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Abstract 

On December 12 and 13, 1983, a site visit to Le<lerle Laboratories Division 
of the American Cyanamid Company, Pearl River, New York, was conducted to 
gather data and determine the feasibility of includi~g thi~ iacility in the 
mortality/industrial hygiene study of EtO being conducted by researchers 
from NIOSII. 

During the site v1s1t, industrial hygiene records and personnel records were 
evaluated and a walk-through survey of the plant was conducted in order to 
observe all production processes related to EtO sterilization. 

Personal and area sampling for EtO has been conducted by Lcderle since 
1978. An industrial hygiene evaluation of the monitoring data indicated 
that it would be possible to construct an exposure classification scheme for 
this facility. 

In addition, this facility meets all the eligibility requirements as defined 
by the protocol and, therefore, should be included in the study. These 
requirements are: l) the plant must contribute at least 400 person years 
(although the personnel records were not sampled, a crude estimate indicated 
there were about 7,000 person yea:::-s at this plant), 2) the plant must have 
adequate personnel records or other records that can·be used for identifying 
past and ~resent work~rs exposed to EtO, and 3) the plant must not have any 
serious confoundi.ng exposure to a known leukemol!:en. 

V 



lntrorlucti.on 

Under the Occupational Safety and llealtn Act of 1970 (set for::11 by the 91.st 
Congress, S,91.23, P1fr,1ic Law 91-596), the N.1tional Jn,;litute for 
Occupational Safety and Health lNWSH) was given til0 autbori ty and 
responsibility for conducting and reportini on field rescarc:,i studies in 
industry. Section 20(n)7 states that HI0:3ll shall conduct: and publish 
indusLrywide studies of the c(fccts of chronic l~w level exposure to 
industrial materials, processes, and strer.scs on the potential for illness, 
disease, or loss of functional capacity in the aging adult. 

Ethylene oxide (EtO) is a major industrial chemical and is one of the 25 
chemicals of highest production volume in the United States,l Tne major 
portion of EtO is used in the production of ethylene glycol lantifreeze) and 
as a chemical intermediate for polyester films, fibers, and bottles, A 
small fraction of EtO, less than 0,24%, has been used by the health care and 
roedical supply industries over the past 35-40 years to sterilize 
heat-sensitive medical supplies,1 However, it is in this industry that 
most of the employee exposures occur. This was shown in a 1977 survey 
conducted by researchers from NIOSH in which it was estimated that 75,000 
health care workers were employed in EtO sterilization operations,2 In 
eddition, another 25,000 employees might be incidentally exposed due to 
inadequate engineering ~ontrols.3 

EtO is a colorless gas at standard temperature and pressure or a liquid at 
higher pressures. EtO is miscible with water, 2thanol, ether, and most 
common organic solvea::s. In addition, it it. higi1i/ e ... ..,l.().;i...-., wben in 
concentrat'ions of 3 to 100% (EtO) in air, The biological warning properties 
are essentially useless since the (ether-like) odor threshold among 
individuals ranges from 300 to 1,500 parts per million (ppm) and adverse 
health effects may be elicited at levels ouch less than this.1,4 

Due to the toxicity and possible carcinogenicity of EtO (see section on 
Toxicity), NIOSH researchers init-i ate:! :m i.nvestigati.on in 1982 to aBsess 
the feasibility of conducting a coh.1r•; L.>rtality study and industrial 
hygiene evaluation of workers expos:·~ :.,J EtO, Based on the data gathered 
during the feasibility study, it was concluded that the cohort of workers 
exposed to EtO in industrial sterilization processes was the most adequate 
group to support a cohort mortality study,5 In order to develop a final 
protocol for this study, a pilot study of six facilities was initiated to 
further develop the methods used for data collection and exposure 
classification. 

The purpose of this walk-through survey was to determine the suitability of 
including Lederle in an industrywide mortality and industrial hygiene study 
of workers potentially exposed to EtO in industrial sterilization 
processes. Specifically this walk-through evaluated the following: 

1. The documentation of production processes which have a potential for 
worker exposure to EtO. 

2, Tbe documentation of ch3n[':e:, in these processes, c .g., engineerir,g 
controls, which may have altered potential worker exposure to EtO. 

- 1 -



:,, 'J'h,: ll(:ter111in;,tion of historic and cufrcnl: Jo~s ,aid/brdepc1rtments within 
th,.::,l, pr,H'1•sses in 111licll 1rnrkers hav.i a potential exposure to EtO, 

4, ThC' e:d.stence of hist:ori.c ns well .is current production data whicl1 
includes total amount or 1:r.o u,:,;_,cJ pur given time, type oi proouct 
sterilized, and form of Et:O used, 

5, 'l'lw availability, quality, and completeness of any existing industrial 
hygiene records anct/or programs documenting historic us well as cur~ent 
potential worker exposure to EtO. 

6, The ability of these records to identify workers with p1::ak exposures to 
EtO; and, the number and concentration levels of tbese peaks. 

7. The identification of any additional e;;posures ·: n the work enviromuent 
whicll would confound the interpretation of the mortality or industrial 
hygiene results. 

The data gathered in this walk-through will b'c used to o"'·,elop, to the 
extent possible, estimates of exposure to EtO by department and/or job 
category, level and duration of contin•.,ous and peak exposures, and calendar 
year within this plant. If possible lduring the future mortality/industrial 
hygiene study) these exposure estim<.1tes will be conq,iled into an exposure 
matrix which will be used to determine the existence of a dose response 
relationship with any positive association observed in the mortality study. 

Da~crintion o~ P!~~t 

Lederle Laboratories present site in Pearl River, New York, was founded in 
1907 by Dr. Ernst J. Lederle. In 1930, Lederle became a subsidiary of the 
American Cyanamid Company of which it is now an operating division. The 
present day plant covers 700 acres and is divided into two separate 
facilities, one for research. and the other for production. The production 
facili'ty manufactures 300 products most ot which are prescription drugs. 
These include: antibiotics, steroids, biologicals, pharmaceuticals, 
vitamins, hematinics, and vaccines. The products that are sterilized with 
EtO are: TB tine test, Thiotepa tanti-cancer drug), ascorbic acid (used in 
an injectable product), triamcinolone diacetate tsteroid), and packaging 
supplies for toe Sabin oral polio v&ccine (Orimune). These parenteral and 
medical products are sterilized in Department 421 called the "sterile 
kitchen area" which is located on the fourth floor of :&uilding 112. 

Description of the Workforce 

The Lederle plant employs 4000 workers; one-half in research and one-half in 
production. Of the 2000 workers in production, only 30 work in the EtO 
sterilizing department. Seven to eight of these employees work in the 
sterilizer area on a full-time basis, the other 22-23 work in this area 
approximately one day a week. Another six employees work in the EtO · 
quarantine area and storage area. 
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fauployc,'~ •,v,,, one shift, five days a wec>k, cxc•·pt the r·mploycc who operal,!S 
l.ll!~ EtO f,l('rt 1 i:c,,r.; this emr,1oyec 11ori;G 0vi,rLirni> .,nd 1,1C;1:kcn,lf;, Tlier.c 1:i a 
high turnov,:r r.ite wii:hiu the £to st,•rili%ing dep.1rtment bccnusc th0.sP. .',uh,, 
are considc1:eJ L,ntry ll!v,;l jobs. 111 fact, approxu:,'itely l;l)I) to 500 peopl.e 
have passed throu1;11 these jobs in the past 28 ycac,,. The mmual employee 
turnover rate of tne plant is about 70%. 

In the past, the plant worlcforcc, was 9()-100% Cauc.isi.an and 80,~ fe[llale, At 
the present time, the worktorce is 601~ C::iuca:d.111 and (,'..ii., te,rwle, A;~e hns 
rPmained fairly constant over tiH.<! with most employees falling in tile 
mid-twenties to the late forties ranie, The union representin~ the Lederle 
employFes is the International Chemical Workers Union, Local 143. 

DescriJ:tion of Process 

Initially, a batch of product is loaded onto a p~llct which is pushed i11to a 
preconditioning chamber. Tbis chamber load is conJ~tioned overnight by 
increasing tile temperature and humidity which in effect reduces the time 
required to sterilize each load. Next, the pallets are placed onto a screen 
topped cart on wheels and pushed by a large hook into the sterilizer (EtO 
#2), After the sterilizer is loaded the humidity is increased, the 
temperature is slightly elevated, and the EtO/carbon dioxide (CO2) mixture 
(90 parts co2 to 10 parts EtO) is added to the sterilizer. 1he product is 
then sterilized for 11.5 to 21.5 hours; sterilizing time is dependent upon 
the absorption rate and capacity of the product. After the sterilization 
cycle, a vacuum is applied to remove the gas mixture from ci,e sterili~er. 
The pc,c'.u, ;s:,rl pro·'·•ct-c ."r'= th-:,11 1'.'t:"")v;,r fro:~, the sterilizer i'!nd returned to 
the preconditioning chamber for aeraLion and off-gassing of EtO from the 
product. .1\eration is conducted for a minimum of 10 hours under negative 
pressure at ambient temp~rature. Aftei· the aeration cycle is completed, the 
packaged products (in boxes) are moved via elevator to the quarantine area 
on the first floor. Sterilized bulk drug ingredients are taken to the 
parenteral manufacturing areas for vacuum scavenging and further 
processing. In the quarantine area the cardboard boxes containing the 
product are opened for an additional 72 hours of aeration, After this 
additional aeration the boxes are closed, stacked, and stored until a 
quality control (Q,C.) check is conducted, All products are then moved to 
other areas of the plant for further processing, packaging, and shipment. 

