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NIOSH CURRENT INTELLIGENCE BULLETIN: #35 

ETHYLENE OXIDE (EtO): Evidence o f C arcinogenic ity

May 22, 1981

The National Institu te  for  Occupational S a fe ty  and Health (NIOSH)  recom m ends  
tha t e thylene oxide be regarded in the workplace as a p o ten tia l occupational 
carcinogen, and tha t appropriate controls be used to reduce worker exposure. 
These recom m endations are based primarily on an industry-sponsored  study  
dem onstrating tha t ethylene oxide is carcinogenic in experim en ta l animals. In 
this study, e thy lene  oxide was associated with increases in leukem ia  in fem a le  
rats and peritoneal m esotheliom as (malignant tumors) in male rats. There has 
been widespread recognition of the mutagenic potentia l of e th y len e  oxide, and 
recent evidence dem onstra tes adverse reproductive e f f ec t s  in m am m als , which  
also are o f public health concern. In addition, l im ited  epidemiologic investiga­
tions at two worksites provide evidence tha t excess  risk o f cancer m o r ta li ty  may  
exist for  the ethylene oxide workers studied. Some workers are on occasion  
exposed to re la tive ly  high concentrations of e thylene oxide, particu larly  where it 
is used for  fum iga tion  and s terilization. On the basis o f this in form ation , NIOSH 
requests tha t producers, distributors, and users o f  e thy lene  oxide, and of 
substances and materials containing ethylene oxide, give this in form ation  to  their  
workers and custom ers, and tha t professional and trade associations and unions 
inform their m em bers.

BACKGROUND 

Purpose  o f  B u lle t in

The purpose of this bulletin  is to dissem inate recen t in form ation  concerning the 
po ten tia l  carcinogenic hazard  of e thylene oxide (EtO) to workers, and to update 
the assessm ent made in the 1977 NIOSH Special Occupational H azard  Review on 
E tO .1 This bulle tin  conveys public hea lth  inform ation  and recom m ends voluntary 
p ro tec tive  measures.

In the 1977 review, NIOSH concluded th a t  occupational exposure to EtO may 
increase the frequency of m utations in human populations. This conclusion was 
based on observations of (1) changes in the genetic  m a te r ia l  of cells in at least 13 
biological species following exposure to EtO, and (2) covalent chem ica l bonding 
betw een EtO and deoxyribonucleic acid (DNA), a major consti tuen t of genetic 
m ateria l .  While these observations ra ised  concern  about the  potentia l 
carc inogenic ity  of EtO, there  were no epidemiologic studies or long-term  
carcinogenesis assays available at the tim e to assess carcinogenic po ten tia l  for 
humans.

Additional evidence is now available th a t  suggests the curren t Occupational 
Safety and H ealth  A dministration (OSHA) s tandard  of 50 pa r ts  per million (ppm)
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as a t im e-w eigh ted  average (TWA) concentra tion  needs to b e  reexam ined  for its 
adequacy in safeguarding worker health . A rece n t  study d em o n s tra te s  th a t  EtO 
induces cancer in experim ental anim als .2 A d o s e - re la te d  increase  in 
mononuclear cell leukemia was established in th a t  study; exposures as low as 10 
ppm increased the proportion of female ra ts  with the leukem ia . Peritonea l 
m esotheliom a was t re a tm e n t- r e la te d  in male ra ts  exposed to  EtO at 33 and 100 
ppm. Also, experim ents  ind icate  tha t EtO exposure to e i th e r  male or fem ale 
animals results  in adverse e f fec ts  on rep roduction .3,11

Other work supports these findings. Epidemiologic investiga tions  of cancer 
m orta li ty  among Swedish workers exposed to EtO suggest an  increased r isk  of 
leukem ia and other c an c e rs .5’6 R ecen t inform ation  also suggests  th a t  EtO is 
associated  with chromosomal abnormalities in peripheral lym phocytes of exposed 
w orkers .7 The environm ental m easurem ents  repo rted  ind ica te  th a t  these workers 
were exposed to 8-hour TWA concentrations below the cu r ren t  OSHA standard.

Although this bulletin focuses on new evidence of carc inogen ic ,  m utagenic , and 
reproductive hazards, EtO has o ther adverse e f fec ts  on h e a l th .  The acu te  toxic 
e f fec ts  of EtO in humans and animals include acu te  skin, resp ira to ry , and eye 
irr i ta tion ; skin sensitization ; nausea, vomiting, and diarrhea; and nervous system 
e ffec ts .  Nonmalignant chronic e ffec ts  in humans include an em ia  and resp ira to ry  
ir r i ta tion , with susceptability  to secondary resp ira to ry  in fec tio n .  The l i te ra tu re  
reporting  these e f fec ts  was reviewed in the 1977 NIOSH docum en t.1 More 
recen tly ,  cases of peripheral neuropathy among exposed workers have been 
re p o r te d .8

P ro d u c tio n  and  Use

At room tem pera tu re  and atm ospheric  pressure, EtO is a colorless gas; a t  higher 
pressures it may be a vola tile  liquid. Synonyms and iden tif ie rs  are lis ted  in 
Appendix IH. It has a ch a rac te r is t ic  e th e r- l ik e  odor w ith  a widely variable 
threshold of detec tion  in humans; the mean de tec tab le  concen tra tion  is about 700 
ppm (1260 m g /m 3).9 It is com pletely miscible with w a te r ,  alcohol, acetone, 
benzene, e ther, carbon te trach lo r ide ,  and most organic so lvents. Ethylene oxide 
is highly reac tive  and po ten tia lly  explosive in the p resence  of alkali m eta l 
hydroxides and highly active  ca ta ly tic  surfaces, or when h ea ted .  However, it is 
re la tive ly  s tab le  in aqueous solutions, or when diluted with carbon dioxide (CO2 ) 
or halocarbons. In order to reduce explosion hazards, when EtO is used as a 
fumigant or s te r i lan t  it is o f ten  in mixtures, such as 10% EtO and 90% C O 2 , or 
12% EtO and 88% halocarbon.

