140 1415 15 36 ~55to+45
60 810 %10 -30t +25
160 1830 =10 20 - B85to+40
71 7302058 - 351t + 25
180 181510 16 - 3510+ 35
82 830 205 -20to+20
200 2000 * 10 9 -10to + 30
93 930 £ 05 ~051t0+15
210 2100 05 10 ~15t0+0
29 990 * 03 ~-08t+0

STERILIZATION OF LIQUIDS

The sterhization of liquids in flasks, bottles or test tubes 1nvolves a differ
ent use of steam than 1s required for stenlization of dry goods In the latter
case 1t 15 necessary to permeate the porous materials with stexm n order
that both heat and moisture shall be absorbed by the fibers In solution
stenlization the problem is simply 1 matter of absorbing heat from the
steam The solution 1f aqueous contans the necessary mossture When
steam contacts the cold flasks or bottles 1t condenses and the condensate
dramns to the bottom of the stenlizer and then out to the waste by means of
the chamber discharge hne This process will continue until the solution
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Nas been heated to the temperature of the surrounding stewm The time
required for heatng governs the exposure penod This will vary sath the
size and shape of the contuner, the volume of liquid, the thickness of the
contuner wlls and the heat conductivaty of the contuner Measurements
to determine the time required for 1 given contuncr of solution to attun 1
temperture of 250° I (121° C ) are usutlly made by means of 2 thermo-
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Load 235 test tubes (18 x 150 mm ) mn baskets each 14 filled with media
and stoppered with cotton plugs

Location of Thermocouples In tubes located at 1) front bottom 2) center,
and 3) top rear of chamber Temperature readings recorded by poten
trometer

Series of Tests

5at 140° F (60° C)
3at160°F (71°C)
3at 180° F (82° C)
3at200°F (93° C)
3at2I0° F (985°C)

Conditions of Test Each test was preceded by a chamber warm up period
of 15 minutes at the operating temperature Observations were contin
ued for a 30 minute period after the load had reached thermostat setting
temperature Water flow through cooling coil was regulated at 20 gal
lons per hour for all tests below 200° F (93° C) No water was used
above this temperature

Results
Thermostat Thermometer Time to Heat Deuwation of Load Temp
Setting Reading Durzr:f Load to Process from Thermometer Temp at
F 30 Man_Perios mg Temperature Thermocouple Positions
< F Minutes Average _F
[4 [
140 415+ 15 36 -551t0+ 45
60 61010 -30to+25
160 1630 + 10 20 - 65t +40
71 73005 - 35t0+25
180 1815 £ 10 16 -35t0+35
82 830+ 05 ~20to+20
200 2000+ 10 9 -10to+30
93 930 * 05 -05t0+15
210 2100+ 05 10 -15t0+0
99 990 £ 03 -08to+0

STERILIZATION OF LIQUIDS

The stenihzation of hquids 1n flasks bottles or test tubes mvolves a differ-
ent use of steam than 1s required for stenlization of dry goods In the latter
case 1t 1s necessary to permeate the porous matenals with steam i order
that both heat and moisture shall be absorbed by the fibers In solution
steriization the problem 1s simply 1 matter of absorbing heat from the
steam The solution 1if aqueous contans the necessary moisture When
steam contacts the cold flasks or bottles 1t condenses and the condensate
drains to the bottom of the sterihizer and then out to the waste by means of
the chamber discharge lme This process will continue until the solution
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and type of flask used, not the number of flasks 1 the stenhizer, establishes
the exposure period I the flasks are all alike, the exposure penod will be
the sume for one or my number phced n the stenthzer The tme required
to heat the contaness to the sterthzing temperture will, of course, vary
with the stze of Joad, but exposure penod should not vary Contuners
should not be filled to more than 75 per cent of their capraty, to allow for
flud expansion 1nd to prevent overflow

EXPOSURL PLRIODS TOR SOLUTIONS

The follow ing exposure periods for aqueous solutions or Iiquids 1 vanous
types of contuners will afford 2 rexsonable factor of safety 1n sterthization

:Hnum Exposure

Containcr Capacity 250 281 F (121 123 C)
Test Tubes 18 x 150 mm 12 - 14
Test Tubes 32 x 200 mm 13-17
Test Tubes 3% x 200 mm 15 - 20
Erlenmeyer (Pyrex) Tlash 50 ml 12 -14
Ercnmeyer {Pyrex} Flask 125 ml 12 - 14
Erlenmeyer (Pyrex) Flask 200 ml] 12 - 15
Erlenmeyer (Pyrex) I'lash 500 ml 17 - 22
Erlenmeyer (Pyrex) Flask 1000 ml 20 - 25
Erlenmeyer (Pyrex) Flash 2000 ml 30 - 35
Fenwal 21’ymx) Flask 500 ml 24 - 28
Fenwal (Pyrex) Flask 1000 m! 235 - 30
Fenwal (Iyrex) Flash 2000 m! 40 - 45
Square Pal (Pyrex) Flash 500 ml 24 - 98
Square Pak (Pyrex) Flask 1000 m! 25 - 30
Square Pak (Pyrex) Flask 2000 m! 40 - 45
ik Dilution Bottle 100 m} 13 - 17
Serum Bottle (Pyrex) 9000 ml 50 - 55

