Vulcan Materials Company

CHEMICALS DIVISION [ P, O. BOX 12283 ¢ WICHITA, KANSAS 87277 « TELEPHONE 316 5244211

THOMAS A, ROBINSON, Ph 5
ENVIRONMENTAL AFFAIRS January 22, 1979

Docket QOfficer . @@&,M T}[1

Docket No. H-079, Room S-6212
U.S. Department of Labor, OSHA [ﬂ:}c //l" 77

Third Street and Constitution Avenue, N.W, WME
Wasghington, D.C. 10210

Dear Sir:

Vulcan Materials Company, Chemicals Division, is a producer of 1,2-dichloro=-
ethane (ethylene dichloride) and as such wishes to submit comment on the OSHA
request for information on 1,2~dichloroethane as pubhshed in 43 FR 56910,
December 5, 1978. N

s

. Under the auspices of the Manufacturing Chemists Association, Vulean is parti-
cipating in an in-depth, inhalation toxicology study of the effects of ethylene
dichloride (EDC)on rats and mice. Inhalation was chosen as the route of expo-
sure since it represents the route of exposure most likely to be encountered in
the workplace. The total toxicological study consists of five segments. An 18-
month exposure bioassay study was conducted to evaluate effects of the chronic
exposure to EDC and was supported by a concurrent clinical chemistry study of
the long-term effects of EDC on various biological parameters. These studies
were conducted by Dr. Cesare Maltoni, Bologna Tumour Institute and by Dr. F.
Spreafico, Mario Negri Institute, respectively, and the final reports of these
studies are expected to be ready shortly. In addition, studies are in progress
on the effects of EDC on metabolism, teratogenicity and reproduction. The tera-
togenicity study is basically complete and the final report will be forthcoming in
the near future. The reproduction study will be completed later this year,

In an interim final report on the 18-month bioassay study, Maltoni stated that
'"'no 'specific' type of tumour has been found in treated animals (rats and mice)."
Maltoni further stated, '"No relevant changes in the incidence of tumours,
normally occurring in the bred (sic) of mice used, has been observed.!" With
Tespect to the rat study, he stated, '"No relevant changes in the incidence of
tumours normally occurring in this bred (sic) of rats used has been observed,
following the treatment, apart from a moderate overall increase of benign mam-
mary tumours (fibromas and fibroadenomas) in treated rats when compared to

————
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controls, however, without a dose-response relationship, within the exposed
groups. This phenomenum has been observed in correlated long~term bicassays
of other compounds in the same animals, suggesting a possible role of stress,' -

Maltoni concluded with the statement, '"On the basis of present data, it may be
stated that in our experimental conditions DCE has failed to show specific carci-
nogenic potentialities,' and ""The presented data may be considered almost
conclusive," '

NIOSH Revised Criteria Document

In our review of the NIOSH Revised Criteria Document on EDC, 1 we noted that
the document does cite the long-term bioassay study of Maltoni, but we believ
that in essence NIOSH inappropriately disregards the study and did not give it
the consideration which it merits. For example, the document focuses on the
rmarginal increase of benign mammary tumors in the Sprague-Dawley rat, (a2
strain with a known propensity for the spontaneous development of mammary
_ tumors) and appears to place more emphasis on this occurrence than it does on

~_"._—_ the general findings of the study. It should be noted that the incidence ofmam-
mary tumors in separate controls of 39/90 is not of significant differenc® from
the 46/90, 41/90, 29/90, and 40/90 observed in animals exposed to 150, 50, 10,
and 5 parts per million EDC, respectively.

The document continues in stating that '"[w] hile increases in tumor incidences
were not significantly different from controls at this level, increased incidences
did occur, and higher levels of exposure may result in still greater incidences

of tumors.!" The document fails to mention that initially.the highest exposure’
level was greater than 150 ppm but was reduced, due to signs of severe acute
toxicity, A higher exposure level than 150 ppm might have yielded no meaningful
study at all, due to this observed effect,

The NIOSH document indicates that there is no epidemiological evidence to
associate EDC with human cancers and writes off the existing seven epidemio=.
logical studies relative to the human exposure to EDC as referring only to
physiological alterations and morbidity, We submit that if EDC is a potential
human carcinogen of any significance, the incidence of such cancers would most
likely have shown up in at least one of these studies, '

Occupational Exposure to Ethyléne Dichloride - Revised Recommended
Standard, NIOSH, September, 1978."
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In addition, the document refers to the skin painting study by Dr. B. M. Gold-
schmitt of the Institute of Environmental Medicine, New York University.

This study showed no increased incidence of tumors following application of
EDC to the skin of mice. Further testing of EDC as an initiating agent for the
tumor-promoter phorbol myristate acetate '"for more than one year, (the com-
bined treatment) yielded one animal (in 30) with one papilloma.' A papilloma
is a benign tumor of the epithelium, similar to a wart, and may have a virus as
a causitive agent. Again, the NIOSH document discounts this negative finding
in stating, '"This study was not originally intended to test the carcinogenicity

of ethylene dichloride per se when applied to skin, Greater numbers of experi-
mental animals and greater quantities of ethylene dichloride applied to the skin
would be necessary before any definitive conclusion could be made. NIOSH
therefore considers the carcinogenic potential of ethylene dichloride via the
dermal route to be undetermined at this time,"

NIOSH, -in the revised criteria document, than places great emphasis on th
findings of positive mutagenicity in Salmonella typhinurium bacteria with the
inconsistent statement that "[:w_r] hile the relation of mutagenisis to carcinogeni--
---w -~ -gity is not firmly established, the consistent, positive mutagenicity findings
)  support a conclusion that ethylene dichloride be considered a carcinogen.™
(Emphasis added). Please note that they do not say a ""potential carcinogen
but a "carcinogen."

From the general tenor of the criteria document, we get the distinct impres-
sion that selective interpretation of the studies cited above was used to yield
only that information which would support the document's recommended
exposure limitations and workplace standards. Although we do not challenge
the findings of the NC1, where the route of exposure to EDC was via gastric
intubation, we submit that this route of exposure is not typical of that
encountered in the workplace and the high dose of EDC used in this study
would correspond to a daily dose of about 7 grams for an individual weighing
150 pounds,

NIOSH Recommended Exposure Limitations and Work Practices

Having reviewed the NIQOSH revised criteria document, we believe that the
recommended permissible exposure limits of 1 ppm time-weighted average,
for a 10-hour workday, 40-hour workweek, and the recommended ceiling
concentration of 2 ppm, as determined over a 15-minute sampling period,
are presently unjustified and not substantiated by any existing evidence that
EDC is a significant potential human carcinogen., Qur belief is supported by
the fact that these PEL limitations are more restrictive than those currently
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in effect for vinyl chloride and acrylonitrile, chemicals which have been
agssociated with human cancers. In addition, we find that the workplace
standards, regarding personal protective equipment and clothing, regu-
lated areas, decontamination of equipment, mandatory showers, and the
provision of clean work clothing on a daily basis, are more restrictive
than the current standards for vinyl chloride and acrylonitrile. Therefore,
based on the negative findings in the epidemiological studies and the nega-
tive results of the two separate animal studies (Maltoni and Goldschmitt),
we believe that the recommendations contained in the criteria document
are not warranted and have not been justified,

Emergency Temporary Standard

We believe that the pi‘eponderance of evidence -pr-es ently available, relative
to the routes of exposure most likely to be encountered in the workplace,
indicates that an ETS is not necessary,

Recommendation

‘We recommend that the results of the toxicological studies currently-in pro-
gress be considered in the evaluation of the necessity of imposing 2 more
stringent standard for the occupational exposure to EDC, Since these studies
will be completed in the near future, we believe that a delay by OSHA, on
further action to modify or issue an occupational standard specific to EDC,
is justifiable and warranted.

Sincerely youfrs, .
Thomas A. Robinson

TAR:bl
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United States Department of the Interior

BUREAU OF RECLAMATION
ENGINEERING AND RESEARCH CENTER
P.0. BOX 25007
BUILDING 67, DENVER FEDERAL CENTER
DENVER, COLORADO 80225

DOGRHET DEIEER
DATE //26779
Docket Qfficer

Docket No. H-079, Room §6212 NiME
U.S. Department of Labor, OSHA

Third Street and Constitution Avenue, NW
Washington DC 20210

Subject: Review of Request for Comments and Information on Occupational
Exposure to 1, 2-Dichloroethane (ER 78/1189)

© Sir:

We have no special expertise concerning toxicological, metabolic,

hereditary, carcinogenic, and other epidemiological studies related

to occupational exposure to 1, 2-Dichloroethane. The current
threshold limit value (TLV) for this material is not proposed to be
changed, and Reclamation has adopted the limits as established by
the American Conference of Govermmental Industrial Hygienists.

Other than the utilization of this material in limited laboratory
quantities for the analysis of paints and polymer concrete, this
request and proposed standard would have no effect on the operations
or mission of the Bureau of Reclamation.

Very truly yours,

Fedon O fe

John C. Peters
Envirommental Specialist
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ETHYL CGORPORATION 3

TOXICOLOGY AND INOUSTRIAL HYGIENE DEFARTMENT
Ernvrn Towsr, 4531 Fromipa

Baton Rouere, LouvisiaNna 70801

January 30, 1979

A
e LY
TIRE

Docket Officer, Docket H-079

Room S$6212, U.S. Department of Labor
Occupational Safety and Health Administration
Third Street and Constitution Avenue, N.W.
Washington, D.C. 20210

Gentlemen:

The attached document is submitted in response to the
request for information on:

Occupational Exposure to 1,2-Dichloroethane {Ethylene

Dichloride~EDC) published in 43 Fed.Reg. 56910 (December
5, 1978).

I appreciate the opportunity to submit this material.

Sincerely,

o, Zelfal

Gary Ter” Haar
Directdr
GTH:ws

Attachment - 4 copies
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A SUBMISSION

by Ethyl Corporation

in response to the request December 5, 1978 of Eula Bingham,

Assistant Secretary of Labor, for information to be used
developing a Standard for:

1,2-DICHLOROETHANE

Note: The information given in the following pages
addresses in turn each of the eleven categories of
information requested in the Notice published in

the Federal Register on December 5, 1978, p. 56910.

Ethyl Corporation
Baton Rouge, Louisiana
January 25, 1979

in

_———— B
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Background and Comments
1,2-Dichloroethane (Ethylene dichloride-EDC) is usually

manufactured by the ligquid-phase reaction of chlorine with
ethylene in the presence of a metal halide catalyst. No by-
products are formed. The crude EDC is passed over to a fractio-
nating tower where the refined product is recovered in a yield

of 96-98%. An alternative manufacturing process involves the
reaction of ethylene, hydrogen chloride and air in a catalyst-
bed made up of copper chloride with other metal chlorides. This
"oxychlorination" process is preferred when an excess of hydrogen

chloride is available,

EDC has been an important commercial chemical since the
early part of this century. Since 1948, growth in commercial use
has greatly expanded as this material came to be commonly used
as a starting material for vinyl chloride. In 1972, 93% of the
vinyl chloride produced in this country was based on EDC.

Future usage of EDC will be greatly influenced by any OSHA and
EPA regulations which are promulgated for EDC. The chemical
industry, of course, is very interested that its workers are

not over-exposed to noxious chemicals. At the same time, overly
restrictive requlations increase production costs and can there-
by jeopardize the workmen's jobs if particular chemical prod-

ducts become too high priced for the intended use.

Besides the use of EDC for the manufacture of vinyl
chloride, in another major application Ethyl utilizes EDC as a
component of the lead scavenger system in leaded gasoline,

This application goes back to the 1920's when it was discovered

that EDC and EDB (ethylene dibromide) can be blended in gascline
to produce a synergistic scavenger mix. The halide atoms react

with the lead atoms during gasoline engine combustion to produce
lead salts which temporarily vaporize and clear from the engine

before soli ifying.

The introducti~n cof any alternative formulation of anti-

knock additive would require additional time-consuming testing
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and research in the current model lead-tolerant emission control
systems. EPA would require a complete evaluation before accep-
tance of any new scavenger components under the terms of the
recent amendments to the Clean Air Act. Thus, regulating EDC
out of gasoline might result in eliminating the use of lead
antiknock additives. Though the amount of leaded gasoline used
in the U.S. is declining because of conversion to unleaded gaso-
line, the use of leaded gasoline is expected to continue to be

of major importance because its markets are worldwide.

It is widely recognized that lead antiknocks are "energy
savers". The elimination of EDC as a "scavenger" in leaded
fuels would severely reduce the utility of this energy saving
additive. The result would be a significant increase in the
nation's crude o0il usage. The production and utilization of
unleaded gasoline results in 5 to 6% more crude oil usage as
compared to leaded gasolines. Furthermore, the o0il industry
would be unable to produce the required volumes of gasoline
during the next three or four years without lead antiknocks being
available. This is because additional, very expensive, refinery
process equipment would have to be installed to produce the

necessary volume of high-octane blending stocks.

EDC has other important commercial uses. It is employed
as a basic raw material for the manufacture of trichloroethylene,
perchloroethylene, 1,1,l-trichloroethane (methyl chloroform),
ethylene amines, vinylidene chloride and a variety of smaller

scale uses.

The NIOSH Criteria Document Revision (DHEW-NIOSH Publication
No. 78-211, September 1978) does not recognize that EDC may be a
minor component of a éolution in some of its uses. According
to the definition used by NIOSH, "The term ethylene dichloride

refers to all physical forms of the compound and its solutions".
The document further defines "occupational exposure to ethylene
dichloride” as work in any area in which ethylene dichloride is
produced, stored, used, packaged or distributed. The combination
of these two definitions would make the Standard all inclusive

=
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for any material containing traces of EDC. This would work an
unnecessary and unreasonable hardship on many businesses and
industries. For example, every service station in the country
would be required to meonitor emplovees for personal exposures and
to have preplacement physical examinations for all workers,
annual physical exams, maintain records for 30 years, etc. There
is no potential benefit from all this expense with regard to
service station employee exposures to EDC. The concentration of
EDC in gasoline is so low that there is no likelihood of anyone
being exposed over the recommended 1 ppm TWA or 2 ppm ceiling.

While all attempts to measure EDC near gas stations or
busy roads have shown levels to be below the limits of detection,
extrapolation from EDB measurements lead to an estimation of
well under 1 ppb. Therefore, it is unreasonable to require
every service station in the country to incur the expense of
monitoring, medical exams, and record keeping. There are likely
to be other situations where EDC is a minor impurity in a product

where similar unreasonable expenses will be required.

We doubt that the intention of the proposal for a regu-
lation was to cover situations where exposures can be deduced
to be insignificant. The regulations covering other known car-
cinogens specify a concentration in solution below which the
regulation does not apply. It is only logical to use the same

reasoning in developing an EDC regulation.

In the original benzene standard proposed by OSHA, there
was no exemption of dilute solutions. This fact caused an un-
recasonable burden on many industries. OSHA recognized this and
modified its proposal to exclude solutions containing less than
0.5% benzene. OSHA did exempt gasoline stations from the
original standard. By the same logic, gasoline staticns should
be exempted from an EDC standard. However, to be consistent
and reasonible, and to prevent unwarranted cost burdens on
other indust.ies, an exemption for low concentrations of EDC in

solution should Le spocified,
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1. Metabolism

It is essential that further metabolism research be
conducted before promulgation of a revised TWA workplace
standard for exposure to EDC.

EDC has been shown by NCI to be biotransformed in
laboratory animals to a variety of metabolites, including
monochloroacetic acid, which depresses enzymes including
glutathione. However, no attempt was made to correlate
dose dependent bioclogical effects with degrees of enzyme

saturation. Recent Dow studies have shown that a "no

effect" level may indeed, be achieved in rats exposed to

vinyl chloride, depending upon the degree of glutathione.

saturation. Such studies on EDC should demonstrate a safe
level of exposure.

NCI made no attempt to demonstrate that the species or
strains selected for their bloassay were appropriate. They
should conduct sufficient metabolism studies to elucidate
the exact in vivo biotransformation steps, pharmacokinetics,
active forms, and in vitro correlation data.

B sound scientific study could be designed using the
following steps:

A. In vivo rat metabolite profile characterized, and
pharmacokinetic parameters identified, following
administration by inhalation exposure. (Oral
administration may lead to a different metabolite
profile due to differences in membrane barrier
metabolism of the stomach versus the lung.)

B. 1In vitro rat metabolites identified and correlated
with in vivo metabolites. (In vitro systems
could include rat lung, liver and kidney tissues).

C. In vitro human metabolites identified as in Step 2.
Positive correlation would confirm that the rat
was the most appropriate species, Negative cor-
relation would indicate that other rat strains or
animal species should be evaluated.

D. Conflicting results between Professor Maltoni and
NCI could then be resolved by repeating the above
steps by the oral route. Difference in metabolic
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profiles and pharmacokinetic parameters could account
for tumor formation in the NCI study and lead to identi-

fication of the active metabolite(s) involved.

2. Toxicity and Related - Carcinogenicity Studies

The conclusion drawn by NCI that EDC is carcinogenic in
rats and mice is of questionable scientific validity for the
following reasons:

A. Intubation of EDC over a long period of time is an

unacceptable method of exposure to EDC. EDC is an
acute and chronic irritant. F. Weissl has re-

ported that EDC erodes the membranes of the gastro-
intestional tract., It is not surprizing that con-
tinued irritation of the stomach with EDC produces

an adverse response.

Robbins and Angell in "Basic Pathology"2 state that
"protracted chronic inflammation predisposes to
squamous cell carcinomas; furthermore, neglected
cases may become deeply invasive and metastasize

to surrounding tissues”". This type of inflammation
was very probably elicited in the EDC animal feeding.
NCI made no attempt to determine the acute or chronic
irritating effect of EDC. Clearly this was a major
deficiency of the study.

B. 1In addition to the sguamous cell conclusions as
discussed above, the NCI study does not show a dose
response relationship among other neoplastic lesions,
based on an analysis of the "target organs". The
NIOSH criteria document indicates there s a d se
response but this is incorrect. As shown in tre
table below, based on data from Table Al, A2, Bl
and B2 of the NCI 1,2,Dichloroethane Assay Report
(No. 107-06-2), a dose response is clearly absent,
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HEMANGIOSARCOMAS

Rat Low Dose High Dose
Target Tissue Males Females Males Females

Spleen 6/50 2/50 2/50 1/50
Liver 1/50 1/50
Pancreas 1/50 1/50 1/50
Stomach 2/50

Subcutaneous 2/50 1/50

Large Intestine 1/50

In regard to NIOSH's statement that there was a
statistically significant increased incidence of
adenocarcinomas of the rat mammary gland, it should be
recognized that the incidence of spontaneous mammary
gland tumors in the Osborne-Mendel rat has been re-
ported by N.P. Page and others to be as high as 32%.
NCI reported 10% in Controls, 2% at Low Dose and 36%
at High dose, all within the distribution range of

spontaneous tumors.,

A dose/response relationship was also not demon-
strated in the female B6C3Fl mice in regard to the
mammary adenocarcinomas, (low-18%; High-15%) and endo-
metrial tumors as indicated in the NCI report. Evalua-
tion of the apparent dose/response in both sexes in
regard to lung adenomas, as well as endometrial tumors,
cannot be made without historical hackground data on

spontaneous incidences.

Inhalation is the method of choice for the study of the
potential carcinogenicity of EDC. Dr. Cesare Maltoni of
the Cancer Center, Bologna, Italy, has, of course,
carried out such a study. His rats and mice showed in-
creases only in mammary tumors due to EDC exposure.
These increases, he says, are not dose related and very
characteristically run at about the 50% incidence level
for each dose (150, 50, 10 and 5 ppm) as compared to
about a 38% incidence level in untreated controls.
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Dr. Maltoni explains that this increase in tumor-
formation is, in his opinion, related to a chemical
irritancy effect and to an upset in body chemistry and
not to any inherent carcinogenicity of EDC. Dr.
Maltoni reports that the mammary tumor increase is
characteristic, and of the same order of increase, for
a variety of other chemicals not considered to be car-
cinogens. Included in this group are such relatively

innocuous chemicals as Fluorocarbons 11, 12 and 22.

Inherent in the NCI gavage approach is that no conside-
ration is given to the fact that the bicavailability
and pharmacokinetics of EDC are affected by the route of
administration. Aas J.G. Wagner3 states:
"The metabolites formed after one route of admini-
stration may be different than those formed after

another route of administration.”

Wagner4 says further:
"Drug metabolism may take place in the gastro-
intestinal wall during the absorption process,
in the liver, and in various tissues of the body,
particularly in the lung and kidney."

These thoughts are further developed by H.M. Bolt5:
"However, it has to be considered that biological
action of axenobiotic does not only depend o.. the
biochemical target mechanisms of the latter, but
is also largely influenced by pharmacokinetic

factors-'

The foregoing aspects may explain why the gavage study
appears to show a carcinogenic effect while the in-
halation data are negative.

Of considerable importance is the fact that workers
~ro cwposed to EDC by inhalation, not ingestion.
Clearly the Maltoni study is more meaningful to worker
health than the NCI study.
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The NCI study also failed to consider possible
indirect mutagenic effects upon intestinal bacteria.
These effects may very well be the basis for the con-
flicting results obtained by Professor Maltoni. The
EPA, moreover, recognized the need for further investi-
gations before final conclusions are drawn. Food
Chemical News announced in 1978 that the EPA felt

that additional work was required on EDC. However,

to date, NCI has not approved additional research.
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Human Epidemiology

No human epidemiological study has been made. However,
records of Ethyl Corporation contain the health histories
of employees potentially exposed to EDC during the company's
entire developmental and manufacturing experience with it.
Qur Medical Department has observed no unusual adverse

health effects on workers exposed to EDC.

Medical Surveillance

Each employer should conduct a medical surveillance
program for all employees who are or will be exposed to EDC
and following emergency situations resulting in potentially
hazardous exposure. The employer sheould provide each
employee exposed to EDC in excess of the action level with
the opportunity for medical examinations performed under
the supervision of a licensed physician who has been apprised
of reason for the examination and of the nature of the

employee's work exposure.

Workers who are or may be exposed to EDC in excess of
the action level should have pre-placement medical examina-
tions and annual medical examinations with emphasis on the
liver, kidneys, lungs, cardiovascular system, nervous system,
gonads, and skin. Laboratory tests should include tests
of liver function, a complete blood count, urinalysis,
spirometry and any other tests the physician deems appropri-
ate.

When the tests performed show abnormalities, the tests
should be repeated as soon as is practical, preferably
within one month. 1If, at the time the employee is examined,
thie physician advises withdrawal of the employee from poten-
tial exposure to EDC, the employee and employer shall be so
advised by the examining physician.

Emergency Exposure - Each employee exposed to EDC

during an emergency shall be afforded medical surveillance
as determined by the examining physician to be appropriate.

SL 080826
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Respiratory Protection

Full face piece, positive pressure air supplied respi-
rators are normally used for EDC in the manufacturing
areas where vapor concentrations are expected to be high.
A full face-piece, organic vapor canister mask is allowed
for emergency escape purposes. Half face-piece organic
vapor cartridge masks are permitted in some operations

where concentrations are not expected to exceed 500 ppm.

Personal and ambient air monitoring results at Ethyl
facilities show EDC concentrations well below permissible
limits (see Section 7). Therefore, respiratory protection is
not required for routine job functions, i.e. collecting guality
control samples and making unit rounds. Full face canister
masks are located in the operating areas for emergency use
only. Supplied air respirators are utilized for vessel
entry or maintenance jobs where exposures to EDC are antici-
pated. Half face-piece organic vapor cartridge respirators
are used in barge loading operations,

Use and Production Technologies

Engineering Controls, including...

Engineering controls are used to minimize workers'
exposure to airborne-levels of EDC. When new equipment is
installed, the design provides for such controls. A rou-
tine maintenance program ensures that all engineering controls,
ventilation and physical control systems are maintained in

efficient working order at all times.

Special Process Equipment

A. All pumps in the processing area have mechanical
seals.

B. Quality control sampling of process streams is
conducted via a continuous circulating loop,
using a three-way valve. This avoids the need to
flush lengths of pipe to get a representative
process sample, thereby eliminating large spills
and splashes,
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C. The field sample booth is equipped with a stan-
dard laboratory hood to control vapors during

routine analysis.

D. The process areas are constructed as open struc-
tures to eliminate confined spaces where EDC

concentrations would tend to accumulate.

E. The unit control room is situated remotely from
the process area. Clean make-up air and air-

conditiconing is provided.

Ventilation -- The production area is located outside,

and natural ventilation is obtained. All guality control
samples are analyzed under standard laboratory fume

hoods to reduce potential exposures.

Housekeeping -~ Emphasis is placed on cleanup of spills,

periodic inspection, repair of equipment and leaks,

and proper storage of materials. Emergency escape
routes are Kept clear at all times. EDC process drains
are diverted to a special c¢ollection pit for EDC reclai-
mation,

Sanitation Practices -- Emergency showers, eye-wash

stations and hand-washing facilities are well marked
and readily available in the work area. Any clothing
accidentally wetted by EDC is removed immediately and
the skin washed thoroughly with soap and water.

Protective Clothing -- Because EDC is a liquid under

ambient conditions, impervious protective clothing

is required for various jobs. During operations or
maintenance procedures where splashing, spilling, spray-
ing, etc., or skin contact could occur special clothing
is required, i.e. when collecting quality control samples
impervious gloves and goggles are mandatory.

Eye Protection -- Goggles are required during all tasks
where eye contact with EDC is possible. Good hygiene
practices are enforced at all times.
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Warning Devices and Labels...

The following cautions and first aid advice is con-
sidered appropriate, and should be posted and disseminated

in all appropriate places.

WARNING

HARMFUL IF INHALED, SWALLOWED OR ABSORBED
THROUGH SKIN.

CAUSES EYE IRRITATION

Avoid breathing vapor.

Keep container closed.

Use with adequate ventilation

Avoid contact with eyes, skin and clothing.
Wash thoroughly after handling.

FIRST AID: If inhaled, remove to fresh

air. If not breathing, give artificial
respiration, preferably mouth-to-mouth.
1f breathing is difficult, give oxygen.
Call a physician.

In case of contact, immediately flush

eyes or skin with plenty of water for
at least 15 minutes while removing
contaminated clothing and shoes. Call

a physician. Wash clothing before reuse.