Ethylene oxide is a major industrial chem ical and is one of the 25 chem icals of 
highest production volume in the  United S tates . C urren t production capac ity  in 
the United S tates  is about 6.1 billion pounds (2.8 Tg) per year. In 1978, the 
industrial consumption of EtO was about 4.9 billion pounds (2.2 Tg), and the 
p ro jec ted  consumption for 1983 is about 6.2 billion pounds (2.8 Tg). The chemical 
is used extensively worldwide, and U.S. production capac ity  is about 43% of the 
world c a p a c i ty .10
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On a volume basis, EtO is prim arily  used as an in te rm ed ia te  in  th e  production of 
several industrial products. The la rgest consumption of EtO is in the production 
of e thylene glycol for automotive an t if reeze  and as an in te rm e d ia te  for po lyester  
fibers, films, and bottles . The second la rgest consumption is in production of 
nonionic su rface-ac tive  agents for industrial applications and fo r  heavy-duty  home 
laundry de te rgen ts  and dishwashing formulations. P roduction  of glycol e thers  
(e.g., solvents for surface coatings) and ethanolam ines (used in production of 
soaps, de te rgen ts ,  and tex tile  chemicals) cons ti tu te  the th ird  and fourth  la rgest 
uses, respectively .

Many sm aller uses account for the rem ainder of EtO consum ption. Ethylene oxide 
is used as a pesticide fumigant (including antim icrobial s te r i la n t) .  Industries and 
work se tt ings  where it is used as a s te r i lan t  or fumigant inc lude: h ea l th  care,
diagnosis, and t re a tm e n t  facilities; m edical products m anufac tu r ing ; libraries; 
museums; re sea rch  laboratories; beekeeping; spices, seasonings, and black walnut 
m eats  fumigation; dairy packaging; cosm etics  m anufacturing; an im al and plant 
quarantine service at ports  of entry; transpo rta tion  vehicles (e.g ., a i rc ra f t ,  buses, 
and ra ilroad  cars) fumigation; and clothing, furs, and furniture fum igation .

P o te n t i a l  fo r  O c c u p a tio n a l  Exposure

The vast m ajority  of EtO is found in chem ical plants where it is p roduced  and used 
for in te rm ed ia tes .  Because EtO is highly explosive and re a c t iv e ,  the process 
equipment containing it  in these plants generally consists of t igh tly  closed and 
highly au tom ated  systems. The equipment is o f ten  located  outdoors , and workers 
spend most of their work shift inside or around control room s, away from the 
equipment. Samples co llected  in general process areas of six p la n ts  ind icated  tha t 
EtO concen tra tions  were, with few exceptions, less than 1 p p m .11 The g rea te s t  
po ten tia l  for worker exposure probably occurs during the  loading or unloading of 
transport tanks, product sampling procedures, and equipm ent m ain tenance  and 
repair.

In con tras t  to the chem ica l-m anufac tu ring  plants, o ther industries  and activ it ies
may use only a very small portion of the to ta l  EtO produced, b u t  are responsible
for high occupational exposures to many workers. For exam ple, less than  0.24%
of the annual U.S. production of EtO is consumed in the hea lth  ca re  and medical

1 2products industries, and only about 0.02% of the p roduction  is used for 
s te r i l iza tion  in hosp ita ls .1 Y et, ia  1977 NIOSH es tim a ted  th a t  approxim ately 
75,000 health  care workers employed in s te r i l iza tion  areas w ere potentia lly  
exposed to EtO and tha t 25,000 o thers  may have been inc identa lly  exposed due to 
improper engineering and adm inistra tive  con tro ls .1 In a lim ited  field survey of 
hospitals, NIOSH found th a t  EtO concentra tions  near m alfunctioning or 
im properly-designed equipment may reach  transito ry  levels of hundreds or even a 
few thousand ppm. Tim e-w eighted average am bient and breath ing  zone 
concen tra tions  were generally below the OSHA standard  of 50 ppm.

EPIDEMIOLOGIC EVIDENCE F O R  C A N C E R  IN HUMANS

In 1979, Hogstedt e t al. reported  the results  of a h is torical prospective  m orta li ty  
study of workers employed in a Swedish EtO production fa c i l i ty .5 Individuals in
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this investigation were employed as of 1961 and exposed o r  employed for more 
than 1 year. These individuals were followed through 1977. T he authors required 
an in terval of a t least 10 years betw een initia l em ployment and  the beginning of 
the observation period. Three separa te  cohorts were s tu d ied :  89 persons who
worked full tim e in the  EtO production area , with 1 ,234 person-years  of 
observation; 86 m ain tenance workers who in te rm itten t ly  w orked  in the EtO area, 
with 1,211 person-years  of observation; and 66 workers who had  never worked in 
EtO production, w ith 955 person-years  of observation. The followup was 
com plete  for each cohort. Diagnoses for malignancies w e re  provided by the 
Swedish Cancer Registry . The expected  numbers of deaths w e re  ca lcu la ted  from 
Swedish national m orta li ty  ra te s  adjusted for age and ca lendar  tim e-period .

Among the fu ll- t im e production workers, 23 deaths were observed , com pared  with 
13.5 expected  (p<0.05). Of the 23 deaths, 9 cancer d e a th s  were observed, 
com pared with 3.4 expected  (p<0.01). With regard  to cause-spec if ic  m orta li ty ,  2 
leukemia deaths were observed, com pared with 0.14 e x p e c te d  (p<0.01), and 3 
s tom ach cancer deaths were observed, com pared with 0.4 expec ted  (p<0.01). 
Twelve circu latory  system deaths were observed, com pared  with 6.3 expected  
(p<0.05). Of the two leukemia cases in the cohort of fu l l - t im e  production 
workers, one died from chronic lymphatic leukemia and t h e  o ther from acu te  
myeloid leukemia. In contrast ,  the cohorts of m a in tenance  workers with 
in te rm itten t  exposure and the workers never exposed to EtO did not dem onstra te  
any s ta t is t ica lly  s ignificant excess cause of death . However, one leukem ia death  
was observed among the m aintenance workers, com pared with 0.13 expected  
deaths. This case was reported  to be chronic lym phatic leukem ia.

The complex exposure p a t te rn s  and production changes in th e  chemical industry 
make it  d ifficult to assess exposure in this study. However, th e  authors es tim ated  
tha t concentrations of airborne EtO in the fac il i ty  during the  1940's were probably 
below 25 m g /m 3 (14 ppm), w ith occasional exposures up to the  odor threshold of 
1,300 m g /m 3 (730 ppm). Concentrations of 10-50 m g /m 3 (6-28 ppm) were 
e s tim ated  for the 1950's and early  1960's, although peaks above the odor threshold 
still occurred. Random samples in the 1970's showed a ran g e  of 1-10 m g /m 3 
(0.6-6 ppm), and occasional higher values.

