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NIOSH bas reviewed the proposed standard and offers the following comments
in Tesponse to specific issues raised by OQSHA..

1. Would the proposed provisions ptOVidt adequates workar protactiom from
all hazards associatad with Et0 exposurs!?

NIOSH genertally supports OSHA's efforts to reduca the PEL for Etf0;
however, there are provisions for which we beliave reconsideration will
strengthen the final rule. Specifically, it is our opiznion that the

medical survelllancs provisions will aot coutribute 20 a raduction in
tisk.

2. NIOSH has 2o commants,

J. NIOSH has no comments.

(\ 4, What are the most suitabls methods for determining compliance wich Ex0
permissible exposure limits (PEL's) of 0.5 and L ppm as S<hour
tine-veighted averages and for ceilings ranging from 5 2o 50 ppa for 30
minutas or lass? What are the problems asscciatad with such amcaitoricg
methods? Do they require special tTaining ot experience? Are thers
sericus limitacions as 2o the acsuracy or pracision of the available
sampliag tachniques?

Iz our past lnodustzlal-hygiena studies, NIOSH has used the procsdurs of
Qazl aud RKetchem of the Tuiom Carbide Corporation. 0Qur data suggest

the lower limit for measuring sthyleme oxide ia aiz using this zethed
is about J ppm.

The 0SHA method cumber 30 is suitable for dgtermining compliance with

standards at 0.3 ppm or 1 ppm for &~-hour exposures and 5 ppm as a
1S-ainuce (cailing) exposure.

NIOSH staff hava'evaluated a modificaticn of OSHA methed anumber 30. Iz
" this modifiad methed, the charcoal tube specified by OSHA. was replaced
with a larger one coutaiming 400 mg of activated charcoal ia the
prizary bed and 200 mg im the backup bad. The use of the larger tubes
should permit louger sampling perioeds., This medified method was
evaluated at three levals of ethyleme oxide (trapped om charcsal),
which corresponded to 0.03 ppm to l.7 ppm in S-liter (8-hour) air
samples. The data revealed that, although the desorptiocn effliciencies
' ' of athylane oxide from the charcoal were nearly quantitative, reacticn
‘ yialds of the ethylene oxide derivative, 2-bromoethancl, ware ouly
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abeut 70%. Our recovery experiments also revealed that migraticam of
ethylene oxide from the primary bed to the backup bed during storage
occurred rtapidly. Thevefore, we recommend that two charcoal tubes t
used in series so that the primary and backup sectioms can be sealed
separately prior to shipment to the laboratory. As for the precision
of the modified method, the relative standard deviation for replicate
sagples analyzed on the same day ranged from 3% to 18%, while the
relative standard deviation for replicate samples analyzed over a
number of days raaged upward to 24%.

NIOSH 1s curzTently exploring thea avallability of other amalytical
techniques that could be used to make real time determinations of EtO
peak concentrations over periods of time of 15 minutes or less. One
such amthed for instanteous readings ot EtD exposure that helds promise
is the Foxboro/Wilkes Maran 103R Iafrated Analyses.

Are there othar risk assessments besides that developed by OSHA that
specifically deal with the tisk of cancar or other disease at 50 ppm
and the proposed PEL of 1 ppm? Can the risk of adverse raproductive
effects rasulting from exposure to l ppm or less be adequately N
quantified?

NIOSH ia %0t aware of amy other Tisk assessment describing exposure

rahtignships for Et0 and cancer.

1s there any gzoup of workers who, because of lifestyle, coucurrent
exposure to other chemicals, or physiological makeup, ares likaly to
have an increased semsitivity to echyleme oxide? If so, what
consideration, {f any, should be provided for such wotrkers in the final
standard? : :

NIOSH has mo specific data relating to Et0 that would assist OSHA with
tespact to this issue. Even though there are biolegical differences iz
buman susceptability to certain environmental carcinogens, the lack of
specific data pertaining to Et0 would dictate that all workers
potentially exposed to EX0 be treatad at equal risk. The study by
Yager et al. ¢citad above, however, does indicata thar those workers who
smoked cigarettes and were aexposed te EtQ had an imereased fraquency of
sistar chromatid axchanges than either Et0 exposed workers who did not
smoke or control sublects who did smoke. It is sigmificant that among
people studied by Yager et al., those who were in the countrol gzoup
smoked an average of 21 cigarattes per day, while those in the exposed

' group smoked an average of ounly nine cigarettes per day. Whether the

observed effect is symergistic or additive is not at all clear, nor can
any ralatiounship between this observation and an lncreased risk of
disease be made. Such a relationship can be made only for sister
chromatid exchanges.