Description of Past Exposures and Controls Used 

Lederle's use of EtO as a sterilant began between the mid-forties and 1950. 
Since that time approximately the same amount, i,300 pounds, of EtO has been 
used each year; however, the rate of use has changed. In the past, more 
cycles were run and less gas was used per load; today, the reverse is true. 
The first sterilizer used was a 55 gallon stainless steel drum to which 
powdered product and 2 pounds of EtO gas were added, The gas mixture used 
was 88 parts of Freon to 12 parts of EtO, The drum was rolled overnight and 
EtO removed from the powder by vacuum scavenging and vented outside the 
building. The batches were small and only one person handled the entire 
op~ration in :in i.f;olated area on the third floor. Keepin); the number of 
people to a minimum was done in or<ler to decrease the possibility of 
coutc1,;,i.uatiu11 of tne sterile product. 
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1rit?5S, st.~i-1Hzer Ho {Fl was purchasecl. j~tb fit's 011editi. stze was 
npptoxincttely Jl10 cubic foet U:t3 ); it could b{ :ised for ::ileam of l~tO 
sterilization, The :;terilizer was run uude.r positive pressure; its exhaust 
was vented 15 foet (ft) above the roof. The g.:rn mixture of 90 parts CO2 
to 10 parts of EtO was used. 

Since 1962, boxes of sterilized product wert? opened after sterilization for 
aeration purposes. Currently, four employees carry out this task and 
probably receive an inten1itte,1t exposure to EtO of one hour or less per 
day. Prior to 1980, however, exposure of these ec:,loyees was on a more 
consistent basis, since aeration of the product was carried out in the 
sterilizer room. 

From 1964 to 1974, formaldehyde was present in trace amounts in certain 
products hancled in the sterile kitchen area. Handling wap conducted under 
conditions using closed syst~ms and sealed containers. Formaldehyde 
fumigation was not conducted in the kitchen area, although other sterile 
processing areas were fumigated. 

ln 1970, sterilizer EtO #2 was purchased and is still in use today. 
Sterilizer EtO #2's capacity is approximately 126 ft3 and it is used for 
EtO sterilizatio11 only. Sterilizer EtO #2 is run under positive pressure 
and its exhaust is vented 15 ft above the roof. 

For a time prior to 1975, a reaction changing chloroform to 
1,1-tricbloroethane was conducted in an exhaust hood in the kitchen area. 
The p!'tH~ti.c€' i:t!s termin;itcd in 197 }, 

ln 1975, a low volume non-recirculating area exhaust was added to the 
general kitchen area. !:-.1dng t••t, mid to late seventies, the door gasket 
material was changed i11 order .:o reduce the number of EtO leaks. Industrial 
hygiene sampling was first cow',. ~ted in 1978 t&ee Table 1 for Ei:.O sampling 
-methods and data). In 1979, a multi-point Wilks MiranR infrared monitor 
was installed in the kitchen area. An alarm system, set to signal ~mmediate 
employee evacuation of the kitchen area at 30 ppm of EtO, was attached to 
this monitor. ln addition, employees began wearing organic vapor cartridge 
(OVA) half-face respirators while unloading sterilizers. A respirator 
program including maintenance, cleaning and replacement, and fit testing was 
r,tarted. However, the OVA cartridge respirators were not approved by NIOSH 
for protection against exposure to EtO. Lederle also revised the standard 
practice instructions regarding safety work permits to introduce nppropriate 
procedure& for each class of work. (The Standard Practice Instruction form 
may be found in Appendix l.) 

During 1980, an outside consultant/contractor was retained and equipment and 
controls were upgraded. During this time two incidents of EtO exposure 
occurred. On June 5, 1980, a contractor inserted an incorrect size orifice 
in the sterilizer causing a blow-out of a threaded plug, resulting in an EtO 
leak. The released F.tO set off alarms and employees were removed from the 
area. About 75 ppm of EtO was measured (grab samples) about five minutes 
~fter the nccident, <•n July 1, 1980, thP. contr:ictor comMitted a piping 
error and venced EtO outside the kitchen window·. The. EtO was picked up by 
the builtli.i;7.'s ventilation intake and recirculated. A,;ain, th<= alarms were 
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set off, employ<'(\fl were evucuat<cd, Scott Air l',1cs were put on, and l!:tO 
samples were taken. Levels )"angcd from 25 Lc.1 greater thnn 100 pp,n in the 
sterili:-:er ar~a. 

t\Jdi·.::onal controls installed in 1930 1ncl11<!c•d: ch,·rk valvcf1 nn tank lines, 
a validated electrochemical total hydrocad,on detc:cto1· (t!llnct )' un the 
sterilizer, a pre-cnndit-i.onin,'./nfL-gassing ct1mnbcr, :1 local exhaust on tbe 
chambe, drain, a 1,be 0 led paile:: and hook a1.nmgcment for remote sterilizer 
loading, and a veutilation purge to the post-str~rili;~ation cycle. ln 
addition, tbe companv voluntarily lowered its l'errni.s,;ible Exposure Limit 
(PEL) for EtO to 10 ppm as an 8-hour Time-Weighted Average ('lAA3) Also, 
Safety Program and Safety Training/Industrial Hygiene booklets were 
developed and instituted. 

J.n February, 1981, EtOi'tl was completely shut down and many products were 
transferred to Puerto Rico. Lederle also replaced the OVA respirators with 
Scott full-face pressure demand repsirators which were worn at the end of 
the sterilization cycle through degassinr of the ch,;mber. (NIOSH bas issued 
approval for use of air supplied respirators for protection against exposure 
to EtO.) Lederle also tried to remove as many items as possible from EtO 
sterilization. These products are now sent outside of the company for 
sterilization by Cobalt 60 (gamma) radiation. Also in 1981, the company 
voluntarily lowered its PEL for EtO to 1 ppm. 

In 1982, a specific Job Hazard Analysis-Safe Job Procedures form was put 
into use for employe~s opeiating EtO sterilizer #2. (This form may be found 
in t"'-.p,h::.-1di~·: 2.) td.!:.io, the t!::;c cf up~atecl, bou:1d inf~:Jstri:il byJ;i·=;ne chemical 
exposure monitoring record forms was started. 

In 1983, safety training ~ocumentation forms were developed and instituted. 

Description of lnd~strial Hyg1.c1~e, Sa~, and Medic~l Programs 

Industrial Hygiene 

Lederle employs a staff of three industrial bygienis~s, two of whom are 
certified, and a certified indLqtrial hygiene technician. The industrial 
hygiene (I.H.) program was formed around 1958 and is par~ uf the Safety 
Department.. Yearly audits of this department were conducted by the 
cc,rpora;:e I. H. Derartment thrcuglJ 1.980. EtO monitoring began in 19 78 and 
continues today. Personal TI~A and/or are~ TI~A a~d grab sampling has been 
conducted with charcoal tubes (s.:an.d.lrd si::e ~nL Qdzi-Ketchum), direct 
readi;ig deter.tor cubes, 3-M badges, ;,,-;,l ., di::-e1..t reading instrument (Wilks 
Miran muiti-point infrared detector). The cbr:,rcoal tubes we~e analyzed by 
an American Industrial Hygiene Associaticn (/\IHA) certified laboratory. 
Also, ventilation measurements art routinely conduct~d and engineeri11g 
controls h.fi 0.•e been added periodically since 19:'-). 