O ther po ten tia l  chem ical exposures in the production a r e a  included ethylene 
dichloride, e thylene chlorohydrin, ethylene, and bis-ch lorom ethyl e ther, as well as 
traces  of o ther unspecified chemicals. Although the authors could not a t tr ib u te  
the excess cancer to any particu la r  substance, EtO and e thylene dichloride were 
thought to be suspect because of the am ounts of exposure and toxicological 
reports .

Also in 1979, Hogstedt e t  al. repo rted  an investigation  of leukem ia among workers 
po ten tia lly  exposed to EtO in a Swedish f a c to ry .6 In this factory , a m ixture of 
50% EtO and 50% methyl fo rm ate  had been used since 1968 to s ter ilize  hospital 
equipment. Between 1972 and 1977, 3 cases of leukem ia (2 women, 1 man) 
occurred among the workforce of 230 persons. It was determ ined  tha t only 0.2 
cases would have been expec ted  for men and women combined, based on the sex- 
specific Swedish national leukem ia incidence ra te s  for 1972. The cases of 
leukem ia were ca tegorized  as chronic myeloid leukemia and acute  myelogenic 
leukemia for the women, and as prim ary  macroglobulinemia for the man.
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The authors ca lcu la ted  the  8-hour TWA concen tra tion  of E tO  in the b reath ing  
zone of the two women who developed leukem ia to be 20 + 10 ppm. The EtO 
exposure was not rep o r ted  for the man who developed leu k em ia ,  but i t  was 
e s t im a ted  tha t, as plant m anager, he was exposed to EtO 3 h o u rs  per  week. This 
individual also had some occasional con tac t with benzene in la b o ra to ry  work.

The significance of these epidemiologic findings is lim ited  by th e  small number of 
observed deaths, the unce r ta in ty  of worker exposure in fo rm ation ,  and the inability 
to a t t r ib u te  the observed m orta li ty  to a particu la r  chem ical. T hese  epidemiologic 
investigations cannot be c ited  as definitive evidence of an ex ce ss  risk of cancer 
resulting from EtO exposure, but they should be considered ev idence  th a t  excess 
risk of cancer may exist for the  EtO workers studied.

EVIDENCE O F  CA RCIN OG ENICITY IN EX PERIM ENTAL ANIM ALS

The final report of an inhalation  toxicology study of EtO sponsored by a group of 
EtO m anufac turers  was re leased  January 28, 1981.2 In th is  chronic inhalation 
study, male and fem ale ra ts  of the  Fischer 344 s tra in  were exposed  to  EtO vapor 
at te s t  concentrations of 10, 33, or 100 ppm for 6 hours per day, 5 days per week, 
for about 2 years. Two o ther groups of animals served as u n t r e a te d  controls. 
Initially there  were 120 animals of each sex in each of th e  experim enta l and 
control groups.

Postm ortem  exam inations were made of all animals th a t  died or were killed when 
moribund, and at scheduled in tervals  a t 6, 12, 18, 24, and 25 m onths. Based on 
histologic evaluation, the researche rs  concluded th a t  th e  incidences of 
mononuclear cell leukem ia and peritoneal m esotheliom a w ere  significantly  
increased  because of exposure to EtO. At the end of th e  experim ent, the 
incidence of m ononuclear cell leukemia in fem ale ra ts  was dose-re la ted ,  
increasing linearly with increasing exposure concen tra tions .  A s ta t is t ic a l ly  
significant increase in mononuclear cell leukem ia was observed only in the group 
of fem ales exposed a t 100 ppm. For fem ales exposed at 33 ppm, the  cum ulative 
percen tage  incidence of leukem ia was significantly  higher th an  th a t  for one 
control group and for a com bination of both control groups, bu t no t for the second 
control group. However, the incidence for the fem ales exposed a t  33 and 10 ppm 
did ind icate  a dose response. The regression analysis of leukem ia incidence versus 
exposure concen tra tion  was significant with a corre la tion  coeff ic ien t  of +0.99, 
indicating th a t  induction of the leukem ia was highly co rre la ted  to exposure at 
each concentra tion .

P eritonea l m esotheliom a was reported  to be t r e a tm e n t - r e la te d  in the male ra ts  
exposed a t 33 and 100 ppm. Among the males expsoed a t 100 ppm, the 
cum m ulative p ercen tage  developing this tum or was s ta t is t ic a l ly  higher than 
controls beginning with the  21st month of exposure, whereas the  incidence of the 
tum ors in males exposed a t 33 ppm was not appreciably higher than-in  controls 
until the last month of the study. These peritonea l tum ors orig inated  on the 
te s t icu la r  mesothelium and were confined to the abdominal cavity.

In addition, the researche rs  repo rted  th a t  analysis (m orta li ty -ad jus ted  trend) 
ind icated  EtO exposure was associated  with a higher frequency and/or earlier
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observation of mononuclear cell leukem ia in male ra ts .  T h e  researchers  also 
repo rted  th a t  a significant, positive, m orta li ty -ad ju s ted  t r e n d  analysis indicated 
th a t  the  normal occurrence of p itu ita ry  adenoma in male a n d  female ra ts  was 
acc e le ra ted  by exposure to EtO.

G overnment scientis ts  representing  NIOSH, OSHA, and the N ationa l Toxicology 
Program reviewed this study with the  investigators and concluded  th a t  EtO 
induced mononuclear cell leukem ia in the fem ale r a t s  and peritoneal 
mesotheliom a in male ra ts .

In 1979, Dunkelberg reported  prelim inary  results  of a lo n g - te rm  carcinogenic ity  
assay in m ic e .13 Ethylene oxide was adm inistered to f e m a le  NMRI m ice by 
subcutaneous injection in weekly dosages of 0.1, 0.3, or 1.0 m g  per animal. Two 
control groups were used: one rece ived  the vehicle (tr icaprylin) only, and the
other group rece ived  no tre a tm e n t .  The animals had been t r e a t e d  for 91 weeks at 
the tim e the results  were reported . Dunkelberg repo rted  t h a t  tumors (sarcomas) 
appeared a t the injection site  in the t r e a te d  groups, but not in  the  control groups. 
The firs t tumor appeared in the 50th week of t r e a tm e n t .  The number of 
subcutaneous tum ors a t the in jection s ite  appeared to in c re a s e  with the size of 
the dose; the number of tumors at sites  distant from the in jec tio n  sites was not 
significantly  g rea te r  in the  t r e a tm e n t  groups than in control groups. Such findings 
may indicate  a chemical's carcinogenic potentia l ,  a lthough  the re levance of 
subcutaneous tumors at injection sites to carc inogenic ity  is  o ften  questioned. 
Dunkelberg has apparently  not published a final report.

