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NIOSH bas reviewed the proposed standArd and offers the following comments
111 respou& to sllecific issues raised by OSHA•..

l. iould tha ~ropo~eci provisions provide adequate woner protectiO'll from
all hasareb associated with EtO exposure?

KIOSK ianerally ,ullports OSHA's effarts to reduce the PEt for Eta;
howevcr, there are pravisious far which we believe reeansideratian will
streqthell tha final rule. Specifically, it is our opinian that the
aciical surteillanca praT'isious will cot cantribute to a reduction in
risco

1. NIOSK bas no commel1ts.

3. KIOSK has 110 commct.s.

4. W'hat are the alost suitable tIlcthocis for detemining cOClllllianee with EtC
permissible exposure limit3 (PEL's) of O.~ and L ppm· as a-hour
t1me-veighted averages anci for ceilings ranging fTom , to '0 ppm for 30
a1nutas or less? ~t are the problems associated with such monitoring
athods? Do they require special training or experience? Are. there
senous limitatiolls as to the accuracy or precisi~n of the· available
sampling techniques?

In ou~ past industrial-bygiene studies, NIosa has used the procedure of
Qa:i al1ci Ketchem of the tJ11i01l Carbide C01:"pora tion. Our cia ta sugges t
tha lover limit for measuring ethylene oxide in air using this method
is about 3 ppm.

v
The OSHA methoci cumber 30 is suitable for determining. compliance with
standards at 0.' ppm or l ppm for a-hour axposures and S ppm as a
~-mi:ute (ceiling) exposure.

NIOSH staff have evaluated a modificaei011 of OSHA method cumber 30. In
thi~ mociified method, the charcoal tube s~ecified by OSHA. was replaced
with a larger oue conUining 400 mg of activated charcoal in the
p~mary bed and 200 mg in the backu~ bed. The use of the larger eubes
should permit longer sa~ling periocis. This modified method was
e..,.laateci at three leTeis of ethylene. oxide (trappeci au, charcoal),
which corres~ouded to 0.03 ppm to L.7 ppm in '-liter (a-hour) air
samples. The data revealed that, although the desorption efficiencies
of ethylene oxide from the charcoal were nearly quantitative, reaction
yields of the ethylene oxide derivative, 2-b~omoethauol, were ouly



about 70%. Our recovery experiments also revealed that migration of
ethylene oxide from the primary bed to the backup bed during storage
occurred rapidly. Therefore, we recommend that two charcoal tubes c
used in series so that the primary and backup sections can be sealed
separata~ prior to shipment to the laboratory. As for the precisian
of the modified method, the relative standard deviation for replicate
S&m9les analyzed an the same day ranged from 3% to 18%, while the
relative standard deviation for replicate samples analyzed over a
number of days ranged upward to 24%.

MIon i.s cunently exploring the availability of other analytical
techaiques that could be used to make real time determinations of EtC
peak concentrations over periods of time of lS minutes or less. One
such method for instanteous readings ou EtC exposure that holds promise
is tha Foxboro/Vilkes Maran l03R Infrared Analyses.

!. Are there other risk assessments besides that developed by OSHA that
specifically deal with the risk of cancer or other disease at 50 ppm
and the proposed PEL of L ppm7 Can the risk of adverse reproductive
effects resulting frOID axposure to 1 ppm or less be adequately •
quantified?

:: ..
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MIOSBi~s.BOt aware of aDr other risk assessment describing exposure
re'la~~jij.ps for 'EtO ,and cancer•

,Or

6. Is' ther. 'aar group of workers who, because of lifestyle, concurrent
exposure to other chelDical.s, or physiological ~keup, are likely to
have an increased seuitirlty to ethylene oxide2 If so, what
couaideration, if aay, should be prOVided for s~ch workers in the final
s taDda,td?

NlOSH has no specific data relating to EtO that would assist OSHA with
respect to thi.s issue. Even though there are biological differences in
human susceptability to certain environmental carcinogeu, the lack of
specific data pertaining to EtC would dictate that all workers
potentially ~osed to EtO be treated at equal risk. the study by
Yager et ale cited above, however, does indicate that those vorkers who
smoked cigarettes and were exposed to EtC had an increased frequency of
sister chromatid exchanges than either Eta exposed workers who did not
smoke or control subjects who did smoke. It is significant that among
people studied by Yager et al., those who were 1n the control group
smoked an average of 21 cigarettes per day, while those in the exposed
'g~oup smoked an average of only nine cigarettes per day. ~ether the
observed effect is synergistic or additive is ~ot at all clear, nor can
any relatiouship beeween this observation and an increased risk of
disease be made. ~uch a relationship can be made ouly for 'sister
chromatid exchanges.