7. Employee Exposures

Number of emplovees exposed full time, BR = 36; Hcn - 12
Number of employees exposed part time, BR - 114; Hou - 38

With few exceptions, exposures have generally been low
e.g. <5 ppm. Area monitors indicated <3 ppm.

Area and personnel monitoring of Ethyl's Baton Rouge
plant has produced the following specific data:
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TABLE I

Workplace and Ambient Levels of EDC

Concentration (ppm)
Area Range Mean Comments

Ethyl - Baton Rouge 0.1-5.6 1.6 33 samples
(Hydrocarbon Manuf.) 23 Below 1 ppm

.6=-13.5 . 3 Samples
2 Below 5 ppm
Reboiler change out

Ethyl - Baton Rouge
(Hydrocarbon Maintenance)

Ethyl - Baton Rouge <0. 2 Samples
(TEL Manufacturing) None Detected

Ethyl - Houston . 14 Samples
(CHA Section) 7 Below 1 ppm

Ethyl - Houston . . 3 Samples
(Laboratory) 2 Below 1 ppm

Ethyl - Houston . . Samples
(TEL Manufacturing) Below 0.2 ppm

Ethyl - Houston . . . Samples
(EDC Barge Loading) Below 1 ppm
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Technological and Economic Feasibility of Reducing Employee
Exposure

Exposures of workers to EDC vapor can be minimized if

certain standard procedures are followed at all stages of
production. The following basic provisions can be incor-
porated into such operating procedures. As additional
methods of control are devised, they can be implemented
wherever appropriate.

Routine operation -- Where a local exhaust ventilation

or collection system is used, it can be so designed and
maintained as to minimize EDC concentrations in air. Air
from the exhaust system must not be recirculated into the
workroom. Good housekeeping practices should be exercised
at all times. S8Smoking is prohibited in process areas,
except in designated areas.

Abnormal/emergency operation -- When vessel-opening,

or entry of equipment which may contain EDC, is required,
appropriate special procedures should be employed. Any
worker involved in these tasks should be required to use
adequate personal protective equipment, including a
respirator and protective clothing. A formalized written
vessel entry procedure is established and followed. The
appropriate respiratory protective equipment should always
be available for use during emergencies. Fire fighting
procedures have been established and appropriate equip-
ment provided.

Cost of Compliance 10 ppm 1 ppm

Capital, BR $460,000 $655,000

Houston 153,000 220,000

Annual, BR 248,000 322,000

Houston 83,000 108,000

Differcontial BR 141,000 181,000

First Year Houston 47,000 60,000
Operating

Costi,

Cost for operating at levels below 1 ppm become very

high and lower levels are, we believe, unnecessary.
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10. Analytical and Sampling Methods

Sampling Method
Collection Medium: SKC 600 mg charcoal tubes

Flow Rate: 100 cc/min.

Pump: DuPont constant low flow pump Model 125

Method: Collect in worker's breathing zone for
minimum of 7 hours during working shift
for personal samples., Stationary samples
collected in same manner.

Calculation:

total ug found x 24.45

Vol. In I x MW = actual exposure ppm

Analytical Method
Collection Medium: SKC 600 mg charcoal tubes
Eluant: Reagent grade carbon disulfide with

pentane as internal standard.

Desorption Conditions: Cool eluant in dry ice, add
charcoal from sample tube and place in wet
ice bath for thirty minutes with occasional
agitation,

Gas Chromatographic Conditions:

Chromatograph: Hewlett-Packard 5710 with

fiame ionization detector

Column: 1/8" x 25' 30% Se-52 on Gas
Chrom Q, 80/100 Mesh

Injector Temperature: 150°C

Oven Temperature: 100°%¢ Isothermal
Detector Temperature: 300°C
Carrier Gas: Helium

Flow Rate: 30 ml/min.

Analytical Precision: Unknown
Analytical Accuracy: + 10%

Low Detectable Limit: 5 ug
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11. Whether an ETS Issuance 1s Appropriate
The issuance of an Emergency Temporary Standard is

not appropriate. There is no indication of any manufac-

turing or user emergency.
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WY L e e The BF Goedrich Company
ﬂj- BT T Chemical Division

. T 6100 Oak Tree Boulevard
Chemncal_ Division Cleveland, Ohio 44131
216-524-0200

William C. Becker
Division Vice President
Ernployee Relations

February 1, 1979 ond Public Affairs

DORNET QEEICER

Docl;cet Officer @@WE 2’/7/7;
Docket No. H-079 vmm@

Room 56212

U. S. Department of Labor

OSHA

Third Street & Constitution Ave., N. W.
Washington, D. C. 20210

|

Subject: OSHA request for information on l,2-dichloroethane
Dear Sir:

BFGoodrich Chemical Division appreciates this opportunity to
respond to OSHA's request for information regarding l,2-dichloro-
ethane (ethylene dichloride).

We have many years' experience in the manufacture of EDC and

do noét know of any evidence of a grave danger to the health

of our employees, calling for immediate action. Therefore,

it is our belief that there is no need for an emergency temporary
standard for ethylene dichloride (EDC). We base this position

on two facts.

‘There is no scientific data, to our knowledge, to support
imposing an emergency temporary standard.

*Qur personnel monitoring has shown that we have already
attained low levels of EDC exposure.

Following are answers to the questions you have posed.

Human epidemiology. BFGoodrich Chemical Division has manufac-
tured and processed EDC at its Calvert City, Kentucky, plant
for 15 years, converting it to vinyl chloride. We also make
chlorine and ethylene at this site,

Therefore, our employee exposures at this plant tend to be
mixed and few employees can be identified whose principal
exposure would have been to EDC. Meaningful epidemiology study,
at this point, is not possible,

Medical survejillance procedures. BFGoodrich Chemical Division
believes that appropriate medical surveillance should be directed
at identifying the effects of chronic exposures to EDC. Acute
effects will be self-evident and readily identified with the
exposure situation.
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The BFGoodrich Company

-2- Chemical Division

In looking for evidence of chronic toxicity, we feel medical
surveillance efforts should be directed at examination of the
liver and kidney, which are the organs principally affected.

We believe the best means for identifying liver and kidney

damage 1s by chemical examination of the blood and urine for
evidence of organ damage. We also believe that the employee's
health will be best protected by allowing the examining physician
a wide latitude in the choice of tests to be used, We feel that
requiring specific bio-chemical tests will tend to freeze the
examination into a fixed format and will discourage physicians
from regularly changing their examination procedures as new

and better tests are identified in the course of medical progress.,

An annual, interval history and appropriate bio-chemical tests
for liver and kidney damage, would constitute an appropriate
medical surveillance procedure. Specifically, we see no need

or value in a "hands-on" examination by a physician except

when the bio-chemical studies indicate some problem and the
examination becomes a natural part of the follow-up examination.

Appropriate respiratory protection. At our Calvert City facility,
EDC is manufactured and processed in a liquid state in open air
operations. Almost all vinyl chloride manufacturing operations

at Calvert City involve EDC. Physically, EDC is much less volatile
than VCM. Therefore, the respirators already assigned to employees
for vinyl chloride provide adequate protection against EDC exposure.
The respiratory protection requirements for EDC should be selected
in conjunction with present respiratory equipment required for
vinyl chloride.

Our present vinyl chloride respiratory program consists of:

‘Not over 1000 ppm - Type C, supplied air respirator
continuous flow type, with half
facepilece.

*Unknown, or above 1000 ppm - Open circuit, self-contained
breathing apparatus, pressure demand
type, with full facepiece.

While there might be some concern for eye protection using half-
mask respirators, they can be, and frequently are, supplemented
with monogoggles or a faceshield to provide suitable eye protection.

Production technology. Please refer to EPA-450/3-73-005-b entitled
"Survey Reports on Atmospheric Emissions from the Petrochemical
Industry, Volume II" and EPA-450/3-73-006-c entitled "Engineering
and Cost Study of Air Pollution Control for the Petrochemical
Industry, Volume 3: Ethylene Dichloride Manufacture by Oxy-
chlorination."
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Employee exposures. The Calvert City plant has five gas
chromatographs for ambient area monitoring of EDC and VCM.

Each GC has 10 sample collection points and each point is

sampled and analyzed twice per hour, or a three minute cycle

per point. Several points have multi-probes. In the EDC
manufacturing area where there is the highest potential exposure,
about 25 percent of the readings are greater than 5 ppm EDC,

and 20 percent are greater than 10 ppm EDC.

The EDC manufacturing area employs about 50 people. A limited
number of six-hour personnel samples there averaged 2.75 ppm,
with a median sample of 2.27 ppm and a maximum of 8.96 ppm.
The highest exposure job was the roving operator who averaged
3.33 ppm for 10 samples,

Reducing employee exposure and complying with complete 1,2-
dichloroethane standard at the lowest level of exposure feasible.
BFGoodrich believes that any exposure levels to be considered

for comment must be specified before we can make intelligent
comments on the amount of money to be invested in achieving

those levels. Costs, as demonstrated by other standards,
increase by orders of magnitude as lower levels of exposure

are considered.

We chose, in conjunction with the VCM control program, to estab-
lish an internal target of five ppm EDC on a time weighted
average. On the average, we met that goal. Since we do not

see any need for changing the present - OSHA standard, we have

not estimated the cost of compliance with a new standard.

Analvytical and sampling methods. We use the Bendix Flasher
Method for personnel monitoring at our Calvert City plant.

The combined sampling and testing error associated with per-
sonnel monitoring for EDC has been determined to be T 17 percent,

Whether issuance of an emergency temporary standard is appropriate,
An emergency temporary standard is authorized by law only when
employees are exposed to grave danger to health, and the ETS

is immediately necessary to protect employees from such danger.
The Goodrich experience in manufacturing and processing EDC

has not shown such a grave danger to our employees. Indeed,
industry-wide, we know of no evidence of such danger. Results
of the animal studies are conflicting. Although the National
Cancer Institute gavage studies are positive, preliminary
results on the Manufacturing Chemlsts Association (MCA) in-
halation study conducted by Dr., Maltoni are negative, Pre-
liminary MCA teratology study results do not support evidence
of a grave danger. In summary, our experience in manufacturing
EDC and our knowledge of the relevant facts are not consistent
with the existence of any danger, let alone one which can be
reasonably characterized as "grave."
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As we said, 1t is the position of the BFGoodrich Chemical
Division that no emergency temporary standard be issued at
this time. We realize that there are other specific proposals
now being considered by 0S5HA. However, the framework of the
questions in this request for information makes it inappro-
priate to address other proposals and we assume the oppor-
tunity to comment on these will be afforded to us should

0OSHA choose to act in reliance on then.

Sincerely,
o/~
. C. Becker

WCB:mm
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Diamond Shamrock Law Department - Chemicals
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February 2, 1979

-
i ‘Lﬂm

Docket Officer

Docket No. H-079

Room S5-6212

U. S. Department of Labor, OSHA

Third Strecet and Constitution Avenue, N.W.
Washington, DC 20210

Re: 1,2-Dichloroethane (ethvliene dichloride)

Gentlemen:

In response to your request for information dated December 5, 1978
(43 Federal Register 56910), we will submit to you as promptly as
possible data and comments on the above matter.

Our submission will include exposure and toxicological data and
economic and technological feasibility analyses, as well as comment
on the appropriateness of issuing an Emergency Temporary Standard.

Additional time is required to organize our data and put it in
context, so that our submission will be more fully responsive to
your request, as well as to the recently published revised recom-
mendations of the National Institute for Occupational Safety and
Health.

At this time, we can say that we are unaware of any data, including
the NCI data referred to in your request, which demonstrates the
need for an Emergency Temporary Standard.

We estimate that our response will be completed within the next two
weeks. In the meantime, should you wish to discuss this matter,

please call me at (216)694-5268,

Very truly yours,

A, Q)

Senior Counsel

/njw
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Shell Qil Company

One Shell Plaza
P.O.Box 2483
Houston, Texas 77001
Paul F. Deisler, Jr.
Vice President

Heaith, Safety & Environment Dﬂm '”ETY ”15\}@E?|

February 2, 1979 BWWE 77/7/77
TILE

Docket Qfficer, Docket No. H-079

Room $S6212, U.S. Department of Labor, OSHA
Third Street and Constitution Avenue, N.W.
Washington, DC 20210

Dear Sir:

This letter and its attachments are submitted in r<... . .o the request for
information on 1,2-dichloroethane (EDC) published December 5, 1978, at
page 56910 of Volume 43 of the Federal Register.

We have had insufficient time to address fully all the complex issues raised
in the EDC query and in companion requests for information also published on
December 5, 1978. We anticipated this situation and asked for additional
time to address - - issues; a copy of our December 18 request is attached.
Because we have r  ived no reply, we are supplying the best answers
possible in relatic. to EDC within the short response time available.

The attachments address the eleven questions presented at 43 F.R. 56910 and
support the following positions:

1. The relevant EDC literature is inadequate to support the
NIOSH-proposed 1imits for occupational exposures. Toxicology
studies appearing in the literature are limited primarily to
acute exposures; epidemiological studies usually are
anecdotal.

No data exist to show that unreasonable risks to human
health accompany exposures which comply with current
standards.

Long-term EDC toxicology studies nearing completion are
designed to help supply knowledge where deficiencies exist
now.

NIOSH recommendations for EDC exposure standards cannot be
supported because they place unjustified emphasis on exposure
by gavage whereas the principal industrial exposure is by
inhalation of low concentrations of vapor.
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5. Available information does not support an emergency
temporary standard for EDC exposures.

We urge that OSHA re-examine available literature and evaluate the relevance
of the various elements found there. We believe that such a re-examination
will lead OSHA to agree with our conclusion that compliance with current
occupational exposure standards for EDC is free of unreasonable risk to

human health. We urge OSHA to await public scientific review of EDC
toxicology studies now nearing completion and that OSHA conduct a "Regulatory
Analysis" as described in Executive Order 12044.

Very truly yours,

P3 ek,

P. F. Deisler, Jr.
Vice President
Health, Safety and Environment
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Shell Oil Company

Cne Sretl Flaza
ATTACHMENT 1 PO Ror 2483

Houstor, Teras 77000

December 18, 1978

Honorable Eula Bingham

Assistant Secretary

Occupational Safety & Health Administration
U. S. Department of Labor

Third Street and Constitution Avenue, Nh.W,
Washington, DC 20210

Dear Dr. Bingham:

The Shell 011 Company and {its subsidiary, Shell Chemizal Company, wish

to comment on your questions coucerning epichlorohydrin and 1,2-dichlicro=-

ethane (43FR56907 et seq). The detalls requested in the announcement

are complex and varled. We feel that the time deadlires of January 19,

1979, and February 5, 1979, respectavely, for the two chemicals will noz .

permit an appropriacely detailed reply. The time frame is further
exacerbated by the effect of the Christeas holiday scason i which many

of those who will be involved in developing the replies nre not now
available, nor will they be until afrer the first of the yoeoo . Accordi

we request the granting of a 60-day cxtcusion beyond the stated res;cetive
deadlines for comments.

Very truly yours,
7 ./
(J/4§2~714>J227éékﬂvavqbaif’

-~
Howard L. Kusnetz, Hungger
Safety & Industrial Hyglene




(1) Metabolism, including intermediate
as well as final metabolites

The National Institute for Occupational Safety and Health (NIOSH),
in its March 1976 Criteria Document, states that "No information on meta-
bolism of ethylene dichloride by humans was found in the literature" (1).
Like NIOSH, we are unaware of information concerning human metabolism of
EDC. Studies involving metabolism of EDC in animals are few in number and
we are unable to augment the list of literature references contained in the
NIOSH Criteria Document (2).

OSHA 1is aware of ongoing animal metabolism studies supported by
the Manufacturing Chemists Association (MCA) and being conducted at the
Mario Negri Institute in Milan. These particular studies began about a year
ago and represent one segment of a comprehensive series of studies of
various aspects of EDC toxicology being sponsored by the MCA. It is MCA's
policy to provide final reports promptly to interested agencies. Shell is
an active participant in these MCA activities,

(T)Criteria for a recommended standard .... Qccupational Exposure to EDC,
NIQSH, March, 1976, p. 72.

2Mbid, pp 68-72.
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(2) Toxicity, tumorigenicity, carcinogenicity,
teratogenicity and/or mutagenicity,
incliuding the effects of potential co-factors
as related to each of these

The Manufacturing Chemists Association (MCA) is sponsoring long-
term animal tests involving inhalation of EDC. This work, being conducted
by Dr. Maltoni, is nearing completion: 12-month exposures at several
concentration levels are complete and associated pathology studies are
progressing. It is Shell's expectation that results will be reported by the
second quarter of 1979.

A second MCA-sponsored study focuses on teratology: this study is
being performed by Dow Chemical Company and we expect a final report by the
second quarter of 1979,

A third MCA-sponsored study involves reproductive effects.
Exposures for the reproductive studies have been completed and skeletal
evaluations are in progress. We expect that this study will be completed by
the third guarter of 1979.

Final reports will be provided promptly to interested agencies.
Shell has participated in each of these MCA activities by contributing both
financial and scientific support.

We have no information to offer on the effects of co-factors and
have been unable to find any suggestions of EDC-related co-factors in the
Titerature,

—
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(3) Human epidemiology (employee populations
and those otherwise exposed)

Shell has no epidemiological data relating only to EDC exposures.
Those epidemiological data which Shell has reviewed are confounded by simul-
taneous exposures to other agents. Those studies labeled as "epidemiologic" in
the NIOSH Criteria Document %3) are largely anecdotal in character and often
involve simultaneous exposure to other chemical agents considered to be toxic
(e.g., carbon tetrachloride, benzene). Another confounding factor is the lack of
data concerning individual smoking histories; this factor can have an impact on
results. Unfortunately, some of the clinical data noted in the NIOSH Criteria
Document under the epidemiology section are incomplete and it may not be possible
to correct these deficiencies because the data were collected a long time ago.

(B)Criteria for a recommended standard .... Occupational Exposure to EDC,
NIOSH, March, 1976, pp. 46-57.
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(4) Appropriate medical surveillance procedures

Medical surveillance procedures for EDC are difficult to define 1in
the absence of an evaluation of the final results from Dr. Maltoni's inha-
lation study. Pending the outcome of that work, Shell is unable to define
appropriate medical surveillance procedures if, indeed, any appear to be
scientifically indicated. Shell's medical surveillance objectives include
the application of appropriate medical techniques and procedures of modern
preventive medicine. Our philosophy in medical surveillance is that "single-
purpose" tests do not substitute for more complete medical profiles once
scientific justification for surveillance is established.

Shell's medical surveillance programs currently include virtually
all our employees routinely exposed to EDC despite the fact that we have no
specific EDC medical surveillance program. People exposed to vinyl chloride
and epichlorohydrin are included in special annual medical surveillance
programs; it is these populations which are likely to experience EDC exposures
also. It is possible that personnel having occasional potential exposures
to EDC might not be included in one of our annual special-surveillance
programs. These individuals are encouraged to participate in our voluntary
periodic examination program.
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(5) Appropriate respiratory protection

A standard for regulation of EDC exposure should provide for
employee protection through use of appropriate respiratory protection.

The NIQSH EDC Criteria Document recommends only air-supplied
equipment. If the NIOSH recommendations are adopted, air purifying respi-
rators would not be permitted, except for evacuation or escape, because of
the "poor warning properties” of EDC at the recommended environmental limit
of 5 ppm TWA and 15 ppm over 15 minutes (peak). The Document reports that
the odor threshold of EDC is 3 to 100 ppm based on three literature ref-
erences, OQur experience indicates that the odor threshold is much closer to
3 ppm than 100 ppm. It appears therefore that more definitive information
is required to substantiate the c¢laim of poor warning properties.

However, regardless of the odor threshold, we believe that the
decision on whether to permit air purifying respirators should be based on
the efficiency of these devices in removing EDC from ambient air, and their
service 1ife. If removal efficiency and service life are adequate to
protect employees, they should be permitted. Research on service life of
chemical cartridge respirators for organic vapors in general (Nelson, et al,
Am. Ind. Hygiene Assoc. J. 37:514) and EDC in particular (Nelson, et al, Am.
Ind. Hygiene Assoc. J. 35:391) indicates that breakthrough of EDC will not
occur over a 10-hour shift with an ambient level of 100 ppm, assuming
moderately heavy exertion (37 L/min breathing rate) for the entire shift
with respirator cartridges containing 80 grams of carbon per pair of cartridges.

SL 080846
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(6) Uses and production technology

Shell's primary use of EDC is as a chemical intermediate which is
subsequently converted to vinyl chloride. More than 95 percent of our needs
for EDC are supplied by our own manufacture. Sales of EDC by Shell to
others have been on an occasional basis only (mostly for export) and have
amounted to less than one percent of our production.

Shell's second use of EDC is as a gasoline additive. None of our
EDC production is used directly in motor gasoline. Rather, we purchase an
additive "cocktail" containing pre-mixed EDC, alkyl lead, and ethylene
dibromide from one or more of several suppliers.

Production technology involves the direct chlorination of ethylene
and the oxychlorination of ethylene with hydrogen chloride. This technology
is 1icensed from another party and we are not at liberty to disclose the
relevant details.




Employee exposures (actual or potential) in each
use and production facility, including: (a)

the Tevels and specific conditions of such
exposures. (b) the number of employees involved
in each exposure situation

At about ten Shell blending locations, a gasoline additive "cocktail"
is blended with appropriate hydrocarbon streams to prepare motor gasoline
(4). The premixed additive "cocktail" contains alkyl lead, a class of
compounds long regarded as toxic. As a result of concerns over potential
exposures to alkyl lead, work practices in gasoline blending facilities
have, for many years, been characterized by extraordinary caution. Gasoline
blending is highly automated and the premixed additive is metered and
blended into the gasoline via in-line blending., It is not surprising,
therefore, that our attempts to obtain reliable and gquantitative measure-
ments of employee exposure to EDC at gasoline blending facilities have not
been successful because ambient EDC levels are below our limits of detection.

At Shell's two EDC production facilities, we have compiled personal
monitoring data involving 2199 sampies over the three-year interval 1976-77-
78. These samples cover all aspects of our EDC production activities, both
normal operations and shutdowns, and all job categories, including operator,
shipper and various crafts. Analytical procedures and sampling techniques
are recognized standard methods. The results in the following table are
from “lapel-type" samples of ambient air and many samples were collected
while the person was wearing an approved respirator. The actual employee
exposures were Tower than the levels reported below for the ambient air.
Hence the levels recorded serve only to indicate the potential exposure
which would have occurred in the absence of a respirator.

Personal Number Percent Cummulative
Monitor, of of Percent of
8~hour THA Samples Samples Samples

<1 ppm 1459 66.3 66.3
1-5 ppm 571 26.0 92.3
5-10 ppm 95 .3 96.6

10-50 ppm 66 .0 99.6
> 50 ppm 8 4 100

Exposure situations fall into two main categories which will be
labeled "normal" and “"occasianal" for the purposes of this answer. In the
"normal" category are those exposures of operators and maintenance personnel
“normally" assigned to EDC production facilities. A total of approximately

Hgee attachment A(6), supra.
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70 operators is "normally" involved at the two Shell sites and work activities
involve potential EDC exposures during the entirety of the work week. In
addition, approximately 70 maintenance personne] are assigned to EDC production
units: of this total, about one-half finds week-long duties at the EDC unit
and the other half rotates to other areas outside the EDC facilities where
their skills are required.

“Occasional" exposures to EDC occur during shutdowns of production
units (approximately 25 days per unit per year) when additional maintenance
personnel refurbish operating units. "Occasional" exposures also will be
experienced by non-EDC personnel who enter EDC production facilities sporadically
and by labaratory personnel who use or test EDC.




(8) Technological and economic feasibility of
reducing employee exposure

(9) Economic and technological feasibility of
complying with a complete 1,2-dichloroethane
standard at the lTowest Tevel of exposure
feasible

It is not possible to answer these guestions satisfactorily at
this time because meaningful estimates of the costs of complying with
possible OSHA actions regarding EDC require:

1. Definition of the target level(s) of interest;

2, Detailed target-oriented engineering designs with subsequent cost
estimating.

We do not believe that such studies should be undertaken until there is some

reasonable showing of need. However, we do have some general comments to
offer.

Our deligent efforts to reduce employee exposures to vinyl chloride
and other chemicals have controlled potential EDC exposures to very low
Jevels. Virtually all personal monitoring data (5) show that employees
encounter work-place environments having ambient air levels of EDC well
below existing standards. Furthermore, actual exposures are even lower
because respirators are worn frequently in those work areas where significant
inhalation exposures of EDC are possible.

In theory, it is possible to place employees in continuously-worn
1ife support systems akin to space suits but practical experience indicates
this is totally impractical in an EDC manufacturing environment. Such
"space suits" are awkward and pose new perils to those encumbered with them.
In theory, it is possible to encase a petrochemical unit in an enclosure,
but this too is totally impractical from the standpoint of operating the
facility. In addition, such enclosures can create additional dangers to
employees. We believe this action would be an unwarranted waste of resources.

Looking to the specifics of our EDC production facilities, moni-
toring experience has shown that the potential for high exposures is greatest
at two locations near the end of the processing scheme. One is the EDC
recovery facility and the second is at the furnaces and reboilers. These
locations have a common feature - both contain coke deposits which are
exposed during shutdowns and other de-coking procedures. Coke has a rela-
tively high capacity for adsorbing EDC, and when vessels and/or lines are
opened, the exposed coke desorbs EDC. We know of no way to eliminate this
phenomenon. Therefore we use respirators in these operations since this is

the only practical way to avoid EDC exposures which would otherwise be
objectionably high.

(Sjéee attachment A(7), supra. SL 080849




(10) Analytical and sampling methods used
and evidence of their precision and

accuracy

EDC analysis in our Industrial Hygiene Laboratory is according to
NIOSH Method S122. This involves a charcoal sampling tube, d2sorption with
carbon disulfide and analysis in a gas chromatograph equipped with flame
jonization detection.

With this method we have obtained satisfactory calibration at the
0.5 ppm level based on a 10 liter air sample. The desorption efficiency at
the 1 ppm level is satisfactory (» 88%); however we do not know if desorption
efficiency will be a 1imiting factor at lower EDC Tevels.

Any EDC standard should allow flexibility in analytical and
sampling method as long as acceptable precision and accuracy can be achieved.
For example, our manufacturing locations presently use a plastic bag/GC
technique as part of their exposure monitoring for a variety of airborne
substances. This flexibility should be encouraged as long as acceptable
results are obtained.