EVIDENCE O F MUTAGENIC AND REPRO DUCTIVE E F F E C T S

The ability  of a chem ical to serve as an alkylating agent and to  cause m utations in 
a varie ty  of biological te s t  system s is widely accep ted  as an  indicator th a t  the 
chem ical may have carcinogenic po ten tia l .  Both alkylation and  m utagenic ity  have 
been dem onstra ted  for EtO. Further ,  e f fec ts  of a ch em ica l on basic genetic  
m a te r ia l  within the cells of living m am m als are re levan t for assessing m utagenic 
and carcinogenic hazards for humans. Evidence of this n a tu re  is available for 
EtO.

R e su l ts  in  Sub-M am m alian  T e s t  S ys tem s

EtO is e f fec t iv e  as both an alkylating agent and as a m utagen  in a wide varie ty  of 
biological systems. It will bind covalently and irreversib ly  to mam m alian 
p ro te in ,14 human p ro te in ,15 and m am m alian D NA.16 Several investigators  have 
repo rted  the m utagenic p roperties  of EtO in microbial and plant systems 
including: v iruses ,17’18 Salmonella typhimurium, 19 Escherichia coli, 20
Neurospora c rassa ,21 barley, ’ ’ ’ rice , 6 wheat / 7 and
■  o  fl
T radescan tia  paludosa. Studies in Drosophila m elanogaster exposed to EtO have
revea led  an increase in both  sex-linked recessive le thal, 9’ and autosomal 

3 0deletion m utations in a dose-response relationship. In D. m e lanogaste r , le thal 
m utations and translocations have been induced in all s tages of 
sperm atogenes is .3 1
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R e s u l ts  in  H um ans  and  E x p e r im en ta l  A nim als

The capability  of EtO to cause gene m utations and transm issib le  genetic  dam age 
in m am m alian system s also has been reported . Appelgren et al. d em o n s tra ted  the 
ability of EtO to  reach  the te s tes  of mice following in travenous  in jec tio n .32 A 
whole-body autoradiographic study using 1 **C-labelled EtO in d ic a te d  th a t  1**C 
concen tra tions  in the te s t ic le ,  epididymis, and o ther organs w ere  higher than  
those in the blood when measured 20 m inutes to 4 hours a f te r  E tO  exposure. This 
rad ioac tiv ity  was still p resen t in the epididymis 24 hours a f t e r  exposure had 
ended. Two investigators  reported  dominant le tha l m utations: in mice following 
in traper itonea l adm inistration of a single dose of EtO a t 150 mg/kg of body 
w eigh t,33 and in ra ts  following a single inhalation exposure of 1,000 ppm for 4 
hours .3** An unpublished study by Cumming e t  a l .3 re p o r ts  a dose-response 
relationship for unscheduled DNA synthesis (UDS) in the te s te s  of m ice exposed to 
EtO by inhalation. UDS re f le c ts  the repa ir  of dam aged DNA ca ta ly z ed  by 
enzymes. Normally, the re  should be no DNA synthesis in the te s t e s  during sperm 
m aturation . At both  600 and 800 ppm a maximum response indicating DNA 
damage was observed a f te r  4 hours of exposure. Generoso e t al. also s tudied the 
e f fec ts  of EtO on heritab le  translocations (HT) in the m ouse.33 Male m ice were 
in jected  in traperitonea lly  with EtO a t doses of 30 or 60 mg/kg of body w eight per 
day. Each male mouse was then  allowed to m a te  with th ree  fem a le  m ice. The 
male progeny were studied for sperm translocation  he te rozygosity .  A 
dose-response rela tionship  was observed; 9.36% (38/406) of the  animals had HT in 
the  high dose group, while 1.32% (6/456) had HT in the low dose group. None of 
the animals (0/822) in the control group had HT.

Appelgren e t  al., in 1978, reported  s ignificantly  increased  num bers of poly­
chrom atic  e ry th rocy tes  containing micronuclei in mice and ra ts  following 
intravenous in jection of E tO .36 Fomenko and S trekalova3 7 and S trekalova e t 
a l .38 rep o r ted  increased  numbers of chromosom al aberra tions  in bone marrow 
cells of ra ts  exposed to EtO by inhalation a t concen tra tions  ranging from 1 to  112 
m g /m 3 (0.6 to 63 ppm). Tests of s ta t is t ic a l  significance were not rep o r te d  in 
e i ther  study. Significant excesses of chromosom al abnorm alities  in bone marrow 
cells have been  rep o r ted  in ra ts  exposed to EtO by oral doses of 9 mg/kg of body 
weight (in aqueous solution),39 or by inhalation of EtO a t  250 ppm for 7 hours per 
day for 3 days .19 Chromosomal aberra t ions  have been  rep o r te d  in humans 
accidentally  exposed to high concen tra tions  of EtO.**0 More de ta iled  reviews of 
the m utagen ic ity  of EtO are ava ilab le .1 ’**1 ’4 2

In 1978, a company th a t  uses EtO in m anufacturing  and d is tr ibuting hea lth  care  
products began to investigate  possible adverse e f fec ts  of EtO on its workers. The 
investigation en ta iled  monitoring the work environm ent for concen tra tions  of EtO 
a t its nine facilit ies , and m edical evaluation of 75 workers who had po ten tia l  EtO 
exposure. The m edical evaluation included analysis of chrom osom al aberra tions  in 
lymphocytes for all exposed workers and sperm analysis for the men. Workers 
were exposed for an average of 2.9 years  (range: 0 .5-10 years). A group of 37
workers who had no known prior exposure to EtO served as controls for the 
chromosomal analysis.
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The com pany su b m it te d  d a ta  from  th is  s tudy  to  NIOSH in  April to  S e p tem b e r  
1980; m ost of the  d a ta  have  s ince  been  pub lished .7 The s u b m i t t e d  d a t a  r e v e a le d  
t h a t  (1) all n ine fa c i l i t ie s  com plied  w ith  th e  OSHA s ta n d a rd  o f  50 ppm  for an  8- 
hour TWA, but th e re  w ere  in s ta n c es  when the  e x ta n t  NIOSH r e c o m m e n d a t i o n 1 for 
a  m axim um  s h o r t - te rm  (15-m inu te)  exposure  of 75 ppm  h a d  b e e n  e x c e e d e d ;  (2) 
phys ica l  exam ina tions  show ed no unusual findings in e x p o s e d  persons; (3) th e re  
was a  s ta t is t ic a l ly  s ig n if ican t  in c re ase  in the  num ber  of c h ro m o s o m a l  a b e r ra t io n s  
in p e r ip h e ra l  lym phocy tes  o b ta in e d  from  th e  blood of w o r k e r s  exposed  to  EtO, 
w hen com pared  w ith  those  no t exposed; (4) th e re  w ere  s t a t i s t i c a l l y  s ig n if ican t  
in c re a se d  num bers  of s is te r  c h ro m a tid  exchanges  (SCE's) in th e  p e r ip h e ra l  
lym phocy tes  of som e w orkers  exposed to  EtO, and t h a t  this in c re a s e  was 
s ta t i s t i c a l ly  s ign if ican t  for w orkers  who had  c h ro m o s o m a l  a b n o rm a li t ie s  
c h a ra c te r iz e d  by q u a d r i rad ia l  and t r i ra d ia l  exchanges ;  and (5) d a ta  f rom  sperm  
analysis  w ere  inconclusive .