:
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7. Are the proposed medical surveillance provisions, including tbe

suggested examinations found in Appendix D (sic) to the proposal,
adequate for the purpose of prOViding protective medical monitoring of
affected employees? Should an examiuati.O!1 also be required to be
offered at-the termination of elJll)loyment? . Should the standard be more
specific in the elements required for medical examinatiaus of exposed
employees 7

The phrase "protective medical moDito:ring of affected employees"
implies that we understand the mechanism of the disease process and
that as long as physiological changes are detected at an. early s·tage
when they may possibly be reversed. Uufort1ma tely, the mechanism of·
the disease process is not completely understood, and therefore, NIOSH
doe. not. beli&ve that the medical sUrTeillauce described by OSHA will
provide additional protection to EtO exposed workers.

Specifically, the medical history solicits informatiou concerning
symptom. relate~ to the eyes, blood forming organs, lungs, nervous
system, reproductive system and skin. Knowledge obtained by the
acquisition of this information will not cont%ibute to an understanding
of the laug-term effects of EtO exposure, nor is such infonlat.ion
likely to c01ltribute to "the protectioa. of the individual worker.

On the" other hasld, in the event of an exposure to a high concentration
6~ EtO, the tmm8aiate examination might include the element. described
by OSHA. The.e findings could not be used, bowever, to predict the
likelihood of development of cancer or adverse reproductive effects or
protect the worker from the development of "'those effec ts.

TJe do recognize that some worlurs who· are potentia.lly exposed to EtO
_y alsp be pot81ltially exposed to other substances. In some of those
circumstances, the worker may benefit from the examinatiau as described
by OSHA but we recommend that such examinations only be perfomed if
the potl!1ltial health benefit can be demonstrated.

The proposed rule also requires a complete blood count which is to
include at least a white cell count, a differential count, hemoglobin
and hematocrit. Information such as this has not been demonstrated to
be predictive of carcinogenic or adverse reproductive responses.
Although hematopoietic abnontalities haye been repor~ed by Ehrenberg
and Hallstrom in an epidemiological investiga~iOG of EtO exposed
workers, those investigato~3 were unable to use these findings to
predict cancer.

Complete. blood counts including white cell counts could incidentally
detect leukemia that had not yet become clinically eyident, but again
these tests would not be predictive and would effectively detect
asymptomatic leukemia only if repeated at intervals of seyeral weeks.
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The medical surveillance provisions of the proposed rule also call for
the routine performance of chromosome studies on individual workers,
but the types of tests to be conducted, or the anticipated usefulues
of such te~ting is not specified. Based on current knowledge, NIOSH
does not believe that such tests performed on individual workers will
provide any knowledge that will contribute to the protection of
individual workers from the long-term effects of exposure to Eto.
Chromosomal studies provide a biological end point that is neither
predictable or reversible.

The praamployment evaluation of a worker for chromosomal changes will
a.ot prOTide iuformati011 that caD. be used to predict that worker's
poteutial risk if exposed to EtO. For a worker already exposed to Eta
such studies could not be used to determine whether or not that worker
bas already sustained a carcinogeuic or adverse reproductive effect.

Exposure to Eta can result in chromosomal abnormalities and increased
frequencies of sister chromatid exchanges; however, as of yet NIOSH
knows of no data that conelates these effects to the !Daniiestation of
caucer or adverse reproductive effects in an individual•. Tbe
chromosome studies of an individual suggested by OSHA are not likely to
provide tMs iuformati011. A.bility to detect such damage is limited and
the disease e&U be =anifested in the absence of detectable chromosomal
damaCe. Couversely. the presellce of detectable chromosomal damage does
Dot appear to provid. a fi~ basis for predict1ng the Likelihood of an
individual dem01lStrating a tUJllorigenic response.

Despite this ancertaimty w. believe that the identification of such
changes in groups of workers is cause for concern about their continued
vell beini. but is not appropriate for inclusion in a standard for EtC.