(11) Whether issuance of an Emergency
Temporary Standard is appropriate

Section 6(c) of the OSH Act is specific in regard to when an
Emergency Temporary Standard (ETS) is appropriate. The Secretary must find
that a substance poses a "grave danger" to workers and that the ETS is
"necessary to protect employees". NIOSH's Revised Recommended Standard ...
Occupational Exposure to Ethylene Dichloride (6) is based primarily on
animal tests which have, at best, a tenuous relationship to occupational
exposures to EDC. The animal tests using rats and mice involved intragastric
intubation of EDC in amounts equivalent to & and 10 percent of body weight.
Occupational exposures to EDC involve drastically different quantities of
material relative to body weight and a completely different route of exposure.

Occupational exposures to EDC are Tow and involve inhalation.
NIOSH itself considers "... the evidence for a carcinogenic potential of
ethylene dichloride via inhalation to be inconclusive" (7). Despite intense
scrutiny, there is no evidence that occupational exposures which comply with
existing OSHA regulations pose an unreasonable risk to human health, Hence
exposure to EDC at Tevels which meet current regulations do not pose a
"grave danger".

Under these circumstances, an ETS is inappropriate and can not be
supported. It is especially inappropriate to undertake such precipitous
action in view of comprehensive and multifaceted EDC studies underway and
nearing completion under the auspices of MCA.

(G)Revised Recommended Standard ... Occupational Exposure to Ethylene Dichloride

(1,2-Dichloroethane), NIOSH, September, 1978.

(M1bid at p. 5.
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Saufer - Stauffer Chemical Com
") Westport. Connecticut 06880 / Tel. (203) 222-3000 / Cable Et)auafcrgmy

CERTIFIED MAIL :
RETURN RECEIPT REQUESTED February 5, 1979

Docket Officer "DOGRET GERIGER

Docket H-079

U.S. Department of Labor IS // // j?
Third Street & Constitution Ave., N.W, “"v" C ? 7
Washington, D.C. 20210 WME

Dear Sirs:

This letter is to confirm a telephone conversation on
January 24, 1979 between Mr. Robert Cluck on behalf of OSHA
and the undersigned. Mr. Cluck assured me that the February 5,
1979 deadline for information on ethylene dichloride (see Fed.
Reg. December 18, 1978) could be informally extended to March 5,
1979. Additional time will also be necessary to respond to a
new NIOSH revised recommendation for EDC, published on January 4,
1979. :

Based on the foregoing, Stauffer Chemical Company intends
- to respond to the December 5, information request and the revised
NIOSH recommendations by March 5, 1979. ' -

Very truly yours,

STAUFFER CHEMICAL COMPANY

z,./:h—/&—
Gar;:%?a;;Zd

Law Department

GLF:mep




American Petroleum Institute
2101 L Street, Northwest
Washington, D.C. 20037

202-457-7228 I )

Daniel B. Rathbun
Vice Premident

February 5, 1979

Docket Officer

Docket No. H=079

Room 56212

U.S. Department of Labor
Occupational Safety and

Health Administration

Third Street and Constitution Ave.
Washington, D.C. 20210

Dear Sir:

API is pleased to respond to OSHA's request for information on
ethylene dichloride (EDC) (43, Federal Register, 56910, December
5, 1978). The petroleum industry's interest in EDC stems from
its use in catalytic reforming operations as well as its use as a
lead scavenger in leaded gasoline.

In catalytic reforming, EDC is injected in small measured amounts
into the feed stock to prevent contaminants from poisoning the
catalyst. The EDC once injected, is decomposed in the reforming
operation. The only potential exposure to EDC occurs when it is
transferred to storage tanks prior to injection. A recent trend
in the petroleum industry is to substitute other chemicals for
EDC in reforming operations, which, like EDC, provide a source of
chlorine which is the necessary agent to reduce the likelihood of
poisoning the catalyst.

The second and more important use of EDC in the petroleum indus~-
try is as a lead scavenger in motor gasoline. EDC exposure
within refineries associated with lead-blending operations and
subsequent exposures to EDC in motor gasoline handling operations
are extremely low.

EDC, along with ethylene dibromide (EDB), is part of an antiknock
package which also contains organic lead. This package is
normally provided in premixed form to refiners by antiknock
suppliers. The precautions which are taken to prevent exposure
to the lead also control exposure to the EDC. This package is
handled under tightly controlled conditions, and when blended
directly into motor gasoline, the EDC and lead are diluted to a
level which does not pose a hazard. This dilution and the
precautionary measures taken distinguishes EDC exposures in the
petroleum industry from exposures in other industries.

An equal apportunity employer
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In response to OSHA's March 17, 1978,, Federal Register notice,
API conducted a short-term program to monitor

EDB. As part of the same study, we attempted to monitor EDC;
however, the limits of the analytic technique used made it
impossible to detect EDC at the extremely low concentrations
present around service stations and bulk terminals. A rough
estimate of EDC exposures can be made using the data gathered in
API's EDB monitoring program.

The "lead package" contains equal weights of EDB and EDC; the
vapor pressure of EDC is 5.75 times that of EDB. Given this
information, EDC exposures under "ideal" conditions is 5.75
times the EDB exposure.

The following test results on EDB were reported to OSHA on
May 16, 1978:

Exposures in service stations (based upon_approximately 30,
full shift samples) ranged from 0.24 ug/m3 to 0.90 ug/m3
under normal operating conditions. One sample was 2.90
ug/m3 when a customer drove off with the hose still in the
tank causing a large spill. 1In addition, sampling data was
obtained from refineries and marketing terminals. Exposures
in refinery blending operations were 0.2 ug/m3 and in
unloading the TEL (tetraethyl lead] package were 3.2 ug/m3.
Exposures in marketing (tank truck bottom locading) were 0.2
to 0.8 ug/m3.

Extrapolating from the EDB test data, it is estimated that EDC
exposures are:

Service Stations 1.38 ug/m3 to 5.18 ug/m3
Refinery Blending 1.15 ug/m3
TEL Package Unloading 18.4 ug/m3
Marketing 1.15 ug/m3 to 4.6 ug/m3

After reviewing the National Cancer Institute study and the NIOSH
Criteria Document on EDC, we have concluded that the scientific
evidence which has formed the basis of the Federal Register
notice on EDC is extremely weak. I have attached a review of
these two documents which API has prepared. The major conclusion
of this review is that, based upon the data presently available,
a valid determination of the carcinogenic potential of EDC can
not be made.
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A standard for EDC, when developed, must consider the unique
characteristics present in industries' various applications of
EDC. Requirements must be tailored to suit particular situations
for manufacture or use. A standard which treats all situations
as if they were identical results in unnecessary breadth of
regulation and is wasteful of society's limited resources. The
exposure limit when set should be based on sound scientific
criteria. Ancillary requirements involving medical surveillance
and monitoring should be structured to support implementation
and maintenance of the appropriate exposure limit. Finally,

the standard, as a whole, should ensure that the placement of
regulatory burdens is necessary to maintain worker health,
appropriate in the work setting affected, and consistent with
the best use of society's limited health resources.

Sincerely,

s

Daniel B. Rathbhun
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COMMENTS OF AMERICAN PETROLEUM INSTITUTE (API) TO OCCUPATIONAL
SAFETY AND HEALTH ADMINISTRATION (OSHA) REQUEST FOR INFORMATION
ON ETHYLENE DICHLORIDE

API believes that any alteration of the current standard
on ethylene dichloride (EDC) would be premature due to the
inadequacies in the National Cancer Institute study upon which
the OSHA request for information document is based. API believes
that before the question of EDC's carcinogenicity can be satis-
factorily answered, the deficiencies in the NCI study outlined
below must be corrected, and an adeguately controlled scientific
study must be conducted.

A. Chemicals - Analysis of the EDC utilized in the study
"suggested a purity greater than 90 percent and showed the
presence of 11 minor contaminants." (Page 5) This indicates
that up to 10 percent of the chemical fed to the animals were
other contaminants which could be carcinogenic. The dosages
given animals utilized in the study ranged from 47 mg/kg/day to
299 mg/kg/day. (Page vii) Thus, the animals could conceivably
be receiving between 4.7 mg/kg/day to 29.9 mg/kg/day of contami-
nants. With no analysis given of the 10 percent contaminants, it
is impossible to attribute to EDC any effects observed.

B. Dosage Preparation ~ The report states that "the solu-
tions given the animals were considered generally stable for ten
days under the indicated storage conditions." (Page 5) Although
stability studies were performed on the pure chemical, no such
studies were performed on the chemical with the vehicle. As
such, it is impossible to assess whether there was significant
chemical breakdown and in fact the percentage of contaminants was
even higher than 10 percent.

C. Statistical Analysis - API would initially point out
that the "Cochran-Armitage Test” referred to (page 17), is, in
reality, a chi-square test developed by Cochran with a variation
suggested by Armitage. This procedure as utilized in this report
apparently attempts to analyze whether there is a linear trend of
greater numbers of tumors with increasing dosage. The procedure
could be used to demonstrate a dose~response relationship. The
data presented in the report is not sufficient for independent
calculations of the figures presented. We are unable to deter-
mine the calculations utilized to obtain the P value for pooled
vehicle controls as the P must be obtained by some comparison to
historical controls utilized in the Hazleton Laboratories. No
data is presented on these historical controls, if, in fact, this

1/ Bioassay of 1,2 dichloroethane for possible carcinogenicity;
USDHEW, PHS, NIH, NGI; Tech. Report #86; 1978

2/ International Agency for Research in Cancer; monograph, 139,
c1977
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is the manner in which the P was determined. Furthermore, in
examining Tables 3-6, in many instances the P of the pooled
control value is a highly significant difference in tumor
incidence as compared to the historical controls. NCI has

the burden of explaining these mystifying results. If there is
no rational explanation for the pooled control group developing a
significant tumor incidence as contrasted to the historical
control, it cannot be unegquivocally stated that tumors developed
by animals in a group given EDC were due to administration of the
chemical.

We would further point out that the tumor incidence found
in the untreated animals was completely dismissed in the analysis
presented. In some instances, there appears to be significant
tumor incidence in the untreated controls as contrasted to
the vehicle treated controls. These results should have been
explained. The report states "two types of control groups were
used . . . and a pooled vehicle control group which combined
the vehicle controls from the studies of 1,2-dichloroethane,
1,1,2-trichloroethane, and trichloroethylene. The pooled control
rats were of the same strain, were housed in the same room, were
tested concurrently for at least one year, and were diagnosed by
the same pathologist." (Page 17) The report does not state
whether the pooled control rats were from the same batch and
whether they were all of the same age. -

We would further point out that it is strange that the mice
were tested with significantly higher dosages than the rats. It
should also be noted that the mice that developed tumors had
primarily been treated with such dosages. It is also noted that
rather than treating with a specific dose through the duration of
the experiment, the dosages given were "time weighted". That is,
an initial dosage was given, the dosage was lowered for a period
of time, and then the dosage was increased above the initial
dosage. We suspect, in the absence of further elucidation, that
the reason for application of this unorthodox procedure was
that it was necessary to give the animals a lower dose in the
second stage of the experiment because they were experiencing
highly toxic reactions. When the animals had sufficiently
recovered, apparently the dosages were once more significantly
increased. This would suggest that the initial dosages given
overwhelmed the metabolic systems of the animals, thereby
producing results which are highly suspect.

We will now concentrate on discrepancies noted in the raw
data and the test results reported in the tables. In Table A-1,
dealing with the male rat, no hemangiosarcomas in the circulatory
system .are noted. Yet Table 3 lists seven hemangiosarcomas of
the circulatory system. The total of all hemangiosarcomas listed
in Table A-1 is nine.

SL. 080857




In a discussion of the circulatory system of the female
rat, no hemangiosarcomas are reported in the appendix while four
are reported in the table.

We also question whether it is justifiable to add the
cumulative numbers of tumors of adenocarcinoma and fibroma.
Neither of these tumors alone show a linear dose response. The
response of the high dose and lack of response in the low dose in
the adenocarcinoma suggest a threshold effect. The data on the
fibroma suggests mitigating effects and does not yield a true
dose response. We would further point out that the onus is on
NCI to show evidence that fibroma and adenocarcinoma results
should be combined. 1If one considers combining all tumors, one
can easily determine by performing statistical analysis that in
experiments involving male and female rats, the total tumor
incidence is not significant. Such statistical analysis would
compare untreated with low and high dose animals. While no
tumors in male mice are highly significant, no dose response is
apparent. Such high dosage effects argue mild carcinogenicity
at best. It should also be noted that the first tumors were
observed at 81 weeks when the animals were receiving 1.5 times
the time weighted dosage. The low dosages are non-significant.
We would also question the validity of combining data from
lymphomas and polyps.

D. Conclusion - We conclude that because of the deficien-
cies in the NCI study, the data cannot be used to determine
whether or not EDC is carcinogenic. The impurity of the chemi-
cal, discrepancies between the raw data and data reported in the
tables, lack of explanation of statistical analysis utilized,
lack of explanation of the differences in incidence of tumors in
untreated controls and vehicle treated controls and highly
irregular data shown in the tables often showing no linear dose
response effect would tend to invalidate any results that might
otherwise be called conclusive. Because of the irregularities in
this study, it is clear that no determination or extrapolation of
possible carcinogenicity of EDC to humans can be made.

Comparison with Properties of Ethylene Dibromide

While ethylene dichloride and ethylene dibromide are
structurally similar and thus in some respects have comparable
physical properties, the toxicological properties vary consider-
ably as the following discussion shows. Because of this, no
attempt should be made to apply an ethylene dibromide standard to
ethylene dichloride.
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Carcinogenesis

While we guestion the validity of the NCI report on ethylene
dichloride, it should be noted that the number of tumors produced
in both rats and mice by ethylene dichloride was significantly
lower than those produced by ethylene dibromide. Thus, while
studies indicate that ethylene dibromide may be carcinogenic,
there is no basis for deciding that ethylene dichloride is either
non-carcinogenic or is a very mild carcinogen. This statement
was echoed in a report from the National Cancer Institute (1)
"1,2-dichloroethane was much weaker (emphasis added) than the
analogue (1,2-dibromoethane) and induced only a few stomach
tumors in rats."

Mutagenicity

Ethylene dichloride also appears to be much less mutagenic
than ethylene dibromide. 1In a recent study by Rannug (2) involv-
ing revertant mutation of E.Coli and Salmonella Typhimurium,
ethylene dibromide was found to be second highest in mutagenic
activity of a group of halocarbons tested in E.Coli. In Sal-
monella, ethylene dibromide was shown to be extremely mutagenic.
In both of these studies, ethylene dichloride induced the least
number of mutations of all components tested. In Salmonella,
TA1535, ethylene dibromide (10 micromoles) induced 1438 rever-
tants. Ethylene dichloride at this concentration induced 54
revertants, In the revised Criteria Document (3), the work of
Rannug (4) is cited as listing ethylene dichloride as a "moderate
mutagen along with a potent mutagen when applied together with
liver enzymes." However, this work was published in 1977, a year
earlier than Rannug's more recent work on ethylene dichloride
(referred to above) where it was suggested that ethylene dichlor-
ide might be mildly mutagenic.

Teratogenicity

The studies performed to date on ethylene dichloride have
not shown any teratogenic effect although they have shown some
effects on reproduction and fertility. 1In a study (5) where
chickens were given 250 and 500 ppm EDC in mash for a period of
two years, no effect was seen on growth, semen characteristics or
fertility in chickens. A tolerance of 100 ppm in the diet was
recommended. The authors found similar results with no teratogen-
icity in studies on the rat (6). Vozovaya (7-9) has found var-
ious effects of EDC alone and with gasoline inhalation exposure
in rodents. The author found decreased fertility, increased
number of still births, and decreased viability of the progeny.
It is stressed, however, that the concentrations of EDC used were
exceedingly high (e.g. 400 ppm). 1In addition, the author observed
no teratogenic effects, On the basis of the work to date, it is
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suggested that EDC is not teratogenic an: may have only . mild
effect on reproduction and fertility at . igh concentrations.
Further work is indicated.

It should be stressed that the majority of pathological
effects discussed in the initial NIOSH Criteria Document (10)
were based on tests involving high concentrations of EDC. It
should be further noted that the data taken from the NCI report
and used in the revised criteria standard (3) has been incor—
rectly reported. The dosage given in mice (page 7) was approx-
imately 100 and 200 mg/kg; not 50 and 100 mg/kg as reported.
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February 5, 1979 2020 DOW CENTER
MIDLAND, MICHIGAN 48640

<EET>  DOW CHEMICAL U.S.A.

Docket Officer
Docket No. H-=-079

Room S 6212
U. S. Department of Labor
0SHA

Third Street and Constitution Avenue, N.Y.
Washington, D.C. 20210

SUBJECT: Request for Information on 1,2-Dichloroethane, Federal

Register, Vol. 43, No. 234, December 5, 1978, page 56910 -
Docket No. H-079

Dear Sir:

This correspondence is in response to the above referenced request
for information on 1,2-dichloroethane (EDC).

The Dow Chemical Company believes that the available data does not
warrant the issuance of an Emergency Temporary Standard for EDC.

In reviewing the animal carcinogenicity data base on EDC, we are faced
with the widely divergent results of the National Cancer Institute
gavage study, which showed positive results in rats and mice, and those
of Professor Maltoni's inhalation study, co-sponsored by a group of U.S.
producers {under the auspices of the Manufacturing Chemists Association
(MCA)) and European EDC producers, which produced no carcinogenic re-
sponse in rats and mice at exposure levels up to 150 ppm. While the
results of both studies must be considered for possible regulation of
EDC, it is well-documented that in the typical occupational setting,
inhalation is by far the predominant route of exposure to EDC. There-
fore, the Maltoni study is more applicable to judging possible human
cancer risk due to EDC. We believe the only conclusion that could be
drawn from the inconsistent resuits of the Maltoni and NCI studies is
that, at most, EDC might be a relatively moderate to low potency car-
cinogen. Until the reasons for the anomaly of these two study results
can be determined, perhaps due to the differing routes of administration,
peak versus continuous dose, or other differences, we believe that any
action by the agency to regulate EDC would be precipitous and unnecessary
to protect the worker.
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In regard to human experience, we know of no reports of human cancer
associated with EDC exposure, even though this material has been manu-
factured and used in large volumes for over 35 years, with thousands of
workers exposed for long periods of time. Industry has long been aware

of both the acute and chronjc toxicity of EDC, and has taken appropriate
precautions to protect employees from what have been recognized as the
symptoms and effects of overexposure to this material., (See Attachment A,
for example). If there indeed was a causal relationship between EDC
exposure and cancer, it would have been recognized by now. Furthermore,
since the largest percentage (approx. 80%) of EDC is used for vinyl
chloride (VCM) manufacture, the occupational exposure controls instituted
for VCM 5 years ago have resulted in a parallel reduction of EDC exposures.
Therefore, any possible risk of EDC exposure has already been reduced in

a significant portion of the workplace where EDC is present.

Because of the major ongoing toxicity research on EDC which will be com-
pleted within the year, we believe that any regulatory action should be
deferred until the results of this research are available, so that a
better-informed decision can be made. We would 1ike to bring to your
attention the studies being conducted under the auspices of the MCA as
part of the current research program on EDC. These include:

1.  The previously mentioned Maltoni inhalation study on Sprague-Dawley
rats and Swiss mice, exposing the animals to 0, 5, 10, 50, and
150 ppm EDC, 7 hrs./day, 5 day/week, for 18 months., This study is
completed and a final report is expected from Dr. Maltoni shortly.

Clinical Chemistry determinations on animals exposed by Professor Maltoni,
conducted by Dr., Federico Spreafico of the Mario Negri Institute in
Milan, Italy, which is also completed and a report expected soon.

Metabolism work by Dr. Spreafico at Mario Negri, to be completed in
1979.

A teratology study conducted at Dow, on rats and rabbits exposed to
100 and 300 ppm EDC, has been completed and a final report will be
issued shortly.

A one generation reproduction study in rats, also being conducted at Dow,
is in progress, and will be completed in 1979.
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The MCA will provide final reports on all the above studies to OSHA as
soon as they are available. It is obvious‘that the results of these
studies will significantly add to the data base on EDBC and should be
appropriately considered in arriving at a regulatory position on EDC.

To place the results of the Maltoni and NCI studies in perspective,
additional toxicity studies are being undertaken to elucidate the effects
of differing routes of administration of EDC on its metabolism and
mechanisms of potential toxicity. We plan to have the results of this
research available within the year, and believe that OSHA should await
its outcome before proposing further restrictive regulation of EDC.

We are concerned about the feasibility of meeting an unreasonably Tow
ceiling level for EDC, such as the 2 ppm 15-minute ceiling recently recom-
mended by NIOSH. Our experience for semi-volatile organic materials such
as EDC indicates that 15-minute ceiling concentrations will generally ex-
ceed the 10-hour TWA Tevel by a factor of 10 to 20. We urge that any
consideration of a ceiling value in addition to a TWA permissible exposure
level involve careful cost/effectiveness analysis.

The remainder of our response is devoted toward the specific information
requested in the Federal Register notice. Because of the intervening
holidays during the comment period when many key resource personnel were
unavailable, we have been unable to complete our data for submission at
this time. However, our conversations with personnel in the Health
Standards Office of OSHA have assured us thHat pertinent information will
be accepted for a reasonable time beyond February 5, and we plan to have
the remainder of our data submitted within the next 4 to 6 weeks.

Enclosed are the following:

Attachment A - .
Spencer, H. C., et. al, Vapor Toxicity of Ethylene Dichloride
Determined by Experiments on Laboratory Animals, A.M.A. Archives
of Industrial Hygiene and Occupational Medicine, November 1951,
Volume 4, pp. 482-493.

Attachment B -
Our material safety data sheet for EDC, which 1lists the properties,
hazards, and reactivity of the material, appropriate handling pre-
cautions, first aid measures, and spill, leak, and disposal procedures.

Attachment C -
An outline of the sampling and analytical procedures used by Dow
to measure concentrations of EDC in the workplace. The method
used is essentially that recommended by NIOSH, with some minor
modifications.

Attachment D -

Qur medical surveillance program for workers with potential exposure
to EDC.
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Attachment E ~ )
A table of end uses for EDC, along with estimates of the relative
volumes of EDC consumed in each.

We expect that our data and comments will be given due consideration
and will aid in arriving at a reasonable and appropriate regulatory decision
by the agency.

Very truly yours,

g ,,'7 /_',, v I .
é 6’ . )\f- '7-»«/;, <'.(.g‘.’£-d.f’é£/

C. C. Kazmierski

Inorganic Chemicals Department
2020 Dow Center

(517) 636-0184

cah
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ATTACHMENT A

- Vapor Toxicity of Ethlyene Dichloride Determined
by Experiments on Laboratory Animals

H. C. SPENCER, PhD.
V. K. ROWE, MS.
E. M. ADAMS, Ph.D.

D. . McCOLLISTER, BS.
AND

D. D. IRISH, Ph.D.
MIDLAND, MICH.

Reprinied, with cdditions, from the A. M. A. Archives of Industricl Hygiene ond
\ Oceupational Medicine, November 1951, Vol, 4, pp. 482-493

Corymigutr, 1951, By
Axrrican Mepicar AssociaTtow
335 Nortn DeEAkporn STREET
Cuicaco 10, Itt.

Printed ond Published in the United Stotes of Americo
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- . Reprinted, with additions, from the A, M. 4. Archives of Industrial Hygtens and
Occupational Medicine, Noventber 1951, Vol. 4, pp. 432493

Copyright, 1951, by American Medical Association

2 : YAPOR TOXICITY OF ETHYLENE DICHLORIDE DETERMINED BY
’ EXPERIMENTS ON LABORATORY ANIMALS

H. C. SPENCER, Ph.D.
V. K. ROWE, MS5.
E. M. ADAMS, Ph.D.

D. D. McCOLLISTER, B.S.
AND
D. D. IRISH, Ph.D.
MIDLAND, MICH,

e e
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THYLENE dichloride (1,2-dichloroethane) is widely used as a constituent of

fumnigants, as a commercial solvent, and as a chemical intermediate,
The early pharmacological and toxicological literature has been reviewed by
von Qettingen * and by Heppel and associates *; both acute ® and chronic *® toxicity
studies have been reported. ’
The present experimental work was carried out as a part of a comparative study
2 of the toxicity of vapors of the four chlorinated hydrocarbons: ethylene dichloride,
‘ trichloroethylene, tetrachloroethylene, and carbon tetrachloride. These studies were
undertaken so that the health problems associated with the use of these materials
could be more fully evaluated. '

 In this comparative study considerable emphasis was placed on quantitative
measures of acute toxicity (for the rat) in terms of both capacity to kill and capacity

"' to cause injury (nonfatal). It has been felt that acute toxicity is as important for
I From the Biochemical Research Departiment, The Dow Chemical Company.

A summary of this work was presented at the Eleventh Annual Meeting of the American
- Industrial Hygiene Association, in Chicago, April 27, 1930.

1. von Qcttingen, W. F.: The Halogenated Hydrocarbons; Their Toxicity and Potential
Dangers, J. Indust. Hyg. & Toxicol. 19:349-448, 1937,

2. (2) Heppel, L. A.; Neal, P, A.; Endicott, K. M, and Porterfield, V. T.: Toxicology of
Dichloroethane: I. Effect on the Cornea, Arch, Ophth, 32:391-394 (Nov.) 1944. (b) Heppel,
L. A.; Neal, P. A.; Daft, F. 5,; Endicott, K. M.; Orr, M. L., and Porterfield, V. T.:
Toxicology of 1,2-Dichloroethane : 11, Influence of Dietary Factors on the Toxicity of Dichloro-
ethane, J. Indust, HMyg. & Toxicol. 27:13-21, 1945, (¢) Heppel, L. A.; Neal, P. A.; Perrin,
T. L.; Endicott, K, M., and Porterfield, V. T.: The Toxicology of 1,2-Dichloroethane: IIL Its
Acute Toxicity and the Effect of Protective Agents, J. Pharmacol. & Exper. Therap. $3:53-63,
1945, (d) Heppel, L. A.; Porterfield, V, T., and Sharpless, N, E.: Toxsicology of 1,2-Dichloro-
ethane: IV. Its Detoxication by L-Cystine, DL-Methionine and Certain Other Sulfur Contain-
ing Compounds, ibid. 91:385-394, 1947. () Heppel, L. A.; Neal, P. A.; Perrin, T. L.;
Endicott, K. M, and Porterfield, V. T.: The Toxicology of 1,2-Dichloroethane: V. The Lffects
of Daily Inhalations, J. Indust. Hyg. & Toxicol. 28:113-120, 1946.