The inc idences  of ch rom osom e a b e r ra t io n  and s is te r  c h r o m a t id  e x c h an g e  w ere 
h igher  among the  w orkers  exposed  to  EtO th a n  in w orkers  w h o  had no know n EtO 
exposure . H ow ever, i t  is d i f f ic u l t  to  e v a lu a te  th e  s ig n i f ic a n c e  of th e  findings 
b e c au se  of the  m an n e r  in w hich the  d a ta  w ere  p re s e n te d  a n d  the  des ign  of the  
in v es t ig a t io n . A m ajo r  c o n c ern  is th e  fa i lu re  to  s e l e c t  m a tc h e d  con tro l  
ind iv iduals  for c o n c u rre n t  c y to g e n e t ic  te s t in g .  C ig a r e t te  sm oking  w hich  m ay 
a f f e c t  the  inc idence  of s i s te r  ch ro m a tid  exchange  and c h ro m o so m e  a b e rra t io n ,  
was n o t  acco u n te d  for in th is  in v es t ig a t io n .  H ow ever, q u a d r i r a d ia l  ch rom osom es  
a re  r a r e ,  and while th e i r  s ign if icance  is no t well  u n d e rs to o d ,  th e ir  o c c u rre n c e  
should be view ed w ith  concern .

S y s tem a tic  f ie ld  in v es t ig a t io n s  a re  needed  to  confirm  th e s e  findings. H ow ever, 
based  on th ese  d a ta  and in light of the  add it io n a l  e v id e n c e  of E tO  causing 
ch rom osom al b re a k a g e  in w orkers  and e x p e r im e n ta l  an im a ls ,  i t  is p ro b ab le  th a t  
c y to g e n e t ic  e f f e c t s  did o ccu r  in the  w orkers  exposed  a t  TWA c o n c e n t ra t io n s  
below the  OSHA s ta n d a rd  of 50 ppm .

R esu l ts  of a  o n e -g e n e ra t io n  rep ro d u c t iv e  s tudy  in r a t s  also h a v e  been  r e p o r t e d .3 
This s tu d y  involved exposing m ale  and fem ale  r a t s  to  EtO v a p o r  for 12 w eek s  prior 
to  m at in g .  Anim als w ere  exposed  a t  c o n c e n t ra t io n s  of 10, 33, or 100 ppm  for 6 
hours pe r  day. B efore  m a t in g ,  an im als  w ere  exposed  5 days p e r  week; during  and 
a f t e r  m a ting  th e y  w ere  exposed  7 days pe r  w eek. Two c o n tro l  groups of anim als 
w ere  exposed  to  room  air .

The m ajo r  t r e a t m e n t - r e l a t e d  adverse  e f f e c t  obse rved  was a  s ig n if ican t  red u c t io n  
in th e  num ber  of pups bo rn  pe r  l i t t e r  in the  group of h ighes t  exposure  (100 ppm). 
T here  w ere  few e r  im p la n ta t io n  s i te s  p e r  p reg n a n t  fem a le ,  an d  the  a v e ra g e  ra t io  
of th e  num ber of f e tu s e s  bo rn  to  the  num ber  o f  im p la n ta t io n  s i te s  was sm a l le r  in 
th e  h ighes t  exposure  group th a n  any o th e r  group. F e w e r  f e m a le s  in th e  100-ppm  
exposure  group th a n  in th e  c o n tro l  groups b e c a m e  p re g n a n t  a f t e r  tw o  m ating  
periods .

The p o te n t ia l  for E tO  to  cause  adverse  t r a n s p la c e n ta l  e f f e c t s  also has  been  
reported.** F e m ale  m ice  w ere  a d m in is te re d  EtO in tra v en o u s ly  a t  daily  doses of 0, 
75, or 150 m g/kg  of body w e ig h t  during one of four periods  o f  g e s ta t io n  (days 4-6,
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6-8, 8-10, or 10-12). M aternal animals showed signs of tox ic ity  a t  the higher dose 
level when adm inistered in the firs t,  third, and fourth  periods , but no t in the 
second period (days 6-8 of gestation). A significant reduction  in  m ean f e ta l  body 
weight com pared with controls was rep o rted  for all four t r e a tm e n t  periods at the 
150-mg/kg level. There was a significant increase in t h e  pe rcen tag e  of 
m alform ed fe tu se s / l i t te r  from dams adm inistered EtO a t th e  high dose level 
during the second and fourth  gesta t ional periods. A pproxim ately  19% of the 
fetuses in each  l i t te r  from m a terna l animals th a t  showed no signs of tox ic ity  when 
given 150 mg/kg in the second period had some type of m a lfo rm ation ,  m ostly  in 
the cerv ica l and thorac ic  regions of the  skeleton.

Chem icals may be considered to be te ra togen ic  if they  produce cer ta in  
m alform ations in the offspring in the absence of m a te rna l tox ic ity .  In this 
experim ent, EtO adm inistered intravenously to pregnant m ice  a t  150 m g/kg on 
days 6-8 of gesta tion  caused such a response. However, the  investigators  
cautioned th a t  the case of te ra togen ic ity  of EtO is w eakened som ew hat by the 
high incidence of m ate rna l m orta li ty  they observed with the sam e  dose a t o ther 
ges ta t ional periods.

EX POSU RE STANDARDS AND GUIDES

OSHA's s tandard  for occupational exposure to EtO is 50 ppm (90 m g /m 3) as a 
t im e-w eigh ted  average (TWA) concen tra tion  for an 8-hour w ork  s h if t .1*3 Studies 
of carc inogenic ity  were not available when this s tandard  was developed.