8. Specific provisi011S for skin and eye protection against contact with
liquid EtO are not included in the proposal. Requirements found in
L910.132 and 1910.133 require the ·emp loyer to provide protective
equipment (gloves, goggles, etc.) where skin and eye exposu~e to
hazardous liquids may occur. Is reliance on these two general
provisi~ sufficient for p~otecting against potential dermal and eye
hazards for liquid Eta? If not, explain and specify what addit10ual
provisions a~. necessary.

NlOSH believes that geueral requirements for skin and eye protection
provided in 1910.132 and 1910.133 will not provide the necessary

- protection to EtO exposed workers. In addition, the selection of the
equipment described in 1910.132 and 1910.133 must be based on thorough
knowledge of a variety of factors such as the toxicity and reactivity
of the substance.

Seet10u 6(b)(7) of the Occupational Safety and Health Act specifies
what an occupational safety and health standard promulgated under
section 6(b) shall include. Protective equipment is specifically
included:
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"~ ... \lbere appropriate, such standard shall also prescribe
suitable protective equipment and control or technological
procedures to be used. in connection with such hazards II

The standard coaceming protective equipment (29 CrR sect. 1910.132) and eye
and face protection <-29 CFtl sect. 19l0.133) provide only general guidelines
and do not addr.ss substance specific issues particularly as they relate to
the serious hazards pr.sented. by liqUid ethylene oxide or EtO solutions.
Therefore sections 131 and 133 e&m1ot be viewed as prescribing " ••• sui table
prot.ctive'.quipment••• " because they do 110t c011sider the particular hazards
presented by liquid ethylene oxide or EtC solutions spills and splashes.
Neither sections l32 no-r 133. s.pecify how the. equipment is to be used 110r how
it is to be select.d. to p.rotect the worker from exposure to ethyl.ne oxide.

NIOSK in the past has provided OSHA with specific prot.~tive equipment use
recollllll8ndations for ethylene oxide. These r.commendations were bas.d on the
acut. effects of .thyl.ne oxide exposure.

The Joint NIOSH!OSHA Standards Compl.tion Program tra11smitted a Draft
T.chnical Standard for ethylene oxide to OSHA in 1976. This draft standard
contained requir.ments for the us. of persoaal protective equipment and
clothing to p-rotact agaiust the acute effects of liquid EtO and EtO
solutious exposure. These basic requirements. ar.··.·e~entially repeated, in
Appendix A. of the cunent OSHA p-ropo.ed rule. :~~.~~.. ~. - ~:~. ---

In our 1977, publication Special Occupatiaaal liazard B.eview with Control
'B.ec01lllll811datioDs fo-r the Us. of Ethylene Ox:1d. as a Sterllant in Medical
Facilities: NIOSS; HEW Publication No. (NIOSS) 77-200, NIOSH made the
following recommendations:

"sustained or intermittent skin coutact with liquid EtO may produce
dermatitis at the site of contact. However, due to the extreme
penetrating ability of EtO, and the consequ.nt ineffectiveness of
111&111 types of clothing alaterials to prevent skin C011taCt, the use
of couveutiaaal 'impervious' clothing is not suggested. There are,
howeve-r, certain special types of protective clothing which are
.ffective when working with EtO. For .xample, one of the large' E~
manufacturers provides its workers with knitted gloves which have
beeD coated with certain polymers, including polyvinyl chloride
(sic) ••• "

(Note: As we will explain below NIOSH has information that indicates that
materials made of other substance! will afford a greater Measure of
protection than that afforded by the use of polyvinyl chloride.)

" ••• In addition, conscientious adherence to appropriate sanitation
practices should eliminate Most hazards of skin contact with EtC."
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"If' EtO splashes into the eye, severe irrltatiol1 may result. For
this reaS011 it is suggested that rubber framed goggles, equipped
with approved impact resistant glass or plastic lenses, be worn
whel1ever there is danger of the material coming in COl1taCt with t~

eyes (Y~e., in operations which involve transport bulk c011tainers
of EtO from the storage room to the sterilizer unit for

. installation). Eye wash fountains within easy access from the
immediate work area are recommended; they should be so situated
tha.t· additioual C011tact of the eyes with EtO in vapor form during
.uhiq is ~llkely.11

One studY renewed in this 1977 NIOSH publicati011 reported that extensive
skin bl1.tering occured after brief C011tact with 40 - 80% aqueous solutions
of EtO.