3. (a) Sayers, R. R.; Yant, W. P.; Wiaite, C. P, and Patty, F. A.: Acute Response of
Guinea Pigs to Vapors of Some New Commercial Organic Compounds: 1. Ethylene Dichloride,
Pub. Health Rep, 45:225-239, 1930, () Heppel and others.2e
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industrial hygiene as is chronic toxicity, Accordingly, more satisfactory means of
measuring acute toxicity and of obtaining useful information by comparing the
results with measures of chronic toxicity have been explored.

EXPERIMENTAL PROCEDURES

Material Tested—Ethyleae dichloride, CH.CI-CH:Cl, is a colorless liquid of a specific
gravity of 1.256 at 20 C. (water 1), with a nelting point of — 33.5 C. and a boiling point of
83.5 C. It is soluble in water to the extent of 0.81 gm. per 100 gm. at 20 C. and is freely
miscible with alcohol and with ether. Ethylene dichloride is stable at moderate temperatures
and burns with difficulty.

The material used in this expsrimental work consisted of four individual samples of a
commercial product, all purified by redistillation. The infrared-absorption spectra of these
samples indicated purities of at least 99.7%. The only impurity identified was trichloroethylene.

Source and Feeding of Animals.—The albino rats were raised in this laboratory of stock
originally obtained from the Wistar Institute of Anatomy and Diology in 1938. They were
maintained on a modified Sherman diet consisting of freshly ground whole wheat (559%), dried
whole milk (23%), dried extracted liver (1255), dried brewer’s yeast (5%), iodized table salt
(2%%), and calcium carbonate (15%5).

The guinea pigs were of a heterogeneous stock purchased from a commercial breeder. They
were fed a commercial rabbit chow 43 (complete ration), alialfa hay, and cabbage.

The albino rabbits were a heterogeneous stock raised in this laboratory on the samc chow 42
(complete ration) and alfalfa hay,

The rhesus monkeys were imported animals, kept in the laboratory for several months before
use, They were fed a variable diet of a commcrc1a1 laboratory chow,’? peanuts, frmts, and
vegetables, ,

Single Exposures—A glass-walled chamber of about 160-liter capacity, similar to that
previously described,® was used. Two large copper tubes (closed with rubber stoppers) were
soldered into the monel top of the chamber so that rats could be introduced conveniently after
a vapor toncentration had been established. A constant air flow was maintained through the
chamber, the lowest rate for any experiment being about 15 liters per minute and the highest
about 30 liters per minute. The desired vapor concentration was obtained by metering liquid
ethylene dichloride at a constant rate into the tube through which air entered the chamber, heat
being applied at the point of vaporization as needed to effect complete volatilization. Al vapor
concentrations with animals in the chamber were checked repeatedly from time to time by
combustion analyses; the results averaged better th;m 90% of the calculated theoretical cons
centrations of cthylene dichloride.

The rats were intreduced in groups of 5 to 12 within a period of 15 seconds and were
removed through the chamber door within a similar interval of time at the end of the exposure.
It was shown by 2 contittuously recording analyzer that the animals were introduced without
appreciable alteration of the vapor concentration.

All the rats were selected on the basis of general appearance and apparent good health, males
and females being used in approximately equal numbers, Animals that received single exposures
were observed as to their behavior, body weight changes, and time of death. Survivors were
observed for two to three weeks or until it was certain that they had fully recovered from the
effccts of the exposure as judged by appearance, behavior, and recovery of weight, Special
groups of rats, separate from those used to determine the relationships between intensity of
exposure and survival, were examined for evidence of organic injury at varying times following
the single exposures.

Repeated Seven-Hour Evposurcs.—A metal chamber of about 430-Jiter capacity was used for
exposares at 200 ppm; and a rectangular galvanized shect-mctal bax of about 1,700-liter capacity
was used for exposures at 400 and 100 ppm. The concentration of 2C0 ppm was attained by

4, (a) The rabbit chow used was that made by the Ralston Purina Company, St. Louis.
(4) The laboratory chow used was that made by the same company.

3, Irish, D. D, and Adams, E. M.: Apparatus am! Methods for Testing the Toxicity of
Vapors, Todust. Med. 9:1-4, 1940,
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passing a metered amount of air through a vaporizer containing liquid ethylene dichloride and
into the constant air flow entering the chamber. The other coucentrations were obtained by
metering liquid ethylene dichloride and vaporizing this into the air flow cntering the chamber..
By means of a continuously recording analyzer, it was shown that in every case the vapor was
uniformly held within 1055 of the desired concentration of cthylene dichloride.

In the repeated exposure experiments the vapor concentration was established after the
animals had been placed in the chamber. This was done by atomizing the required armount of
ethylene dichloride into the chamber with thorough mixing of the chamber air by means
of fans, and then starting the air flow and the ethylene dichloride feed so as to maintain the
concentration,

All of the animals used in these experiments were carefully selected on the basis of general
appearance, body weight, and growth during a preliminary period of observation. In each
experiment {wo groups of controls were used, well-matched with the experimental animals in
respect to number, age, sex, and body weight. The “unexposed controls” were simply main-
tained In the animal quarters, while the “air-exposed controls” were exposed repeatedly to
room 2ir in a chamber similar to that used for the ethylene dichloride-exposed animals.
Routinely, the animals were exposed seven hours daily, five days a week. '

Throughout the experimental period each animal was weighed twice a week and observed
frequently for general appearance and behavior, Growth curves were drawn for each group, and
records were kept of food consumption and mortality, During the course of the experiments,
periodic hematological examinations were made on several groups of animals. Failing ainimals
were killed for examination when moribund or nearly so. All survivors were killed and
examined for evidence of organic injury on the day following the last exposure.

Examination for Organic Injury.—All of the aninals examined for organic injury were
fasted overnight, weighed, and then killed by decapitation. The gross appearance of each
animal was observed, and the lungs, heart, liver, kidneys, spleen, and testes were waighed.
Tissues from these organs were saved for the preparation of hematoxylin-and-eosin-stained
sections, and in many instances sections of the following were prepared also: adrenal gland,
pancreas, stornach, intestine, bone marrow, urinary bladder, ureter, lymph nodes, muscle, brain,
and optic nerve. Frozen sections of the liver and a kidney were stained with Sudan IV and
Qil Red O. .

In many cases blood was obtained at the time of autopsy for the determination of the
following: urea nitrogen® and/or total nonprotein nitrogen; serum phosphatase 7; plasma
prothrombin clotting time by a modification of the method of Quick.® Likewise, in many cases
a portion of the liver was frozen with solid carbon dioxide (dry ice) for subsequemt lipid
anaiyses. Total lipid was determined gravimetrically on an alcohol-ether extract; phospholipid
was calculated from the total phosphorus content; free and esterified cholesterol were deter-
mined by separation as the digitonide and use of the Liebermann-Burchard reaction, and neutral
fat was calculated by difference,

Wherever possible, the t-test® was used in comparing the mean values obtained ¢n the
ethylene dichloride-exposed groups with those of the air-exposed controls or unexposed coutrols
as designated; probability values (P) of less than (.03 indicated a significant difference,

RESULTS OF SINGLE EXPOSURES OF RATS

Mortality from Single Exposures—The total nuunber of rats used and the num-
ber that died from each exposure are listed in Table 1, From the data at 1,000,
1,500, .3,000 and 12,000 ppm, the exposures producing death in 0.01, 50, and

6. Barker, 5. B.: The Direct Determination of Urea in Dlood and Urine, J. Biol. Chem.
152:453-463, 1944.

7. Hoffman, W. 5.: Photelometric Clinical Chemistry, New York, William Morrow & Co.,

. 1941, p. 138-149,

8. Quick, A. J.; Stanley-Drown, M., and Bancroft, F. W, : Study of the Ceagulation Defect
in Yemophilia and in Jaundice, Ann J. M. Sc. 190:301-511, 1935

9. Fisher, R. A.: Statistical Methods for Research \Workers, ed. 7, Londun, Qliver &
Joyd, Ltd., 1938, '
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99.99% of the rats were determined statistically according to the method described
by Litchfield and \Wilcoxon.?® These points were plotted on log-log ordinates and
the lines 4B, XV, and CD (Chart 1) drawn to represent the exposures producing
death in essentially all of the rats (L. D.gans), 5056 (L. D.;0), and essentially none
of the rats (L.D.oo.), respectively. The average factors for determining 19/20
confidence limits were 1.09 for the L. D.,, points and 1.43 for thr noints represent-
ing the two extremities.

TasLe 1. —Mortality of Rats Exposed to Various Concentrations of Ethylene
Dichloride for Single Periods )

CH.C)-CH:-C1
Congeatrution Period of Totul . Number
— ot " Exposure, Number of That
PPM Mg./L. Hr. Rats Died
20,000 8l.n 01 . 10 0
20 (1]
16
20
10

bt
e

o
Dminniila- Db

0.
0.
0.
0.
0
0.
0.
0.
0.
0
1
0.
0.
1.
1.
2
LK
4
5
[
2,
E:d
4
€
7
8
6.
7
8.
7.
]
7.
8
7.

= boo b bbb bobhbbo bbbobRbuw O
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Gross Response—Ethylene dichloride produced a considerable depression of
the central nervous system, sufficient at 22,000 ppm to cause deaths withia 0.4
hour, At 12,000 ppm and at lower concentrations this depressant action resulted
in varying degrees of “drunkenness’” but not unconsciousness or death within the
duration of the exposures employed. The inactivity or stupor and the slowness of
response to handling observed at vapor conceutrations of 3,000 ppmi and lower may
have been due, in part at least, to toxic injury other than the depression of the
central mervous systemr; the prolonged exposures at these lower concentrations
produced appreciable organic injury.

10. Litchfield, J. T., Jr., and Wilcoxen, F.: A Simplifiad Method of Evaluating Dose-Effect
Experiments, J. Pharmacol. & Exper, Therap, 96:99-113, 1949,
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Deaths of rats tended to occur at three different time intervals and in such a
manner as to sugyest three separate toxic actions of fatal degree. At 20,000 ppm
deaths occurred in deep anesthesia during the period of exposure, undoubtedly due
to depression and paralysis of function of the central nervous system. At all vapor
concentrations a large proportion of the rats dicd rather suddenly and quietly
a few hours after being removed from the chamber, showing marked cyanosis,
reduced body temperature, stupor or coma, and failing respiration. The character
of this response and iis sudden development often after apparent full recovery
suggest “shock” or cardiovascular collapse. All cther deaths occurred over a period
of two to seven days with progressive loss of weight and other evidence of toxic
effects. These deaths appeared to be the result of injury to the kidney.

Organic Injury—Special groups of animals were killed and examined for evi-
dence of organic injury at various intervals of time after recciving exposures within

30000

10,000 ;) (C)\'A D)\' \
o
e EN N AN

\L

N e

N
S
oS RABIT

b

VAPOR CONCENTRATION PPM

' R
[MC"J-(EY ‘N)
GUINE 15

AT

10 10.0

DURATION OF EXPOSURE IN HOURS

L 1

Chart 1.—Vapor toxicity of ethylene dichloride. Line 4B represents single exposures pro-
ducing death in 99.9955 of the rats; Line X'V, single exposures producing death in 505e, and
Line CD, those producmg death in 0.01%% Line EF represents the most severe single exposurcs
without detectable adverse effect in rats Point G represents the most severe repe'\ted exXposures

of rats without detectable adverse effect; Point H, of rabbits; Point I, of monkeys and guinea
pigs. .

the range bouuded by ABCD (Chart 1). The evidence of organic injury consisted
of the following: decrease in body weight; increase in weights of liver and kidneys;
increase in blood urea unitrogen; increase in plasima prothrombin clotting time;

decrease in serum phosphatase; mcre’xse in liver lipids; histopathological changes
in kidney, liver, and adrenal.

The histopathological changes were most pronounced in the kiduey and consisted
of varying degrees of tubular damage, ranging from slight parenchymatous degen-
eration of the epithelium to complete necrosis and accompanied by interstitial edema,

congestion, and hemorrhage. Animals showing severe renal damage had C\tl‘Cn'xe..l)
high concentrations of urea nitrogen iu the hlood.

SL 080871
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In the liver the histopathological changes ranged from slight congestion aud
slight parenchymatous degeneration to marked hemorrhagic necrosis. Although
a few diffusely distributed fat globules were found in some of the severely affected
. livers, typical “fatty degeneration” was not abserved.

The adrenal changes were limited chiefly to congestion and hemorrhage, although
in the most severely affected animals there was some parenchymatous degeneration
of the adrenal cortex. Only at vapor concentrations above 3,000 ppm was there
evidence of pulmonary congestion and edema.

Single Exposures Having No Adverse Effect—The studies made to determine
the nature of the toxic effects caused by the inhalation of ethylene dichloride vapor
were extended to permit an estimation of the single exposures of maximum intensity
without any evidence of toxic injury. The results of these experiments using groups
of four to six female rats are summarized in Table 2. From these data the line EF

(Chart 1) was located by inspection to represent the most severe single exposures
which were without detectable adverse effect on rats.

-
e et

TasLe 2—Single Ethylene Dichloride Exposures Haoving No Adverse Effect on Female Rats

CH.Cl-CH.CI Hours of Exposure
Concentration — A —
— e - Without Adverse With Adverse
PP Mgz./L. Erfect Eflect
o 12,000 8.6 0.1 02
T 3,000 123 0.3 . 05
- : 1,000 4.0 13 20
300 1.2 3.0 55
200 0.8 7.0

RESULTS OT REPEATED SEVEN-HOUR EXTOSURES

Concentration: 400 PPl (1.62 Myg. per Liter).—(a) Rats: Groups of 15 male

e and 15 female rats, subjected to repeated seven-hour exposures, experienced severe

o ‘ ' intoxication. No female rat survived more than 10 exposures in 14 days, and no
male rat survived more than 40 exposures in 56 days.

In additional groups of 20 male and 20 female rats each, given two and three

exposures, mortality was high (60%). Surviving animals were killed and exam-

s ined for significant changes as compared with groups of unexposed c0u.trols. Tl_le

"G experimental animals showed a rapid loss in body weight and a slig'ht increase in

the weights of the liver and the kidneys. Histopathological examination of the

tissues revealed slight cloudy swelling of the liver with a few large fat va.cuole's,

principally centrolobular in distribution; no significant changes were observed in

the kidneys or other organs examined. Analyses of the livers from the female rats

indicated a slight increase in the total lipid content, due chiefly to an increase in

neutral fat. There was no significant difference between the va‘luesz obtained on the

experimental and control groups so far as the following determinations on the blood

were concerned: urea nitrogen, nonprotein nitrogen, serum phosphatase, and

plasma prothrombin clottiug time.

(b) Guinea Pigs: Groups of cight male and eight female gui_nea pigs were sub-
jected to repeated seven-hour exposures. These animals experienced such severe
intoxication that no male guinea pig survived more than 10 exposures in 14 days
and no female survived more than 24 exposures in 32 days.

g1, 080872
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Additional groups of two male guinea pigs each were killed after 1, 3, 4, and 10
exposures and examined for significant changes as compared with a group of
unexposed controls. The experimental animals showed a rapid loss in body weight
and an increase in the weights of the liver and the kidneys. Histopathological
examination of the tissues revealed slight-to-moderate central fatty degeneration
of the liver and slight-to-moderate cloudy swelling of the tubular epithelium of the
kidneys; no alterations were observed in the other tissues examined. An average
blood nonprotein nitrogen concentration of 91.6 mg. per 100 cc. was obtained an
the ethylene dichloride-exposed animals, compared with an average of 61.6 for the
controls; the average blood urea nitrogen values were 42.8 and 20.2 mg. per 100

AVERAGE B800Y WEIGHT IN GRAMS
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Chart 2.—Growth cutves of male and female rats that were repeatedly exposed for scven
hours to a 200-ppm ethylene dichloride vapor.

TanLe 3—Final Awerage Body Weights and Organ Weights from Male and Female
Rats That Wer: Lxposcd to 200 PP Etliylene Dichloride for
151 Scven-Hour Periods in 212 Dgys

Group Sex

Unexposed (controla).......... w. F

Air-exposed (controls).c......... ¥
Exposed to 20 ppm cthylene

diehloride ..oivviiieisanannns . ¥

Uaexpoged (controls)...... O . M

Air-exposed (cootroli)........... M
Exposed to 200 ppm ethylene

dichlorids .

Av.
we.,
Gm.

226

220

223

360

358

351

Orgoau Weights, Gm./19%0 Gm. Body Wt.
By

p

Lupg
0.75
0.71

0.5
0.0
D.m

Heurt  Liver Kidoeys Spleen ’l‘estes‘
0.40 2.76 0.7 024
0.4 2,43 0.63 0.13

0.3 287 0.50 0.18 were
[ 2.7 0.68 0.16 0.75
0.31 2.23 0.62 0.18 05

0.33 245 0.63 016 056
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AN cc., respectively, No appreciable deviation from the contre. s was evident in
- ‘ the = -2 of serum phosphatase or plasina prothrombin clottir>  se.

Rabbits: Two male rabbits and one female rabbit t. ated 165 exposures

in. . days with no evidence of intoxication as judged by g-- .l appearance and

a behavior, mortality, and body weight during the course of t' periment. At the

termination of the experiment no adverse effects were note gross and micro-

scopic examination of the tissues, nor from the foll~ -7 determinations: organ
weights, blood nonprotein nitrogen, urea nitrogen, sert. . phosphatase, and plasma
prothrombin clotting time.

* (d) Monkeys: Two male animals that were subjected to repeated seven-hour
exposures experienced rapid and severe intoxication. One monkey, killed in a
moribund state after eight exposures, showed the following changes as compared
with control monkeys: enlargement of the liver with increases of neutral fat and
esterified chalesterol content; marked degeneration and vacuolation of liver cells;
moderate degeneration of the epithelium of the renal tubules with cast formation
and distention of the lumens; and increased plasma prothrombin clotting time, The
second monkey, killed after 12 exposures, showed similar changes but of consider-
ably milder degree. Hematological values obtained on these menkeys, either mid-
way in the experiment or terminally, showed no significant changes as compared
with values obtained in one to three preexposure examinations.

Concentration: 200 PPAL (0.81 Mg. per Liter).—(a) Rats: Groups of 15 male
and 15 female rats tolerated 151 exppsures in 212 days and showed no evidence of
adverse effects as judged by general appearance and behavior, growth (Chart 2),
mortality, final hody and organ weights (Table 3), periodic hematological exam-
ination, and gross and microscopic examination of the tissues. Determinations of
blood nonprotein nitrogen, urea nitrogen, serum phosphatase and plasma prothrom-
bin clotting time yielded no abnormal results as compared with contral values.
Analyses of the livers for total lipid content, phospholipid, neutral fat, and free and
esterified cholesterol likewise presented no evidence of adverse effect.

(b) Guinea Pigs: Groups of eight male and eight female guinea pigs tolerated
180 exposures in 246 days. The experimental groups did not appear to grow as
well as the control groups (Chart 3). However, the final body weights (Table 4)
were significantly different from the control weights only in the case of the male
guinea pigs. Organ weight studies (Table 4) revealed no significant deviations
from the control values. The blood urea nitrogen, nonprotein nitrogen, serum
phosphatase, and plasma prothrombin clotting tiine values were normal, Micro-
scopic examination of the tissues revealed no evidence of organic injury except
that about half of the guinea pigs examined (both sexes) exhibited slight paren-
chymatous degeneration of the liver, with a few fat vacuoles diffusely distributed.
Liver-lipid analyses indicated ou the average a slight increase over the controls in
total lipid, phospholipid, neutral fat, and free and esterified cholesterol.

Concentration: 100 PPM (0.103 Mg. per Liter)—(a) Rats: Groups of 15 male
and 15 female rats were subjected to repeated seven-hour exposures. The male rats
tolerated as many as 151 exposures in 211 days and the female rats as many as 142
exposures in 198 days without evidence of adverse effects as judged by general
appearance and behavior, wortality, growth, final body and organ weights, periodic
hematological examination, and gross and \11icroac0pic examination of the tissues.

SL 080874
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The values for blood nonprotein nitrogen, urea nitrogen, serum phosphatase, aud
plasma prothrombin clotting time and the results of studies of the total lipid phos-
pholipid, neutral fat, and free and esterified cholesterol of the liver were all normal.

(5), Guinea Pigs: Groups of eight male and eight female guinea pigs were sub-
jected to repeated seven-hour exposures. The males tolerated 121 exposures in
170 days and the females 162 exposures in 226 days and showed no evidence of
adverse effects as judged by mortality, growth (Chart 4), final body and organ
weights (Table 3), blood nonprotein nitrogen, urea nitrogen, serum phosphatase,
plasma prothrombin clotting time, and gross and microscopic examination of the
tissues. Analyses for the total lipid, phospholipid, neutral fat, and free and esterified
cholesterol of the liver produced only normal results.
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Chart 3.—Growth curves of male and female guinea pigs that were repeatedly exposed for
seven hours to a 200-ppm ethylene dichloride vapor.

Tavee 4—Final Average Body Weights and Organ Weights from Male and Female
Guinea Pigs That Were Exposed to 200 PPM Ethylene Dichloride for
180 Seven-Hour Pfrmd; in 248 Days

Ay,
Body Orgau Weights, Gm./100 Gm, Hody Wt.
Guloea Wt - — A \
Group Sex Piga Gm. Luog Heart Liver Kidueys Spleen Testey
Upexposed {controlsd.sci.iisea.. F T 837 0.77 026 am 0.32 010
Afr-exposed (controls).. . F 8 836 0.79 0.7 2.99 0.39 013
Exposed to 20 pp:n c;b)l
diehloride ...ociiiieniiiaieas . F 7 730 b 87 0.27 3.0l 0.59 Q.12 e
Unexposed (controls)..ieiievenss M 8 B2t 0.7 0.20 2.79 063 0.13 0.29
Alr-exposed (controld). M 8 829 Q.7 0.28 283 067 Q.13 037
Exposad to %0 ppm ethylme
dichloride .. .ociiiiiiiiaena. M 8 700t [1R:] 0.32 3.3} 0.1 0.12 040

Compared with alr-exposed controls;
* = = D03

t P=000L, .
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An additional grou » of 20 female guinea pigs that received 14 exposures in 18
days likewise f'nled to show any evidence of adverse effects when judged by the
same criteria,

(c) Rabbits: Two male rabbits and one female rabbit tolerated 178 exposures
in 248 days without evidence of adverse effects as judged by general appearance
and behavior, growth, final body and organ weights, and gross and microscopic
examination of the tissues. Studies of the blood nonprotein nitrogen, urea nitrogen,

serum phosp! -‘ase and plasma prothrombin clotting time also failed to reveal any
evidence of 2 -se effects.

(d) Mor : Two male monkeys were subjected to 148 seven-hour exposures
in 212 da: 4 exhibited no evidence of adverse effects as judged by general

appearance uid behavior, periodic hematological examination, growth, final body
and organ weights, and gross and m -oscopic examination of the tissues.
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Chart 4.—Growth corves of male and female guinea pigs that were repeatedly exposed for
seven hours to a 100-ppm ethylene dichloride vapor,

Tante S.—dAverage Final Body IVez'ghts and Organ HWeights from Male and Female
Guinea Pigs That Were Exposed to 100 PPAL Ethylene Dichloride for
as Many as 162 Seven-Hour Periods in 226 Days

Av,

Body Organ \Welghts, Gm./100 Gm. Pody Wt
Guinea Wi, A -
Group Bex PFigs Gm, Lung  Heurt Liver Ridoeyz Spleen Testes
Coexposed (cootrols)....iiiianes r 7 &9 093 0.23 270 0.59 0.32 .
Alrexposed (controls)....... veie P 8 £33 0.75 0.25 2.01 0.0 0.13 .-
Exposd to 100 ppm ethylene
dichloride coivemiriiaiivinnnas F 5 Ti2e 0.73 0.2; a7 0.5 0.12
Unexpased (rontruls) M 1 &31 0.7 0.23 2.67 060 0.1l 0.15
Expo.! to 10 ppm cthylena
Cithlorldr oaviiinii i, 7 £33° 0.75 0.29 2.0 0.60 .11 0.153

Compared with unexposcd controls:
PP 00N
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18 SIGNIFICANCE OF RESULTS

‘\e Toxicological studies for the purpose of industrial hygiene are intended to yield,
' first, information on the nature of the toxic effects that may be anticipated in human
uTES subjects and, second, quantitative measures of toxicity that may be utilized for the
ance evaluation of intensities of exposure in industry. The observations reported here
opic as well as those published previously ! reveal a variety of toxic effects, depending
Joen primarily on vapor concentration and duration of exposure but also on species and

o 4 . P -y sy " - - - .
any individual susceptibility. A quite meager experience with toxic effects in human
subjects ** has been reported by means of which the results obtained with animals

ures may be checked or verified. .

neral Ethylene dichloride has an unquestioned depressant action on the central nerv-
body ous system and may be expected to cause in human subjects varying degrees of

“drunkenness” and unconsciousness by this action, which may terminate in death.
Human experience has verified this depressant action. Vapor concentrations high
enough to cause marked central depression also produce irritation within the
respiratory system.

The organic injury produced in the liver and the kidneys of various species of

" animals would certainly be expected in human subjects, and such organic injury

has been found in a few cases in which human subjects had ingested liquid ethylene
dichloride.
" The deaths of rats a few hours after a single exposure, and possibly some of
those deaths observed by Heppel and associates,*® suggest a rapidly developing func-
tional impairment, such as collapse of the cardiovascular system. Hueper and
Smith **® reported a human death apparently due to circulatory failure. Actual
hemorrhage may be partly responsible for these sudden deaths; certainly, they are
not due to the injury of liver and kidney, which may be responsible for delayed
deaths.

The outstanding acute toxic effects produced by cthylene dichloride are degen-
eration, necrosis, and hemorrhage of the liver, the kidneys, and the audrenals. Such
effects have occurred in human subjects following ingestion and are always to be
anticipated in greater or less degree,

The toxic effects to be expected in human subjects after excessive repeated
exposures without obvious acute effects will probably e organic injury of the liver,
the kidneys, and the adrenals.