In its 1977 review of EtO, NIOSH recom m ended tha t occupational exposure be 
lim ited  to a ceiling concen tra tion  of 75 ppm (135 m g /m 3), de te rm in ed  during a 
15-minute sampling period. Additionally, NIOSH recom m ended  th a t  the  OSHA 
standard of 50 ppm (90 m g /m 3) as a TWA be observed. NIOSH em phasized  th a t  its 
docum ent did not a t te m p t to address the adequacy of the OSHA s ta n d a rd .1

The values recom m ended by NIOSH in 1977 were the same as the  Threshold Limit 
Values (TLV's) then  recom m ended by the American C onference of Governmental 
Industrial Hygienists (ACGIH) for Time Weighted Average (TWA) and Short Term 
Exposure Level (STEL) concentra tions, respectively.**1* In 1979, ACGIH published 
its in ten t to change its TLV to  10 ppm (20 m g/cu  m 3) as a TWA 
co n cen tra t io n .1*5,4 6

R eflec ting  increased  concern over the m utagenic and carcinogenic po ten tia l  of 
EtO, some m anufac tu rers  and com m ercia l users of the chem ica l are adopting 
occupational exposure guidelines lower than  the OSHA standard . Self-imposed 
guidelines adopted by companies have been  repo rted  to range from 1 to 10 ppm as 
8-hour TWA concentra tions , w ith two companies also adopting peak limits  of 5 
and 15 ppm.**7

RECOM M ENDATIONS

Ethylene oxide has caused s ta t is t ic a l ly  significant increases in mononuclear cell 
leukemia in fem ale Fischer 344 ra ts .  The incidence of this disease in the exposed 
fem ales increased  linearly with dose. Among male Fischer 344 ra ts  in the same
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experim ent, EtO induced peritoneal m esotheliom a which o rig inated  in the 
te s t icu lar  mesothelium. Although humans and animals m a y  d iffer in the ir  
susceptib ility  to specific chem ical compounds, any substance t h a t  produces cancer 
in experim ental animals should also be considered to have ca rc in o g en ic  p o ten tia l  
in humans. The m utagen ic ity  of EtO has been  extensively d e m o n s t ra te d  in lower 
biological species and in mammals. R ecen t experim ents  in  m am m als have 
dem onstra ted  adverse reproductive e ffec ts ,  which are a lso  of public hea lth  
concern. The widespread recognition of EtO as an e ffec t ive  a lky la ting  agent and 
m utagen re in forces  concern over the carc inogenic p o te n t ia l  of EtO. Also, 
epidemiologic investigators  reported  excess cancer m o r ta l i ty  a t two worksites 
where workers were exposed to EtO. These epidemiologic findings are not by 
them selves proof of an excess risk of cancer resulting f ro m  EtO exposure. 
However, the causal in ference  from animal experim enta l ev id en ce  is com patible 
with the observed excess of cancer among workers exposed to  E tO  in two separa te  
operations.

Based on these rece n t  findings, NIOSH recom m ends th a t  E tO  be regarded  in the 
workplace as a p o ten tia l  occupational carcinogen. Safe levels o f  carcinogens have 
not been dem onstra ted , but the probability of developing c a n c e r  should be reduced 
by decreasing exposure. The excess cancer risks to workers exposed  to EtO a t or 
below the present OSHA standard  of 50 ppm as a TWA c o n c e n tra t io n  have not yet 
been es tim ated . However, NIOSH believes the p resen t s ta n d a rd  needs to be 
reexam ined because its adoption preceded the recognition o f  the carcinogenic 
po ten tia l  of EtO and was established to p ro te c t  aga in s t  only acu te  and 
nonmalignant chronic e ffec ts .  As prudent public hea lth  policy , NIOSH urges 
employers, in the in terim , to voluntarily assess the conditions under which their 
workers may be exposed to EtO and take all reasonable s teps  to  reduce exposure 
to the  ex ten t possible. The actions taken  by some companies to  voluntarily adopt 
exposure guidelines lower than  the present s tandard  are com m endable  moves in 
the r ight direction, however, these exposure guidelines have n o t  been  evalua ted  by 
NIOSH. The "Guidelines for Minimizing Worker Exposure to  Ethylene Oxide," 
Appendix I, should be adap ted  to specific work situations.

Ronald F. Coene, P.E. 
Acting D irec to r
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APPENDIX I

GUIDELINES F O R  MINIMIZING W ORKER E X P O S U R E  TO

ETHYLENE OXIDE

NIOSH recom m ends tha t e thylene oxide (EtO) be regarded  in  the w orkplace as a 
po ten tia l  occupational carcinogen. Exposure should be l im i te d  to as few workers 
as possible, and workplace exposure levels should be m in im ized . Substitu tes  of 
lesser hazards should be used where prac ticab le .  The a re a  in  which EtO is used 
should be re s tr ic te d  to only those workers essential to the p ro cess  or operation.

NIOSH recognizes tha t it may be harder to reduce exposure in the industries  and 
work se tt ings  where EtO is used as a s te r i lan t or fumigant th a n  in industrial plants 
where systems are generally closed and au tom ated . C onsiderable  a t te n t io n  has 
been d irec ted  toward developing control methods for s te r i l iz ing  and fumigating 
operations. The recom m endations of NIOSH's 1977 Special O ccupational Hazard 
Review with Control Recom m endations: Use of Ethylene O xide as a S terilan t in
Medical Facilities  are still appropria te  and should be im p lem en ted  whenever 
app licab le .1 Consult the end of this appendix for the ava ilab ility  of Government 
publications.

More rece n t  work in this a rea  was p resen ted  at a seminar sponsored by the  H ealth  
Industry M anufacturers Association (HIMA). The proceedings from this sem inar 
contain  useful inform ation on monitoring and controlling emissions of EtO from 
sterilizing systems. This publication discusses in de ta i l  work p rac t ices  and 
engineering controls th a t  can be incorporated  into ex isting  and new ste r i l ize r  
systems and areas. Engineering controls include installing exhaust ven tila tion  at 
the s te r i l ize r  door, providing a purge or airflush cycle to p reced e  the full opening 
of the s te r i l ize r  door, ensuring th a t  all equipment and piping are le ak -f ree ,  
venting w ater drains and exhausted  air outside the work a re a  and occupied spaces, 
and providing capture  and rem oval of EtO off-gasing  from s te r i l ized  item s. The 
proceedings can be obtained by writing to HIMA, 1030 15th S treet,  N.W., Suite 
1100, Washington, D.C. 20005, and requesting inform ation on HIMA R eport No. 
80-4, The Safe Use of Ethylene Oxide: Proceedings of the  Educational Seminar. 
A companion document, HIMA Report No. 81-1, Monitoring Airborne Ethylene 
Oxide: Proceedings of the Ethylene Oxide Monitoring Workshop, is in preparation .