NIOSH believes that the reccmmendatiol1s contained in the SCP Draft Technical
Standard provide a general basis upcu which a standard for personal .
protective equipment and clothing can be developed. The chronic effects of
EtO exposure and the potential for penetration and degradatio~ of chemical
protective clothing dictate that such equipment be thoroughly evaluated and
tested prior to its routine use.

Permeation studies baYe showu that gaments made of chlorlDr.ted
polyethylel1e provide the greatest protectioll against pure, liquid EtO;
brukthrough die! not occur tor at least one hour. Oegrac1ation studies
hay. showu that gamcu ade with tLitrile and butyl rubber also have a
lifetime of about l hour•. (GuideliDes for the Selection of Chemical
Protective Clothing, Vol. ! Fleld Guide: U.S. EPA Contract No.
~-87611lt January 19, 1983.) Neoprene is also available in a wide
variety of formub.tions that prOVide a spectra of different
properties. S01!le guidance 1n the select!011 and testing of chemical
protectiye clothing follow.

Exposure can still occur while using Chemical P~tective Clothing (CPC)
by (l) bulk peuetration through pinholes, ~ips, zippers, seama, etc.,
(2) material failure due to chemical degradati011, or (3) pemeatiou
through the material. For maaychemicals, test data is available that
can help assess the perfonzance of comme~cially available CPC; however,
due to the differenees 1n use and manufacturing conditious, actual
field evaluations are recommended under typical use couditious of
mix:u:es, temperatures, and physical abuse.

There are a variety of staudard American Soeiety for Testing and
K4terials (ASTM) and Federal test Methods available to determine the
flexibility, puncture resistance, and flammability of chemical
protective cloth!ng. These Methods are being summa~ized by the ASTM
r23 .20 C01DDli t tee. -

In general, a test appropriate to each situation must be selected. In
the case where the protective clothing is reused, the effect of
chemical degradation and dec011taminatiou (cleaning) Must also be
evaluated.
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More specifically, there are several methods of evaluation available to
determine chemical resistance.

1. Degradation can be determined by visual inspection or by
determination of changes (weight or size) in material samples after
exposure to concentrated chemicals for as brief as minutes or as
long as days. ~l1Y manufacturers or distributors prortde this
"chemical resis·t&nce, guide" for their products. This information
II&T be useful formak.ing rela.tive coarparlsous; hovever, since
permaati01l can occur without visual or measurable physical changes
being obsen-eCl; .. athu data mst be c01LSidered•

. "., .. :.:".>

1. Paaatr.atiou Cal1 be 'measured by several tests. Gaseous
pressurization of, one side of a test cell in which the test
III&terial is held can locate quality control de-f"ec:e" such as
pinholes. A draft ASTH penetration tast reportedly applies
pressurized chemical onto the outside of the material sample and a
colorimetric detector on the inside to determine breakthrough
time. This test may also be useful in detecting design defects in
zippers and seams.

3. Permeati011 can be measured using the ASnl 1739-81 standard test
..thed which quantifies both breakthrough time ~nd study-state
permuti011. rata. This .ethod requires a las chromatograph with an
auto.ampler, as well as knowledge of the rate of vaporization and
solubility of Eta. Although other test cells are available which
are cheaper and use less chemical, U011e have been validated as
providing resule" comparable to the ASTH method.

Using degradation, penetration, and permeation test data, candidate
larmel1t materials can be knowledgeably selected. Additional evaluation
UDder typical use conditions is also uecessary, however, since product
fO'rllll1la ti011S and. processing condi tions can vary from manufacturer to
mauufacturer or evel1 lot to lot. In addition, in the wot'kp lace Eto may
actually b. presel1t in a mixture, exposures may be intermittent and
te1llgeratures may be significantly differel1t than those found in the
test laboratory.

In all cases, NIOSH recommends that field tests be conducted by
qualified personnel, such as an industrial hygienist, and that such
tests address" at a minimum, the following.

1. A determination of the degr~datiou, penet~ation, and permeation
using liquid Eta or solutions containing EtO in the actual
fo~lation encountered, and' under those couditions (such as
contact sequence, temperature, and reuse) expected to occur in the
particular workplace~
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z. Simpler field tests t although no~ curreu~ly validatedt-could
provide estimata~ of breakthrough time. For instauce t filling the
fingers of a glove or iuverting a glove and filling it with the
actual chemical formulation may provide an indication of the
protection being provided; however t as with the more sophisticated
tests, a trained observer must interpret the results of such
testing.