Are the proposed medical surveillance provisions, Including the
suggested examinations found in Appendix D (sie) to the proposal,
adequate for the purpose of providing protective medical monitoring of
affected employees? Should an examication also be required to be
offered at the termination of employment? Should the standard be more
specific in the elements required for medical examinatioms of exposed
employees?

Tha phrase "“protective medical monitoriang of affectad employees”
implies that we understand the mechanism of the disease process and
that as long as physiological changes are detected at an. early stage
when they may possibly be reversed. Unfortunately, the mechavism of
the disease process is not completely understood, and therefore, NIOSH
does not. believe that the medical surveillanca described by OSHA will
provide additional protection to Et0 exposed workers.

Specifically, the medical history solicits informatiom comcarning
symptoms related to the eyes, bloocd forming organs, lungs, nervous
system, reproductive system and skin. Koowledge obtained by the
acquisition of this informatiom will not contribute to an understaodiag
of the long-tarm effects of Et0 exposurs, oor is such information

likely to comtribute to the protection of the individual worker.

On the other hand, in the avent of an exposure to a high concentration
of E20, the immedlate examination might include the elemeunts descrtibed
by OSHA These findings could not be used, however, to predict the
likalihood of developmeant of cancer or adversa reproductive effects or
protact the worker from the development of those effacts,

We do recognize that some workars who are potentially exposed to Et0
may also be potentially exposed 2o other substances. Ian some of those
circumatances, the workar may bemefit from the examination as descrtibed

by OSHA but we recommand that such examinations only be performed 1if
the potential health benefit can be demonstratad.

Thl proposed rule also requires a complete blood count which is to
include at least a white cell count, a differential count, hemoglobin
and hematocrit. Informatiom such as this has not been demomstrated to
be predictive of carcinogenic or adversa reproductive responses.
Although hematopoietic abmnormalities have been reported by Ehrenmberg
and Hallstzom im an epidemiological investigation of EtD exposed
wotkars, those investigators wera unable to use these findings to
pradict cancar.

Complete blood counts including white cell counts could incidentally
detect leukemia that had not yet bdecome clinically evident, but again
thase tasts would not be predictive and wogld effectively detect

asymptomatic leukemia only if repeated at Intarvals of several weeks.



8.

The medical surveillance provisicns of the proposed rule also call for
the routine performance of chromosome studies on iandividual workers,
but the types of tests to be conducted, or the anticipated usefulnes
of such testing is not specified. Based om current knowledge, NIOSH
does not believe that such tests performed on individual workers will
provide any koowledge that will contribute to the protection of
individual workers from the long-term effects of exposure to Ef0.
Chromoscomal studies provide a biological end point that is neither
pradictable or reversible.

The preemployment evaluation of a worker for chromosomal changss will
not provide ianformatiocn that can be used to predict that worker's
potsutial risk if exposed to Et0. For a worker already exposed teo EtO
such studies could not be used to determine whether or not that worker
has already sustained a carcinogenic or adverse reproductive effact.

Exposure to Et0 can result in chromosomal abnormalities and increased
frequencies of sister chromatid exchanges; however, as of yet NIOQSH
knows of no data that corrslates these effects to the manifestatiom of
cancar or adverse reproductive effects in an individual. The
chromosome studies of an individual suggested by OSHA srs mot likaly to
provide this informatiem. Ability to detect such damage i{s limited and
the disease can be manifested {n tha absence of dstectable chromoscmal
damage. Couverssly, the presences of detectable chromosomal damage does
1ot appear %o provide a firm basis for predicting the likeliliced of an
{ndividual demonstrating a tumorigenic response,

Daspite this uncarzainty we believe that the {dentification of such
changes in groups of workers is cause for comcern about their continued
vell being, but is not appropriate for imelusion in a standard for EtO.

Specifiec provisions for skin and eye protaction against comtact with
liquid Et0 are not included in the proposal. Requirements found in
1910.132 and 1910.133 require the employer to provide protective
equipment (gloves, goggles, etc.) where skin and eye exposure to
hazardous liquids may occur. Is teliance on these two general
provisiouns sufficient for protacting against potantial dermal and eye
bazards for liquid Et0? If not, explain and specify what additionmal
provisions are necsssary.