The la te s t  in a series of E tO -re la ted  ac tiv it ies  undertaken  by the  American 
Hospital Association is the development of a personnel tra in ing  manual. The 
manual, to be published in the summer of 1981, is in tended to  be used by cen tra l  
service supervisors in the rou tine  train ing of their s ta f f  in the  safe use of e thylene 
oxide as a gas s te r i lan t in h ea l th  care facilit ies . The m anual will be en tit led  
Ethylene Oxide Use in Hospitals: A Manual for H ealth  C are  Personnel. For
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inform ation  on its availability con tac t:  American Hospital A ssocia tion , 840 North 
Lake Shore, Chicago, Illinois 60611.

The U.S. Environmental P ro tec t ion  Agency (EPA) has b e e n  supporting an 
extensive study to identify  engineering controls, m onito ring  devices, and 
personnel procedures th a t  would reduce exposure to EtO in indus tr ies  th a t  use it 
as a pestic ide  (e.g., as a s te ri lan t or fumigant). This work, p e rfo rm e d  by the 
MITRE C orporation under EPA C on trac t  No. 68-01-5944, is n ea r in g  completion; 
and a final report  with recom m endations should be available in th e  spring of 1981. 
For in form ation  on the availability of this repo rt  con tac t:

U.S. Environmental P ro tec tion  Agency 
Special Pestic ide Review Division (TS-791)
Branch #1
C rys ta l  Mall #2, Room 711-H 
1921 Je ffe rson  Davis Highway 
Arlington, Virginia 22202

Telephone: (703) 557-7401

The guidelines listed below are more general and have g re a te s t  application in 
industrial se tt ings . However, they  should be given considera tion  for all se tt ings  
and be adapted to specific work s ituations as required.

EX POSU RE MONITORING

Initial and routine worker exposure surveys should be m ade by com peten t 
industrial hygiene and engineering personnel. These surveys a re  necessary  to 
determ ine the ex ten t of worker exposure and to ensure th a t  controls are 
operational and e ffec tive .

The NIOSH Occupational Exposure Sampling S tra tegy  Manual m ay be helpful in 
developing e f f ic ien t programs to monitor worker exposure to EtO. The manual 
discusses de term ina tion  of the need for exposure m easurem ents  and se lec tion  of 
sampling tim es.

Worker exposure m easurem ents  should be 8-hour TWA and s h o r t - te rm  (15-minute) 
exposure e s t im a tes  calcu la ted  from personal or breath ing  zone sam ples (air most 
like tha t inhaled by the workers). S ho rt- te rm  samples should be taken  during 
periods of maximum expected  exposure by using all available knowledge of the 
area , work procedures, and processes. A rea  and source m easurem ents  may be 
useful to iden tify  problem areas, processes, and operations.

CO N TR O LLIN G  W ORKER EXPOSU RE

There are four basic methods of limiting worker exposure to  EtO, none of which is 
a simple industria l hygiene or m anagem ent decision. C arefu l planning and thought 
should be used prior to im plem entation.
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o P ro d u c t  S ubst itu tion

The substitution of an a l te rna tive  m ate r ia l  with a lower p o te n t i a l  hea lth  risk is an 
im portan t method for reducing exposure. However, e x t re m e  care  must be used 
when selecting possible substitu tes . Possible health  e f f e c t s  and exposure 
potentia ls  of a l te rna tives  to EtO should be fully evaluated  p r io r  to selection.

o C o n ta m in a n t  C o n tro ls

Airborne concentrations of EtO can be most e ffec tive ly  co n tro l led  a t the source 
of contam ination by enclosure of the operation and/or u s e  of local exhaust 
ventilation. Guidelines for se lec ted  processes and o p era t io n s  can be found in 
NIOSH's Recom mended Industrial Ventilation Guidelines. **9

When enclosing a. process or operation, a slight vacuum should  be used to c rea te  
negative pressure so tha t leakage will resu lt in the flow o f  ex te rn a l  air into the 
enclosure and minimize contam ination of the w orkp lace . This can be 
accomplished with a well-designed local exhaust v en t i la t io n  system tha t 
physically encloses the process as much as possible, w ith  suffic ien t capture  
velocity  to keep the contam inant from entering  the w orkplace  atm osphere. The 
design of ventila tion systems should take into account the f lam m able ,  explosive, 
and reac tiv e  ch a rac te r is t ic s  of EtO.

Ventilation equipment should be checked at least every 3 months to ensure 
adequate perform ance. System effectiveness should also be  checked soon a f te r  
any change in production, process, or control th a t  might resu lt  in significant 
increases in airborne exposure to EtO.

o W orker Iso la tion

If feasible, workers may be isolated  from direc t c o n ta c t  with the work 
environment by the use of au tom ated  equipment opera ted  by personnel observing 
from a closed control booth or room. The control room is m a in ta ined  at a g rea te r  
air pressure than  th a t  surrounding the process equipment so th a t  air flow is out of, 
r a th e r  than into, the room. This type of control will no t p ro te c t  those workers 
th a t  must perform  process checks, ad justm ents, m a in tenance , and re la ted  
operations. Special p recautions are o ften  necessary  to p rev en t  or lim it exposure 
in these situations and frequently  involve the use of personal p ro tec tive  
equipment.

o P e rso n a l  P r o te c t iv e  E qu ipm en t

Personal p ro tec tiv e  equipment, which may include resp ira to rs ,  goggles, and 
gloves, should not be used as the only means to prevent or minimize exposure 
during routine operations. Ethylene oxide can p en e tra te  many m ateria ls ; care 
should be exerc ised  in se lecting  personal p ro tec tiv e  equipm ent to insure th a t  the 
equipment is re la t iv e ly  im perm eable to EtO.
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However, exposure to EtO can be controlled with the use of this equ ipm en t:

During the tim e necessary  to install or im plem ent eng ineer ing  or work 
p ra c t ic e  controls; or

— In work situations in which engineering and work p ra c t ic e  contro ls  have 
proven ineffective; or

For m aintenance; or

For operations tha t require en try  into tanks or closed vessels; or

— In em ergencies.

Proper m aintenance procedures, good housekeeping in the work a rea ,  and worker 
education  are all vital aspects  of a good control program . W orkers should be 
inform ed as to the natu re  of the  hazard, its control, and ap p rop ria te  personal 
hygiene procedures.