Mimimum exposures as given above represent the least periods under
which sterlization should be attempted and the maximum periods should
not normally be exceeded

BACTERIOLOGICAL MEDIA

Various kinds of bacteriologicn]l media are known to be heat sensitive
Prolonged sterthzation or excessive heating of medin contuning sugars
such as glucose lactose and saccharose frequently undergo hydrolysis with
the production of acsd Phenol red lactose broth, for example, sterihized at
250° F (121° C) for 15 minutes or stenhzed by filtration ,produces no
demonstrable amount of acid when moculated with § typllz;sa but when
stenhized for 30 to 45 minutes at this temperature an appreciable amount
of acid 15 produced Excessive heating may also result i the formation of
aprecipitate in agar media Over exposure may cause An merease n acidit
break down the peptones and dimmish the ability of the 1gar to di ;
a fim jell Media such as wort agar, with a normal pH of 4§ “ﬁiouggs

over sterilization cause destruction of the agar Nutrient agar should be
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couple and potentiometer The graphic data given i Figure 171 are illus
trative of the different rates of heat transfer through commonly used fasks
and bottles

Common errors n solution sterihization can often be avoided through a
clear understanding of the operating cycle Duning the period of heatng
the solution and as long as the exposure continues, there will be no visible
mdication of boiling of the hquid, even though the temperature may be far
above the normal boiling pomt of water at atmospheric pressure This 1s
due to steam pressure mamtaned in the sterihizer, at all times equal to or
m excess of the pressure possible to develop from the heat in the hqmd
Until this condition reverses there cin be no ebullition When the chamber
pressure 1s reduced after steriization the pressure corresponding to the
temperature of the hiquid will then be greater than the steam pressure and
the iquid will begin to boil If chamber pressure 1s exhausted rapidly boil
mg will be so violent that stoppers will be blown out of the flasks and some
of the solution will escape mto the chamber Expertence has shown that
when pressure 15 exhausted at a umiform rate through a peniod of not less
than 10 to 15 mmutes, the solution will lose 1ts heat at about the same rate
as the pressure reduction and violent boihng will not occur With heavy
loads of solutions in flasks or bottles 1t may be necessary to extend the
exhaust period to 20 or 30 mmutes depending upon the characteristics of
the sterilizer exhaust valve and the type of closure on the flasks or bottles

Even when the cooling down process 1s conducted with the greatest of
care there will be an evaporation loss of flud of 3 to 5 per cent, unless the
contamers are hermetically sealed This has established the general practice
1n preparing solutions of addmg about 5 per cent more distilled water to
the contamer so that after sterilization the product will have the intended
concentration On the other hand too slow cooling 1s objectionable If the
period 1s over extended the effect 1s the same as over exposure If the heat
1s turned off at the end of the exposure time and the sterihzer allowed to
cool down without opening the exhaust one hour or longer may elapse
before the pressure m the chamber 1s reduced to zero gauge During this
peniod the hquid will be mantaned between the maximum temperature
of 250° 254° F (121° 123° C ) and 212° F (100° C) For many solutions
this prolonged exposure to temperatures above 212° F (100° C ) 1s not
harmful, but for bacteriological media contaming carbohydrates or agar
the destructive mfluence 15 marked

Assummg that a modem sterilizer 15 1 use destructive effects usually
follow the incorrect practice of sterthzing all loads of solutions for the same
peniod, the old 15 pounds for 20 mmutes rule or something equally un-
scientific It takes much longer to sterihize a 1000 ml flask of liqu:d than a
test tube contamnmg 10 ml, yet 1t 15 not uncommon to find laboratory sten
Tizers filled with large flasks and small tubes all in the same load The size
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agent 1s usually added to the medicinnl preparations sterilized by this
process

One of the most uscful applications of the inspissation process 15 the
preparation of heat corgulable media for use wn dingnostic bacteriology
Locwensteins, Jensens, Petroff’s, Locke’s, blood serum and other heat-
coagulable media call for speel treatment in order to prepare culture
slants with the proper degree of hardness and to wvoid formation of broken
bubbles on the surface caused by engendered pressure Many lnboratories
process such media in the Amold sterihzer or i the autoclave with ar
trapped 1n the chamber so that the partinl pressure of steam n the air-
steam muxture produces 2 temperature of 176° I (80° C) to 200° F
(93° C) Neither of these methods 1s satisfacton because of the difficulty
in mamtammng accurate temperature control, the non umformity of tem-
perature throughout the chamber and the load, and the Jong time required
for inspissation Even with a specnnlly designed electrieally heated mspis-
sator the time required to produce 2 satisfactory medium 1s 2 hours 2 The
1sothermal controlled stenlizer (Fig 170) functions wdeally for the process
g of heat coagulable media Slants coagulate satisfactonly at 176° F
(80° C ) for 30 munutes or 200° I' (93° C ) for 20 minutes The degree of
hardness may be altered as desired by increasing temperature and/or
lengthening exposure period