NIOSH believes that general raquirsments for skiz and eye protection
provided im 1910,132 and 1910.133 will not provide the necessary
protection to Et0) exposed workers. In addition, the selection of the
equipment descrided im 1910.132 and 1510.133 must be based om thorough
knowledge of a varlaety of factors such as the toxicity and reactivity
of the substagpce,

Section 6(b)(7) of the Oceupational Safety and Health Act specifies
what an occupational safety and health standard promulgated under
section 6(b) shall imeclude. Protective equipment is specifically
included:



e « » Whers appropriate, such standard shall also prescribe

suitable protective equipment and control or techmological

procedures to be used in comnection with such hazards . . . "
The standard cencerning protective equipment (29 CFR sect. 1910.132) and eye
and face protection (29 CFR sect. 1910.133) provide only general guidelines
and do not address substanca specific issues particularly as they relate to
tha serious hazards presentad by liquid ethylene oxide or Et0 solutions.
Therefore sections 132 and 133 cannot be viewed as prescribing "...suitable
protective ‘equipment...” because they do not consider the particular hazards
presentad by liquid ethylene oxide or Et0 solutions spills and splashes.
Neithar sections 132 nor 133 specify how the equipment is to be used acr how
it is to be selaectad to protect the worker from exposure to ethylene oxida.

NIOSH in the past has provided OSHA with épecific prbtactive equipament use
racommendations for ethylene oxide. These recommendations were based on the
acuts affects of sthylene oxide exposure. :

The Joint NIOSH/OSHA Standatds Completion Program transmitted a Draft .y
Technical Standard for ethylene oxide to OSHA in 1976. This draft standarzd
coutained raquirements for the use of persounal protective equipment and
clothing to protact against the acute affects of liquid Et0 and EtO

solaticns exposurs. Thess basic requirements. ars-easentially repeated in
Appendix A of the current OSHA proposed rule. 'ﬁ”;”
Ia our 1977, publicaticu Spacial Occupatiocunal Hazard Review with Cantrol
Recommendations for the Use of Ethylene Oxide as a Starilant in Medical

Facilities: NIOQOSH; HEW Publicatiom No. (NIQSH) 77-200, NIOSH made the
following recommendations:

"sustained or lazermittent skin comntact with liquid E0 may produce
dermatitis at the site of contact., However, dus to the extreme
penetrating ability of EtO, and the consequent ineffectiveness of
many types of clothing matarials to prevent skin contact, the use
of conventional 'impervious' clothing is not suggestaed. There ars,
however, certain special types of protective clothing which are
effactive when working with Et0., For example, ome of the large Et0
manufacturers provides its workers with knitted gloves which have

been coated with csrtain polymers, including pelyvianyl chloride
(sic) '..“

(Nota: As we will explain below NIOSH has informatiom that indicatas that
materials made of other substances will afford a greatar measure of
protection than that afforded by the use of polyvinyl chloride.)

"ee.ln additioun, counscientious adher=nce to appropriate sanitation
practices should eliminate most hazards of skinm comtaet with Et0,"



"If Et0 splashes into the eye, severe irritaticn may result. For
this reascn it is suggested that rubber framed goggles, equipped
with spproved impact resistant glass or plastic lenses, be worn
whenever there i3 danger of the material coming in contact with t.
eyes (I.e., in operations which involve tramsport bulk containers
of Et0 from the storage toom to the sterilizar uynit for

" installation). Eye wash fountains within easy access from the
immediate work area are recommended; they should be so situated
that additional contact of the syes with Ef0 in vapor form during
wvashing is mmlikely."

One study revieved in this 1977 NIOSH publication reported that extensive

skin blistering occured aftar brief contact with 40 - 80% aqueous solutions

NIOSH beliaves that the recommendations contained in the SCP Draft Technical
Standard provide a general basis upom which a standard for persornal
protective equipment and clothing can be developed. The chromic effects of
Et0 exposure apd the poteantial for penetratice and degradation of chemical
protective clothing dictats that such equipment be thoroughly evaluated and
tastad prior to its routine use.

Permeation studies have shown that garments made of chlorinnted
polyethylene provide the greatast protection against pure, liquid Et0;
breskthrough d4id not oceur for at laesst one hour. Degradation studies
have skown that garments made with aitrile and butyl rubber alsc have o
lifatima of about 1 hour.. (Guidelines for the Selection of Chemical
Protective Clothing, Vol. I Fleld Guide: U.S. EPA Contract Na.
G-876111, January 19, 1983.) HNeoprene is alse available in 2 wide
vatiety of formutations that provide a spectra of different

properties. Some guidance in the selection and testing of chemical
protective clothiag follow.