S:ifety 

Sterili;:c.:r oper,'1tors also t1i:.;..tr r~spi.rAt:,rs, safe~y r.l.~1f,ses ;:r:~1 ~-::locs, 
uniforms, cind leal:ller glo,,cs. Lederlc's safety program ii;clu<les: new 
pcrt;.mnel 0rienLal:ion, s,\L<,r.y t:rainiu;; pru~c1mE, s:,ll'ty meeti.n;'.s, 
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Medit~i;; p;agririi 

~~~l~i~i!j!fbt tJ:t:!F!~~:l >!if!ft~E. ;~!:fa~l~Jhrif~t~n,'. and /i/1;botatoty 

pJ~lerirp1JlJ~f physicalexarninati.oris arl! tiquir~d roi iii e6pl.b§~~~­
Perfodic/pbysical examinations are made available to ail employees. 

~$t'i.ipti.ori .arid. R~~iew of the Personnel Record Keeping System 

A. Description: 
Blank copies of the various types of personnel records were obtained 
from the company, and several r cord systems were identified that would 
be useful for the study. 

1. Computerized Records 
In 1980, the company intiated a computerized personnel system. All 
workers active at this time, and those who have since joined the 
company are included in this system. This file contains relevant 
data on social sec:1rity numbers, date of birth, race, and sex. An 
abbreviated work history containing the last three jobs held and the 
dates of employ:,ient in these jobs is available from this file. 

~. Personnel File Fcloers 
All active and terminated employees have a personnel file. folder, 
which is maintained forever, according to company poli~y. Tilese 
folders contain an application form, and a sheet that is completed 
each time an individual makes a job change. These records contain 
information on date of birth, social security number, and sex. 
Information on race is not always available in these records. A 
complete job history can be constructed by reviewing the job change 
sheets. 

Personnel file folders for active workers and about one year of 
terminated workers are kept on file in the main personnel office. 
Approximately 3700 active files are housed ir. this area. 

File folders fGr workers terminated more than one year ago ar.:: 
stored in a warehouse area. There are approximately 20 full file 
cabinet drawers containing personnel files in this area. For 
workers terminated prior to 1969, files are stored in numbered 
drawers. An alphabetic index of the individual names in each 
numbered drawer is maintained in the personnel office. These file 
drawers are roughly in chronologic order, since approxima.tely once a 
year a new drawer is sent to the warehouse. File folders terminated 
prior to 1969 are maintained in a file system that is in. 
alp},:a~etical o.rder by last name. 
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Ai1'i~d~x{cahff~ecif1i sy~teni' ~s·. k11iiilable> fi:>rai.f>t~ririiridtcd 
employees\ These records cciritain information on social security 
number} data of birth. and sex. Infotmation on race is only 
available on the more recent terminations. 

Cards for hourly worlters terminated prior to 1969 are filed with 
cards for all terminated salaried workers. l'hese cards are in 
alphabetical oraer. It was estimated that this file contain 
approxiw.ately 17,200 cards. The cards for hourly workers and 
salaried workers terminated-prior to 1969 appeared to contain 
complete work histories which included department codes, job titles, 
and dates of employment. For salaried workers terminated after 
1969, only the first and last job history ·cards are in the file; 
therefore, the job bi.stories are not complet'e for these worker~. 
Tne missing cards were sent to the personnel file folders. 

Cards for hourly workers terminated after 1969 are in a separate 
file cabinet. These files have only the first and last job history 
cards, and are thus not complete. It was estimated that the total· 
number of records in this file system is 4900. 

Based on the number of cards in the cardex system, it has been 
estimated that the company has a total of 22,100 inactive personnel 
records on file~ 

4. Other Potentially Useful Record Systems 
a. Payroll Records are available for the .last seven years. 1'hese 

records are organized by social security number and contain a 
departm~nt code. 

b. Eve~y employee has a medical file which is maintained forever. 
At the very least, this record contains a preemployment physical 
form. These records contain job titles at the time of the 
physical, but are not complete enough to construct a detailed 
occupational history. The preemployr.,ent medical exam form 
contains information on date of bir~h and sex. 

B. Identification of Exposed and Nonexposed Workers 
Workers potentially exposed to ethylene oxide can be identified from the 
personnel records by the department number which corresponds to the 
:,sterile kitchen area" where Et:> ,o•as used. From 1950 to 1979 this 
number was 712; from 1980 to 1982 it was 721, and from 1983 to the 
present it has been 421. The quarantine area workers can also be 
identified from the personnel records. These workers were employed in 
department number 824. 

The job titles are not always available from thu personnel records, and 
thus it may not always be possible to determine which workers operate~ 
the sterilizer units. However, the supervisor of the "sterile kitchen 
2re2", \1l10 i12s been with the cor:1n.-m,• for os lon~ a~ the company has used 
EtO, may be able to identify which era.ployees were sterilizer operators. 
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C. Sampling from the Personnel Records 
In order co validate the completeness of the personnel files, a list was 
obtained of 10 individuals that the plant management knew were 
potentially exposed to ethylene oxide. The cardex and personnel file 
folder systems were checked to see if these individuals could be found, 

.and if their job histories ~ould accurately reflect ·their length of 
employment in potentially EtO-exposed areas. All 10 individuals were 
located in both file systems. The personnel. files correctly identified 
all 10 workers as having worked in the EtO exposed departments (712 or 
721). Seven out of the 10 workers' cardex records indicated that they 
bad workE",d in the EtO pepartment. However, wlien compared to the 
information in the personnel file folder, only one of the individuals 
had a cardex record with a complete job history from the EtO exposed 
department. This is because all of these workers left employment after 
1969; and, as mentioned earlier, the cardex sy~tem does not contain 
complete job histories for workers terminated after 1969. 

It was not possible, due to time constraints, to randomly sample the 
personnel record systems to determine the percentage of exposed 
workers. Out of approximately 20,000 r,ecords on file at this location, 
only 500 workers l2.5%) are believed to have been potentially exposed to 
ethylene oxide. 

Toxicity 

Evidence from animal studies suggests that EtO may have carcinogenic 
properties.6,7 A group of EtO 1,.1anufacturers sponscrii:d a study at the 
Bushy Run Research Center in which male and female Fischer 344 rats were 
exposed to EtO at a~rborne concentrations of 10, 33, or 100 parts per 
million (ppm) for 6 hours per day, 5 days per week for two years.6 Tw~ 
other groups of animals served as controls. Initially, there were 12u 
animals of each sex, in each exposure group. The researchers observed a 
statistically significant increase in the incidence of mononuclear cell 
leukemia among the female rats, and peritoneal mesothelioma among the male 
rats exposed to EtO. nie increase in leukemia incidence was found to 
inc~ease ·linearly as a function of EtO exposure. An elevation in mortality 
from brain cancers (glial type) was also observed in the rats exposed to EtO. 

NIOSH researchers have recently reported on the results from an animal 
experiment which corroborated the findings of the Bushy Run Study.7 · Male 
Fischer 344 ~ats were exposed to EtO for 7 hours/day, 5 days/week for 2 
years at airborne concentrations of O, 50, or 100 ppm. There were 80 rats 
in each exposure group. Increases in the incidence of mononuclear leukemia, 
peritoneal mesothelioma, and ~erebral gliomas were observed among the EtO 
exposed rats, relative to nonexposed controls. 

Only a few epidemiologic studies have examined the potential human 
carcinogenicity of Eto.8-10 Hogstedt, et al, conducted a retrospective 
cohort mortality study of a group of workers in a Swedish chemical f~ctory 
that had previously been included in a hematologic investigation.8 This 
facility produced EtO via the chlorobydrin procc~s in vuich, in n~dition to 
EtO, there was potential exposure to ethylene, ethylene chlorohydrin, 
ethylene dichloride, .inJ. small amounts of bis(2-chloro'.'"ethyl) ether. Among 
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89 "full-time" expost!d workers, l! statistically significaut (p less 
than .01) excess of icukernia c10rtality was observ.~d (2 observed versus 0.14 