STERILIZATION Or' EMPTY FLASKRS OR BOTTLES

Empty flasks or bottles can be sterthized n the autoclave if they are
placed on their sides in the chamber so as to provide » horizontal path for
the escape of air If the contamer has no stopper or cover air will be dis-
placed quickly n this position and sterilization will occur 1n 15 minutes at
250° F (121° C) I the contamer 1s tightly sealed or stoppered stenhiza
tion will not occur, regardless of the position of the container because steam
will be excluded Even when flasks are lightly stoppered with cotton placed
bottom side up n the sterilizer air evacuation will be somewhat retarded
and exposure should be not less than 30 minutes This method of sterilizing
Lightly stoppered contamers can only be recommended with reservation

because of the uncertainty of air elimination It 1s preferable to sterihize
stoppered flashs by the hot air method

HOT AIR STERILIZATION OF GLASSWARE

Exposure to hot arr 1s the method of choice for the routine sterilhization
of glassware common to the bacteriological laboratory This includes such
items as Petr1 dishes and pipettes (wrapped 1 paper or placed m specinl
metallic holders) empty test tubes (plugged) centrifuge tubes fermenta
ton tubes hottles flasks and any other empty glass porcelain or metallic
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sterilized immedhately after 1t 15 made and while still flmd because of the
destructive influence attendant with each additionn] heating Most sugars
contamed m media can be stenhzed by autoclaving if overheating 1s
avoided In fact 1t has been shown® that maltose and lactose undergo less
destruction by rapid autoclaving than by fractional or mtermittent sterilt
zation m the Arnold apparatus If the medium 1s contamed m test tubes
the tubes placed 1n wire baskets (not overloaded), so that steam can circu
late freely around each tube an exposure period of 12 minutes at 250° F
(121° C ) will usually be found satisfactory

FRACTIONAL STERILIZATION

Occasionally 1t 1s necessary to sterihze bacteriological media at tempera
tures no higher than that of atmospheric steam Also solutions of certamn
chemicals, such as cocamne and epmephrme, which are unstable at auto
claving temperatures, can best be sterilized with flowing steam For this
purpose a special type of non pressure sterilizer (Arnold) 1s commonly
used m which the matenal 1s subjected to the free flowing steam from boil
ing water for periods of time varying from 20 to 60 mnutes on each of
three consecutive days The modern laboratory sterilizer of the type shown
1n Figure 168 will also permit operation with non pressure or flowmng steam
Between exposures to steam the matenal 1s kept at incubation temperature
or room temperature The principle of this method 1s that the first exposure
to flowmng steam destroys the vegetative forms of bacteria but not the
spores Then when the matenal 1s incubated overmght or for 24 hours most
of the spores will develop nto the vegetative stage and they wall be killed
by the second period of heating Again the matenal 1s incubated allowmg
the remarnder of the spores to germmate so that they may be killed on the
third heating Although stenlization usually results after the third perod
of heating failures may also occur Optimum conditions must prevail m
the meda m order for the spores to develop mnto vegetative forms durng
the incubation period The presence of proper nutrients correct pH, and
the absence of bacteriostatic substances nfluence the effectiveness of the
process

INSPISSATION

Fhe process of inspissation 1s a combination of pasteurization with mnter
mittent or discontinuous heating for a pertod of 4 to 7 days It consists of
heating the solution or matenal in 1 water bath or an mspissator once daily
for 30 to 60 minutes at 140° F (60° C ) to 176° F (80° C ) or at the luigh
est temperature below 212° F (100° C ) which the substance can tolerate
without change for from 4 to 7 days It s not regarded as a relable method
of stenlization but frequently must be used for heat sensitive pharmaceuts

cals or chemucals which are jured by higher temperatures A bacteniostatic
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Gascous Sterilization With Ethylene Oxide