The corneal opacity observed by Heppel and associates ® in the dog and the fox

I for were not observed in any of the specics employed in this study, nor has it been

observed in human subjects,

. ' The quantitative data on acute toxicity represented by the lines AB, XV, CD,

' and EF (Chart 1) appear to be useful measures of the capacity of ethylene dichlo-

S 11. Lebmann, K. B, and Flury, F.: Toxicology and Hygiene of Technical Solvents, Berlin,
Julius Springer, 1938. Heppel aud others.? Sayers and others.?2

12. (a) Hamilton, A,, and Fardy, H. L.: Industrial Toxicolory, New York, Paul B. Hoceber,
ates Inc., 1949. (b) Hueper, W. C, and Smith, C.: Fatal Ethylene Dichloride Poisoning, Am. J.
M. Sc. 189:778-784, 1935. (c) Hulst, J. P. L.; Stecuhbouer, A. J., and Kedde, D. L.: Fatal
Ethylene Dichloride Poisoning, Nederl. tidjschr. geneesk. 90:406-407, 1946. (d) McNally,
W. D, and Fostvedt, G.: Ethylene Dichloride Poisoning, Indust, Med, 10:373-374, 1941,
(¢) Roubal, J.: Casop. 1ék. Zesk. 86:1-§, 1947 (Czcechoslovakian), abstracted, Chem. Abst.
42:957¢, 1948; Two Cases of Fatal Pouisoning with Symmetrical Dichloracthane (CHL.CI-CHL.CL)
After Oral Intake, Caech. M. ], no. 7, pp. 203-205 (Feb. 21, 1947) ; abstracted, J. Indust. 1lyg.
& Toxicol. 30:00, 1943, (f) Wirtschafter, Z. T, and Schwartz, E. D.: Acute Ethylene Dichlor-
wde Poisoning, ibid, 21:126-131, 1939.

0.15
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ride to cause injury and to kill in single exposures. The significance of these data
for human subjects could be determined with greater certainty if similar data on
other species were available, Other published data on acute ethylene dichloride

'vapor toxicity * show that no other species of laboratory animals is appreciably more

susceptible than the rat and that most species are not remarkably more resistant.
Almost all species suffered serious or fatal injury from one or but a few seven-liour
exposures at less than 1,000 ppin. Accordingly, it would appear reasonable to use
the data represented by CD and EF (Chart 1) for evaluating the toxicological
significance of the single exposures for human subjects. These data may not be
applicable, however, at high concentrations, greater than about 1,000 ppm, since
minimal anesthetic effects may occur in shorter intervals of time than are indicated
by EF.

The quantitative data on chronic toxicity, represented by points G, H, and 1
(Chart 1), agree on the whole quite well with data published previously.® It may
be concluded with considerable assurance that human subjects will tolerate regularly
daily seven-hour exposures to vapor concentrations as high as 100 ppm without
injury. This fizure has been generally accepted for imany years as the threshold
limit for industrial exposure.

The outstanding characteristic of these quantitative data is the proximity of
G, H,I, EF,and CD (Chart 1), This suggests that an exposure of excessive degree
is very likely to be one that produces acute effects and that chronic intoxication
without such acute effects is improbable,

SUMMARY

Rats were exposed to ethylene dichloride vapor for single periods on a varying
concentration-time basis. The results were treated statistically and permitted the
graphing of lines representing the single exposures causing death in 0.01, 50, and
99.99% of the animals, Additional exposures were made in order to determine the
most severe single exposures which were without detectable adverse effects in rats,
Typical results were as follows:

LDw—0.53 hour at 12,000 ppm, 2.75 hours at 3,000 pprm, 7.20 hours at 1,000 ppm,

LDon—0.23 hour at 12,000 ppm. 1.02 hour at 3,000 ppm, 3.70 hours at 1,000 ppm.

No adverse effect—0.1 hour at 12,000 ppm, 0.3 hour at 3,000 ppm, 1.5 hour at 1,000 ppiu.

Four animal species were exposed for seven hours daily, five days a week, to
ethylene dichloride vapor for six months. Maximum vapor concentrations without
adverse effect were as follows: rabbit, 400 ppuu; rat, 200 ppm; monkey and guinea
pig, 100 ppm.

The toxic effect {rom single exposures, as observed on experimental animals,
consisted of depression of the central nervous system, lung irritation, and organic
injury of the liver, the kidneys and the adrenal glands. The significant chronic
effect appears to be hepatic and/or renal damage.

It is concluded that for uniform daily exposures of about seven hours’ duration

there is little probability of any adverse effect on human subjects if the ethylene
dichloride concentrations are kept Lelow 100 ppm.
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ATTACHMENT B

MATERIAL SAFETY DATA SHETEHT“T PAGE: 1
DOW CHEMICAL U,5.A. MIDLAND MICHIGAN 48640 EMERCENCY PHONE: 517~636~4400

EFFECTIVE DATE: 22 DEC 78 PRODUCT CODE: 30457
PRODUCT NAME: ETHYLENE DICHLORIDE MSD: 0166
INGRECTENTS (TYPICAL VALUES-NOT SPECIFICATIONS) 3 :
ETHYLENE DICHLORIDE : 99,5 @
SECTION 1 PHYSICAL DATA
BOILING POINT: 83.7C (182.,7F) ! S0L. IN WATER: 0.8 G/100G @ 20C

VAP PRESS: 67.0 MMHG e 20C SP. GRAVITY: 1.250 @ 25/25C
VAP DENSITY (AIR=1): 3,42 % VOLATILE BY VOL: 100 '
APPZARANCE AND ODOR: COLORLESS, CHLORQOFORM=-LIXE LIQUID.

SECTION 2 FIRE AND EXPLOSION HAZARD DATA
FLASH POINT: 13C (56F) ¢ FLAMMABLE LIMITS (STP IN AIR)
METHOD USED: TAG CLOSED CUP. ¢ LFL: 6.2% VOL,. UFL: 16% VOL.

EXTINGUTSHING MEDIA: FOAM, CO02, DRY CHEMICAL., WATER FOG FOR LARGE FIRES,
SPECIAL FIRE FIGHTING EQUIPMENT AND HAZARDS: VAPOR IS HEAVIER THAN
AIR AND MAY TRAVEL CONSIDERABLE DISTANCE TO A SOURCE OF IGNITION AND
FLASH BACK. WEAR SELF-CONTAINED BREATHING APPARATUS. IGNITION
TEMPERATURE 413C (775F). WATER IS LIGHTER THAN EDC AND CAN BE USED AS
A BLANKET TO EXTINGUISH FIRE. KEEP VAPCRS AWAY FROM POSSIBLE IGNITION
SOURCES. .

SECTION 3 REACTIVITY DATA

STABILITY: AVOID OQPEN FLAMES, WELDING ARCS OR OTIHER HIGH
TEMPERATURE SQURCES WHICH INDUCE THERMAL DECOMPOSITION, IGNITES IN
AIR AT 413C (775F).

INCOMPATIBILITY: AVOID ALKALI, OXIDIZING MATERIAL, AMINES.

HAZARDOUS DECOMPOSITIGN PRODUCTS: HYDROGEN CHLORIDE.

HAZARDOUS POLYMERIZATION: WILL NOT OCCUR,

SECTION 4 SPILL, LEAK, AND DISPUSAL PROCEDURES
ACTION TO TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIPMENT): EXTINGUISH
SOURCES OF IGNITION, SMALL SPILLS: MOP UP, WIPE UP OR SOAK UPS
IMWEDIATELY. REMOVE TO OUT QF DOORS. LARGE SPILLS: CONTAIN LIQUID;

(COMTINUED ON PAGE 2 )
(R) INDTCATES A REGISTERED OR TRADEMARK NAXE 0OF THE DOW CHEMICAL COMPANY
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MATERIAL SAFETY DATA SHEET PAGE: 2
DOYW CHEMICAL U.S.A, MIDLAND MICHIGAN 48640 EMFRGENCY PHONE: 517-636-4400

EFFECTIVE DATE: 22 DEC 78 PRODUCT CODE: 30457 Q
PRODUCT (CONT'D): ETHYLENE DICHLORIDE MSD: 0166 :
SECTION 4 SPILL, LEAK, AND DISPCSAL PROCEDURES ‘CONTINUED)

ACTION TO TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIP: .T): (CONTINUED)
TRANSFER TO CLOSED METAL CONTAINERS,

DISPOSAL METHOD: SEND SOLVENT TO A RECLAIMER OR INCINERATE IN
EQUIPMENT EQUIPPED WITH AN HCL SCRUBBER ACCCRDING TO LCGCAL, STATE,
AND FEDERAL REGULATIONS. CONTACT THE DOUOW CHEMICAL COMPANY FOR
ADDITIONAL HELP. REFER TO CHEMICAL SAFETY DATA SHEET SD-18, MANU-
FACTURING CHEMISTS ASSQCIATION, 1825 CONNECTICUT AVENUE, N.W.,
WASHINGTON, -D.C. 20009.

SECTION 5 HEALTH HAZARD DATA

INGESTION: MODERATE SINGLE DOSE ORAL TOXICITY: LDS50 RATS 680 MG/KG.
MAY BE HARMFUL AND IRRITATING IF INGESTED.

EYE CONTACT: PAIN, MODERATE IRRITATION, AND POSSIBLY TRANSIENT CORNEAL
INJURY.

SKiN CONTACT: PROLONGED CONTACT = SOME IRRITATION. IF CONFINED TO THE
SKIN., MAY CAUSE A BURN.

SKiM ABSORPTION: LD50 2800 MG/KG RABBIT, TCXICITY IS LOW , BUT MAY BE
ABSORBED IN TOXIC AMOUNTS IF CONTACT IS PROLONGED OR EXCESSIVE.

INHALATION: MAY BE IRRITATING AND MAY CAUSE CENTRAL NERVOUS SYSTEM
DEPRESSION. OSHA GUIDE AND ACGIH TLV 50 PPM,

EFFECTS OF OVEREXPOSURE: REPEATED PROLONGED EXPOSURE MAY CAUSE LIVER
INJURY, CENTRAL NERVOUS SYSTEM DEPRESSION, NAUSEA, DIZZINESS, @
DRUNKENNESS., NCI STUDY INDICATES THIS VMATERIAL IS AN ANIMAL CARCINQOGEN
VIA GAVAGE STUDIES AT THE MAX. TOLERATED DOSE (MTD) AND 1/2 MTID IN
RATS AND MICE; MALTONI INHALATION STUDY UP 70 150 PPM IN RATS AND
MICE SHOWS NO CARCINOGENICITY. )

SECTION 6 FIRST AID-<-NOTE TO PHYSICIAN
FIRST AID PROCEDURES:

EYES: ITRRIGATE WITH FLOWING WATER IMMEDIATELY AND CONTINUOUSLY FQOR
FIFTEEN MINUTES. REFER TO MEDICAL PERSONNEL.

SKid: IN CASE OF CONTACT, IMMEDIATELY FLUSH SKIN WITH PLENTY OF WATER
FOR AT LEAST 15 MINUTES WHILE REMOVING CONTAMINATED CLOTHING. CALL
A PHYSICIAN. WASH CLOTHING BEFORE REUSE.

INHALATIONS REMOVE TO FRESH AIR IF EFFECTS OCCUR. CALL PHYSICIAN
AND/OR TRANSPORT TO MEDICAL FACILITY, 1IF RESPIRATION STOPS, GIVE
MOUTH=TO-MOUTH RESUSCITATION.

INGE5TION: IF SWALLCWED, INDUCE VOMITING IMMEDIATELY BY GIVING TWO
GLASSES OF WATER AND STICKING FINGER COWMN THROAT. CALL A PHYSICIAN.
(KEVER GIVE ANYTHING BY MOUTH TO AN UNCONSCIOUS PERSON}.

NOTE TO PHYSICIAN:

(CONTINUZD DN PAGE 3 )
(R) INDYCATES A REGISTERED OR TRADEMARX NAME OF THE DOwW CHEMICAL COMPANY

(‘
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' MATERTIAL SAFETY DAMNTA SHEET PAGE: 3
DOvi CHEMICAL U.S.A, MIDLAND MICHIGAN 48640 EMERGENCY PHONE: 517-636~4400

EFFECTIVE DATE: 22 DEC 78 PRODUCT CODE: 30457
PRODUCT (CONT'D): ETHYLENE DICHLORIDE MSD: 0166
SECTION 6 FIRST AID--NQTE T0 PHYSICIAN (CONTINUED)

NOTE TO PHYSICIAN: (CONTINUED)

EYES: MAY CAUSE CORNEAL INJURY OR BUFN. STAIN FOR EVIDENCE OF CORNEAL
INJURY., IF CORNEA 15 BURMED, INSTILL ANTIBIOTIC STEROILD
PREPARATION FREQUENTLY. CONSULT OPHTHALMOLOGIST,

SKIN: MAY CAUSE MODERATE IRRITATION, CHRONIC EXPOSURE MAY CAUSE
DEFATTING TYPE OF DERMATITIS. TREAT AS ANY CONTACT DERMATITIS.

RESPIRATORY: ANESTHETIC OR NARCOTIC EFFECT MAY OCCUR. GOOD WARNING
PROPERTIES. ADMINISTER OXYGEN IF AVAILABLE. BRONCHODILATORS,
EXPECTORANIS, AND ANTITUSSIVES #HAY BE OF HELP.

ORAL: HIGHLY TOXIC. MAY CAUSE CHEMICAL ENEUMONIA IF ASPIRATED INTO
LUNGS. DANGER OF CHEMICAL PNZUMONTA MUST BE WEIGHED AGAINST
TOXICITY WHEN CONSIDERING EMPTYING THE STOMACH. IF LAVAGE IS
PERFORMED SUGGEST ENDOTRACHEAL AND/OR ESOPHAGOSCOPIC CONTROL.

SYSTEMIC: MAY CAUSE KIDNEZY DAMAGE. NAY CAUSE LIVER DAMAGE. MAY
CAUSE ADRENAL DAMAGE, MAY CAUSE DRUNKENESS. MAY CAUSE NAUSEA
OR VOMITING. MAY INCREASE MYOCARDIAL IRRITABILITY. AVOID
EPINEPHRINE OR SIMILAR ACTING DRUGS IF AT ALL POSSIBLE, ALCOHOL
CONSUMED BEFORE AND AFTER EXPQSURE MAY INCREASE INJURY,. CONSULT
STANDARD LITERATURE. NCI STUDY INDICATES IT 18 AN AMNIMAL
CARCINOGEN,

SECTION 7 SPECIAL HANDLING INFORMATION

VENTILATION: RECOMMEND CONTROL OF VAPORS 70O SUGGESTED GUIDE.

RESPIRATORY PROTECTION: NIOSH APPROVED RESPIRATORY PROTECTION REQUIRED
IN ABSENCE OF PROPER ENVIROMNMENTAL CONTROL. FOR EMERGENCIES, A
SELF=CONTAINED BREATHING APPARATUS OR A FULL-FACE RESPIRATOR AS
APPROVED BY NIOSH IS RECOMMENDED,

PROTECTIVE CLOTHING: CLEAN BODY COVERING CLOTHING. IN ADDITION, RUBBER
GLOVES, BOOTS, APRON DEP%NDING‘UPON THE EXTENT AND SEVERITY OF EXPOSURE
LIKELY.

EYE PROTECTION: SAFETY GLASSES WITHOUT SIDE SHIELDS. WASHING FACILITIES
NEAR WORK AREA,

SECTIUN 8 SPECIAL PRECAUTIONS AND ACDITIONAL INFORMATION
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: KEEP DRY TO MAINTAIN
QUALITY AND REDUCE CORROSION, BULX QUANTITIES $HOULD BE PADDED WITH
NITROGEN, AVOID EYE AND SXIN CONTACT AND THE BREATHING OF VAPORS,
ADDITIONAL INFORMATION: ==w-
LAST PAGE
(R) TNDICATES & REGISTERED OR TRADEMARK WAME CF THE DOW CHEMICAL COMPANY

THE INFORMATION HERTIN IS GIVEN IN GOUD FATTH, RUT NO WARRANTY,
EXPRESSED OR IMPLIED, IS MADE,
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ATTACHMENT C

DOW CHEMICAL U.S.A.

MIDLAND, MICHIGAN 43830

January 8, 1979

AIR SAMPLING AND ANALYSIS OF 1,2-DICHLOROETHANE (EDC) USING ACTIVATED
CARBON ADSORPTION, CARBON DISULFIDE DESORPTION AND GAS CHROMATOGRAPHY
WITH FLAME IONIZATION DETECTION

The following air sampling and analytical parameters are baing followed
to minimize the migration and displacement of EDC from the activated
carbon collection media and to maximize the collection and analytical
efficiency.

Sample Collection (Activated Carbon Adsorption) :

For collecting personal air samples, small battery operated pumps are
used with air drawn through a commercially available 71 gram PCB
(Pittsburgh Coconut Base) 12X30 mesh activated carbon tube at a flow
rate of 150 mL/min, The total air volume in a 4 hour work day is

36 Liters. Short term area or excursion air samples are obtained
using a 1 gram tube and an air flow rate of 500 mlL/min. Total air
volumes do not exceed 5 Liters.

Sample Preparation (Carbon Disulfide Desorption)

The following procedure has proved satisfactory in the desorption of
EDC from activated carbon.

[1] carbon disulfide (10 mL) is cooled to dry ice temperature.

[2] The carbon granules are slowly added to the cold CSZ’

[3] The sample is agitated for at least 30 min on a mechanical shaker.
Standard Preparation

Standards of EDC are routinely prepared by injecting a measured volume
of EDC into a known volume of 032 with a 10 pl syringe.

SL 080882
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1,2-Dichloroethane (EDC)
Page 2

Sample Analysis

Analysis is performed by gas chromatography/flame ionization detection.
The following gas chromatographic conditions are employed.

Column: 10'x1/8" 20% Carbowax 20M + 2% KOH
on 80/100 Supelcoport

Temperatures: Column: 100°C (isothermal)
Detector: 300°C

Detection: FID @ 1024 to 2
Injection: 2 ul on column

Gas Flows: Nitrogen: 30 mL/min
. Hydrogen: 30 mL/min
Ajr: 240 mL/min

Recovery Efficiency

Known concentrations, or "spikes", of EDC are prepared and submitted
with each set of field samples. Recoveries average 90+5%. Several
techniques have been used.

[1] Use a microLiter syringe to inject a known amount of EDC directly
into a 100 Liter Saran bag and then aerate the known mixture from
the bag onto the 1 gram activated carbon tubz at the same air
flow rate and total air sample volume as field samples.

[2] A known amount of EDC has been injected into a U-tube through
which air is swept. An activated carbon tube is attached to the

downstream side of the U-tube to adsorb the chemical as it evapo-
rates. -

[3] A known amount of EDC has been injected directly on the charcoal
bed.

[4] Phase equilibrium recoveries have been determined.

[5] A known concentration of EDC in nitrogen in a cylinder has been
flow controlled through 1 gram commercial charcoal tubes.

Again, the carbon tube and air flows used were the same as those used
in obtaining field samples. In addition to EDC, other contaminants

known to be present in the work environment were added to the cylinder
for determining recovery efficiencies.

No humidity work has been done.
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ATTACHMENT D

The following tests are done on workers with potential exposure to EDC:
A) Preemployment and

B) Periodically

Every two years on those over age 40 and every four years on those
under age 40:

History and Physical Exam
Pulmonary Function (FVC+FEVy)
ECG
Chest X-Ray
Tonometry (over age 40)
Audiogram
Laboratory Work:
CBC
Urinalysis
Stools fo:r Occult Blood (over age 40)
GGTIP
SGOT
SGPT
Alkaline Phosphatase
Blood Sugar
BUN
Cholesterol
Total Protein
A/G Ratio
Uric Acid
Bilirubin
Serum Protein Electrophoresis (one time only)
Alpha 1 Antitrypsin (if alpha 1 globulin is low)

C) Annually - Laboratory work as listed above on everyone.

REF/ns
1/16/79
SL 080884




ATTACHMENT E

U.S. ETHYLENE DICHLORIDE END USES

USE VOLUME, AS % OF TOTAL

Intermediate for:

Vinyl Chloride 80 +
Trichloroethylene 2
1,1,1-Trichloroethane 4
Vinylidene Chloride 2
Perchloroethylene 3
Ethylene Diamines 2
Lead Scavenger 2
Export ) 4
Miscellaneous 1

(includes other chemical intermediates, extraction solvent,
reaction/carrier solvent, polysulfide rubber production,
cleaning solvent, grain fumigant, adhesives, paint and
coating diluent, manufacture of polycarbonate resins)
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E.l.ou PONT DE NEMOURS & COMPANY

(NGO RIRATED

WILMINGTON, DELAWARE 19898

LEGAL DEPARTMENT February 5, 1979

Docket Officer
Docket No. H-079

13173 e

Room $§6212 DW&LQ@F @ﬁﬁ
U.S. Department of Labor z@ﬂﬁg &g@ﬂ
Occupational Safety & , g '%V?Ey/

Health Administration EMEE ;??
Third Street and Constitution .

Avenue, N.W.
Washington, D.C. 20210

Sir:

Occupational Exposure to l,2-Dichlorocethane

The attached statement is submitted on behalf of
E. I. du Pont de Nemours and Company (Du Pont) in response
to OSHA's request for information on the above subject pub-
lished at 43 Fed. Reg. 56910. We request that our state-
ment be made part of the record on occupational exposure
to 1,2-dichloroethane.

For reasons more fully stated in our attached com=
ments, it is our position that:

e No need for an emergency temporary stan-
dard has been shown. NIOSH's 1978 recom-
mendation is based solely on a study in
which animals were force fed, a route of
exposure not found in workplaces. Other
current experiments based on dermal and
inhalation exposure routes have shown no
unusual tumorogenic effects.

A standard on occupational exposure to

1l,2-dichloroethane should contain an ex-

emption for antiknock compounds and fuels

which contain these compounds. Due to

the presence of lead in the antiknock

compounds, employee exposure is closely

limited.

The use of air purifying respirators may

be appropriate at workplace expcsures of

less than 50 ppm. Initial studies have

shown these less cumbersome respirators _
may be an effective means of protecting -
emgloyees_ P SL 080886 .
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Docket Officer -2 - February 5, 1979

We appreciate this opportunity to participate in the
hearing record. If you have any questions, please feel free
to contact me at (302) 774-95036.

Very truly yours,

]

' K - .
A (Lt L

B. Anne Gwynn
) Attorney
Environment Division

AG:kes

Attachments
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DU PONT'S RESPONSE TO OSHA'S REQUEST FOR INFORMATION
ON OCCUPATTIONAL EXPOSURE TO 1,2-DICHLORQETHANE (EDC)

In 43 Fed. Reg. 56910, OSHA requested information on the
following items:

(1) Metabolism, including intermediate
as well as final metabolites.

(2) Toxicity, tumorigenicity, carcinogenicity,
teratogenicity and/or mutagenicity, including
the effects of potential co-factors as related
to each of these.

(3) Human epidemiology (employee populations
and those otherwise exposed).

(4) Appropriate medical surveillance pro-
cedures.

(5) Appropriate respiratory protection.
(6) Uses and production technologies.

(7) Employee exposures (actual or potential)
in each use and production facility, including:
(a) the levels and specific conditions of such
exposures, (b) the numbers of employees in=-
volved in each exposure situation.

(8) Technological and economic feasibility of
reducing employee exposure.

(9) Economic and technological feasibility of
complying with a complete 1,2-dichlorcethane
standard at the lowest level of exposure feasible.

(10) Analytical and sampling methods used and
evidence of their precision and accuracy.

(11) Whether issuance of an Emergency Temporary
Standard is appropriate.

Items 1 - 3

Du Pont's Haskell Laboratory has not performed any toxi-
cological or epidemiological studies on 1,2-dichloroethane (EDC).
However, an initial literature search on the chemical was made in
1975 and updated in recent months. Summaries of the data are
attached as Exhibits A and B.
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No adverse health effects known to be attributable to
exposure to EDC have been observed in Du Pont employees.

Item 4

Extensive medical surveillance should only be recuired
at exposure levels for which there is a reasonable possibility of
harmful health effects. Such surveillance should include an
annual physical consisting of completion of a health history
questionnaire, an examination by or under the supervlision of.a
physician, a posterior-anterior chest x-ray, a urine evaluaglon for
albumin and sugar and blood, hematology to include hemoglobin, hema-
tocrit and white blood count, blood chemistry to include glucose,
BUN, SGOT, alkaline phosphatase, creatinine, LDH and bilirubin.

Item 5

NIOSH stated in its Revised Recommended Standard, DHEW
(NIOSH) Publication No. 78-211, that only supplied-air or self-
contained respirators should be used. While we agree that these
respirators should be required for employee exposures above 50 ppm,
we believe that the use of air purifying respirators mav be appro-
priate at lower concentrations.

Studies performed by G. O. Nelson and C. A. Harderl and
subsequent studies performed by Nelson and A. Nicholas Correia?
show that organic vapor cartridges with charcoal sorbent can absorb
EDC at airborne concentrations of 50 ppm for greater than eight
hours. If further experimentation verifies appropriate cartridge
service life under workplace conditions, use of air purifying
respirators, which are less expensive and less burdensome to wear,
should be permitted.

Item 6

Du Pont does ncot manufacture EDC but purchases it for use
as a component of Motor Fuel Antiknock Compound (MFAC). MFAC is
prepared by blending EDC with tetraethyl lead and/or tetramethyl
lead and other components. The compound is sold to oil refiners
who blend it with motor fuels.

Item 7

MFAC is preduced at Du Pont's Chambers W
New Jersey, Antioch Works at Antioch, California, a
at Beaumont, Texas.

orks at Deepwater,
nd Beaumont Works

lAm. Ind. Hyg. Assoc¢. J., July, 1974, p. 391, Attached as

Exhibit C.

2Am. Ind. Hyg. Assoc. J., September, 1976, p. 514, Attached
as Exhibit D, - :
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At Chambers Works, EDC is received by ship, tank truck and
tank car; the other two locations receive it in _tank cars.
EDC is pumped into storage tanks from which it is transferred Lo
blending tanks and the blended product pumped to storage tanks.
The entire system is closed.