expected). In addition, a statistically significant (p less than .01) 
excess of stomach cancer was observed (3 observed ver;;us 0.4 e}:pected). 
Because of the mixed exposures, these findings could not be attributed to 
EtO; however, ethylene oxio.e and ethylene dichloride were the prime suspects. 

r!· · '. et al, cond-:.;cted a retrospective cohort mortality study of "mrkers 
i: l i,1 the production of EtO at a Texaco Facility.9 ·A total of 850 
wo.: . were included in the study, of which 767 were potentially exposed to 
Etv. No EtO was detected in most samples taken in the production area, and 
all measurem~nts in this area were below 10 ppm. No.cases of leukemia were 
observed in this study; however, the authors estimated that the lowest 
relative risk that they bad a high probability of detecting (80% power) was 
10.5. 

Hogstedt also reported on three cases of leukemia that occurred in a small 
group of workers at a Swedish company.10 'Ibe company used a mixture of 
50% EtO and 50% methyl formate to sterilize hospital equipment. 'Ibe 8-hour 
TWA exposure for EtO at this facility was estimated at 20 ppm. According to 
national statistics, only 0.2 deaths due to leukemia were expected in this 
cohort. One of the cases was exposed to benzene, a known leukemogen, and it 
was speculated that the combined exposure of EtO and methyl formate might 
produce a special risk. 

EtO is also a potent alkylating agent capable of causing irreversible 
changes or mutations in cellul&r p:::o::eins ... ad i:;-::, ir,. anin:uls .11, 12 EtO is 
also a positive mutagen in several in vitro systems such as Salmonella 
typbimurium, viruses, and Tradescantia polti'dosa. 3 

Chromosomal aberrations related to EtO exposure have been observed in a 
number of animal studies and epidemiologic investigations.7,12-19 Yager 
and Benz observed a dose related increase in sister chromatid exchanges 
(SCEs) among New Zealand white rabbits that were exposed via inhalation to 
50 to 250 ppm of Eto.13 NIOSH (Lynch, et al} recently reported 
preliminary findings in which cynomolgus monkeys were exposed to O, 50, or 
100 ppm of EtO for 7 hours per day, 5 days per weelc.7 After 24 months of 
exposure, statistically significant increases were observed in the frequency 
of chromoso111al aberrations (including quadriradial chromosomes) and SCEs in 
the peripheral lymphocytes of the 50 and 100 ppm exposed groups versus the 
controls. 

Garry, et al, examined the occurrence of SCE in the peripheral lymphocytes 
of 12 EtO exposed workers and 12 nonexposed controls in a hospital 
sterilization facility.14 The expos..ed group sho,:ed statistically 
significant elevations in the number of SCEs compared to the coutrols. 
Particularly high SCE frequencies were observed among 4 workers that bad 
reported either neurologic or respiratory symptocs. 'Ibe maximum peak 
exposure level of EtO measured at this facility was 36 ppm. 

Cytogenetic aimor,,,alities have al.;;o bec:n o);).;cr..r;;:.i in sev0r:;]. sr.u.:lies of 
workers exposed to EtO. F.!;r•!·~'t-<:!r:~, in a study of workers at a factory 
m.:.nufacturing .::mi usini.; EtO. observ~d a high frequency oi. chro;;iosomal 
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aberrntic,ns in 8 workers who \.Cre accidentally exposed to high 
concentrations of EtO. One case of leul:emia 1;as aiso observed ;;mong the 37 
workers stutlied.15 

Americr.n Hospital Supply initiated a cytogenetic sGrv~y of workers that ~ere 
exposed to ~to in the sterilization of medical device~ in 1972.16,17 
Seventy-five exposed worker~ ac 9 facilities were studied, as well as 37 
nonexposed workers who served as controls. Co~pared to controls, exposed 
workers were found to have staci~tically significai1C increased frequencies 
of SCEs and chrom~somal aberrations. 

In response to the findings from the Atr.erican Hospital Supply study, .Johnson 
and Johnson initiated a cytogenetic study of worke:::-s that were also exposed 
to EtO in the sterilization of medical products.18,19 Approximately 50 
workers not exposed to EtO were compared to 50 exposed workers at three 
facilities with 8-hour Tirae-,-ieighted Average ( T.,;A) exposures to EcO of less 
than 1 ppm, 1-10 ppm, and 25-200 ppm, respectively. Statistically 
significant elevations in SCE frequency were observec in the latter two 
facilities, and these changes have persisted after one year. The frequency 
of SCEs appeared to increase in a dose response nanner. Chromosomal 
aberrations were also elevated in the high exposure groups; however, these 
findings were not statistically significant. 

Applicable Standards and Recommended Levels 

Prior to June 22, 1984, the Occupational Safety and Health Administration 
(OSHA.) P~::.-r::issible Expo~t!re Li~it. (?EL) fer EtJ ~:as 50 ~,~ as a T·JJ,. 
concentration for an 8-hour workshift>. and the I~rr.ediately Dangerous to Life. 
and Health (IDLH) level was 800 ppm.2u However, OSHA established a new 
PEL of 1 ppm as an 8-hour TiiA; this final standard will become effective on 
August 21, 1984.21 In addition, an "action level" of 0.5 ppm as an 8-hour 
TWA was established (by OSHA) as the level above which employers must 
initiate periodic employee exposure m~itoring and medical surveillance. 
The Environmental Protection Agency lEPA) supported the OSHA PEL of 1 ppm in 
the Federal Register (June 22, 1984).22 

In 1977, NIOSH recoUDDended a ceiling level of 75 ppra for 15 minutes.3 
This level, however, was set prior to the recognition of the carcinogenic 
potential of EtO. Based on recent findings, NIOSH recommends that EtO 
exposures not exceed S ppm for a maxil!l11m of 10 minutes per day and that 
exposures be controlled to less than 0.1 ppm deten::ined as an 8-hour TWA 
(NIOSH Policy Statement, July 20, 1983). 'llle A:uericaa Conference of 
Governmental Industrial Hygienists (ACGIH) recoi..mends a Threshold Limic 
Value (TLV) of IO ppm for an 8-hour TivA based on data available prior to 
1982.23 However, in 1~82, the ACGIR issued a notice of intended change in 
which it was proposed that the TWA concentration oe iowered to 1 ppm. 'Ihis 
recollll!lendation will be reviewed in 1984. 

Discussion of Company ~nitorinit Data 

Tne res•Jlts of th~ C'Ol!'.1'a'1.v Ed) s;1r:mle an:il~ses. the specific sar.ipling 
location, and process descripcion are presented i·n Table 1. Tciole 2 
contains the plant controis ir.iplemented t.o re;.:;;;;,:, ,.tJ ~:,nosurc levels. 

- 10 -



The data presented in Table l indicate that EtO was present in the work 
environment at this facility. A variety of sampling media and pumps was 
used during the years that sampling w:.is conducted at Lederle (1978-1983). 
In 1978, standard size_ (150 milligram) charcoal tubes were used as sampling 
media. This size charcoal tube bas been found to be inadequate for EtO 
sampling because the migration ability of EtO may result in a percentage of 
sample breakthrough (movement of EtO into and out of the back-up section of 
the ch~~coal tube). 

Therefore, the EtO level of 976 ppm found while charging the drum in 1978, 
may be low. 1be lowest documented level in 1978, less than 0.012, is 
questionable since this level was below the quantitation limit of the 
·.nalyti-:al method used (NIOSH 5286) •24 Tti'? second type of sampling media 
used, D~aeger detector tubes, are only adeq~~~e for a general quantitative 
determinatim, ot EtO levels. Draeger EtO 25/a detector tubes may have an 
error rate greater than plus or minus 20 to 30%; in addition1 detector tubes 
are no longer certified by NIOSH (as of Septe~ber 30, 1983). 5 

The later sampling media used, Qazi Ketchum cha.coal tubes and 3M badges, 
were more reliable media for EtO monitoring. However, the accuracy of the 
extremely low values listed, i.e., less than 0.03 and 0.01 ppm may be 
Ql'-'stionable, due to limits of the available analytical methods. 

Overall, there was a decrease in EtO exposure levels over time. This was 
specifically noted in 1981 since several engineering and administrative 
controls had been implemented in late 1980. E.owever, the migration ability 
of EtO ,Jas still c.ppa:·,2;:-,;.:. i'~r.:0:1.~1 T,?A levels of "EtO found behind a 
partition in the sterile kitchen area (1981) and 30 to 40 feet from the 
sterilizer (1983) were higher than the TWA levels found at the chamber 
during unloading of product. (See Table 1.) 

'l'he job operations that appear to have the highest exposure to EtO (prior to 
1981) are charging of the 55 gallon drum sterilizer (less than 1 ppm to 976 
ppm due to an accidental leak), opening the chamber door after sterilizing 
and unloading of the chamber [both EtO #1 (less than 1 ppm to 154 ppm) and 
EtO #2 (less than 1 ppar-1000 ppm)], and stacking the load of freshly 
sterilized product outside of the chamber (30 ppm-100 ppm). Prior to 1981, 
the chamber drain presented an additional source of EtO exposure. During 
venting of the chamber (after a test run), EtO levels found at the drain 