LSECARCH STUDIES 1 the past deerde hwve yielded important find-
wngs n the field of gascous stenlizmg agents The cruse of these ives
tigations 15 the ever present need for 1 relnble cold” sterlizing process,
whereby 1 vanety of matenals of Jow thermostability may be rendered
stenle with comparatine ease, rapidity and economy  OF chief smportance
are thosc studies relating to the microbierdnl action of the compound
known a5 ethylene oude 1 both hiqmd and gaseous states The methodol
ogy of handling cthylene oude 1s rpidly expanding and, today, equipment
and procedures are being used for stenlization purposes in the pharmacen
tical and surgical dressings mdustry, research institutions and i some
hospitals
The discussion which follows 1s mtentionally restricted to s brief 1 sum-
mary on gascous sterilization as 1s deemed advisable at the present time
Any attempt to discuss the subject on the stme established basis s that of
heat stenhzation could hardly be justified Developments resulting from
current studies 1n this field will undoubtedly have 2 marked mfluence on
existing methods and applications for gaseous sterilization 1n the reasonably
near future
PROPERTICS Or' LTHYLENE OXIDE

Ethylene oxide 15 an extremely reactive and useful chemieal It s classi-

fied chemically as a cyclic cther the structure of which may be represented
as

H H
HC CH
AV

It 15 manufactured on a large scale in the Unuted States prneipally for use
as an mtermediate m the synthesis of other orgamec compounds, not the
least of which are the synthetic detergents Ethylene oide will react with
substances such as water, aleohols, ammoma muines orgamic nd mineral
acids At ordinary temperatures and pressures 1t 15 4 colorless g1s with an
ethereal Iike odor Below its boiling pomt of 513° F (107° C)
colorless hquid miseible with water 1 all proportions It 1s writat
shin and mucous membranes 1 both the hquid and vapor forms

of the skin to the hquid concentrated or dilute can cse severe
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contaners required as sterile stock laboratory supplies Prior to sterihzation,
all glassware must be thoroughly cleaned and free from traces of organic
matter otherwise during the heating process the residue may char and
leave stamns on the contaners after steriization Glassware containing cul
tures or infectious material should first be sterilized bv means of stexm
under pressure then emptied, and thoroughly cleaned n hot detergent
solution A temperature of 340° F (170° C ) for at least one hour 1s recom
mended for the hot air sterihzation of glassware Although a prolonged
exposure to this temperature 1s not deleterious to the glassware, excessive
heatg will definitely char the paper wrappers or cotton plugs
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Gascous Sterithzation With Ethylene Oaide

ESEARCH STUDIES m the past deeade have vielded smportant find

wngs n the ficld of giscous stenlizing agents The eause of these inves
tigations 15 the ever present need for 2 relble  cold” stenhzing process,
whereby 2 vanety of materils of low thermostthility mas be rendered
sterile with compartise etse ripidity nd cconomy Of chief importance
are those studies relting to the mcrowerdn] action of the compound
known as ethylene oxide m bath hiquid and giseous states The methodol
ogy of handling cthylene ovide 1s mpidhy expanding and today, equipment
and procedures are being used for stenihzation purposes in the pharmaceu-
tical and surgcnl dressings industry, research institutions and . some
hospitals

The discussion which follows 15 intentionally restricted to 1s brief 2 sum
many on gascous stenbization 1s 15 deemed adwisable 2t the present time
Any attempt to discuss the subject on the stme established basis as that of
heat stenlization could hardly be justified Developments resulting from
current studies i this field will undoubtedly have 2 marked mnfluence on
exsting methods and appheations for giseous sterthzation 1n the rensonably
near futnre
PROPERTIES O CTHYILNL OMIDE

Ethylene oxide 15 an extremely reactis e and useful chemical It 1s clssi-
fied chemically as a cyche ether, the structure of which may be represented
as

H 44
HC CH

AV

It 1s manufactured on a large scale m the United States, puncipally for use
as an mtermedhate m the synthesis of other orgame compounds, not the
least of which are the synthetic detergents Ethylene owde wall react with
substances such as water, alcohols, immona, armnes orgame and mmeral
acids At ordsnary temperatures and pressures 1t 15 a colorless g1s wath an
cthereal hke ador Below its botling pomt of 513° F (107° C ) it s

colorless hquid, misaible wath water 1n ali proportion: :
shin and mucous membranes i both the hqmd and
of the skin to the Liqud, concentrated or dilute,
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maxmum allowable concentration of 100 parts per muilhon of ethylene
oxide by volume 1 air has been suggested by several agencies® as the safe
concentration for an 8 hour working day etposure

Ligud ethylene oxde 15 lammable and the vapors form flammable and
explosive mixtures with air m all proportions from 3 to 80 per cent by vol
ume - Because of the potential fire and explosive hazard pure ethvlene
ovide n esther the iquid or vapor form cannot be recommended for routine
use as a stenhzing agent Fortunately this hazard can be elimmated when
ethylene oxide 1s mixed or diluted with an mert gas, such as carbon diovide
1n a concentration of not less than 7 5 volumes of carbon dioxide per volume
of ethylene omde The commercial product known as ‘Carboxide™ 15 2
safe and practical mixture for stenlzation purposes It consists of 10 per
cent ethylene oxide and 90 per cent carbon dioude supplied m 30 and 60
pound cyhinders with specially constructed eductor tubes to msure that the
ratio of ethylene oude to carbon dionide emerging from the nozzle 1s within
the safe range