Potential workplace exposure exists when conhecting and
disconnecting unloading lines from the carrier, during tank gaging
and during sampling at wvarious points in the operation. The
numbers of employees potentially exposed to EDC at each location

including operators, laboratorians, mechanics and supervisors, are:
Chambers Works 104
Beaumont Works 23 B
Antioch Works 69

Data from personnel monitoring performed £from 1975 to
the present show the following workplace concentratlons:

: Average Maximum
Chambers Works §-hr. TWA 8-hr. TWA
EDC Handling ) 0.5ppm 2.2ppm
Finished Product Handling 0.02ppm 0.1l8ppm
Beaumont

EDC Handling 0.lppm 0. 5ppm
Finished Product Handling 0.03ppm 0.l4ppm
Antioch

Finished Product Handling : 0.0lppm

During carrier connect-disconnect operations, sampling and
tank gaging, short-term exposures reach a maximum of 25 ppm. Employees
performing these functions wear respirators and impervious gloves.

Item 8

As shown from the monitoring data noted in our response
to Item 7, a closed system protects employees during the blending
and storage of antiknock compounds. Further reduction of employee
exposures is unnecessary.

The unloading, sampling and gaging operations involve only
infreguent, intermittent exposures. Exposures of this type should be

lowered through the use of personal protective eguipment, not through
the installation of expensive engineering controls.

Item 9

Du Pont can presently comply with the current OSHA per-
missible exposure limit of 50 ppm, the ACGIE intended change of 10 ppm,
and the 1976 NIOSH proposal of 5 ppm (1l0hr work day).
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We cannot comment on the economic and technological feasibility of
complianc with a standard at the lowest level of exposure feasible
as we do not know what OSHA considers this level to be. We feel
that the permissible exposure chosen should be that level which
protects employees against adverse hezlth effects of the chemical.
We do not feel that employers should be forced to needlessly exsend
resources to lower exposure bevond a sa‘s leval, '

Item 10

. We have successfully used the NIOSH Method P&CAM 127
(Organlg Solvents in Air) to monitor airborne EDC at: the con-
centrations encountered in our operations. Further study is necessary

to determine the precision and accuracy over a range of EDC con-
centrations,

Item 11

As there is already an OSHA permissible exposure limit
in effect for 1,2-dichlorcethane and no adverse health effects have
been observed at that level, we perceive no "grave danger" to employees
and believe that the promulgation of an emergency temporary standard
is unwarranted. Any standard proposal should follow the prescriked
Section 6(b) standard development process.

If a new permanent standard is promulgated, we recommended
that OSHA adopt a permissible exposure level of 10 ppm, the level re-
commended by the American Conference of Governmental Industrial
Hygienists in its Notice of Intended Changes for 1978 TLV's. The
ACGIH level is based on recent European occupational experience
showing chronic effects resulting in neurologic changes, gastroin-
testinal problems, and liver and kidney impairment at levels greater
than 75 ppm and absent at concentrations lower than 25 ppm.3 The 1978
NIOSH recommended level of 1 ppm is based solely on a National Cancer
Institute carcinogenic study in which rats and mice were fed EDC in
corn oil by gastric intubation, an atypical route for industrial
exposure. Recent studies which assess the carcinogenic potential of
EDC by the most probably routes of industrial exposure - inhalation and
dermal do not show any unusual tumorogenic effects. "In an ethylene
dichloride inhalation study being conducted in Italy by Dr. C. Maltoni,
animals were exposed to ethylene dichloride for 2 years and observed
until the end of their natural lives. (Exposure levels in this study
are 0, 5, 10, 50, and 150 ppm). No evidence of any exceptional tumors
in rats or mice have been found following 100 weeks of exposure (6).
Also, Dr. B. M. Goldschmidt has informed NIOSH of bicassays of 1,2-
dichloroethane being conducted at the New York University Institute
of Environmental Medicine. Groups of 30 female mice received skin
applications of 1,2-dichloroethane for more than one year. None of
the animals developed skin tumors, and autopsies did rno: reveal any
unexpected internal lesions or tumors (7)."4

Criteria for Recommended Standard . . . Occupational Exposure to
Ethylene Dichloride HEW Pub., No. (NIOSH) 76=139 (1976).

4NIOSH Current Intelligence Bulletin 25, DHEW (NIQSH) Pub.

No. 78-149.
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Additional Comments

An EDC standard should contain exemptions for products
such as antiknock compounds, which contain mixtures of EDC and
tetramethyl and/or tetraethyl lead, and for fuels which contain
these antiknock compounds.

The manufacture and handling of antiknock compounds is
very closely controlléd because of the toxicity of the lead compound
components. Limiting work place exposure to these lead compounds
automatically controls the release of EDC to a safe level.

If the airborne lead concentration in the workplace ,is
maintained at the current OSHA permissible level of 0.075 mg/m”, the
maximum concentrations of EDC which can be present at various
temperatures are:

Temperaturc (©C) Calculated EDC Concentration (ppm)
10 3.0
20 2.0
25 2.0
30 “ 1.0

As all of the EDC concentrations. are well below the 1978
ACGIH recommended level of 10 ppm as well as NIOSH's 1976 recommendation
of 5 ppm, these antiknock compounds should be exempted from an EDC
standard.

We also request that OSHA exempt mixtures of motor fuels
containing EDC from all aspects of any potential EDC regulation.
While we do not have direct measurements of workplace concentrations
of EDC in the handling of gasoline containing EDC at a gasoline
service station, we have measured the concentration of ethylene
dibromide (EDB), another component of leaded gasoline, to which a
person would be exposed in a service station environment. The con-
centration of ethylene dibromide (EDB) as detected by a personal air
sampler, averaged over 2 hours, was less than 0.1 ppb. A grab samplc
taken at the vehicle filler pipe showed a maximum concentration of
1-2 ppb. Details of these measurcments are given in Exhibit E.

Current leaded gasolines contain 2.0g of lead/gal.,
1.0g of EDC/gal. (0.03% by weight) and approximatecly 1.0g of EDB/gal
Based on the measured values of 0.1 ppb of EDB, the workplace con-
centration of EDC under these same conditions would be 0.5 ppb as
measured by the personal monitors with a maximum of 4-8 ppb as
measured by the 5-minute grab sample at the vehicle filler pipe.
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/ LITERATURE SEARCH*
EXHIBIT A T, Z-DICILOROETHANE
- (ETHYLENE DICILORIDE, EDC)

I. AZJUTC TOXICITV

A. Oral

a) Values

human LDy 4** 845 ng/kg (1)
LDygg 56 ml : (3)

rats LDs5q 680 mg/kg (1)
LDgg 680-770 mg/kg (3)

LDgy 770 mg/kg (670-890) (4)

mice LD 600 mg/kg | (1)
-- LDgg 910 mg/kg (3)
dogs LDy 2,900 mg/kg (1)
LDlOO 2,500 mg/kg (3)

rabbits LDg, 910 mg/kg (3)

Isom2r unspecified:

dog LD50 1.3 ml/kg (2)
LDlOO 1.9 ml/kg - Lo (2)
*  guirea pig LDgj 0.6 ml/kg (2) -

LD100 1.2 ml/kg (2)
rabbits LDc g 0.8 ml/kg {(2)
LDyqq 1.6 ml/kg (2)

rats
young LD¢ 1,135 + 7¢ mg/kg (12)
LDl00 2,000 mg/kg (12)
adult LDSO 625 + 50 mg/kg (12)
senile LDg, 560 + 38 mg/kg , (12)
LD1gq 1000 mg/kg (12)

* Literature Search done 11/25/74.
** Specific gravity 1l,l-Dichloroethane
l,2-Dichlorcethane
LDLO = lowest lethal dose
LDloo = lethal dose to 1009 of test animals
LDSO = lethal dosc to 503% 0f test animals

1.776
1.256
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A. Oral (Continued)

mice
young LDgp 1,308 + 79 mg/kg (12)
LDlOO 3,000 mg/kg (12)
adult  LDg 1,120 + 192 mg/kg ©(12)
. LDloo 2,500 mg/kg (12)
senile LDgq 725 + 38 mg/kg . (12)
LD1go 1,300 mg/kg (12)

by Effects

Isomer unspecified:

rats 1-2 ml/kg death at 10-16 hours
Results: bradycardia, bradypnea, total atrio-
ventricular block, cessation of
respiration, due to "action on the
central nervous system and in

particular the respiratory centers." (28)
rats 1.0 ml/kg
rabbi.s 0.5 ml/kg
Results:
e 24-72 hours: '"reversible dystrophic changes
in the liver" - _
- ® 4-5 days: decrease in fat content of hepatocytes,
appearance of cells with 2-3 nuclei
e 6-8 days: necrotic foci disappeared (31)
rats 0.7 ml/kg
Results: decreased rate of oxidative phosphoryla-
tion in liver mitochondra (32)

rabbits 1.2 ml/kg
Results: marked increase in fibrinogen content
of the blood, acceleration of cletting
reaction (41)

rabbits 0.9 - 1.7 ml/kg
Results: toxic pulmonary edema, "accompanied by a

series of changes in the blood." (42)
B. Skin i
a) Absorption
rabbit LDg 3890 mg/kg (1)
LDgq 3.89 ml/kg (3.40-4,4¢) (4)
LDg, 2,800 mg/kg (3)

I
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B. S8kin (Continued)

Isomer unspecified:

rabbits 10 mg/1l in air
Results: decreases respiration and glycolysis,
and cytochromic ox:wZasa2 in red blood
cells, caused a decx © in activigy
of serum enzymas, . ag cholires-
terase, affects membrane germeapility
of renal cells, (29)

b) Irritation

rabbits Score 2* - "trace of capillary injection” (4)

C. Eye
rabbit Score 3* (4)
dog corneal opacity (16)

D. Injection

aj) Subcutaneous

rats LDg, 500 mg/xg (1)
LD 1,000 mg/%g (3)
50
mice LDy 380 mg/kg - <= (1)
LDy gg 1,600 mg/kg (3)

b) Intraperitoneal

rats LDSO 600 mg/kg (1)
nice LD1g 250 mg/xg (1)

¢) Intravenc..

dog I"DLO 175 mg/kg . (1)
LDlOO 175 mg/kg (3)
LDlOQ 0.25 ml/kg (5)
Lo 0.125 ml/kg (5)

mice 0.075 ml/kg 10% increase in urine protein(34)
0.2 ml/kg 30% increase in urine protein(l}4)
0.4 ml/kg 56% increase in urine protein(34)

* gkin irritation scores run from 0 (no effect) to 19 (necrosis)
Eye irritation sec zs run from 0 (no effect) to 20
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F. 1Inhalation
1 mg/l = 247 ppm and 1 ppm = 4.05 mg/m> at 25°C, 760 mm Hg

a) Values

humans TCLO 4,000 ppm (1)
rats LCi g 4 hours 1,000 ppm (1)

maximum time survived 12 min, 20,000 pom (8,19)

' 1 hour 3,000 pom (3,10)

7 hours 300 pem (3,10)

no effect times 6 min. 12,000 ppm (8,10)

1.5 hours 1,000 ppm (8,10)

7 hours 200 ppm (S,10)
mice LCi00 9,000 ppm (3)
rabbits LCr o 7 hours 3,000 ppm (1)
LCr g unspecified 1,000 ppm (7)

guinea LCr g ) 2 hours 9,000 mg/m3 (1)
pigs LCYgg 3,000 ppm (3)
pigs LC 7 hours 3,000 ppn (1)
rats + LCgg 0.53 hours 12,000 ppm (8B)
LCqyq 2.75 hours 3,000 ppm (8)
: LCgq 7.20 hours 1,000 ppm (8)
LC 0.01* 0.23 hours 12,000 ppm (8)
LC 0.01 1.02 hours 3,000 ppm (8)
LC 0.01 3.70 hours 1,000 ppm (8)
no effect level 0.1 hours 12,000 ppm (8)
0.3 hours 3,000 ppm (&)
1.5 hours 1,000 ppm (8)
lethal dose "few minutes" 150,000 ppm (9)
deep narcosis 30 minutes 12,000 ppm (9)
slight symptoms 8 hours 1,000 ppm (9)

* TC = lowest toxic concentration
Lc%g = lowest letbal concentration
LCSO = cancentrat;on lechal to 50% of test animals
LclOO = concentration lethal to 1009 of test animals
LCy g1 = concentration lethal to 0.01% of test animals
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b) Effects

rats, guinea pigs, rabbits, monkeys 100-400 ppm 7 hours

Results: ‘'depression of theé central nervous
system, lung irritation, and organic
injury of the liver, trhe kidneys, an
the adrenael glands."

rabbits 300 pom time unspecified
Results: no significant changes in %he bloecd
and spinal marrow, with the excepntio
of "toxiec granulation in granulocyte
of about 20%." ’

rabbits levels and time unspecified
Results: liver damage, kidney lesions, and
"less marked degenerative signs in
other organs.”

Isomer unspecified:

rats 10 mg/1 4 hours
Results: decrease in cholinesterase activity
serum: 37-43% decrease
plasma: 23% decrease
brain: 16.4% decrease
spinal cord tissues: 16.7% decre
liver: 27.8% decrease
pancreas: 20.3% decrease
heart: 29% dacrease
pylorus: 31.2% decrease

TI. CHRONIC TOXICLTY

A. QOral

cows 100 pom 22 days
500ppm, 10 days then 1000 ppm, 12 days
Results: no loss of appetite, no decrease in
milk production (13). Levels of
1000 ppm produced concentrations of
less than 0.25 ppm in the cow's milk

Isomer unspecified:

rats fed maize, éugar beets treated with 0.1-0.5% EDC
time unspecified

d

(8)

n
s
(24)

(25)

ase

(33)

(14) .~

Results: no change in blood composition or liver

function

(30)
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B. Inhalation

a)

Spencer, et. al.

400 ppm

rats up to
guinea pigs up to
Results:

rabbits
~ Results:

200 ppm

ratq‘
Results:

guinea pigs
Results:

100 ppm

rats, male
, female
guinea pigs, male
, female
rabbits
monkeys
Results:

Heppel, L. A. et. al.

1000 ppm
guinea pigs
rats
rabbits

dogs, cats, monkeys

Results:

400 ppm

rats, rabbits, guinea pigs

Results:
dogs

(8,

15)

40 7 hour exposures

24 7 hour exposures
ne survivors, no tumors, increased
liver and kidney weights, histological
changes in liver and %idney

165 7 hour exposures
maximum for no effect

157 7 hour exposures
maximum for no effect

180 7
histological

hour exposures
changes, no tumors

115
142
121
162

hour
hour
hour
hour
178 hour
- 148 hour exposureas
no adverse effect "The significant
chronic effect appears to be hepatic
and/or renal damage." (8)

exposures
exposures
exposures
exposureas
exposures

(17)

7 hours/day
survived 2 exposures
survived 3-14 exposures
survived 2-64 exposures

5 days/week

23-55 days
fatty changes in liver

low mortality

7 hours/day 5 days/week
high mortality
liver damage

survived 177 exposures
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b) Heppel, L. A. et. al. (Continued) , ‘

200 ppm
rats 125 exposures
Results: greater than nermal mortality,
mild pulmonary congestion
guinea pigs 125 exposures
Results: greater than normal mortality,
histological changes

rabbits 125 exposures "no effect
monkeys 125 exposures no effect
100 ppm
rats survived "many" experiments; no lesions
guinea pigs
monkeys
¢) rats, guinea pigs, rabbits, cats 6 hour/day 5 days/week
500 ppm coxic to all in 13 weeks
100 ppm tolerated for 17 weeks (13)
d) rabbits levels unspecified "chronic poisoning"

Results: most severe damage in liver, decrease
in lipids of leukocytes, kidney
degeration and necrosis, deferioration

of kidney function. (25)
e) °~ rabbits 0.6 -~ 0.15 ml/kg/hour .
Results: ‘"bradycardia,...cardiac excitability,
and a progressive decrease in the blood
pressure to death." (23)
£) rabbits 3000 pom "chronic exposure"
Results: "A direct poisoning effect on the bone
marrow is concluded." (24)
Isomer unspecified:
g) rats 5 mg/1 3.5 months

. Results: changes which "reflect pathological
excitation followed by decreased
functional activity of the entire
central nervous system." - (18)

h) rats .05 -7,01 mg/1 3-5 hours/day
Results: changes in conditioned reflexes
histological changes in the brain.
Both disappeared when removed from
exposure. ' (22)

i) rabbits 2 mg/m3 3 hours/day 8-10 months
Results: did not affect antibody formation (20)

ry
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rabbits 100 mg/m3 3-4 hours/day 7-11 months

Results: depressed antibody formation,
changes in liver and kidneys (21)

rabbits 10 mg/m3 3-4 hours/day . 7-11 months
Results: ‘"not toxic" (21)

rats mg/m> 4 hours/day 1-9 months

rats mq/m4 and 120 mg/m3 gasoline
4 heurs/day 1-9 months
Results: “considerable changes of the estrus
cycle and its periodicity," a decrease
in total number of cycles, number of
leukocytes and phagocytic activity not
affected

30 mq/m3 plus 1210 mg/m3 gasoline vapors
4 hours/day 6 mos. prior to and
during precgnancy
Results: ‘"changes in duration of estrus cycle,”
decrease in fertility, weight, and muscle
efficiency of neonates, increased
lethality in progeny, no abnormalities in
following gerneration (286)

JII. ADDITIOQUAL ETP CTS

A. Mutagenicity

a) wheat seeds 1 ml for 1 day
Results: 0.3% dominant mutations
1.8% recessive mutations (35)

Drosophila melanogaster 0.07% 4-8 hours
Resultg: 1increased number of recessive mutations
and occurrence of non-divergence of
X-chromosome. (36)

Drosophila melanogaster levels and time unspecified

- Results: increased frequency of recessive lethal
mutations, no influence on non-divergence
of chromosomes in radioresistant organisms (37)

Drosophila melanogaster levels unspecified
Results: 1 day treatment: '25-30% mutations,
more pronounced in males
il hour treatment: 2.6% mutations
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B. Other organisms

a) Invertebrates in water 0.1 mg/1l
maximum concentration for "normal biological
activity” (39)
b) maize prolonged storage with EDC in tropics may
affect seedling growth (40)

¢) 0.4554 kills Vibrio (bacteria)
0.065M prevents fermentation of sugar by yeast (5)

Isomer unspecified: -
d) marine pinperch TLm* 150-175 mg/1 (59)

e) mole crickets ' 150 ml/m2
Results: effective in controlling these insects (43,44)

f) spore-forming bacteriz, molds 300 g/m3
Results: no molds devzloped, sgore-forming
bacteria developed normally (48)

IvVv. METABOLISM

-a) readily absorbed from the gastro-intestinal tract or thea
lungs, absorbec to a lesser extent from the skin (10)

b) mice 0.05 - 0.17 g/kg injected intraperitoneally’
10-45% expired unchanged
12-15% expired as COj
51-73% urine
0-0.6% feces
0.6-1.3% remaining

Major metabolites:
S~carboxymethylcysteine
thiodiacetic acid
chloracetic acid

Minor metabolites:
2-chloroethanol
$,8'-ethylene bis cystein (45)

c) rats route and dose unspecified
Major metabolite in urine:
N-acetyl-S-(Z ~hydroxyethyl) cysteine
Secondary metabolite:
§=-(,3 -SS-hydroxyethyl) cysteine (46)

*TLm = median threshold limit SL 080901 B
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HUMAN TQXICITY

"Ethylene dichloride is toxic by inhalation, by contact
with skin or mucous membranes, or by oral intake. Prolonged
excessive, or repeated exposures to the product in any form ar
hazardous. The signs and symptoms of excessive absorption to be
watched are: headache, mental confusion, depressicn, fatigue,
loss of appetitie, nausea, vomiting cougn, loss of sense of balance,
and visual disturbances. There may also be diarrhea with bloody
stools, suppression of urine, swelling of face, jaundice, and
blood in the urine." The signs and symptoms of EDC poisoning
‘are the result of injury to the kidneys, adrenal glands, skin,
lungs, and to the digestive and nervous system. The <¢linical picture
varies with the type of exposure and the amount of the chemical -
product which is absorbed, either at one or at repz2ated times.," (54)

" A. OQOral

Patty (10) states that EDC "does present a problem from
oral ingestion," as evidenced by the number of poisoning fatalities
(see below). Effects include CNS depression, gastrointestinal
irritation, increase in clotting time, and injury to liver, kidneys
adrenals, and lungs.

Should an ingestion occur, vomiting should be induced and
epsom sales administered. (54)

B. Skin
a) Irritation and sensitization

If held close to the skin EDC can cause severe irritation
with moderate edema and necrosis (10). Repeated or prolonged
contact "may cause a rough, red, dry skin due to extraction
of fatty materials" (10). "In certain rare cases, the
dermatitis may be caused by hypersen51t1v1ty to ethylene
dichloride™ (54,55).

Should skin contact occur, remove all contaminated cloth-
ing, wash the area well and apply an ointment containing
lanolin. (54)

Absorption

EDC can be absorbed through the skin, although "it takes
quite large doses to cause serious systemic poisoning." (10)

This chemical and its vapors can cause irritation, burning,
and lachyrimation. Serious damage can occur if the substance
is not removed promptly. Exposed eyes should be washed with
water for 15 minutes. ) ‘ (10,54)
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Inhalation

Symptoms of botn actue and chronic vapor poisoning are
irritation of the eves, nose, and throat, headache, mental
confusion, dizziness, and vomiting. EDC "has the ability to
cause injury to the liver and kidney from eith excessive
single or repeated exposures" (36). Borisova reports that
concentrations greatar than 6 mg/m3 "cause vasoconstriction,
decreasing light-sensation of the eyes, and reflex changes
in rate, depth, and rhythm of resviration."

In the event of overexposure to EDC, remove the subject
immediately and do not administer adrenalin.

Threshold
a) Single Exposures - not more than once a week

7 hours 200
1l hour - 1,000
0.1 hour 2,000

b) Repeated Exposures

Threshold Limit Value (ACGIH) 50 ppm (200 mg/m3) (1)
Ceiling Value ) 50 popm -(56)
100 popm (1)
Peak Value (not more than 5 min. not more than
one in 3 hours for an 8 hour day) 200 ppm(l)
- Recommendad Russian Threshold 1 pp, (11)

¢) Odor Levels
50 ppm barely detectable

100 ppm not unpleasant’
200 ppm pronounced, not unpleasant

17.5 mg/m3 detected only by those with acute
sense of smell
23.2 mg/m3 average level of detection

The odor of EDC is sweetish and can be adanted to at
lower levels; therefore, it is "probably not sufficiently
striking to be considered a significant warnlng of
hazardous chronic exgosure.”

Poisoning ;

Several cases of EDC poisoning have been reported in the
literature. "The late appearance and non=-specificity of the
clinical symptoms and signs" is-characteristic of such cases,
causing one author to warn that "lack of symptoms even several
hours after ingestion or inhalation should not be taken as a
reassuring sign." (51)
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a)

b)

c)

4)

e)

£)

g)

h)

i)

3)

1-1/2 year male ingestion amount unspecificd
Symptoms: 9 hours: no change in EEG
19 hours: pathological changes in nervous
system observed
24 hours after infusion-diuresis treatment:
. hormalization of EEG

14 year male ingested 15 ml (for intoxicaticn)
Symptoms: 2 hours: headache, staggering, vomiting
6 days: died -

Autopsy: liver necrosis and resultant hypoglycemia,
increase in clotting time, renal failure,
and hypercalcemia. (31)

ingestion 2 oz.
Symptoms: 2 hours: naysea, faint
5 hours: dazed )
22 hours: cyanosis, death (5)

18 year male - ingested 50 g (suicide)

Effects: death at 18 hours, "basically caused by
generalized intravascular clotting accompanied
by irreversible shock."

Autopsy: "intense necrotic and hemorrhagic enteritis,
widespread erosion of the intestinal mucosa
and petechial bleeding subendocardially and
supercardially in the kidneys and in the
bladder epithelium." : (52)

Poisoning victims isomer, amount, route unspecified
Autopsy: renal failure, swelling and protein dystrophy
in tubular epithelium, decrease in glomerular
DNA and RNA. (47)
Worker treating grains with Granosan (70% EDC, 30% carbon tetra-
chloride) -
Effects: died with “"severe lesions in liver and kidneys" (53}

Worker inhalation levels unspecified
Effects: fatal, hyperemia and edema of lungs,
degenerative changes of kidney, damage to

liver and adrenals. (14)

27 workers inhalation :
Effects: non-fatal, CNS depression, semiconsciousness,
and hepatorenal syndrome. (57)

Russian plane factory using EDC
Effects: number of cases of illness, mostly intestinal
and nervous disorders, and number of days
lost due to illness were 100% greater in
departments using EDC than in rest of the plant. (5%

Russian factory inhalation (isomer unspecified)
Effects: "chronic hepatitis, chronic gastritis,
dystrophy of the myocardium, astenovegetative
syndrome, vegetative polyneuritis, and
allergy." Polyethylene polyamine had
synergistic effects with EDC. (55)

Fi
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UPDATE ON '
EXHIBIT B LITERATURE_SZARCH
ETHYLENE DICHLOEIDL

A.

Carcinogenic Potential

1,2-Dichlorcethane was administered by gavage S days a
week for 78 weexs to grouns of 50 male and 50 female rats
and mice. Initial deosage levels for the chronic bioassey
‘were selected on the basis of a mreliminax®' subchronic
toxicity test. Subsequent dosaze aO]LS*“QH“S were mada
during the course of the chroaie bicassav The time-
weighted average nigh and low doses were 95 and 47 mg/kg/
day, respectively for rats of both sexes. The high and low
time-weighted average doses for the male mice wera 195 and
97 mg/kg/day, resvectively, and 299 and 149 mg/kg/day,
respectively, for the female mice.

For each species, 20 animals of each sex were placed on
test as vehicle controls. These animals were gavaged with
corn oil at the same times that dosed aninals were

gavaged with the 1,2-dichlorcethane mixtures. Twenty
animals of each sex were placed on test as untreated con-
trols for each species. These animals were not intubatecd.

A statistically significant positive association between
dosage and the incidence of squamous-cell carcinomas of
the forestomach and hemangiosarcomas of the circulatory
system occurred in the male rats, but not in the femzales.
There was also a significantly increased incidence of
adenocarcincmas of the mammary gland in female rats.