ranged from 60 to 200 ppm. EighteP.n hours after the test run, the EtO 
concentration level at the drain was 20 ppm. (See Table 1.) 

Fr~m 1981 to 1983, the j I operations that appear to have the highest 
exposure to EtO are remo·.ral of biological indicators fro-.:n sterilized product 
(1;8-3.1 ppm in 1981) and syringe machine operations (1.3-1.4 ppm in 1983). 
These operations are located around the periphery of the sterilizer area. 
Some of the EtO levels found in these operations were in the same ranges as 
those found during chamber unloading, however, those employees unlike the 
sterilizer operators were not wearing air supplied respirators. 

Another difference in Lh;! -l:::t:r h: 1~:n:;th of s:u:1pling time of EtO. Earlier 
sampling periods were short term--usually 7-20 minutes during which peaks 
were usually r.,.:!asur.ad. 'H..iAs were not obtained ·uuLil 196U. i.Juring Boo and 
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1981 both short term and ·n:A sampling were conducted; therefore, difference 
in peak and T\·J;\ levels m:iy be compared. Over al 1, the Tl.JA results were much 
lower than the short term sample results (0.1-8.0 ppm vs. 1.9-1000 pp,;1, 
respectively). (See Table 1.) 

In 1982 and 1983, all Sampling represented T\JA e:,.:posure to airborne EtO. 

Conclusions 

Lederle has industrial hygiene data dating back to 1978. Therefore, it 
would be possible to construct an exposure classification scheme for jdJ 
ca.:egories. In ad~'itior.., based on the findings of. this report, this ·lant 
meets all of the eliiibility requirements as defined by the protocol ,nd 
should be included in the study. These requirements are: 1) the plant must 
contribute at least 400 person yeal's, 2) the plant must have adequate 
personnel records or other records that can be used for identifying past and 
present workers exposed to EtO, and 3) the plant must not have any serious 
confounding exposure to a known leukeruogen. 

Recommendations 

Isolate th.~ syringe machine operations in order to reduce the syringe 
machine ~~erators' exposure levels to EtO. Continue the industrial hygiene 
monitoring program for EtO. 

-~.-



Date 
About 1950-

1981 

1955-1981 

1'ype Sterilizer 
and Gas Mixture 

Used 
55 gal stainless 
stce 1 drum 

88:12 
freon:EtO 

EtO #1 
(steam or EtO) 

I 126 ft3 I 

Table 1 

History of EtO Usage at Lederle Laboratories 
Pearl River 1 New York 

I Type I 
I How Pot,.mtial :/1' of of I 
I Sterilized Workers Ex osed Sam le I 
2 lb. EtO gas added Only l worker in Ceil a, -nzc 

Ito powdered product !isolated area on I I 
1--rolled drum l3~d Eloor I I 
lovl:!rnight I I I 
I I lceii.h-nz I 
I I I I 
I I I I 
I I !Grab sample!. 
I I I -Bzd I 
I I I I 
I I !1WA5-pe,f I 
I I I I 
lGas mixture piped 17-8 worker :, ·1 ,.~--~-! Gr4l> sample I 
linto sterilizer-- llocal EtO ! -nzd I 
!operated under !sterilizer ar~a I 

PPM of EtO 
Monitored· 

(& ear) 
< 0.01 

(1978) 

976 
(1978) 

20 
( 1980) 

1.1-3.1 
(1981) 
< 20 
· (1960) 

lpos~tive pressurelpositive pressure I I 
I 90:10 I 124-25 workers I I 
I C02:E~O lpast: less ga.s used, !in general EtO Grab sample! 50 
I 'I but more cycles run I sterilizer area -Bzd I (1980) 
I I I I 
I !present: more gas, I I 
I lused 1 but less I I 
I !cycles run I lWAg-P& I 0.2-8.0 
I I I I (1980) 
I I I I 
I I I Ceil-BZ& I < 1.9-65.o 
I I I I ( 1980) 
I I I I 
1. I I I 
I I I I 
I I I Ceil-BZ& I 154.4 

· 1 I I I (1980) 
I I I I 
I I I I 
I I I I 

- 13 

Description of 
Process and 

Sam linr. Locntion 
Release nf i":tO 
from dru111 ir: to 
room 

Charging of drum 

Charging of drum 

Charging.of d~um 

Outside cha1nb~I 
during door I 
opening and I 
unloading I 

I 
Ar.ove sterilizer I 
<l~or as door I 
opened and chamber 
unloaded 

Unloadinr~ 
sterUizer 

Outside chamber 
during d,Jor 

. opening .1nd 
unloading 

Outside cha1:::1er 
during d,.ior 
opening :; ,cl 
inside c:-:,::,>,~r 
d~1dnv. !!: .. ~~-!~ 



Date 
1970-

Present 

Table l (continued) 

History of EtO Usage at Lederle Laboratories 
Pearl River, New York 

I Type Sterilizer I Type l~PPM of EtO 
I and Gas Mixture How Potential# of I of I Monitored 
I Used Sterilized Workers Ex osed I Sam le I (& ear) 
EtO 12 Gas mixture piped. 7-8 workers · in Ceil-Bzg 4.7 

l(EtO only) linto sterilizer-- llocal sterilizer I ( 1978) 
1126 ft3, !operated under !area I 
!positive pressurelpositive pressure I I 

90:10 I 124-25 workers in ICeil-BZ& 6.7 
C02:EtO lpast: less gas used,lgeneral EtO I (1978) 

lbut more cycles run !sterilizer area I 
I I I 
fpresent: more gas I !Grab sample 100-1000 
lused, but fewer I I -Bzd (1980) 
!cycles run I I 
I I I 
I I !Grab sample 100 
I I I -Bzd (1980) 

.I I . , 
I I !Grab sample 40 
I I I -Bzd (1980) 
I I I 
I I I 
I I I I 
I I · I Grab sample I 30 
I I I -Bzd I (1980) 
I I I I 
I I I I 
I I I I 
I I !Grab sample! 90-1000 
I I I -Bzd I (1980) 
I I I I 
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Description of 
Procer:s end 

Sam lin. !.oc.1tion 
Outside ch.imber 
I during door 
lopening 
I 
15 ft from chamber 
130 min afccr 
I unloading 
I 
I Outside chamb·er 
!door duri~g uoor 
!opening 
I 
I Stacking l~ad--
!outside chamber 
I 
!Stacking load. 
loutside chamber 
120 min afcer dcor 
!opening 
I 
I Stacking 1 ,,ad 
!outside ch .. unbcr 
125 min after door 
!opening 
I 
I Inside cha,·,iber 
I 
I 



1::J:: te 
197J­

Present 
(continued) 

Table 1 (continued) 

History of EtO Usage at Lederle Laboratories 
Pearl River, New York 

Type Sterilizer I I Type PPM of EtO Descr i.ption of 
and Gas Hixture I How I Potential fJ of of Monitored Process and 

I Used I Sterilized I Wo:l<ers Exposed Sam le (& ear) Sam lin·; Location 
IE tO fr2 I Gas mixture piped I 7-8 _w_o_r_k_e_r_s~1..,...· n---,,....,G,-r_a_b_....._ _ _,__~1-0-0---.-0n-e_.,.in_ .... -_h above 

i(EtO only) linto sterilizer-- !local EtO )sampled (1980) !pallet, 10 Din 
l 126 ft3, I operated under Is ted 1 izer area I -area I after unload irig 
!positive pressurelpositive pressure I I I 
I 90:10 I 124-25 workers · !Grab 20 lone inch above 
I COz:EtO lpa~:: less gas used,liri general EtO !sampled (1980) !pallet, one hour 
I !but more cycles run !sterilizer area I -area !after unloading 

I 
I 
I 
I 
I 
I 
I 
I 
I 
l 

I I I I I I 
!present: more gas 
lused, but fewer 
!cycles run 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I !Grab 
I lsampleh 
I I -BZ 
I I 
I I 
I !Grab 
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lsampleh 
I -area 
I 
!Grab 
I sampled 
I -area 
I 
!Grab 
I sampled 
I -area 
I 
ICeil-areag 
I 
I 

40 
(1980) 

200 
(1980) 

60-150 
(1980) 

20 
(1980) 

56 
(1980) 

IIn front of chamber 
110 min after 
!venting (empty 
!chamber test run) 
I 
!Chamber drain 
I (empty chamber 
!test run) 
I 
!Chamber drain 
I (empty chamber 
!test run) 
I 
I Chamber drain, .18 
!hrs after test run 
I 
I 
I 6 in above i;r·.·duct-1 
limmediatel/ .'.l:ter 
lunloadin·-



! i)., t,) 
I urn-
I P!'esent 
I (continl!ed) 
l 
I 
I 

Type StP.rilizer 
aud Gas Mixture 

Usr;d 

IUO #2 
!(Eco only) 
1126 f 3 

t ' 

Table 1 (continued) 

History of EtO Us::ge at Lederle Laboratories 
Pearl River, New York 

I I Type I 
I How I Pot<ntial # of of I 
I Sterilized I WorLcrs Ex oscd Sam)le I 
!Gas mixture piped ! 7-8 ,iorkers in Ceil-areag I 
!into sterilizer-- llocal sterilizer I I 
!operated under !area I I 

!positive pressurelpositive pressure I I I 
I 90:10 I 124-25 workers in ITWAg-Pg I 
I Co2:EtO !past: less gas used, lgcnero.l EtO I I 
I lbut more cycles run !sterilizer area I I 
I I I ITWA8-pg I 
I !present: more gas I I I 
I !used, but fewer I I I 
I I cycles run I ITWA8-P& I 
I I I I I 
I I I I I 
I I I I I 
I I I 11WAs-P&,i,j! 
I I I I I 
I I I I I 
I I I I I 
I I I 11WAs-pg,j I 
I I I I I 
I I I I I 
I I I I I 
I I I i1WA3-pg I 
I I I I I I 

I I I I I 
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PPM of EtO Description of I 
Monitored Proce,·s .ind I 

(& ear) Sam ling Loc;i t ion I 
16 16 in abov(~-----, 

(1980) !product one hour I 
!after unloJding I 
I I 

0.1-0.4 I Unloading cha;-r:ber I 
(1980) I I 

I I 
4.1 !Validation run-- I 

( 1980) !cylinder leai: I 
I I 

0.1-0.6 !Unloading droppers I 
(1981) !or pipettes 25 ft I 

I from EtO 111 I 
I I 

0.2-3.2 I Removing TB tines I 
(1981) !from insice I 

I sterilizer I 
I I 

1.0-1.l !Werking inside I 
(1981) !partition, sterile I 

!kitchen area I 
I I 

1.2-2.6 !Working behind I 
(1981) !partition, sterile I 

!kitchen area I 



I' 
I 
f Dnte 

"' 
1970-

t Present 
I (continued) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Type Sterilizer 
I and Gas Mixture 
I Used 
EtO #2 

!(Eco only) 
(126 ft3, 

Tabfo l (continued) 

Histo~y of EtO Usage at Lederle Laboratories 
Pearl River. New York 

I Type 
I Row Potential I of of 
! Sterilized Worlters Ex osed Sam le 
Gas mixture piped 7-8 workers in TWA3-pg, 

!into sterilizer-- (local sterilizer I 