Unlike formaldehyde or other gaseous disinfectants ethylene oude and
Carbowude possess the ability to diffuse and penetrate through a mass of dry
matertal with ease Phullips® presented data to show that cloth impregnated
with bacterial spores and placed inside unsealed paper envelopes could be
sterthzed by exposure to ethylene oxide vapor at 450 mg per Iiter (045
ounces per cubic foot) concentration at room temperature m 4 to 6 hours
even though the envelopes were protected by many layers of clothmg
According to Lorenz et al * this gas will also penetrate through unbroken
egg shells and stenilize the contents withm A good example of the pene
trating power of Carboxide 1 an air evacuated chamber 1s the stenlization
of small surgical dressimgs hermetically sealed in ccllophane envelopes
packaged i small cartons and the cartons, m turn placed m large Rber
board sealed shipping contaners Under vacuum treatment the gas readily
permeates the contamers diffuses through the cellophane bmer without
rupture and stentlizes the dressimgs i 4 6 hours exposure at 110° F (43°C)
and a concentration of 450 mg per liter of ethylene ouide Both ethylene
oude and Carboxide possess the desirable charactenstic of bemng quickly
dissipated from matersals following stenhzation Thus a wide vanety of
matenals can be sterihzed effectively without undesuable side effects
caused by excessive temperatures or undeswable after effects caused by
retention of harmful residues of the stenlzing agent for long penods of

e

o MICROBICIDAL ACTION OF ETHYLENE ONIDE

The germiaidal properties of ethylene oxide have been noted by a num
ber of nvestigators, particularly those associated with the food processing

A product of Carbrde and Carbon Chemicals Corp New York
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industry, where ethylene oxde and Carboxide have been used for many
vears 16 msectieidl and fumigating agents In 1936, 1 patent was assued to
Schrader and Bossert on a fumigant composition consisting of 2 mixture
of ethnlenc ontde or alhylone oxides with aninert gas, such as earbon diox
wde Mention 1s made 1 this patent of the powerful germicrdal and pest
exterminating effect s well as the smcombustible properties of the mixture
Thus 15 probably the cachest reference i the htertture to the antibactenal
properties of ethylene oxtde It 1s generlly accepted that the sterilizing
action of gascous ethylenc oarde was not well known until the appearince
of a series of papers by Plutlips and Rane® ¥ * *1n 1999 These studies dem-
onstrated the sporicidal activity of the gis as well as the effects of concen
tration, time, temperature nd mossture upon sterilization Other workers'
have shown that ethylene ovide 1s capable of destroying the ughly resistant
thermophilic bactena frequently encountered m food matenals

Ginsberg and Wilson®? reported on the mactination of several viruses by
hquid cthylene oxide Also Rlarenbeek and Tongeren'™ showed that gas-
cous ethylene oxide 1 conjunction with carbon dioxide mnactinated the
vaceima varus and Columbit Sk encephalomy elitis virus m 8 hours at roem
temperature Mold spores*® ind pathogenic fungi*! are ihewise destroyed
by exposure to adequate concentrations of the gts Wilson and Bruno'
demonstrated that hiquid ethylene oude will kel Mycobacterium tubercu
losis, and Carboxide gas under proper conditions 1s <lso effectnne agamst
the BCG stram of this orgamsm *® It appears that one of the virtues of
ethylene oxide gas as 1 sterthzing agent 15 1ts effectiveness in the presence of
large amounts of extrincous materrls Phallips * for example, mentioned
that dry bactersal spores mixed with raw eggs feces petroleum jelly and
motor o1l could be steriized by exposing the mixture to an atmosphere
contaming ethylene oxide provided the depth through which the gas had
to diffuse was not too great Caution should be exercised however, 1n the
treatment of foods or expermmental amimal diets with ethylene oude be-
cause of the possibility of impairment of nutritional properties 7 18

FACTORS WHICH INFLULNCE THE STCRILIZING EFFICIENCY
Or ETHYLENE OXIDE

There are several factors which markedly nfluence the sterthzing effi
ciency of ethylene oxide and Carbouide One serious obstacle frequently
encountered 15 the moisture content of the materal undergoing sterithza
tion Dry powdered matenials of very low meisture content are considerably
more difficult to sterihize than those which are relatively moist Protein
powder for example heavily contammated and with a moisture content of
05 per cent could not be sterilized m 16 hours exposure to ethylene oxide
11 4 concentration of 450 mg per liter at 115° F (46° C ) When the pow
der was equilibrated beforehand agamst a 60 per cent relative humdity
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stenhization was accomphished m the same period of exposure, concentra
tion and temperature The effect of the moisture factor on the sterthzing
action of ethylene oxide, as related to various matersals, 15 not well defined
Practical mdustrial applications 1n the sterihzation of dry matenals would
seem to mdicate that best results are obtained when the matenals are n
equilibrium with relative humdities ranging from 30 to 60 per cent prior to
sterihzation In general this supports the findings of K ye and Phullips® that
when ethylene oxide vapor 1s applied to ighly evacuated systems from
which almost all air and moisture have been removed before admission of
the vapor sterithzation becomes more difficult