3. Additional conaiderations that should be given to the selection
of chemical protective clothing include whether another ha%ard is
beinl introduced as a result of its use; such as catching ou 1JI0V'ing
equiplH11t or loss of dexterity. Also t a datermia.a.tiou must be ude
of wbather mora axpOSUre can occur when the cl~thing is dounad t
recycled, or stored.

finally, a determination of whether or not the use of such c~othing

increases or decreases the iucidence of, for instance, a skiD disorder-
UT provide information (albiet after the fact) conceming the -
protectiou being afforded to the worker.

9. Sbould genetic screening, chromosome aualysis, lJl&~e fertility testing_
and pregnancy testing be proTided as a part of th~;'~outin~:_physical."
eS&lliuadon? Sbould these tests be offered to emeloyees 8Xppsed to r"o

e..rge11CT situaticnu, or b. pron.ded for those pe~ilous ,wish1~g to !~:"
procreate? Shou·ld aaedical re1llOft.l protecti01l be provided .for those
wishing to procreate and, if so, under what cireumst&ncasZ

As "e have indicated above, neither genetic sereeDing nor chromosome
analysis bave been demoustrated to bave the ability to predietthe
likelihood of "a careinogenie response or of an adverse reproduetive
effect in an individual. Similarly, we do not believe that sperm or
pregaancy test results obtained frOG individual workers will prOVide
aaeaDiAgful diagnostic information. As with genetic screeuing t we
believe that aperm test resulta are currently only of value for
interpreting effects of EtO exposure ou an entire population.

Therefore, NIOSH does not recommend that auch tests be performed as
part of a routine examination of an individual worker. Given the
p~es.nt atate of knowledge NIOSH can only recommend that t becauae no
eouditious ofaxposu~e to E~ bave been demonstrated to be safe,
employers should. take all reaaouabl. steps to reduee 1I0rker expoau't'e to
l"tO "to the lowes t feasible lim! t.
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lO. In view of the uncertainty as to what constitutes an appropriate
pbysical examination, shoul~ a multi-physician review be required if
requested by the employee? Should employees who believe that they are
suffering-from symptom. associated with Eta overexposure be offered an­
interiD medical examination?

NIOSH does-not believe that the uncertainty described by OSHA can be
resolved by a multi-physician review, sinca the uncertainty arises from
the !nterpretation and not the performance of such tests.

Workers who believe that they are suffering from the acute or chronic
effects of Eta exposure should be offered appropriate medical
evaluation· and tna~t. The affected workers should also be informed
that such au exalDination caUDoe with any. certainty predict the
likelihood of a carcinogenic or adverse reproductive respo~e. In
addition, workers should also be informed that results from such an
exailiDatiou will not provide a basis for IDedical interventio11 that will
protect that worker's health.

ii~ respect to Appendix C--~edical Surveillance Guidelines for
Ithyl811e Oxide w. offereb. following cOllllllents.

Becaus. physical axalDiuatious and biological measurements will not
providG information about au individual wo*er frOll which to pre-iHct .
subsequent manifestation of carcinogenic or adverse reproductive .
effects due to ItO in that indiVidual, no routine physical examination
or biological testing procedures can be recommended that will protect
the individual work.e~ frolll the effec ts of exposure to Eto. Comp le te
blood count data, including white cell COUDt, could indicate an already
manifest maliguancy of the hematopoietic system, but would not protect.
au individual worker against developmeut of the disease.

Cross sectional chromosoaal studies could detect evidence of ongoing
lellstic damage to a group of workers, but routine chromosome studies
for au individual worker are not recommended because the data would not
bave specific diagnostic meaning for that worker. If such testing is
indeed conducted, the uncertainties of interpreting both positive and
negative findings should be explained clearly to the worker.

ll. 'lbat is· the incidence of persistence of quadriradial or other
chromosomal aberrations and sister chromatid exchanges in peripheral
l~hocytas over time after exposure to E~ ceases? Is this
persistence or lack of persistence a fU1lc~ion of dose audlor duration
of exposure?

The persistan~e of the damage detected within an individual is
determined by at least four factors. First, the amount or extent of
the induced damage. Se~o~d, the efficiency of the repair me~hanism.

Third, elapsed time betwe81l the exposure and the obserTation of damage,
and four~h the turnover rate of .the damaged cells.
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In addition, the determination of the persistence of such damage in
bumau. is complicated by genetic variability unlike similar
dete~nations made in an essentially genetically homogeneous
populati~ sucl1 as labora tory rodents.