(operated under lare:.1 I 

!positive pressurelpositive pressure I I 
90:10 I 124-25 workers in ITWA3-P8 

C02:EtO I past: less gas used, (genc:ral EtO I 
lbut more cycles run sterilizer area I . 
I ITWAg-Pf, l 
!present: more gas I 
I used I but fewer I 
(cycles run I . 
I I TWAg-Pf I l 

I I 
I I 
I I 
I ('l'WA3-
I I area8 

I I I 
I I (TWA3-pg 
I I I I . 
I I I r 
I I I l'IWAg-Pf 
I I I I 
I I r. I 
I I I ITWAs-Pg 
I I I I 
I I I I 
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PPM of Et:O Description of 
Monitored Process and 

(& ear) Sam lin Location 
0.7 Removing droppers 

(1981) (from EtO #2 and 
I degassing ch:11uber 
I 

o.i ( 25 ft fro·:1 
(1981) I sterilizer 

I 
0.3-2.7· (Loading or 

(1981) !unloading product 
I from chan:ber 
I 

1.8-3.l !Testing sterilized I 
(1981) !product behind I 

I partition I 
I I 

6.3 ·I Inside bo:.. of I 
(1982) (product I 

I I 
0.03-0.9 !Removing prc~~=t I 

(19,82) (from sterili~er I 
I I 

1.7 (Removing prcJucc I 
(1982) (from sterilizer I 

I I 
0.1 !Working 2{! &. 25 ft I 

(1982) I from cha:i:ber I 
I I 



Table l (continued) 

History of EtO Usage at Lederle Laboratories. 
Pearl kiver, New York 

I I Type Sterilizer I Type PPM of EtO Description of I 
I I ~nd Gas Mixture How Potential # of I of Monitored Procer.s :md I 
I Date I Used Sterilized Workers Ex osed I Sam le (& ear) Sam linr Loc:i tion I 
I 1970- EtO 1£2. Gas mixture piped 7-8 workers in TWAs-P& ,;: 0.03 IOuality c~ntcol I 
I Present I (EtO only) linto sterilizer~ !local sterilizer I ( 1982) !quarantine r.rea I 
I (continued) 1126 ft3, !operated under laren I I I 
I lpositvc pressure !positive pressure I l'lWAg-Pf 0.5-0.9 !Removing proJuct I 
I I 90:12 I 124-25 workers in I (1983) I from ch3r.•!>er and I 
I I C02:Et0 lpast: less gas used, I general EtO I I loading ti eg.; s sing 
I I lbut more cycles run !sterilizer area I I chamber 
I I I I I I 
I I !present: more gas I 1'1WA8-J,>f 1.3-1.4 !Syringe ~~chine 
I I lused, but fewer I I ( 1983) I l0-40 ft frc.m 
I I !cycles run I I !chamber unloading 
I I I I I I 
I I I I ITWA8-pf 0.1 !Opening boKe,, of I < 
I I I I I (1983) !EtO steriliv~d 
I I I I I !product in quality 
I I I I I ., lcontroi quarantine 

' I I I I larea 
I I I I I I 
I I I I IAreaf < 0.01 !Above quarantine 
I I I I I {2.6 days) (1983) ldoor and 5 ft from 
I I ·I I I 145 open boxe,1 of 
I I I I I I sterilized ~roduct . 
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Table 1 - Footnotes 

a) Ceil = ceilin?, or short ter1n samples, usually for 15-20 minutes. 

b) Standard size clrnrcoal · tubes used as sampling media. 

c) BZ = breathing zone 

d) EtO 25/a detector tubes used as sampling media. 

e) TWA8-P = Personal 8-hour time-weighted average 

f) 3a Badge 

g) Two Qazi-Ketchum charcoal tubes in series used as sampling media. 

h) DT = Draeger tube 

i) Workers wore air supplied respirators. 

j) TWA calculated from 2 hours of sampling. 

k) Operator does not enter sterilizer--uses wheeled pallet. 
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Date 

1955-Present 

1975 

1978 

1979 

1980 

Table 2 

Controls Implemented to Reduce EtO 
Exposure Levels at Lederle Laboratories 

Pearl River. New York 

Engineering 
Controls 

Sterilizer exhaust vented 
15 ft above roof 

Low volume area exhaust added 
to sterilizer area 

EtO monitor/alarm (30 ppm) 
system installed in 
sterilizer area 

Check valves added to 
EtO tank l foes 

Local exl":aust added to 
to chamber drain 

Pre-conditioning/off­
gassing chamber added 

EtO detector {Enmet) 
installed OD steriliz'er 
#2 

Ventilation purge added 
to post-sterilization 
cycle 

Administrative 
Controls 

- 20 -

Industrial hygiene 
sampling first 
conducted 

Safety instruction for 
safety work permits 
revised 

~earing of organic vapor 
cartridge respirators 
initiated during 
sterilizer unloading 

Consultant called in; 
process controls updated 

1-lheeled .pallet & hook 
arrangement implemented 
for remote sterilizer 
loading 

Company voluntarily 
lowered exposure limit 
to 10 ppm TWAg 

safety Program and Safety 
Training/Industrial 
Hygiene booklets in u.se 

Range of EtO 
Exposure 

Levels Heasured 
(ppm) 

< 1-976 

< 1-1000 



Date 

1981 

19132 

1983 

Table 2 (continued) 

Controls Implemented to neduce EtO 
Exposure Levels .1t Leclerle Laboratories 

Pearl River, ?lew York 

Engineering 
Controls 

No engineering control 
measures added 

No engineering control 
measures added 

No engineering control 
measures added 

Administrative 
Controls 

EtO sterilizer #1 shut 
down, tagged and 
locked out 

Transfer of products 
to Puerto Rico 

Use of air-line 
respirators 
instituted 

Many products sent 
outside plant for rad­
iation sterilization 

Company voluntarily 
lowered EtO exposure 
limi. t to 1 ppm 'IWAg 

Job Hazard Analysis-Safe 
Job Procedures form 
developed and insti­
tuted (for EtO #2 
sterilizer operators) 

Safety Training 
Documentation forms 
developed and 
instituted 
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Range of EtO 
Exposure . 

Levels J1easured 
(ppm) 

< 1-3.2 

< 1-1.7 

< 1-1.4 
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Safety Work Permit G. L. Sutherland 

1. PURPOSE / 

To specify when a Safety Work Pennit {LPR 102) shall be used, the respon: 
sibilities of personnel concerned, and the procedure to be followed. Com­
pliance with th;s procedure is mandatory for all Lederle and Medical Re­
search Division person,.J1 at the Pearl R;ver facility. Other Lederle 
locitions are responsible for designing procedures to implement the pro­
visions of this instruction as appropriate for local conditions. 

2. DEFINITIONS 

a. Class VA Safety Work Permits 

These Safety Work Pennits requir~ approval by primary and authorized 
secondary operating supervision and inspection of the job site by 
both secondary operating supervision and the work crew supervisor 
1nmediately prior to the start of the work. 

Class A Safety Work Permits are required for work of a more hazardous 
nature such as: · 

1) Hot work - any open flame such as welding.-oxy-acetylene burning, 
etc. and the u~e of portable spark or ~eat producing equipment, 

· except when perfonned in properly equipped-maintenance shops and 
designated adjacent outside area. 

2) Entrance into confined spaces;, i.e., operating vesse1s, ho1ding 
tanks or pits (See SPI PR 2K3). · · 

3) Breaking into lines used for toxic, f1anmab1e, high pressure, or 
corrosive materials as indicated in SPI PR 2K6, 4. a. 3) f) 1), 
page 6. 

4) Fumigation work. 

b. Class B Safety Work Permits. For all other hazardous work. 

c. Primary operating supervisor. Fi'l"st line supervision in an operating 
department. This includes such managers as supervisors, group leada 
_ers, department heads, and superintendents. · 

d. Secondary.Supervision. Department head, superintendent or staff en­
gineerdesignated by their section managers to approve Class A Safety 
Work Permits. · · 

e. -dper:~1:irig;,0~6aj:.tfueot;··•···•····_Defip~dyf,o~the Pqtp~s~to~ t.~~-s ~"°cedu~e\as· · 
a n2a.rea )YU.~ i;i·i.zedca11d. O_l"j~~arg~d. Jera~y d~pa,rtl71~D~A:J.J:lJ~5,tJy,.t~~i~/~:-~;.< 
ical"Research<Diyi_sion or+the Uederle> Oavis;ahd;Ge "lli>D ·afafoeh.ts.i <, . 
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4. ~ (A11 Safety Work Pennits) 

A Safety Hork Pennit must be issued to any person or persons on Ledcrle 
premises before he performs work of the types described below. It shall 
be initiated by the maintenance supervisor or coordinator and approved 
and signed by the open1t1ng supervisor or as designated below for the 
specific type of work to be done. This. Safety l·!ork Per-rnit rnust be signed 
and th~reby made valid before the following types of activities are 
started: · 

a. Hot Work - any open flame such as welding, oxy-acetylene burning, etc. 
and the use of portable spark or heat producing equipment. except when 

.performed in properly equipped maintenance shpps and designated ad­
jacent outside area. P,PPROVAL BY AUTHORIZED PRU.CARY AND SECONDARY 
OPERATING SUPERVISION IS REQUIRED. · · . . . 

NOTE: . Maintenance use of electric hand tools' requires a Safety 
Work Pennit only when they are to be used in an explos"ion 
proof or other hazardous area. · 

b. E1ectrica1 ·and piping lockouts as required in SPI PR 2K6. 

c. Entrance into confined spacess i.e., operating vessels. holding tanks 
or pits (See SPI PR 2X3). APPROVAL BY AUTHORIZED PRIMARY AND SECOND­
ARY OPERATING SUPERVISION IS REQUIRED. 

d. Breaking into lines used tor toxic, flamn.able, high pressure, or cor­
rosive 1naterials, APPROVAL BY AUTHORIZED PRfof.\.RY ANO SEco;mARY OPER­
ATING SUPERVISION IS REQUIRED. 

e. Underground utility service installations (See SPI PR 2K9). 
I . . I 

f. Exposure to corrosive, toxic, or infectious materials or to high 
pressures or high/low temperatures (See SPI PR. 2K6'). 