The concentration of ethylene oxide the temperature and the exposure
time are other factors which determine the efficiency of the stenhzing
process When using Carboude m commercial sterihizmg chambers, de
signed for a mawumum operating pressure of 20 psig, 1t 15 not possible to
obtam an ethylene ox:de concentration much greater than 400 mg per liter
or 04 ounce per cubic foot At this level and with ambient temperatures
ranging from 75° to 100° F (24° to 38° C ), 1t 15 not advisable to attempt
stenlization of bulk matenals 1n less than 16 hours exposure, or overmght
A more practical procedure with a much greater factor of safety 1s to use a
stenlizing chamber designed for a maximum operating pressure of 33 psig
This will permut the mtroduction of sufficient Carbowde so as to obtam an
ethylene ouide concentration of 450 to 550 mg per hter n the temperature
range of 75° to 100° F Under these conditions the exposure period can be
safely reduced to 4 8 hours

CARBOXIDE STERILIZERS FOR BULR MATERIALS

From the standpomt of safety, ethylene oxide should always be used m
combmation with an mert gas such as carbon dioxide When this mixture 1s
contamed within vacuum pressure chambers of correct design under mtel
hgent operation 1t provides a reliable means for sterilization of heat
sensitive and moisture sensitive matertals Articles made of plastic rubber
leather dehcate mstruments laboratory apparatus, mattresses and bedding
surgical dressings and pharmaceuticals may be sterilized by this process
The sterihzing chamber should be designed and constructed to withstand
a working pressure of 33 pounds per square inch This will permit the
admussion of a suffictent amount of Carbowide to give a concentration of
450 to 525 mg per liter of ethylene oxide with chamber temperature matn
tamed 1 the range of 100° to 130° F (38° to 54° C ) An efficient vacuum
pump with adequate capacity to remove v and residual gas from the
chamber and the lond 15 also essenhial (see Fig 172)

The chief difficulty encountered m Carboude stenlization to dite has
been the lack of a standardized and controlled method of dispensing the
gas from the lugh pressure cylinder 1nto the stenihzing chamber The
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standard evlinder of Carbonde 15 provided with an internal eductor tube
of spearl design, the purpose of which 1s to msure that the discharged
mnture will be i the non explosine rnge and vet contam sufficient cthyl
enc omde to make 1t an effectine stenlizing agent These two conditions
can be met only 1f the evhinder 1s discharged under ngudly speeified conda
tions When the vihe on the cyhinder 15 opened, the escaping misture 1s
both hiqud and gas which under proper conditions of temperiture 1nd
pressure, will completely v iporize However, when small portions of the
mivture are intermittently withdrawn from the cylinder they are known to
be Iugher m ethvlenc oude concentration than 10 per cent, usually in the

v

Fig 172 Carboxide stenihizer for bulk matersals The assembly consists of a 24 ¢y ft
chamber with essential controls expansion tank and vacuum pump
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stenhization was accomplished 1n the same period of exposure concentra
tion and temperature The effect of the moisture factor on the sterilizing
action of ethylene oxude as related to various materals 1s not well defined
Practical industnal apphcations mn the sterilization of dry matenals would
seem to indicate that best results are obtained when the materials are
equhbrium with relative humdities rangmg from 30 to 60 per cent prior to
sterihization In general, this supports the findings of Kaye and Phillips® that
when ethylene oxide vapor 1s applied to highly evacuated systems from
which almost all air and moisture have been removed before admission of
the vapor, sterthzation becomes more difficult

The concentration of ethylene oxide, the temperature and the exposure
time are other factors which determine the efficiency of the sterihzing
process When using Carbouide in commercial sterthzing chambers de
signed for a maxumum operating pressure of 20 psig 1t 1s not possible to
obtain an ethylene oxide concentration much greater than 400 mg per liter
or 04 ounce per cubic foot At this level and with ambient temperatures
rangmg from 75° to 100° F (24° to 38° C ), 1t 1s not advisable to attempt
sterlization of bulk materials m less than 16 hours exposure or overmght
A more practical procedure with a much greater factor of safety 15 to use a
sterthizing chamber designed for a maxymum operating pressure of 33 psig
Thrs will permut the ntroduction of suffictent Carboude so0 as to obtun an
ethylene oxide concentration of 450 to 550 mg per hter 1n the temperature
range of 75° to 100° F Under these conditions the exposure perod can be
safely reduced to 4 8 hours