Exposuzs can still occur while using Chemical Protective Clothing (CPC)
by (1) bulk pemetration through pinholes, tips, zippers, seams, etc.,
(2) matarial failure due to chemical degradatiom, or {3) permeation
through the material. For many chemicals, tast data is availablae that
can help assess the performance of commercially available CPC; however,
dua to the differencas in use and manufacturing conditioms, actual
field evaluations are recommended under typical use comnditioms of
mixtures, temperaturss, and physical abuse.

There are a variety of standard Americam Socilety for Testing and
Materials (ASTM) and Fedaral tast methods available to determine the
flexibility, puncture resistance, and f£lammability of chemical
protective clothing., These methods are being summarized by the ASTYM
F23.20 Committee. i

In general, a test appropriats to each situatiom must be selected. In
the case where the protective clothing is reused, the effect of
chemical degradatiom and decontamipation (cleaning) musc also be
evaluated.



More specifically, there are several methods of evaluation available to
determine chemical tesistance.

1. Degradaticn can be determined by visual inspection or by
determinaticn of changes (weight or size) im material samples after
exposure to concentratad chemicals for as brief as migutss or as
long as days. Many manufacturers or distributors provide this
"ehemical resistance guide" for their products., This i{nformaticn
may be useful for making relative compariscns; however, since
permeation can cccur without visual or measurable physical changes
being ohse:ved, q:her data mns: be comnsidered.

2. Pan.t:atian can bc naasured by several tests, Gaseous
pressurization of one side of 3 test call in which the tast
material is held can locate quality comntrel defects such as
pinholes. A draft ASTM penetration tast reportadly 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 datecting’design defecets in
zippers and seams.

3. Permeation ¢an be measured using the ASTM F739-81 standard test
asthod which quantifies both breakthrough time and steady-stata
permeation zats. This method requires a gas chromatograph with an
sutosampler, as well as knowledge of the rate of vaporizatiom and
solubility of Et0., Although other test cslls ars available which
are cheaper and use laess chemical, ucne have been validated as
providiag results comparable tc the ASTM methed.,

Using degradation, pemetration, and permeation tast data, candidate
garment materials can be knowladgeably salectad. Additiomal avaluation
under typical use couditioms is also necassary, howevar, since product
formulatious and processing conditions can vary from manufacturer to
manufacturar or even lot to lot. .In additiom, iz the workplace EtO may
actually be present in a mixture, axposures may be intarmistent and
tamperaturas may be significantly diffarsnt than those found in the
tast laboratory.

In all cases, NIOSH recommends that field tasts be conductad by
qualified parsonnel, such as an industrial hyglemist, and that such
tests address, at a aizimum, the following.

1. A determination of the degradation, pemetration, and permeatioun

using liquid EtO0 or solutiocns containing EtO in the actual

formulation encounterad, and under thoss couditioums (such as

coutact sequencs, temperature, and Teuss) expected to occur im the
. patticular workplace.



2. Simpler field tests, although not currtently validated, -could
provide estimates of breakthrough time. For instance, filling the
fingers of a gleve or inverting a glove and £illing it with the
actual chemical formulationm may provide an indication of the
protection being provided; however, as with the more sophisticatad
tasts, a trained obgserver must intetpret the results of such
testing.

3. Additional comsiderations that should be given to the selection
of chemicsl protective clothing Iinclude whether another hazard is
being introduced as a vesult of its use; suck as catching on moving
equipment or loss of dexzarity., Also, a determination must be made
of whathar mora axposure caun occur when the clothing is douned,
recyclead, or stored.

Finally, a determipation of whether or not the use of such clothing
incressas or decrsases the incidenca of, for instance, a skin disorder:
may provide informatiou (albiet aftar tha fact) concerning the
protection being afforded to the workear.

Should genatic scraening, chromosome analysis, male fertilisy tasting
and pregnancy taesting be provided as a part of the" routine: physical
examination? Should these tests be offered to englayees exposed to
smergency situations, or be provided for those persons wishing to SR
procreata? Should medical removal protection be provided for those
wishing to procreata and, if 3o, under what circumstancas?

As ve have indicated above, neithar genetic screeming nor chromosome
analysis have been demcustrated to have the ability to predict the
likelihood of a carciznogenic response or of an adverse reproductive
effect io an individuwal. Similarly, we do not believe that sperm or
pregnancy test tesults obtained from individual wotrkars will provide
weaningful diagnostic information. As with genetic scraeniang, we
baliave that sperm test resulls are cuzrrently oculy of value for
iaterpreting effacts of Et0 exposure on an entire populatien.