The incidence of mammary adenocarcinomas in female mice

were statistically significant. There was a statistically
significant positive association between chemical admin-
.istration and the combined incidences of cndometrial

stromal polyps and endometrail stromal sarcomas in female
mice. The incidence of alveolar/bronchiolar adenomas in

both male and female mice was also statistically significant.
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Under the conditions of this study, 1,2-dichloerczethane was
careinoagenic to rats, causing scuamgus-cell carcinomas of
the forestomach, hemanagiosarcomas, and subcutaneous
fibromas in male rats and causing mammarv adenocarcincmas
in female rats. This comzound was also to be carcincqgenic
to mice, causing mammary adenocarcincmas and endometrial
tumors in female mice, and causing alveoclar/bronchiolar
adenomas in mice of both sexes (1).

C. Maltoni in Italy is conducting an inhalation study in
rats and mice under the sponsorship of MCA and scme
European comranies. After 100 weeks of exposure at 0, 5,
10, 50 and 150 opm (90 animals/sex level), Maltoni has
found no evidence o0f any exceoticnal tumor in rats and
mice. Patholegical examination and a final report are no%:
expected for a year or more (19).

Ethylene dichloride was administered intraperitoneally,

3 times a weex for 8 weeks to grouns of 20 mice. Three
dose levels were used 20, 40 and 100 mg/kg. Twenty-four
weeks after the first injection, the nice were sacrificed
and their lungs examined. The pulmonarv adenoma resocase
was not significantly greater than the resvonse of
vehicle-treated control mice (20).

B. L. Van Duuren is conducting a study of the chemical
structure, reactivity and carcinogenicity of nine halo-
carbons, one of which is ethvylene dichloride. This study
is sponsored by the U.$, National Science Foundation,
Division of Advanced Environmental Research and Technology.
The work is being done at New York University.

Mutagenic Potential

Ethylene Dichleoride

e Ethylene dichloride was a weak mutagen in the Ames
test (2,3,10,18). Activation with a rat liver micro-
somal system did not increase its mutagenicity.

e It did not preferentially inhibit the qrowth of DNA
polymerase-deficient (pol Aj;-) E. coli (10).

® 1,2-Dichloroethane had no effect on the chromoscme-

breaking effect and the influence on satellite

association in human lvmphocytes though a strong

toxic effect was induced (17).
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e 1,2-Dichloroethane had no effect on the induction
of lysis on E. coli X39(A) (17).

Matabeolites of Ethvlene Dichloride

e It is metabolized in mammals to chloroacetic acid,
probably thcugh chlercethanol and chloroacetaldehvyde
(3,4,5).

Chloroacetaldehyde was mutagenic in tests with
Salmonella tvmhnimurium strain TA 100 but it had
only weak actlivity in strains Ta 1535, TA 98 and

TA 1538. <Chloroethanol was mutagenic in strain

TA 100 in the presence of rat liver microsomnes

but only weakly active without microsomes. Thare
was a weak reversion of TA 15335 but not of th.
other strains. Chlorcacetic acid was not muts enic
in any of the strains tested (3,9).

e Chlorcacetaldehvde showed only feeble genetic activity
and chlorcethanol was comwletely inactive in inducing
forward mutations in two strains of yeast-Schizosaccharo=-
mvces ponbe and Saccharomyces cerevisiae (6).

® Chloroacetaldehyde was mutagenic in E. coli (7).

® Chloroacetaldehyde, but not chlorcacetic acid, was
mutagenic in Salmonealla typhimurium TA 1535, Chloro-
ethanol gave a weak mutagenlic response only at high
concentrations (8).

C. Teratogenic Potential and Effects on Rewnroduction

The reproductive activity of male and female rats was not
affected when the rats werxe fed fumigated mash containing
ethylene dichloride residue levels of 250 and 500 pom for
two years (1l). This pawper does not mention the presence
of any tumors but it does report on the effect on growth
and various biochemical parameters.

Reproductive studies were carried out with leghom chickens
during the course of a two-year feeding study. They were
fed fumigated mash containing ethylene chloride residue
lavels of 250 and 500 ppm. The fertility of the hens and
cocks and the hatchability of the eggs were not affected
(12).
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Exposure of female rats to dichloroethane at 57 mg/m3 daily
fer four hours during six months and then during the whole
gestation period, produced no general toxic symptoms in the
females. It did produce raduced fartility, reduced pup
weight at birth and increased stillbirzth race. Also observed
and
retarded gain in weight, prolonged as=trous veriod and high
perinatal mortality among the first generation females. No
deviations were noted in the second genesration offspring (13,14).

When inhaled at S00-1000 mq/m3 four hours daily for one to
ten days, it penetrated into the uteri and ovaries of non-
pregnant rats.- It was detzcted in the fetuses when inhaled
at 1000 mg/m3 on days 10 through 13 or 10 through 17 of
gestation. It was also found in the milk of lactating rats
following one four-hour exposure (15).

Exposura to small concentrations of vacors of dichloroethane
(concentraticn and level not specified in the abstract) had
only a temporary effect on the estrous cycle of female rats.
When rats were exposed to it until days 17 to 19 of gestation,
there was an increase in the death rate of the embryos and a
loss of embryos at preimplantation (148).
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EXHIBIT ¢

Respirator Cartridge Efficicney Studies:
V. Elfect of Solvent Vapor
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extension of the invesugation by Freedman
o ol ®
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to the upstresmy concenlastend for each sob-
rent 1 shown as a fumction of e These
fignrce 3t ahe coneplete adsorrption by
from ratead hecakabreuph G fotal cononlpe
aaturatien for cach of the sohents and gaes
lested.

Table | helpe summiarire the darg shown
In Fige. 4 through 13, Here soluenls mie
arvenged by clastes, and within clases by
boiling pveunt, with the mod volatile wem-
peond shown fast The limes 1o 5ol 155,
{G, and 9% hecakilvough and the re-
spective weights adsorbed are shown for
cach solvent.

This talde chows that, within rach lass
of tolvent, the most volitife solhvenl hroaks
threugh Gnt. As the boiling points of the
sobventy within 2 class increase, however,
the tread evenrually sevencs At some point
the brezkthrongh time actwally decreares
with rising solveat boiling [omts Thes oc-
curs for cach chiss of wlvent.

Tubte | aho illustiutes how the weight of
solvent 3dvorhed varies wirh the sapor pres-
sure 35 well a3 the boiling point. Within
each solvent class the weight adsmind s
both an Increasing function of the bailing
point and 8 Jecreasing Tunction of the vpor
pressute—lhe two being interrciated  This
Ix showo to be the case For 195, 1072, and
100 breaihrough, These dals can be
uvscd, therelire, 10 spprovmate the woiph
adsorbed of an vatested wolvent onie e
class anad boiling point or vapor piresure
are knov-n.

Table [ 2150 gives the dillusion coelficicns
and the activated cashon meights and vol-
umes neceded in the theoserical calewlation of
the breakthrough tinwes. 11 zlio shows the
weights of water adsorbed  Note 1he rela-
tirely large amownt of waler adsorbed in
connection wih more volarile solvents, cspe-
cially thuse that are miscible with waler.

Calcitunion of Oreokthrough Times

The ability b0 predict the carfridpe break-
through mathematically for any sofvent that
may be encountered would e usclul. Iniual

0

e

<

Fuly, 1974

cartridge breatthrough can be cslculated
fram

115 WM L
T T o

Iy =

whege 6y = inmia) cartridge hreakthroogh
time tmin}.

Fa = mular volume a1 Lhe syslen

fcmpeealure and pressure (24 1

fileis/mote 81 200 C, 7600 1oar ).

v, woe wopht of solvent pdsorbod pee

gram of aclivinied carbon
fpmipm).

ke W, e weight of setivated carben

(gm}.

v M = molcoddse weight of the con-

timinant {gmsmele).

Q = oitlow sate (liters/min)

C = ypircam gas concentration
{pprml.

All the 1crrs ean be measured or caleu-
Iated except w. The weight of suhvent ad-
serbed is extremely datficult 1o prodict, since
it is a comple Tunclion of the nature of 1he
»lorbent and solvent vepor. Therclore,
equatione 1 s useful oniy il the weight is
deternnned evpenmentativ, Estimatin s of
the hreakthrouch time ¢ be calculaled,
howeser, from (e adsorptyn isotherm and
the Mecklenbu-p cquation

The adsorplen ivathenin Inr microporous
atsorbents yickls che maximum wyeight of
selvenl sdworbed at 10t3] caibon saturation
and can be calcwlzied by

— 8 3
—='n . t
A {log (p./p)] l 2)

where wy = equilibrium sinic adsorptive ca.
paily per unit weight carbon
(gex/gpm),
p = density of solvent {gm/em®).
Wy = total volume of wdsorpticn
space {cmb/gm).
B = mucropoisily constaat for the
carbon,
T = temiperature {°K),
3 = allinity cocllicient of scivent va-
.por fur the aclivated carbun,

w, = pl¥eexp l

Asmeriven bfuarcial Haglene Asvociiinen Joenenal

e = sMuraloeh vepor gucware (el
For b sebont an tomspeeatore L

p = cquilibimn putal pressure of
the suvlvemt vapur (1oir),

This wksorphion isstherm holds for any
microporaus adsork an 2nd it valid only 1t
tempesatures bulox tie crital lemperature
of the vapar. The W and B terms are Inter-
sclaed ond Gopend ol o ahe rume of
the sthoibiar  Ihe altisny conthiceent f)
characieriies the adwopnion of 3 piven vapor
with respect to anotlar vapor sohoed as 2

ns

stamfard  Geswrally beerene s chosen, dts
2 becnes 14EE by dufintion The affinny
coelhcient iv ndeperdent of the funpesatare
and pracheally indepe ndent of s porosity,

The 2 teem cam be determined experi-
menlally or approximared by

f 4 v o o
ﬂ"'}r‘"";—l' £y {1)

where v, vo » molur volume for the un-
knuwa wd standard sulvent

tem/mole).
P, P, = parachors for the unknowo

TABIE 1
€ it ipe Characteesics and Teal Condiwny Used
for L shoulating Woght of Sulvest Adwoched.
w . Trom Ad-orplios Dsatherm

Cartriclge by e
-—F

Parane or

D v }J'l—"a ‘1 . .
Maviona i o guonapoce, IV fem'pm} 063 oR]
Drpree of puroury, B 10 x 1o~ 0% % 10C
Yemperature, F 170} 1% b2} )
Aflinny cue et (1 See Tublea IV and ¥V
Saturatrd vapan ressure, o, [torr) Sce Fable |

Soh enil vapest provare o TULE ppmop Tty 0e [ 1Y

wOIp

o wastume mc swscnenis.

TARLE I .
“ Caritidy ¢ Characierniics aud Ted Cundivkons Used

toe Beakthiough Tume Caloulation®

froan Mecklenburg Equation

Paranee er

- Cartvdge Lype

Loy
wclisattd carbor {imfem)
Cotbun cenay, pe fpmicm¥)

Crows senluwmal area of corban, A [cm?)

Samit g of cartedpes lested,
Vhew 4 1. @ tloeor/ming
Craerwal worlae, o, lundspml
D iveeer od govm o, o fomd
Voo oy ol

Intel concentatian, €, ¢npml
Kuleiubar weight. A dgme molcd
Vand s lume, P dem'frm)
Canridye velome, ¥ [¢m?)
Dull:

I ovarof strgam, g fgmfom-sec)
Doty ol air-w opor strcam, o fgnecmly
Dreakihraurh conzenteation, O [ppm)

q cocdlivien 11 IS0, B tem i vee)
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and stamdwd solvent {caton-
late £ faom Sugden’s equa-
HIL3 P
Pope = setheent deosity for (he ua-

Lmevn 2 stamard solvent
(pmenst)

M. M, = e ceulas weirbts for ihe un-
Anowna and standand et
fpasmole).

&' the pararelers necded o solve the
sdsarption jsotherm are given in Tubles
I thigugh V. Comparnen of the ecical ex-

. tuly, 1974

revm cats) vatues of wy oare aloy shown In
Tables IV ang ¥ Mole that the more vola-
Ll ety shax the prestest devintion
from the caleulated safues This s due pri-
amardy to the prcfeecatial gdsorpuon of the
valte vapor preseot. o theory, e ad-
sorptinn iso:herm desciilod by cquation 2
iornlid only los a single vaper in aie; it
egledds compting adserrtion by water or
zny other vagors Cven by expimlding the
adworption iscthenn o include muofiiple va-
pof systems, i s sodh dithealt to predict to
what cuent highly polar matesials such as

TAML |V

Compatien of Colculited 2nd €

ved Adsoaption Copacity
ral Sedvenine

Adlugiptive Lo zl;_:'
TUTTTTTCNG] Devistion
Alliny fram from
Salvens Cirlfiaerl,  Obarined Eqrnnl Ot veased
il T “eol {yrfiny £
Bonione ol E RN Ny + 18
Talurne 131 G47) oy + 71
F1-X) lene Fage 0114 0 340 + 0
Hoth ol 04y ooty 0048 +167
Fihaaal bl o140 o + 4y
Peejeartnl 08en 014 o419 + 11 !
n Duotrmul I ore 03r 0433 - 11
n e *poul 114 0352 #3123 - 49
» Merhi ] chloride (U A 0 g 1018 4100
I byl chtarwds 0 Teh L] ] ole 4189
B Chl wuprupane DAL (LA 0253 + 47
" t Chlundbotane (R 019 0426 + %0
o leniene LI LR T [ + 19
Iheblar vorhane [ a1 D28 414
LY Eohb poethane B vO- ERS [B31) + 1
14 Intbachuiane 1360 R one - 46
w-Dh Mstobenzene 0 J8r gt [} - 66
Chlroforem a6 L2 ] [ B1] | + 1)
L1 Y Frohdoroeshane [ Ogr 07:s LR 33 + 63
Carbon teira Llonde 0260 o e 0 EIQ + 19
Perchlorcethytene 13 (R 1 %61 - 4%
Merhyd acetate 0 [UNIFY [UERY } + 3t
Lrhsbsoet e 1901 [T 0447 + 26
Piaspyd wicisie r FURSLH 03 + 1
U onlaart we IR LT [URT'EY A -
Ferti et (R Dok £ - h1

Aneerbean Badssrsad Hagpene dsaciation Jater veal

waler will daterfese with the normal ad-
sorption priwvcsaes of wrpasue vapors Cur-
rently Where i an satiulactory method of
correction fo: this intefercnce ¢ *

As was proviomty moarioncd, w s the
weight adsorlwd o 10 of satuestnm—thar i,
at M0% breaktuen W lartiad bresktheonyh,
firncver, occers bong Lefooe the cguiidhiem
aduorptive capacity is estalinlad Moverthe-
Tess, such breaiabrough times con be st
maled from the Mecklenbueg reuation once
w, has been deeninaned

The Mockicnburg equation states that

N‘.p./‘l” 1 WG L2 1Y n L1
— + o =2 —_—
"o [t p n ) pafrs

Dae = 0.967D,,

401

and p. = carbon density (puv/em').

A = crovs-sectionad arca of the adsor-
Lent bed (o).

¥ = carthen volume {em®).

a = pumbler of catrnl o wsked,

Co = w520t concentratem Lpm/hiler),

T = hed deguls (em),

a, = specilic surlace area (vmi/Emd.

d = dismretcr of graacle fem).

G = mass sciuciy throvgh cartridpe
{zmiom’-sed ).

n = vircosity ol the air-gas stcam
{gmfom-sec).

(G /Cr l “)

g = 0nNly ol air-vspor sicam
{grmarem®)
D= dliusion cocflicient fem®fsec).
Co = bresbahrough concentration
{pym].
€ = 3ssault concemieation (ppm).
F. = voidvotume fem'/pm).
Equawon 1 n gencrafly useful onby for
Ci/Cy < 0 2—1hat is, for brcakihroughs

TANLF ¥
Compariws of Trfcututed snd Olserved Advougion

Lapaty v Type 2020000 fur Seversl wolazah?

Advatplive Lapact'y. v,

— Cal. Jinted Devialinn
Afininy drom Fromm
Solvem Cocllivienl. Omerved Fquitiun 3 Observed
f (rinfpm) {gndgm) tc)
[T Biid wise if
L 0 0160 +22
2 len e 1A% LY a4 -t
1 1le flum ne [ LULTH ] q 47} -1t
Pentne 108" o £22s -1}
Hevane v 03 DY - &3
Heptane 146> 0412 n3rs ~-1»
N itwne 1 %31 i vakd -1F
Devane Ty |3 ] o2 -0
Meihylasuine g T Q04 L | 449
{ibplancine DR 01y 0146 - 113
B 1y w 114 n4lr 0N -14
Ustnnnl -uine LB LELL . 08 - 19

~'ll;':; b purt
Aed vapar frevwre, p, i jaken foon Tab'e )
*Eaperomcinad vuluer Laken from sef 4
*Cakulzied From purachory unng Sugden’s squation,
“Cakuiuied from squation 3 using mular volunies.,
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T;r:nmr. pooat 1000 pplr‘;u 076 1are. The wiua-

TR (g e Pl prenure, p, 0 FOUD ppm s D76 T, he vt
eated) vipor pressunt, g, e bahen Trsws Foble )

M owserinsentof valiees falon framr 1ed &

7 el ek Traems cguation 3 useeg polar volumes
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s ae wompared in Table V1 oand VL these calculatiors by relsting the Lacak- Tomes, Type ¥Caemaveer o
In geneead, thy predicted tanss e somies at tinugh time ar weght adsoshed dircrily 1o Cplenlored from B Merturn | quation
moc apturstg than e o ol ermiaed exe 4 smpke propenty of the <ofvent such as hoil- Using Usony Lo ulated ou
penmentally Ay apaic can be oap! 1 i i Expesimenist W “
H " : b) Fam ocan be caplannee ng IHI"“'. melecnlar weighe, VIPIH PROSSUTE, Ten ¢ Wesy ht Adlsorlod from
y owaler s femdemey le o cveey the avalae or illwion oo ieny,  Dhewe oversimipli- Yo mered Advarkhed  Adsrpicn bhotherm
Il e sircy ) Deations geseratly 1ail, however, since so Materoat ) finent frund
TaMes W1 aad VI chow conclusively thag many interrelatsd varinlles play 2 role in Aletune L] 5K 3 NN
approviniate hrcnh.‘nnu,:h mes con analeed adsorion, I WA rore Fl e il (B4 ]
be caicu'aied, bt apdy il the activialed car- Ilentrone 132 ”: ‘IE
boa i well characiceized  Approvmaddy Liject of Concentration 1’:""""'"' i ; ':” l:;s
X n et e I 3
twenty-five variables mml‘» he known, 1"-uw’- tn 2 profumeiary invesligalion we varied a lleaane 111 97 18]
ever, before tuch calcutations can be inui- lise cuncentration, from 123 1o 2000 ppm for » Hrmtane ®1 o i
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Tany v a1 e wa 0 1y
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Uning ¢ 3iculined

IVE htersenmn, S0 relalive mmadiry, and 20°C.

g Weight
I"x scrmgntal Adworled From Cestedie charsderiiey 2o¢ wummarized in Tables 1 and 1T
Tre et Adworption
bl W
Material :,::,:Td A“h"‘;d Drottierm benzene and from 510 1o 2014 prm for ace- T T
ma .
Beniine 313 e ':;':‘ tone, amd measurcd the eficct on rervice
Tolucne LIN] (T3] 939 Ble. The characteristic S by ! broake
m-Xylene 917 Mo W theough cnoves Tor these solvenis appear in n
Methanot 01 mae w1 Figures 14 aad 1% Allewh the time to £
|I::ann| ro &1 s 0t rezeh a piven breakthrouph increases as the ﬁ
nr’mrmal M 114 128 concentration dienatishes, the bacaktiresieh H
n Butanol t 12a 13 i ; innship i i t
n Peotanal W07 "0 0y time-conceniealion "Zl.lllnﬂ\h.[' ool on- -
Meilyl hlorule ang 10 P versely proportional an enc pight inteitively
Lerd chlorude ‘s |', 1 g suspect. However, o leganilinn: plot of the ¢ < .
VRl cpropane L] 1o 641 breakihrough time (for example, et 107 ) 930 M3 KSR pai 150 0 130 403 &S
1-Chlorobutane 11 e sn as 2 function of 1t < meenliaton yichls the ' . . _'""'l" b for trre 1 cor
Al . . . I b = *F <3
. Chlarobenrene lor 0 7 hoeas relatior,bup shown in Figure 16 The [ligure 13, Ureakthweugh curea for 0 ne
Dichitsrrgine thane 1086 & . . . wilges, ¢ vativut aooe Watees of bensear Tach
1.2 Dichlornethane se :'] 62 resultanl empirial equations lor the straight cartnulge pair contained 66 = 1) gm of acti-
2 1
1% Dhchlarobulane 1ng W:l ::: fines are: ! vated carbon and wan tevied 30 3 Now raie of
4 £33 turissoun snd 509 relative humiday
-rl:uhlmahcnnne o9 " h LA ] on e = 14 %MD X [/l for
(m:mr--rm 12 RID %6 benrene Surunary
LE2 Trubloroihane Y n7 10t ¢ e 11 % 10" X G- for ) e T
Carton tetsachtonde 110 LR 1) 1" et ’ : We have cxamined the service lives of
FPeechlorecthy lene 12 [ e ) acetone v organie vapor respirator cane fes cxposad
Meitnd acetste 2 it [T} where f1o pereem 15 the ime in minuies to 10 aromalics, aleohols, acelales, alkancs, Le-
El;;l -;mu (1%} 9 (18] achicve a 10 breakihrough, and € is Lhe toncs, amincs, and chlorinared matcrials.
~-1ro, 1 . . .
*‘l'ul:? l:::ll’r“ ::: ::: :;: upstream avsault con eotralian dn parls per We ascaulied the casfridges vaders standar)-
n Penyl acelate e TR ] 9% miflion,  VThese resulis conferm fe e basie tred condilivas and monitored the doun-

*Yerl conditions: 3 hicr:nuen, 505 relative bumiday, wnd J0°C

Carsralge charncinyic

iws are suamariced In Tables 10 and 1L

Freundlich equativn 3nd have been demon-
siraled previously by Fraust wnd Hermann

strcitm: corcentrution 1o cxrtridgs saturalion,
The standurd test condilions included 2 sol-
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Vigure 16 Fhe 1075 bresktherngh time ss a0
functivn of eanieatration fur Tenzene and Bratone

wenf concentration of [0 ppm, SO7F relas
tive humidity, and 3 {low of 53 3 hrees fmin,

Mcasured breakihrough times npreed
seascnably with colculated values oblained
trone the adsorption isotherm and Mecklon-
burg cquation. In general, the auivated car-

duly, 1374

brar has o preater affinity for the loss volatile
materials

The achaive bumidity greaily influences
the amouat of sabvent vapor mlserbeil, ig-
nilicantly Jdecreasing the activated ¢ ulons
affiaity for solanle or watie-soloble selvents.

A bricl evvestigation <howed that the of-
fect of concentration on break ihrough time
copfornis 10 the basic Frewndlich eqration
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On-Filter Analysis of Quariz in Respirable Coal Dust

by Infrarcd Absorption and X-Ray Dillraction
RODERT W. FRETDMAN, SAM Z. TOMA, and HELEN W. LANG

Frtzybeercf Averineg avsd Safeis Reveorch Center, Rurean of Wines,
1% Prepacimens of bnienioe, Fitteharegh, Peneet s begare

An lederred spectirmnettle and an Indupeodenl Xasy #iflrecilon metbod were devels
oped T e wnsfysle of sopude In mirkosne reaplnal'e coof & it Semadtvi<p bosuch
i e proceduaes san be o | Sor wnalytis of the veatedal feom o single mievibrune
Biter win 2t g b wsed fur pereon ] sampg drnn by ale 240 Ffmeemant and Safiny
Addn dion WFS L) B jts eedare t peogiers. Sensithaly dusa fo o thun
10 . guarle by olil? e Bhe mie i are resaosobly procise with govd seree-
wieat buluacn them, 1) weoewer iy Ia Bunslted By the wnassifalnlay of 8 lewe 4 uxele
atad il o hoth poace Voo dest & trantfooced wltwsond o'y frnm the sollection

Shurt Contrse

The annual Shors Courve in Fandventals of Industriof Hygiene will
be presented at the Kentering Laboratory, Univer<ily of Cincinnatl, from
October 14-27, 1914, The coure, ha¥l lecture-hall laboratory, will be
conducted by the graduvie faculiy of the Depanment of Faviconmental
Health The ass will 3¢ limited to 20 participiats, and the conme fee
it $000. For information comtzt Howard Ayes, Keltering Laboratury,
3213 Eden Avenue, Ciacinnal, Ohewo 43219, (513) 872-5708.

filler te 3 gneall weea o o
Fae 2wk Moy Yacberon

P tilrer whivh 35 relodlscly defesred-tren-darend wid
Tids o choigue prutadvd 3 subiamilal bicrease In

srea oo owendrati v and attewdamt sonsalvity, Both mothodi, In principte, are capable
of uve wilb s wide vurfcly of sold malerhile

Introducticn
fllHE ANALYS!IS Ok RESPIRADLE
DUS Tris ol impertanee o jmbusieial Dy -
gienisls becau.e of the tendeney of this fang
of dust 19 praduce varimn fypes of pultmo-
nary disease? v hoas silicesis or coal work-
s’ pacumoeneyis (vommoely known as
Black funpg dise. e}, Quorts and ether Trze
sihica polymorpbs are of pasiizubar iuteresl
because of their toxivily.?

At MUSA, coal mwae dust sampetes are
spot-cheched for guarty « neentron, :
2 Burcau-develeped infrared halide pelict
peocedure wivich requires the combising of
several siamphos to provsde adgeats sensi-
tivity. Thiv sacthod is dinc-comoming and
high indinidual cypesures to guaslz tan be
overlooked der 19 composite sampling A
procedure with suflicieat semilivity to pro-
vide for the unalysis of 100 pug or lfess of
quarte colfected vn 3 unple membranc filter
was soughl. A rapid procedure is required,
since it is ontitipated rhar over 100 samples
por By will e aaathysed,

Memtion of comamcroal proatwis durt moa awply e
darstmand br (ta Purrss of Mines

dit

Other mictheds available did nel appear
adeguate. Wet chemicat proncdures such as
the well-known Tubvitic R hod employing
phosphunic acid, disleremial thermal amaly-
sis, oprical snicenscopy, and potrepaphic
anlys s are iraccwead, imomsibne, and time
comunnng.?