CARBOXIDE STERILIZERS FOR BULK MATERIALS

From the standpont of safety, ethylene oxide should always be used 1n
combmation with an mert gas such as carbon dioude When this mixture 1s
contamned within vacuum pressure chambers of correct design under intel
hgent operation 1t provides a reliable means for stemlization of heat
sensitive and morsture sensitive matenals Articles made of plastic rubber
leather delicate instruments laboratory apparatus, mattresses and bedding
surgical dressings and pharmaceuticals may be sterihzed by this process
The stenhzing chamber should be designed and constructed to withstand
a working pressure of 33 pounds per square inch This will permit the
admussion of a sufficient amount of Carboxide to give a concentration of
450 to 525 mg per liter of ethylene oxide with chamber temperature mam
tamed 1n the range of 100° to 130° F (38° to 54° C ) An efficient vacuum
pump with adequate capacity to remove air and residual gas from the
chamber and the load 15 also essential (see Fig 172)

The chief difficulty encountered in Carboude stenhzation to date, has
been the lack of a standardized and controlled method of dispensing the
gas from the high pressure cylinder mto the stenhzing chamber The
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standard cylinder of Carboude 1s provided with m mternal eductor tube
of speeal design, the purpose of which 1s to insure that the discharged
mnare will be m the non explosne range nd vet contun sufficient ethy!
ene oude to make it an effectine stenlizing yent These two conditions
e be met only of the evhinder as discharged under ngudly speafied condi
tions When the vilve on the evlinder 1s opened  the eseapmg mixture 1s
both hiqud md gis which undcar proper conditions of temperiture and
pressure will complctey v aponize Howaver when small portions of the
misture are mtammittenthy, wathdrwn from the evhinder they are known to
be ngher i ethvlone ovde concentration than 10 per cent usually in the

Fig 172 Carbonde steribizer for bulk matensals The assembly consists of 2 24 cu §t
chamber with essential controls expansion tank and vacuum pump
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range of 11 to 12 5 per cent After approximately 80 per cent of the contents
of the cylnder are withdrawn in this manner the remaimng 20 per cent 1s too
low 1n ethylene oxide concentration to be of value i sterhization Figure

Ethylene Oxide per cent

o 5 10 15 20 25 30 35 40 45 50 55 &0
Cumulative Discharge 1b

Fig 173 Composition of the discharged mixture when Carbowide 1s withdrawn mnter
mittently m 1 pound merements from a standard cylmder

173 shows the composition of the discharge when the Carboxide 15 with
drawn mtermittently 1 1 pound increments from a standard eybnder It
can be seen that the ethylene ouide concentration 1s appreciably gher
than 10 per cent 1n the first 46 pounds discharged and drops too JTow m the
final 10 pounds when mostly vapor 1s being withdrawn This means that
when small merements are withdrawn from a Carbouide cylinder to directly
charge stenlizing chambers of less than 50 cubic feet capaaty, there 1s no



€ mseows Sterdt.er With T thylene Oxide 31

altermn i e other than to disc rd (not use) the st 20 per cent remmnimg
w the evhinder

Lapcrsmentation has ala dhown that it is net adsisable to directly charge
the sterhzer from the Carboude G hinder for three reasons Trst the m
coming mnture of hauid and g1s undergoes 1 muked drop in temperatare
when permutted to exprnd wn the steribzer This cooling cffect retaeds
sterlizmg ction Secondly, f the meommg cthylene oude m the hqud
phase contrets the matenals undergomg stenhzation harmful effects may
oceur Phistics 1nd certun b pes of packagmg matenls e often dimaged
for this reasan Thirdh there 15 no provision for rutamatic make up of
Carboxide in the stenlizer should letkage occur during the exposure period
To overcome these nnfasorable conditions it 1s desirable to first release the
Carboude from the avhinder mto n intermedinte chamber or cxpansion
tanh This tank should be umformly heated to 1 temperature required to
mamtun the mature in the gas plnse The stenhzing chamber ma then
be charged direetly from the expansion tank under deal conditions With
equipment of the tipe shown i Digure 172, the following procedure s
recommended for the sterthzation of bulk materils

1) Use a jacheted pressure chamber, fabricated of earbon steel or stamn-
less clad steel designed for 2« maumum working pressure of 33 pounds per
square mch Low pressure steam thermostatically controlled should be
supplied to jacket so as to mamtun 2 chamber temperature m the range of
115°150° T {46° 54° C )

2) Admt the entire contents of two 30 pound Carboude cyhinders into
an evacuated heated expansion tank of about 70 cubic feet capaaty,
located adjacent to the stenhzer 1t s desirable to use 1 jacheted expnsion
tank heated with low pressure steam under thermostatic control so as to
maintain the Carboxide m the gas phase at all times

3) Remove the awr from the stershizer chamber and the load by drawing
a vacuum of 27 26 mches m no more than 5 mmutes Avord holding vacuum
for long periods