Therafora, NIOSE doss not recommend that such tests be performed as
part of a routize examinationm of an izdividual worker. Given the
prasent state of knowledge NIOSH can only recommend that, because no
conditions of exposure to EtO have been demonstrated to be safe,
amployers should take all reasonmable steps to raduce workar exposurs to

‘ B0 to thea lowest feasible limit.
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11.

In view of the uncertainty as to what constitutes an appropriate
physical examimation, should a multi-physician review be rtequired if
requested by the employee? Should employeas who believe that they are
suffering from symptoms associated with E0 overexposure he offered an.
interim medical examization?

NIOSH does-not balieve that the umcartainty deseribed by OSHA can be
resolved by 2 multi-physician review, since the uncertaiaty arises fronm
the {nterpretaticn and not the parformance of such tests.

Wotkers who believe that they ars suffaring from tha acuta ot chroumic
effects of Et0 exposure should ba offared appropriats medical
evaluation and tresatment. The affected workers should also be informed
that such an examipation cannot with any cartainty predict the
likalibood of a carcinogenic or adverse reproductive response. In
additiou, workers should also be informed that results from suych an
exanination will not provide a basis for medical interveantion that will
protect that worker's health.

With respect to Appendix C--Hedical Surveillance Guidelines for
Ethylene Oxide wa offer the following comments.

Because physical examinations and btolcgic&l measurements will not
provide {aformation about an individual worker from which to predict
subsequent manifestation of carcinogenic or adverse raproductive
effects due to Et0 fn that individual, oo routine physical examination
ot biological tasting proceduras can be racommended that will protact
the individual wvorker from the effects of exposure to Zt0. Complete
blood count data, imeluding whita call count, could indicate an already
manifest malignancy of the hematapoietic systam, but would aot protect
an individual worker against development of the disease.

Cross sactional chromoscmal studies could datect evidance of ongoing
genetic damage to a group of workers, but routine chromosome studies
for an individual worker are zot recommended because the data would not
have specific diagnostic meaning for that workar. 1If such testing is
indeed conducted, the uncartainties of {nterpreting both positive and
negative findings should be explained clearly to the worker.

What is the incidences of persistance of quadriradial or other
chromoscmal aberrations and sister chromatid exchaunges im peripheral

. lymphoecytas over time aftar axposure to EX0 ceases? 1Is this

persistence or lack of persistence a funetion of dose and/or duration
of exposural '

The persistance of the damage detected within an individual is
detearmined by at least four factors. First, the amount or extent of
the inducsd damage. Secound, the efficiency of the repalr mechanism.
Thizd, elapsed time batween the exposure and the observaticn of damage,
and fourth the turnover rate of the damaged cells.



In addition, the detarmination of the persistence of such damage iz
humans is complicatad by gemetic variability unlike similar
dezerminatiouns made in an egsentially gemetically homogeneous
populaticg_such as laboratory rodents.

As we described in response to issue three, there i3 some evidence that
suggests that the acute genotoxic responses observed in animals and
humans are related to the manifestation of chromic {llnesses,

12.-14. NIOSH has no comments.

15. Are thera conditions under which respirator use should be permitted in
addition to those proposed?  What tespirator fit testing requirements

should be included in the f£inal standard and when should such testing
be performed?

NIOSH has reviewed the proposed provisions for respirator use and has
determined that the provisions set forth by the propesed standard would
not provide adequate protaction. Since EtO has an odor threshold of
between 430 and 700 ppm, it does not have adequate warning proparties
at and below 30 ppm. Therafore, NIOSH racommends that uzless air
purifying respirators ars equipped with an affective end of service

indicator they should oot be permitted for use in EtD containing
atmospheres. ,

The proposad standard also allows the use of supplied air respirators i
in atmospheres having Et0 comcentrations as great as 2,000 ppm.
However, the WIOSH/OSHA Guide to Chemical Hazards states that Et0 at
800 ppm {s Immediately Dangercus to Life or Health (IDLH). NIOSH/MSHA
approvals for supplied air respirators ara given only for use in
acn-IDLH atmospheres. Therefora, we recommend that the maximum
concentratiou at which supplied air respirators are permitted for use
against E20 be raduced to 800 ppa

NIOSH fyrther racommends that QOSHA require use of gquantitative
tespirator fit testing for air purifying respirators and that they
review the NIOSHE publicacion "Altérnatives to Di-2-Ethylhexyl Phthalate

("DOP") Respirator Quantitative Fit Testing," DHHS (NIOSH) Publication
No, 83-109

16.=-17, NIOSH has no commants,
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