M EDICAL SURVEILLANCE

A m edical surveillance program should, as noted in the 1977 NIOSH re v ie w ,1 be 
made available tha t can evaluate  both the acu te  and chronic e f fe c ts  of EtO 
exposure. Effec ts  such as upper resp ira to ry  ir r i ta tion ,  d e rm a ti t is ,  or o ther  forms 
of sensitiza tion  and i r r i ta t io n  should a le rt m anagem ent th a t  unaccep tab le  acu te  
exposure to EtO may be occurring. A care fu l h is tory  with emphasis on the 
reproductive  history should be done initially and updated  yearly . In addition, an 
evaluation of chronic e f fec ts  would require th a t  an exam ination  give par ticu la r  
a t ten t io n  to the hem atological,  neurological, and reproductive  system s. Unusual 
findings for a worker should prom pt medical personnel to consider specific  te s ts  
(e.g., cy togenetic  analysis) for the individual.

AVAILABILITY O F GOVERNM ENT PUBLICATIONS

Government publications re fe ren c ed  in this appendix are available from the 
G overnm ent Printing Office (GPO).

R eference  1: From GPO as #017-033-00262-2 for $2.30.
R eference  48: From GPO as #017-033-00247-9 for $2.75.
R eference  49: From GPO as #017-033-00136-7 for $3.90

GPO publications can be ordered from: Superintendent of D ocum ents
U.S. Government Prin ting  Office 
Washington, D.C. 20402
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APPENDIX I I

M A JO R  M A N U FA CTU RERS OF ETHYLENE O X ID E

BASF -  W yandotte Corporation 

Calcasieu Chem ical Company 

Celanese Corporation 

Dow Chem ical U.S.A.

N orthern  Petrochem ica l Company 

Olin Corporation 

PPG Industries, Inc.

Shell Chemical 

Sun-Olin Corporation 

Texaco Chem ical Company 

Union Carbide Corporation
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APPENDIX in

IDENTIFIERS AND SYNONYMS FO R  ETHYLENE O X ID E  

AND ETHYLENE OXIDE MIXTURES USED IN GASEOUS STERILIZA TIO N

Chem ical A bstracts  Service Registry  Number: 75-21-8 

NIOSH RTECS Number: KX2450000 

Chem ical Formula: C^H^O

Anprolene

Benvicide

Carboxide

Cry-Oxide

Dihydrooxirene

Dimethylene oxide

Epoxyethane

1,2-Epoxyethane

Ethylene oxide

EO

ETO

EtO

Oxacyclopropane

Oxane

Oxidoethane

Oxiran

Oxirane

Oxirene, dihyro-

Oxyfume

Oxyfume 12

Oxyfume S terilant -20

Pennoxide

Steroxide -12

Steroxide -20

T-gas

The above inform ation  was obtained from the NIOSH's com puterized  R egistry  of 
Toxic Effects of Chem ical Substances (RTECS), and from the N ational Library of 
Medicine's com puterized  chem ical d ic tionary  file CHEMLINE. R egistered  
tradem ark  inform ation  is not included in these files. T herefore , some of the 
above synonyms and identifiers  may be tradem arked  but are  not so indicated 
above.
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CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS

1. Chloroprene - January 20, 1975
2. Trichloroethylene (TCE) - June 6, 1975
3. Ethylene Dibromide (EDB) - July 7, 1975
4. Chrome Pigment

-
June 24, 1975 
O ctober 7, 1975 
October 8, 1976

5. Asbestos -  Asbestos Exposure during Servicing 
of Motor Vehicle Brake and Clutch Assemblies

— August 8, 1975

6. Hexamethylphosphoric Triamide (HMPA) - O ctober 24, 1975
7. Polychlorinated Biphenyls (PCBs)

_
November 3, 1975 
August 20, 1976

8. 4 ,4 '-D iam inodiphenylmethane (DDM) - January 30, 1976
9. Chloroform - March 15, 1976

10. Radon Daughters - May 11, 1976
11. D im ethylcarbam oyl Chloride (DMCC) 

Revised
— July 7, 1976

12. D iethylcarbam oyl Chloride (DECC) - July 7, 1976
13. Explosive Azide Hazard - August 16, 1976
14. Inorganic Arsenic -  R espira tory

P ro tec t ion - Septem ber 27,1976
15. N itrosam ines in C utting  Fluids - October 6, 1976
16. M etabolic Precursors  of a Known Human

Carcinogen, Beta-Naphthylam ine - Decem ber 17,1976
17. 2-Nitropropane - April 25, 1977
18. A crylonitrile - July 1, 1977
19. 2,4-Diaminoanisole in Hair and Fur Dyes - January 13, 1978
20. T etrach loroe thy lene  (Perchloroethylene) - January 20, 1978
21. T rim ellitic  Anhydride (TMA) - February  3, 1978
22. Ethylene Thiourea (ETU) - April 11, 1978
23. Ethylene Dibromide and Disulfiram

Toxic In terac tion - April 11, 1978
24. D irec t Black 38, D irect Blue 6, and

D irec t Brown 95 Benzidine Derived Dyes - April 17, 1978
25. Ethylene Dichloride (1,2-Dichloroethane) - April 19, 1978
26. NIAX® C ata lys t ESN - May 22, 1978
27. Chloroe thanes -  Review of Toxicity - August 21, 1978
28. Vinyl Halides -  Carcinogenicity - September 21,1978
29. Glycidyl Ethers - October 12, 1978
30. Epichlorohydrin - October 12, 1978
31. Adverse H ealth  Effec ts  of Smoking and

the O ccupational Environment - February  5, 1979
32. Arsine (Arsenic Hydride) Poisoning in the

Workplace - August 3, 1979
33. Radiofrequency (RF) Sealers and H eaters:

P o ten t ia l  H ealth  Hazards and Their P revention - D ecem ber 4, 1979
34. Form aldehyde: Evidence of C arcinogenic ity - April 15, 1981
35. Ethylene Oxide (EtO): Evidence of C arcinogenic ity - May 22, 1981

NOTE: Bulletins #1 through #18 and #19 through #30 have been  rep r in ted  as 
NIOSH publications, #78-127 and #79-146 respec tive ly , for the convenience 
of those th a t  desire a com plete  series of C urren t In telligence Bulletins. 
D istribution of these publications and single copies of Bulletins #31 and 
la te r  are available from NIOSH Publications Dissemination, Division of 
Technical Services, 4676 Columbia Parkway, Cincinnati, Ohio 45226.

- U.S.Government Printing Office: 1986 — 646-117/40912
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