4) Immcdiately admit the heated gas from the expansion tank to the
sterhzing chamber by means of an automatic pressure regulator, until a
chamber pressure of 25 28 pounds s attaned
of contommnmoon pooon on the s o poom e e and degrc
tertals contaiming 1 milhion or more resistant sogref e w“tﬁmllna&d e
lent the exposure periad should be not Jess tfan 7 ﬁer o or o cdura

ours For most articles

it !;)raArtlél :e::[sisg;); }:3 z;;zes(‘ij :3 l;t;\::;dc:}?gsure under the above condstions

g1s 1m the stenhizer 1s evhausted

to the atmosphere outside the buslding followed by drawing a \acvum of
28 29 mches to remove residual gas from the load ™o
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7) The final vacuum m the stenhzer 1s relieved by admssion of room air
to atmospheric pressure through a bactera retentive air filter

AUTOMATICALLY CONTROLLED CARBOXICLAVE

The full value of Carboude gas as a sterihzing agent cannot be reahzed
until such time as switable equipment 1s commercially available for routme
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Fig 174 Sch 1 d of an 1cally controlled Carboxiclave” complete
with auxiliary equipment

and expenimental use 1 hospitals and laboratortes The steriizing equip
ment and pracedure described above 1s well suited to the treatment of bulk
matertals but 1t 1s poorly adapted to the sterihization of the many small
articles of a heat sensitive nature required 1n hospitals and laboratories To
meet this latter requrement for nstitutional use 1t 15 necessary that the
Carbowude sterilizer be subject to fully automatic control Typical of one of
the latest developments i Carboxide stenthzer design with automatic con-
trol 1s the schematic diagram shown in Figure 174 The sterilizing chamber
has dimensions of 16 x 16 x 36 inches with a useful capacity of 53 cu ft
The auxihiary equipment essential to safe operation includes an expansion
tank mounted directly under the stenhzer a small vacuum pump located at
the rear of the expansion tank and a pressure temperature recorder

The control mechamsm 1s mounted on a concealed panel located on the
upper nghthand side of the sterithzer Both the stenihizing chamber and the
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epinaon tank are muntuned 2t constant temperature by means of exter
ml «tnp {eleetric) hewters The nstrment pnel on the front of the
stertlizer contuns an Adjustable imer with settings from 0 to 18 hours
pressure gauges for expansion tank and chimber mdicutor signal hights and
manual control swatchies Carboude gas 15 supphed to the expsion tank
from the hugh pressure evhinder vin the mmfold connector The ~utomtie
controls prevent charging the sterhzer until the gascous mixtare m the
expwnsion 1ank s At the corrcet trmperture and pressure The pressure w
the stenhizer 15 mauntuned constmt dunng the entire exposure perod A
complete cycle of operition comprises the following sequence of events

Alter Joading the stenhzer Jockmg door nd sctting timer the maun swatch
“$1" s turned on Atr s antomatieally discharged from the chamber by
means of the + reunm pump When 2 vicuum of 28 inches 15 reached m the
chamber the pump stops nd 1 solenowd vilve (VC) opens between expan
sion tank and chamber Carboude gas 2t the comreet temperiture 15 then
released snto the chamber untid n pressure of 27 pounds s attuned The
salie (A C) closes and the tmer begins to operite At the «nd of the expo
sure penod vabve (VE) opons and the gas m the chamber 1s discharged to
the atmosphere vin the cxhaust vent After pressure sn the chamber s re
duced 10 7ero gange valbve (VE) closes and vahve (VB) opens, the vacuum
pump starts, and the chamber 15 evaenatud 1o 28 inches Tlis step removes
residual gas from the lotd The pump then stops valve (VB) closes, and
sabve {VF) opens iltered aur 15 then permitted to uater the chamber to
rehieve the final vacunm At this point an lum nings informing the operator
that the cycle of stenlization 15 complete The Jond may then be removed
from the stershizer

In closing 1t mny be appropriate to mention that recognition of cthylene
oxde as a stenhzing agent has rencwed stientific nterest m the microbr-
udal action of other gases s well a5 the mode of action of gascous agents
upon the bcterial cell What the future may hold 1 this field of endevvor
1 difheult to predict It 1s probable that other gases or combin wtions thercof
will eventually be found which are supenor to ethylene oude both
stenhamg efficicney and economy Or, porhaps, future mvestigations 1n this
area will give way to even more chnllongmg methods of eold stenhization
by means of tomzng ridinbons Recent advances in the appheation of
cathodc rays and gamma riys for stenlization purposes have been encourag
mg particularly m the food processing and pharmnccunent mdustries
However, much research still remans to be done How soon or to what
¢xtent these newer stenfizng agents will mvade and posaibly replace the
time honored methods of heat stenhzation 1s a topic for future discusgion
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