As we described in response to issue three, theTe is some evidence that
sUllest~ that the acute genotoxic responses observed in animals and
huma~ are related to the manifestation of chronic illnesses.

15. Ar. theTe conditiaaa Under which respirator use should be permitted in
addition to those pr090sed? ~t respirator fit testing requirements
should be included 1n. the final standard and when should such testing
ba perfomed?

NIOsa bas reviewed the proposed provisions for respirator use and has
determined that the provisi~ set forth by the proposed standard would
not provide adequate protection. Since!tO has an odor threshold of
between 430 and 100 ppm, it does not have adequate warning properties
at and below '0 ppm. Therefore, NIOSH recommends that unless air
purifying respirators are equipped with an effective end of service
indicator they should not b~ permitted for use in EtO containing
a tmosph.res.

The proposed standard also allows the use of supplied air respirators
in atmospheres having EtO coacentrati~ as gTeat as 1,000 ppm.
However, the-nOSH/OSHA Guide to Chemical Hazards states that EtO at
800 ppm is IlIIIIIediately Dangerous to Life or aealth (IDLH). NIOSH/MSRA
approvals for supplied air respirators are given only for use in
l1on-IDUl atmospheres. Tb.refore, w. rec.D1IlIIlend that the ID&Ximum
concentration at which supplied air respirators are permitted for use
against EtO be reduced to sao ppm

NIOSH further recommends that OSHA require use of quantitative
respirator fit testing for air purifying respirators and that they
review the NIOSa publication "AteemaUves to Di-2-Ethylhe.xyl Phthalate
(''lJoP'') B.es9irator Quantitative Fit 'testing," DRBS (NIOSH) Publication
No. 83-109.

16.-17. NIOSH has no comments.

- 10 -



50272-101

REPORT DOCUMENTATlON 1 1• REPORT NO. 12•

PAGE

PB91135152
1111111111111111111111111111111

8.

4. Tille and Sublltle NIOSH Testimony on the Occupational Safety and Health 5. Report Date

Administration Proposed Rule on Occupational Exposure to Ethylene ~ ~l~9~8~3~/O~6~/2~2 --;
Oxide by J. Millar, June 22, 1983

7. Authar(s) NIOSH

8. Performing Organlzallan Name and Address NIOSH

12. Sponsoring Organization Name and Address

15. Supplemenlary Noles

B. Performing Organization Repl. No.

10. Pralect!Task!Worll Unll No.

11. Canlracl (C) or Granl(G) No.

(C)

IG)

13. Type of Report & Period Covered

14.

18. Abstract (Limn: 200 wards) This testimony concerns the opinions of NIOSH concerning the proposed
standard from OSHA. NIOSH generally supports the efforts to reduce the PEL for ethylene-oxide
(75218) (Eta), but feels that the medical surveillance provisions of the proposed rule would
not contribute to a reduction in risk. Concerning suitable methods for determining compliance
with EtO permissible exposure limits, NIOSH suggests the procedure of Qazi and Ketchem of the
Union Carbide Corporation, which has as its lower limit 3 parts per million. The possibility
of lifestyle factors entering into the increased risk for cancer from exposure to EtO was
discussed as well as prdposed medical surveillance provisions, the use of personal protective
equipment, the usefulness of field tests, the extent of the routine physical examination, the
incidence of quadriradial or other chromosome aberrations and sister chromatid exchanges in
peripheral lymphocytes over time after exposure to Eta, and circumstances for the wearing of
respirators.~ __

17. Documenl Analysis .... Deserlptars
FlEPFlOOUCE:.D BY
U.S. DEPARTMENT OF COMMERCe

NATIONAL TECHNICAL
INFORMATION SERVICE
SPRINGFIELD, VA 22161

b. Identlflers/Open·Ended Terms NIOSH-Publica tion, NIOSH-Author, NIOSH-Testimony, Millar-J,
Work-practices, Safety-practices, Toxic-gases. Air-quality-monitoring. Reproductive-hazards,
Carcinogens

c. COSATI Field/Group

18. Availability Statement

ISee ANSI-Z38.1 B)

18. Securlly Class (This Report)

22. Seeurlly Class (This Page)

See Instructions an Rellerse

21. No. of Pages

11

22. Prlee

OPTlONAL FOR" 272(4-77)
(Formerly NTlS·3S)
Depsrlmsnl of Commerce