g. Fumigation work. APPROVAL BY AUTHORIZED PRIMARY AND SECONDARY OPER­
ATING SUPERVISION IS R~QUIREO. 

h. Exposure to pesticides, insecticides and bactericides. 

L kty unusual movement of heavy equipment. over building floors and 
roofs. into and on elevators, or over Plant roads. 

j. Blasting and the use of EXPLOSIVE actuated to9ls •. 

k. Construction work on idle or abandoned pipelines (See E&M Standards 
3A3 and 3A4). 

1. Excavations, breaking or dri Hing of concrete. 

m. ANY OTHER WORK WHICH THE. O?ERATlNG SUPERVISOR, OR WORK CREW SUPERVISOR 
0~ cc::rnrnATOR FEELS MAY PnOVE HAZARDOUS TO PERSONNEL. PROPERTY PROD­
UCT OR EQUIPMENT. 
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Any deviation from 21 percent Oxygen or O per~ent of LEL 
should be investigated to find the cause of the deviation 
so th4t it can be eliminated. No 'flOrk 1·/i 11 be attempted 
until this is done. 

e) To revoke the pennit at any time to pre,•ent occur·rence of an 
unsafe act or condition. 

4) Uorlc cre\i supervisor or coordinator (supervisor responsible for 
the job being perform~d that shift).. · 

a) To initiate the Safety Work Permit befor-e any work requiring 
a permit is perfonned on the job; to initiate a new pennit 
if the job continues beyond one shift unless the work is 
being completed by the origina 1 crew. 1 isted on the pennit. 

b) To make a PERSONAL INSPECTION of area involved prior to sign-· 
· 1ng the permit and to discuss any unusual safety features and 

special precautions of the job with the operating supervisor. 
For Type A Safety Work Permit this must be done just prior to 
$tart of work. · 

c) To ensure confonnance to all safe~y precautions. • 

d) To ~otify Guard Headquarters before.ent~ance into confined 
s~c~. · 

5) ~enting supervisor and 1<:ork err:·.; superv.isor. . . 

a) Equal responsibility is placed on the operating supervisor 
directly responsible for the area where the work will be done 
(not a general service manager unless directly responsible) 
and on the person in charge of the crew doing the work. The 
former is responsible for inspecting tt\8 work site to make 
certain that condftions are safe and for the approval of 
the permit. The latter is responsible for initiating the 
Safety Work Pennit before starting hazardous work and for· 
seeing that the work crew pe~form their work in a safe man­
ner and that the work crew leaves the areas in a safe condi-

. tion. · 

b) Bt>th the operating supervisor and the work crew supervisor 
have equal responsibility to revoke the Safety Work Pennit 
if unsafe conditions arise. 

NOTE: Service personnel (Fire CHief, ~tility Department, Engineering 
Department, Accident Prevention Oapartment) are available as 
required for consultation. Whenever possible, requests·for 
consultation should be given 24 hours before job is to start. 

6. PROCEDURE FOR FILLING OUT SAFETY WORK PERMIT 

See exhibits A and B. 



HEADING ON LPR 102 

1. D1t1 · GOOD FOR THIS DATE 
AND SHIFT ONLY 

1 Dltlt 

3. Location 

•• M.S.R. No . 

5. Check ·one 

.. D11eribt Work to ba DoM 

:. Ct1fc- N1m1 

.. Your SPKIII Instructions .. If you 1t1 not IUr8, ASK. · 

Ill. S1f1ty Equipment R,quirid -
Chtek•~ff 

11. Chlcklist 

12. Ga 111d OIIV!llft TIit 

13. Approval Slgn11ura 

H. Secondary Signature 
11. C.mpl1tlo11 of Work 

oATa 111au1to 
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INSTRUCTIONS 

EXHIBIT A 
Pae 2 of 2 

Each permit is dated and is valid for th~ date and shift tho work d1scribud on th1 permit is to 
blQilL The permit must be si9nad by tho 011ara1ino supervisor and lht maintenance supervisor 
or coordinator for their responsibilities. 'Fha Permit must bu iuued in the same shift or just 
prior to the shift in which th• work is to 'be dons. If work on the job in question extends 
buy,md the authorized shift, th• area must ba roinspected and • new permit issued before 
the work continues, unless the work is b1in9 complatad by lha original crew listed on the 
permit u a continu11tion of the shift. 

01pnnm1nt number of departmant calling for work to be don,. 

Detall1d job location such as Building 120, 2nd Floor, Col.# 

Ord• number identifying tho job, e.g., M.S.R. No. 

If the work to tie dona is Hot Work, Hezzrdous, Piping, V11$$tl Entry or Fumigation, check 
the appropriate box. For work of this type you are raquir:d to get I sacondary operating 
1i9n1tura ISM SPI 2 K 21, Oth11r typ1s of work art Class 8. 

CIHr, concise 1,cplanation of work, e.g., "Check bottom bearing in ftrmtnte; #23." 

·er.tu and Name such as EL· Name, WO· Name, etc. As additional crafu are introduced to 
the job add them to the permit. 

Any peeul_laritios relating to tha particular area in question. 
R1qucat aai1tanc1 from appropriate sourcas, e.g., Central Engin11ring. Ac.cid1n, Prevention, 
Fira Oepl., IIC. 

Ch,ck all of th1 items nquirad, under "OTHERS", describe any spacial equipment n11d1d. 

Operating Supwvisor to check Yes, No, or Does not apply IDNA) for each of the items listed. 

NOTE 1: Hot Work· any torch work such II wilding, oxy-ac11yl1ne burning, tic., and th• us, 
of portalJ!iJ !!!,rk or h99' 11rodt!cinn e11•1i!)mant, e:r.c~:it wtion rmformed in mormly 
equippeci main111n•nco lhos:1 ind d11i;n1ted adjacsnt ouuid1 1rt1. S11 clu;ck list 
on back of S. W.P. 

NOTE 2: Operating supervisor, and worlc craw 1up11\'isor or coordinator mun concur in ihesa 
decisioM or refer to Accident Prevent Dapenment for final dacision. 

NOTE 3: A secondary authorized operatlng supervbors signature ii required for: 
• Hot work SPI 2 K 2, 3L 
• Confined space antrv lather than underground utilities) SPI 2 K 3 
• Breaking into corrosive, toxic, liigll preuure or fl1mmabl1 lin1s par SPI 2K6, 4, 1. 

3J f) U pag1 S. 
• Fumiption work. 
Safety work per.nib for th11e projacts require inspection of the job.sire by both 1h1 
work craw :upenrisor and the secondary sig'nar imm1di1t1fy prior to the start of work. 

011e::tir,; S::;:ermor to ensurt that combwtibla g11·1111 is 11k1n, if raq.uirad, and reported as 
lower Explosion limit (LEL) %; and that the oxygen IMI is within th• requiremenls and 
that th• ectual oxygan % is ent1red. Tett mults wt to be written 11 tht issuance of Permit; 
•id signtd, d1ttd and time indicated. 
,'\ny deviation lrom 21 percent oxygan or D porcent of LEL should be inveslig.alff!I tu find 1110 
c~use of lht d1Yi1tion so that it c•n be eliminated. No work will ho 1111111pt1d until 111,s ,ulona. 

Whan all l'lquired information has baen 1nter1d on the S1ft1y Work Permit, th1 operating 
suplfVisor and the work cnw supervisor will sign lind ent11r date and time, 

Whan contract maintenance end conitructiciii work requires a Safety Work Permi1, the 
contractor'i r,pr,santativo on thil job site sh ail sign.and transmit safaty instructions in the 

· Slffll n11nn1r IS• L1derl1 m1lnt1n1ncesupervisor,}he proj1ct enginHr and the operating 
sup~hor .will siQn t~• perm I~ i~}~e ''.opa~ti~g supe'!is~r'' box.·• 

· ..... Secondary operating 1ign1tura required for Type A S.W ~-

i · Opon ·•the.comi,tetton ···or •rio11111111· !foi 11hv rii!o~l· off Hi .i6l,; ~x cfodi11911Jihoriztid hr eiks oi}
..... lunchu,work ctuw suparvisor·or.coord1nator/rnun .indit11t1.th1 status of the;icbs bv .. d1tin11 .... · 

and sigl'ino i1,1 appropriata 1r11.A·•naw permitwiU·ba·i:1ti1d aft~fbny stopp~~1;if nnces:s..lry ·•·
to.coraplata 1ob.:. ··... ···· ·•··· ···· .·.· ....... · ..... ···.·.··.·······.···· c.. · .•.••••. , ..••... , •·d·•>·· 

.. J ........... "t~is111,~,·~.f .Ji7tjji~ti;111f1·····• 



EXHIBIT B 
Pa9e 2 of 4 

VES NO ON,t. 

H11 th, 1re1 Mid the equip~,u ~n tnted for• safo lev.l of combustible gas.es or vapors with • 

Com~.ntiblo G.u Indicator Miter? 

Ht> pil)i119 cnn disconnected or blanked off? 

I Haa vtuol 1t1d/or attached pipino bffn draineo, cleentd, purged ind ventilition supplied? 11 H,n tank, or equipment being weldld or burn«I baen cleaned to remove flammable or 

combuttlble material holvents, vcpon, dusu. w111t1t1)? 

c.n sparks iGnlia material in vicinity, lower floon or levels7 

Hevt MIWlrl botn properly isolatld to prevent ~nition7 

11 adjacent iquipment safe7 

H11 111 combustible miter i;,I been relocat~ .at least 35 feet from tht work site? 

Hnt combuatlblts that·.,, impractical to relocate been protected by uaing flame proof 

eoven7 

HM the floor been swept cleer of all combustiblas for a radius of 35 fNt from the work site? 

WIii combu~tible floors be kept wet or covered1 

HIYI all wall or floor openings within 35 fec1 of the work site betn ~ertd to pravtnt 

PIii•• of sparks to adjacent 1reas7 

Hive ducu and convvyor $yltems that might carry sparks to distant combustibles 

bffn CO¥tttd7 

H11 processing of flammable liquids in the area been stopped? 

Hne 111 vessels which cont11in flammables bffn closed7 

Have you explained 1ny spedal pre::a.,tion~ to bt observed tiec;ause of hazardous m1teri1l1? 

H11 ldjacent opertting torce been informed of this work7 

Has the Fire Department.been notified7 

Has loc,tion of fire axtinguish11rs. safety sho,,wrs and siren switches bnn reviewed with 

work crew> 

la lhe tp,inkler system in service? 

NOTE: Consult with the Fini Chief if yau hne any doubts about burning, welding 

or using an op11n fl,me in a saft manner. 

NOTE: Maintain a fire witch for I minimum of ON-half hour attar compl1tlon 

I bi.lrriinQ ofweidirig e>pr.t:idon. 
-• t 

__ . I i -::.i-_ ... -.::-
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MASTER CNi:CK LIST Fml CONFINED SPACE ENTAV. FOR USE TO DEVf:LOP CHECK 
LISTS FOR EACH PIECE OF EQUIPMENT THAT M,oW REQUIRE ENTRY TO A CONFINED 

Sl'ACE. 

-
Has a combuitible gai and oxygen che<:k been made? 
HH adequate ventilation been provided? 
NOTE: Do not use plant air for air supplied respiraton; nor for ventilatin'.J t;,n!a. 
Hu a Scott air pack tie,n brou,;iht to the work sit~ for use if ncc<kd? 
Have arran,;iements been made for repeat oxygon and combustible r~s tests aft::r lunch breaks 

or job delays? 
NOTE: Continuously monitoring deviCM usix:l for determinino the preuince of combu:tible 

gH or oxyQ-<!n· content have not proven roli&ble. Their uie does not negate the neild for 
!'"!!king sund&rtl ti,,ts for combustible QllS, or for 21% oxygen. 

Have switches and velves ~n properly Jet, tt<;;9ed and loeked7 
(Safety locks on pwh-buttons are not sufficient. Tei;t local itartar station) 
Hu pipinJ been disconnected or blanked off? 
Has vtt~I and/or attached 'piping been drsinod, cleaned, pur9(Xl, and freo of product re,iduo? 
h ldjacent equipment s.ifo7 
Are overhoad structures within the conf_ined space secure? 
Has cover of confined spaca b9en removed or s.eeured open? 
Have el11ctrical tools and 11xtension cords ooen ground fault tested? ' 

Ate all electric.;I tcols and .,o,table electri.: L;;i',u p!uc::;~d into II ground fault circuit iriwrru;:,tu? 

Are tools in good condition? 
Have acetylene tnd other prenure hoses to be used on this job been tested for leaks? 
Ha. imulation bffn provided? (Required for electrical work) 
Has the l&ddor been tied? 
On l!•mels with manhole on top is there an eye bolt with attached pulley mounted above 
the opening for each life line in use? 
Hu safety watch been posted and instructed? 
H,va rescue procedures been reviewed and understood? 
Han you explained any special precautions to be otnerved because of he:i:ardous 

materials or conditions? 
Hu Guard Headquarter$ been notified of a confined space entry? 
h employee entering confined space -

fully clothed 
wearing proper eye protection and hard hat 
wear1n9 an approved harness with a life line attached 

U'tl lllD 11/U 
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OPEF>.ATIONS EQUIPMENT "'" ,, HAZt-ROS 
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Loading Precon- , l) Safety shoes 1) Load carts into chambers close and 
ditioning er.amber'. 2) Safety glasse~ latch doors carefully. Set cycie para-

l) Pin,.1,iog or 
r.rushing hands 
and/or fingers 

Handling - ETO 
90: 10 Cylinders 

Loading ETO 
StC!rilizcr 

Exposure Cycle 

3) Leather gloves meters, activate power and ~tart pre· 
conditioning cycle. 

As Above 

1 
As Above 

I 

I 

! As 
I 

Ahov~ 

I 

! 

1) Use carry all cart to transport 
cylinders. 

2) Plnce all cylinders behind chains. 
3) Have necessary tools/wrenches readily 

available. 
4) Connect gas line to 

sure cylinder valve 
Inspect check valve 
operation. 

cylinders making 
is "off" 

l) Possible back 
strain. 

2) Prevent cylin­
dero from 
falling. 

3) Improper tools 
impose unn1: c­
essary dengers 
in ham:!ling. 

in line for propel 

l) Install RH sensor in proper connection l) 
inside ste4ilizer. i Injury to hand 

and/or fingers 
Re~idu.:21 r,as 
in chamber. 

2) Carefully push racks into chair.ber , 2) 
without entering chamber. 
Close and lock chamber door tightly. 

Check main, wall-mounted ETO monitor 
for indications of gas leaks and pos­
sible sources of leaks. If yellow 
warning light c0t:1es ·on opet<ltor wi 11: 

1) Leaks from 

Put on Scott Air-Supplied respi:t:ator, , 
L"lvestigate and c:,,rrect cause of 'ETO ; 2) 

. leaks. Check ETO monitor to determine 
which sensor is nearest the leak. If 
l~aks cannot be located or stopped, 
'the.run should be aborted. This in­
clu·des venting the cha:nber and shut· 
ting off source. 
Notify supervisor. 

2) If "RED" light coi.:.es on and alan: 
sounds, area must be evacuated, 1 

3) Supervisor or opeu.tor if off-hours, ' 
will call Fire Dept. (x2600) for assi5r 
tance i~ area. 

4) Operator will enter area wearing 
Scott Air•Pak, accompanied by Fire 
Dept, beck-up p~=~on also wearing a 
Scott-Pak a~d shut off cylinders ar.d 
aborc the run, 

chaober tr,ay 
release ETO 
gas into envi· 
:rorm:ent. 
Second person 
needed 'l.'ith 
Scott Air-Pa~ 
in the event: a 
rescuer is 
needed. 
Scott "Air-?ii;.,.· 
is a pressure 
de---2.nd self~ 
contained 
breathing ap­
paratus.
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I · Operation of ETO No, 2 Sterilizer (NE'\..') 
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1,...,i".tl'ltw't~O,.. 

Sisto Pileggi 

J03 CL~SSHJCAiJ"'S it-AT ARE RfQUlREO TO «:~OIi' AND FOLLOW THlS F'ROCE:li..m£· 

End of Cycle 

'PERSON..:.1. l'r!OHC:TlVE 
'EOIJll'MENT 

As Above.Scott 
Air-Supp lied 
llespirator. 

l'ROCEO.;RfS - SAFETY CONTROL.$ 

Sec~d person from Fire Dept. will 
keep operator in sight at all times. 
Turn on exhaust vent switch, if it is 
not_already on; and open wi~dowa to 
aerate area. No one will re-enter are.a 
until "GREEN" light co:Des cm for all 
sampling points. 

1) \:hen En-met detector in chamber vacuum 
line indicates E"lO concentration to be 
very lov-needle completely to left and 
the chaaber pressure ia 14.7 - 15.0; 
the load can be removed from the steri­
lizer and placed into the degassing 
chamber. Do not enter chamber; uee 
metal books provided F.!nd vear Scott 
Air-Su~plied Respirator. 

;2) Donning !roccdt.:::s: ; 
Connect all lines and the face i:;ask 
by pushing the couplings into the 
sockets. These fittings snap in and 
lock in pli.ce. 
Cheek to see that cylinders contain 
certified bre&thing air. Open both . 
breathing air cylinder valves counter-; 
clockwise 2 cocrplete revolutions. j 
Check to see t.~at tanks have ar least J! 

600 lba. pressure registering on . 
supply gauge. 
Bring the mask and hose assembly over 
the•houlder F-~d tinap the clip onto 
a belt loop Ou the right side. 
Hold the face 1:'.4Sk against the face 
And •lowly ti.::rn the regulator valve 
cloekYise to 100!'1 air pressure on the 1 

delivery gauge (lOot, for 1 person, l 
1251 for 3 person.'!}. Glasses cannot be j' 
worn vith their faeepiece. A constant 
flov of air vill be preaent in the · ·1 
facepiece. · · 
Don the facepiece, chin first, then 
pull do~"::. anc center the rubber barnesa 
on the back of the head. j 

1) Potential E!C 
in area fr~ 
eterilizer an::: 
load. 
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0P[ll.1'llONS 

Unloading Steri­
lizer and Loading 
Degaaaing Chamber 

F.nd of D~gasaing 
Cycle 

· P[ RSONAL PROT&.:TIVE 
iOUll"W.ENT 

As Above. 
Scott Air• 
Supplied 
Respirator 

As Abcve · 

CONlflOLS 

AdJuat the '::;•P• ~ comfortable. I 
.!'just the lower etrapa firat. then th 
middl~ ae~ond and the top last. 
A• the fac1.piece 1a donned, airflcw 
will aubside. A alight poaitive pres­
eure will prevent any external contam• 
1.nated environment fram entering ayat • 

1) Open •ter:U~zer door. 11Iace and attach 
floor cart to eterili~er, and roll 
ateriliution pallet onto cart. Remove 
1pore atripa and roll cart into Degaa­
aing Chamber. Repeat vith aecond cart. 
Do not enter cliamber, but uee ateel 
book provided. for pulling urt out. 

2) Set Cycle awittb tr. Degaa Mode and 
T!.:.,n· to 10 hour;;. T'l.l.:>b Stsrt svi tch • 
and allow to run for prc-•et time • 

. 
1
3) Remove Air-Supplied Respirator. Shut 

off tank valvea, bleed regulator by 
turning cloclcviae; then unscrew three 1 

tiinea to relieve diaphraSI=) spring pre•i 
•ure. Detach facepiece and hose from. I 
air 1upply line. I 
D1•,olve 1 packet of MSA respirator 
cleaner/d1•1nfectant i:a a gallon of 
varm vater in a bucket. Turn reapirato 
upaide down and l.t:=erae facepiece and 
muk up to the regulacor. Do not 
ilins,ae regulator or get it vet. s~rub 
off mask and facepiece vi.th a aponge 

· uaing the aolution. 
Thoroughly rince off the maak end face 
piece vi.th fre•h varm water for l min­
ute. Do not get regulator wet. Dry off, 
exce•• vater using a clean paper tovel' 
Allow s.uk to air dry and put back in 
pla•tic etorage bag oo reap1rator cart 

HUI.RDS 

l) Check to aee that En-Met detector 1• 
b~!c.r h3lf·~ay ~rk at end of run. 

2) R4t::'IOve cart•; unload i::i.aterial and 
ae~ci tc ~uara~ti~e 6r£& •• ao~n a• 
pou!ble. 

l) Poteritia 1 £TO 
elow releaae 
into working 
enviro~ent. 