As b ocommon with many solids, it is Jif-
ficoll ta dvtermire quarty accurakdy by
motecutas specirascepy for physical rathe
than chentical reasons This and the M-
culiy of obtuising reproductble slandards
will be cxplained subscquently. lalrared and
X-ray diffiaction appear 1o he the best tech-
niques availible.t* The camples are pellct-
ized in m rclatively inen matny matesidd
such as potuttiom bremizle for infrurcd or
starch Tor X-ray diffraction,

The concept of using the collection fiticr
frsetf a0 & mateix is oot new. The uwe of
tilver membrane filicrs was investipalzd by
Leroux and Powers.? Samples collecied on
silves membrune filters were anatyred for
quariz wiing X-roy Jillracson. This twch-
nique was subsequently trivd by Dumsred®
and by Knight ¢f ol.” Knight noted that the

SL 080922
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EXHIBIT D

The theory of solvent vapor adsarption on activated carbon is
reviewed. Calculstnd and experimental coriridzae serviee e values

are compared using various bredthing ratas, rolztive humiditics,
concentrations and solvent vapors. Cartridse sarvice hife (the 109

breakthrough time) can be estimatad from the emperical expression:

timy = 2.4 X 105w, (3 + bi)/C% MQ

arhen weight (w.), relative suivent volatility (a, b and 1) concen-
tration (C), molecular weight (!1) and breathing rate (Q) all play a

vital role in cartridge performance predictions.

Respiraior cartridzs

Vi suinmary and conc

GARY O. NELSON and A. NICHOLAS CRINREIA

iuzions

Lavrence Livermore Laboratory, University of Cahilcrnia, Livermore, Califarma

94550

Introduction

Marny ussrs feel that if cartridges are sticaped
“PERMISSIBLE CARTRIDGE FOR OR-
GANIC VAPORS,” their effectivencss is guar-
antcad against all oreanic vapors, The prevail-
ing rule of thumb indicates that 2 cartridze can
be used uatil the contaminaat vapor is de-
tected inside the mask. Howsver, this may
prove a burden (or thase persons with a mod-
erately developad sense of smzll or for those
contaminants which have a hich cdor thiesh-
old, but a relatively fow threshold limit value.
Even individuals with the most aculely devel.
oped olfactory senses would experience groat
difficulty detecting 10 ppm cachon tetrzehlo-
ride, I ppm vinyl chiloride or 0.1 ppm acroluin.
Clearly, there is a vetpelling need to hoew the
limitations aad Jduraiion of cartridoe effective-
ness i maximum espirntory peatezeinn is to tre
achieved,

*Thiv work was performad under the anrpiaes of the UK,

Lonetpy Retedch L 1ovelapment Adiministraten, undet gon-
Gt No, WaT4u5 Log 44,
NOVICT. =this report was prepraced as 3 avcuuat of wark
sponuaed by the Usitdil States Covarament Nedhee  the
United 5 vos pof the Lnted Seatet Facery Be st 2 Daels
wpment Adoainots e, nor any of (heir emnpt e i, noar =ny
of thele qontraiars, sulvanrractn s, ve (here enmlayes s, moahes
any warexaty, evpeess o (mplod, o as.annes 2y el Lol
fty [or the aovuruny, completemest or wafuiness of 2y s
format!tn, apprratus prondact o provess g Lowd, we 1epre wnty
that iy wie would ot infringe pelvateiy owned sighos,

“For more Infnanahon shout authary, ten page 550,

514

The amount of experimental cartri.
service life data is sparse. Therg have be
however, a great number of tepocts generated in
the literaturs conezrning activated g2-h- 1 which
s the ptime adsorbing ingreciomt in organic
vapor respirator cartridges. However, the prob-
lem cxists in sefzctively extracting the refevant
duin and applying it in a simplified foshion 1o
the field industrial hygiene problems ralated to
raniealsry praection,

The purpose of this teport is to summarizs
our S-year respirator cartridge study. ' We il
(1) dasenbe activated earbon, the primary car-
tridye jngredient, and the vapoe cutrapmsnt
process: {2) show how [uadamantal adsoipticn
theory is ussd to prediet service life and wnas
rols cach variable plays; (3) test the theoretiv il
modals with experimental dain and show whar
discrepaneiss cxist; aad (4) teduce the thene
retical complexitics and propuse a relatively
sirupliticd empitical expression which will pro-
vide valid estimations of respirator cartrndre
petformance. '

These results and cquations can nat anly
be used to evaluate earteidyy service life chars
acteristios, but can also be applizd o any prog-
ess wniny high-prade activated carbon ax tiw
adiothing media, ‘This includes charcoal sam-

Si ptamfyer,

gL 080923 =
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TABLE |
Manufacturing Specitications of Organic Vapor Half-Mask Respirator Cartridges.»
TOrAaL
CARSGH CAAMON
WEIGHT,r DENSITY,
wl. ,l
MANUYFASTURER WMOTEL NOL ‘g gl =am CARBIOM DASE
ATancan Gauza Co, R 51 74 0.43 Patroieum
dauseh ard Loma Qegarie Yapor 83 032 Patrateum
Cirrdai= Cauzal Ca, Cn402i, GR 202! 22 G643 Petroleum
Mine Salety Apatianes Co, 34135 52 0.33 Cacanut .,
4591319 (1] 04¢2 Cocanyt
75833 L1 0.43 Varigus
Safelra Prodyasa 5061 74 0.43 Prtrateym
89t Aviation BOO-OQV 80 00 Potraleum
5020V 84 [ -1 - fretrateum
Wel-% Manufagtunng Co. 750001 £9 Q.14 Fetroleum
Yhilzon RrR21

IR LYo VI THLE N
weanndi resgtator

pling tubes, {uli fave mask canisters, as well 0,
arge bud industriaf prozesses.

Experimental

Respirator cartridzes

The typical organic vagor half-mask respirator
carteidse is 2 plastic or metal case which con-
tains from 25-40 ¢ of adsorbing media. Cur-
rently the only material used is activated cae-
bon. Somatimes the carbon is impregaated with
metaliic salti to enhance its acid gus adsorption
charadteristivs. However, the only material that
tahes an active part in the sorption process
is the hizhly porous carbon,

Activatzd carbon can be manufactured
from literaily any material which contains car-
bua in its elemental or chemically bound form,
Seaweed, coffee grounds, coal, and peach pits
have been used, but currenily all of the carboun
us.d in the resprratory protective field origi-
nates from a coconut shell or petroleum buase.
The coeonut vaniety is the morz traditional
material, but tire petroloum base material is
enjoying an upswiny in popularity and is cur-
reatly used lirgaly for ceonomic reasuns. These
two types are shown in the clectron micro-
araphs in Figure 1. Tha size generaily variss
from S to 20 mash with an average purticic
dinmetee of approsimately 0.5 to 1 mm. The

*Pef renze 1o A cormndny ur produst pdme Joes pt umnly
approval or rrcommaadaten of the preduct by the Umversuy
of Cilf,rma ¢ U.5. Eezrgy Reteareh & Development
Admiassrands m o esclunon of others that mdy e suitabie

Ap o gn (m gty Mg A5, 3rmTm pJURRLAL

Tah uBEX LW ZILLTUZEY eXCE0 waRre ofile, vine (ndicated,

97 0.4% Patreleum

cocouut base s more angular while the petrn-
fewin base is mow 2 nearly sphericul. Both typas
exhinit the highly developzd miceopnrous sur-
face required for maxirmum adsorption,

The MSA (Model 44135~—coconut base)*
and the AO (Model R-31—petroleum base)
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Figure I Schematic of the apgriitus used to pro-
duze known conrantrations of s2.:2n% vapor 1 hu-
mudifi2d e,

were ¢hveen fur testing bacauss they were rep-
resentitive of the commerelly avatlable cas-
tridse types (see Table 1), Their complete spet-
ficatians are vuthined in Table [ of Referencs 6

Breathing simulator

[t wos ouiginally thought that pulsating rather
thun a stocudy-state flow would yicld a more
accurate estimate of cartridge performance.
Thus we constructad the mechanical breathing
simniat: zhown in Reference L Such a device
pruduces wark rates of O, 2us, L3, 622, 8§30,
and 1107 ky-m/min with a correspoading min-
ute volume (averagze flow) of (4.0, 20.6, 29.8,
367, 53.3, and 714 litcrs/min respectively.
The breathiny simulator proved useful during
the carly stu 128 of our testing program, but it
later was discontinued and only steady flow
techniques were utilized.

Preparation of test atmospheres

Figure 2 shows the apparatus for produging test
conentrations. Laboratury compressed  air
passes over a water reservoir. A heater in the
reservolr, activated by a hamidity controlier,
automaticatly maintains any presct relaine hu-
midity. The humidificd airtlow is <et and meus-
ured with a mass flowmeter. The selvent is in-
jected with a pulseless microflow pump through
a heated neadle where it is vaporized, The uas
mixture then passes throush the curtridies to
be testedd. Two {lame ivnization detectors con-
tinuously monitor both the upsiream und down-
strcum conceatrations, This vyatum is described

516
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e Pulisting flow
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h et ipeitate flng D)
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: Hpoied k¥ 1% 500

127 teoyrshray,h time - ain

=f steady stal> acd puisaling
flow using threr zs/vents. The surnce Nie is an.
varssly crnourtiongl o v an«< ndapendant of
tow ud ety

i grazs dulad iy ik

:nge 1, apd modilica-
Lons wre oven in loisrendes 4-6,

Cartridza praconditianing and tesling

Cartridges were first vacuum dried at for at
last 24 hows at 110°C to determine the dry
weight of the activated carbon. They were then
precorditivned in a humidity cabinzt for pe-
riods up o one vk to a constant weight and
the amoaunt of water uptake was noted.

Early ia the testine program, cartridges
were tested individuully to determing if there
wer? any lares diffzrences in performance at a
given szt of conditicns. However, littlz differ-
ence wis noted, and we began testing car-
tridge pairs. All the duta shown in this report
are based on results using a two-cartridge sys-
term,

Base testing conditions were 1000 ppm
solvent vapos, 53.3 liters/min, 22°C and a
50¢c precorditioning and tost relative humidi-
ty. However, we doparted from these values,
deperding on thz specilic variable of interest,

The time to raach 106 hreakthrough sig-
rad the ond of cffective cartndgs service hife.
Testing, howoscr, wias continued until they
were completely spent and total saturation was
achigned, The weizht of adwrbed solvent va-
por s noiyiere was deternuned by the tech-
myue ouilited in Refarence 4,

Rasulls
Eifect of ilowrata
Cartridras were tested from 14 1o 714 liters/
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Figure S5-5a2rnice hfe curvas for the trichlannated
hydrocartan farmily showing tha breakthrough per.
centage as a function of bma. The service time
canriat be direclly related to a single solzant prop-
erty but 15 a comples fuaci:an of tne vapor, carbnn
typs and ambient conditions,

10f breakthroeah 1 ¢ — fn

Fenhine

a .

Te~otratury = *0

Figyre 7.Calzulated cortridge rz-'ananze 2s 3
function of tompargtura. Breqbiargn th b mas ara
diminic el betee2n 121277, with o et LD raeia
tempeuratura.

’/ Lor. -nsed
- ,/ vaaar

,‘., )
i ,/ ////// .

7 f/ v /// /
//// //'// /’2’.:"{({//’

/J //'f///////,, e s

Figure 9-The ad:arption process [lolaculas diffyse
into the carbon granule, are attractad by vander
V/aais farces, and then aro candansad in tha micro.
pores.

TABLE I
Breokthrough Tima Carraction Faztars ab Various Mumidities at 1000 ppm
u;:.a BREAKTHROUGH TIME MULTIPLIER 4T 1002 P
RELATIVE A T T =
HUMIOITY STOMANE HELATIVE HU MOITY 17
(LAY o 2Q a0 £s 80 s0
0 094 03 059 097 095 08
20 1.02 .42 1.03 1.04 1.0t 102
53 - 0.98 Q99 1.00 093 Q95 w17
1] 097 093 099 094 T o084 0.65
-] 0.87 amn 0.38 083 072 Q.50
920 044 | 0as 0.83 073 0”7 643

"Tie data hi.¢ beed nnrmalized ta the 5005 uie and sturizs bemulic, s
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Comranteation = ppn

Firura 4=The s2rv 28 liie as a functian ~f canuen-
tratian, Test ena t 903 raciude 2 Prveta of 53.3
Lears/min at 5797 relatra humidity, D2ereasing
the concentraton ty a ractor of 10 genaraily -
crrac28 the service Lia faur ta frie tirnes

i with borh o stzuds sstate and nuisatiny flone
usie the hrestt o seewduzor, Typteal et
Lo the {00

Shtme fur e
sub.- S0t an 2 ldasction o nowcate afe shosaom
Fizure 3. No sienificany servics life
was observed brtween the tho flow types at
1000 ppm. This conforms to adsorption theory
which preciats that the amount of solvent ad-
sorbed on 3 given activated carbon is independ-
ent of flowratz and depands only on concentra-
tivn, temperature, bumidity and solvent type.
The breakthrough time, therefore, is governed
only by the averz¢ flow rather thaa the uni-
faomnity of flow. ased on these results, testing
with the breathing simelator was dt:t.ontmucd,
and all subsequent testing was done with the
sready-srate mode.

Figure 3 alvo shows that the breakthrough
time is inverely propurtional to flowrate, Thus,
halving the Mowate will essentially double the
service life if the other conditions cemain the
same, We have nbserved no violativns of this
law during nornal breathing conditions (sce
Tahiz 1. However, {or extremely thin carbon
buds or for fluws greater than 200 liters/mun
(Ear outside the realm of human respiration)
somue rleviation may occnr.

Etfect of concentration

Examples of the cffects of concentration on
cattridue performance ace shown in Fignez 4
he time to any given bn.;\kthmu;h peresnt
(r.) conformud to th—- wxpression

N
t, = aC! n

Amencan Dulyitouih Hygrama 20507 qLa (0 AL

ditferenee |
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troort
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1an

Cacvira = A

Y T R
€ @ 1on

sl gnive Fomidity =%

Figira 5 Tha sroce We a7 n fuethan of usa bu-
mehity Viater vanor eontent darl o nol aspraciably
S rgarteds s saforminge below B304 ralllvz
Rt oty Ot as mapn o prtenrltgnadg gt TEOZ
e b, oy

wivre C 0y e chudlenge concentration and a,
and he ars cupstants for a given set of expari-
mental conditons. In other words, the service
life 15 inver <ly proportional o the log of the
coneententi a. The average vaiae for b at 105%
breakthrouzh was —~0.67 for a concentration
rangz of 50-3000 ppm, Thus il the scrvice time
is known i1 une vapor concemration, the serv-

e ltfe at otz concentrations can be approxi-
mz:te:l by

1, = t,/ (C. Q)3 (2)
whorez 4 s the \nown time at a concentration
C and C & paw concentration at which the
time ta v )~ oL

In gomerad if the concentration is dimin-
ished by a .’_Llo' of 10, the survice time will
uhoreass by 2 Swctor of 4 oor 5.7 Ins 1s consistent
with adsorp on theory which predicts that Loss
solvent is adsorbad ag lower concentrations.

TASBLE N
Breatrinz B3t 25 3 function of Wark Rate
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Eftact of relati/e humidity

Thae water vapor comtant of the ambient air has
a profound sficet on cartridge performance.
Figure 3, for sxample, shows: (1) that high rel-
ative humiditiss depres, the servies life, and
{2} ths 2ifeet 5 morz pronounced as the solven?
vapor conceniration aiinivanes. The equiliba-
wnoer storazr conlitions 25 waell as the w.s
humidity 2150 govera cartndge ctlectivensss.
Fizure 6 shaws a hypeal cxemple of the coni-
bined infiv:ac: of both ctiects. Increasing the
humidity dcprasses the service life, espacially
above 639 humidity. Below 50% the contri-
bution is minimal. Breaktiirough time humidi-
v correciioa faoters aee piven in Table T1L
Thase dut2 werz gbtained from solvent vapor
goncantrations of 100U ppim. The 0% storage
and uss humidity §s arbiteanly dziinad as the
sference condition.

Effect of tamparaturs

The only tenperature used for Jur testing wis
between 20-23°C. Much previous work hos
been done, however, at other temozeatures wi-
ing undiluted solveat vapors, and the results
and calculations are well documentad.® Figuice
7 shows the calculated 107 breakthrough for
several solvents as a function of temparature.
Such caleulations indizate that the brezkthrough
times are diminished betwesn 1-10% with each
10°C ris2 in temperature.

Effect of solvent vapor .

We have measured the service life for 131 sol-
vent vapors and gases including aromatics, ul-
cohols. afkanzs, katones, amines and chlori-
nated materiais, An example of the breuk-
throu,h curves i3 shown in Figure 3 for the
trichlorinated hydrocarbons.

In general, ths activated carbon has a
greater affinity for the less volatile materials,
However, currently no method exists to relate
the cartridys service lifs to a2 single solvent vi-
por property. The breakthrough tims is 2 cow-
plex functivn of the solvent vapor, activated
carbon, and the pravailing experimantal comdi-
tivns. This i3 explained more fully in the seo-
tion on caleulations where both experimenial
and theoretical valies are given.

Eifect of cartrid 72 size and contiguration
Cartridzz seevice Uife depends dicectly on the
amount of ecacbon avaitable. Tf one doubles the

Amancas 13Tu3 My et Sanahan JOU=YAL

size of the adsorption bed, the servize time will
also bz doutiad,

Cartridz2 configuration oo shap2 plays no
rols i performancs excent in excapuonally thin
beds. Onz ; oblam which may inhuibit pectocme
anca iy cheoneling caused by an incemnianly
fillad cartel se This would b2 rors, however,
for we hune never obsorved a siegls examols
of chanmeivyg in the 2000 cartridzss we have
testxd, Gammeecial filtng ool cariridze czse
sealing teciuiques minimize loose carbon pack-
ing by allowing the case cover to exert a slight
spring tznsion on the carbon fill,

Caleulations

Introductary theory

A lorption theery has choeed sigaifizantdy
over the ~o 0 S0 yeaes, The b wygmae vnd BOT
equations have yieldgd to the Dubinim and
PPyl 2 Lorption isehesns eaiatioss based
on potanual throcy® Thow 08 g il et sullls
ciently Jeszloped to copuy vl complex mix-
tures of selvent vepors, or to correct for the
presence of water vapor. The following discus-
sion will, however, help clurify fundumental
theory and give the reader u better uaderstand-
ing of the way organic vapor respirator cac-
tridgas functing. .

The adsorption prouess for a single car-
bon granule is shown in a cross section in
Figure 9. Here the aic-vapor mixture is shown
tiwing across the granule. As the vapor dif-
fuses mto the pores, it migrates to the carbon
surface and condznses i the porss, The pores
continue to fill until some ma<imum value is
achieved, depznding on prevailing conditons.
A high depres of pore filling s noted at high
concenteats «az of relatively nonvolatile solvant
vapors.

An . cmhblage of adsorwing carbon gran-
ules produces the situation shown in Figuez 10
Here the concentration at any poiat in the bad
is shown as a function of had depth, and the
shading on the cartridge offees a visual indica-
tion of the relutive amount of solvent adsorhzd,
The assault or challengs concentrazion is indi-
eated as Cy, aad ths curve generated is gen-
crally termed the adsorption wave. Fizues
H(a) shows the cartridue adsorbing all the
vapor in the first layers of the cartridgs.
Figure [0(B) shows the fiest layers com-
pletely saivrated, and the inteen adiaee layers
pactilly saturated. Initial breakthrough is just
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Figure 10-Cartri!y= loading pattarms and 'migration
of the ad:iosptian weeme thraush tae ¢achan 23 2
tunctiom of Lo

bagianing on the dowistream eartridzs surtace.
Fizure 10{¢) shows the cactridyz almost com-
pletely saturated at 30%: breukthrough. The
breakthrough curve, which shows the oftlus=nt
, cartridga concentration as a fuaction of timaz,
is actually a mirror image of the shaps of the
adsorption wave.

The terms W, and B are interrelaiad, and
can be determined experimentally for each car-
bon iype by the iezhaigque ouwthaad in Refer-
ence 6. Typical valuss are 0.6 and 1.2 % {0~
respectively. The affinity coefficient £ charae.
terizes the absorption of a given vapor with
respect to benzene (tor which 8 = | by dafini-
tinn). The 8 term can sither be determinad oy
experimant or approamated by

paw M _ 00113M @

M oast p P

where

g ot = sobvont density for the uaknown
and standard solv st (p/em?),

M, M o = moleculor weights for the un-
hnown and standard soivant) g/
nofe)

The term w, it the weight adsurbed 2t total
saturatyn—that Is, at 10055 breakthreough,
fuival breakchrough, toweyer, oveurs tung he-
fore the equilibrium adsorptive crpacity is
establizhed, Nevertheless, such bredkirough
tnes can be estimated from the Mecklenburg
of the mudified Whealer cquation,

The Macklznburg equatinn
The Meekienburg cquation states that

: = Win.An . JG oy et y as?
'h QCD [z " a‘.p\.‘( i ) ( P:\D ) lﬂ(Ch/C;)] (5)

The adsorption isntherm -

To ascertain the service life, one must first
zlculate the amount of solvent vapor present
at cartridge satucation. This can be done using
the adsorptivn isotherm which states that maai-
mum weight of solvent adsorbzd can be calu-
lated from

w, = oW, exp { "};.T' [toz (p./ p)}* } »

wheure

w, = cquilibriunt static adsorptive capucity
per unit weight carbon g/ o),

p = dumity of solvent (27em?),

W, = totai volume of adsarprion space
o/ 2),

B = mucreporosity constant for the car-
bon,

= (empuerature (*K),
A = adhinily coeftizient of solvent vapor
for the activated carhon
satnrated vapoe pressure (W Pa) foe the
solvent at temperatury T, und
cquilibrium partial pressure of the
salvent vapor (kPa).

1t

Pe

]

whers
c, = MC .
2.2 K g0
G = 10UM} Q\’_,&_
sUnn
z=V/A.
and
t, = breakthrourh lime (min)
pe = carbon denwty (g/cmd),
A = crosssectional aren of the adsorb-
ent bed (em-),
V = carbun volume (em?),
n = nurmher of carteidyes tested,
C, = assault concentrativn (g/liter),
2z = bed depth (cm),
a,. = specific surface area (tm=/g),
d = Jdiametze ot granule {om),
G = mam vioaty through cartridge
(2/em.soc),
7 = visesity of the air-gas stream (g/
cni-seed,
w, = density of ateevapor stream (27 cm?),

=
C, =
C =
V.=
Q=

diffusion coetficient (em*/sey),
breakthroush conccatrativa {(ppm),
assault cancentration (ppm),

void volume (em?/ g},

flowrate (liters/ min),

Seframier, MR
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- 2900 523 53 51.3 495 3r.2 551 b
Trichisroninylene® 1000 $3.3 50 108 103 72.6 810 e
' (5) Carton terracniorida® | 1900 53.3 20 02 4 79.1 e.are 84.9 v gl
12 1000 533 *0 824 791 ns.3 €38 Rt
' 1000 533 20 82.4 79.1 71.3tt 66.0 v
. Parchiorasteylere® 1000 533 50 128 123 112 12 b
Muthyl ncatata® 1C0 533 50 373 353 248 145 "2
1002 513 50 739 218 31 45.9 - e
Ethyl asatate! 100 533 20 15 11 CEREN 83.4 o
1600 . 533 85 15 i 79.9r ¢ 90.4 i Een
1800 §3.3 90 11% 111 67.21t s8.4 B "53 .
Propyl anutate® 1000 533 50 110 106 72.4 $90 ke
Butyl ac-tate” 1863 533 50 1cs 104 a7.1 84,9 * S
Acwtoner 100 51.3 50 504 488 499 245 P
5C0 53.3 5 169 154 170 96.7 1 s
1600 51.3 50 91.4 %08 197 66.3 S sonct
1) Acetonet 1c00 513 20 9.4 40§ Hatt 1.1 R )
1660 £33 80 93 4 908 24.3rr 515 :
v e . 16C0 53,3 50 914 90.8 89.0t ¢ 534
the adsorb- 2.3utanana’" 1600 | 5313 50 136 132 191 94.4
Diisabutyl Katone®® 1620 £33 50 97.4 97.2 13 833
Pentana®s 1000 513 50 6 2 Bl 62.5 713
aiad, LT ELEY 100 533 5Q 645 611 420 555
) 500 $1.3 50 158 152 144 143
uler), 2000 §13 50 14, 410 570 37.9
L Huxann® 1000 333 Q 776 75.4 €6.7t¢ 75.7
Fre, 10ca $3.3 65 7.6 75.4 sa7tt ca.l
m 1009 £31 30 11.6 75.4 $6.61¢ 84.0
,'), St i Cyilokarire®” 10292 53.3 50 12 122 20.4 823 o
Tooeartin gy Magtyny®” 16r9 513 2e] s 134 450 80.5 .
! Methylamiae®® 1690 513 10 49.1 5./ 134 17.9 -
bostream (g/ Ethylamina®* 1C00 533 50 999 96.1 57, 1 49,7 -
: Diethylamine® 240 £3.3 50 17 110 179 92.8 '
!_‘,, P 1000 513 50 527 Py 710 158 v
par i feme), 2300 543 50 217 e 4.7 $0.5
e oo, Diprop slamine®* 1290 $2.3 50 141 1:0 110 105 ‘
inon (ppm). SAITA carndseY, caconul Yise, 317 o/paee. L
N, TAD earnddss, petriaum hise, 70§ g/pue. ,r X
S2AO Carpte L s, Codonut blse, €1 2 p/paie. R o=
111 se brisnaciiy corrsenion fram Table (LI |
estemngy 1935 Amerigay 1=ustrnl My s = e Aygazgion JOHANAL 521
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Figura 11 =Coamparncon of catenlatad and eroar-
mental Brovatheaunp cerves for tztuzes, Tesls wara
made 2 DT i, Doy astslive WLty S 000
litzes /o, sne 100 reakinrousy pocet 2a'tnloterdt
from Eq. (i5) s slia shown. The sslcuiated curvas
closely 2pz: vimate the shapa and magmiudy of
the exapznmeatdl data from G.40%, braakthrau:h,

The terms. A, p, V. 0, 2, 2, d and V. are all
constants for a given caridee type, M, D,
and py are constants pertaining to the sobent
vapor and air mixtures, and Q, C,, C., Ci and
G are variables, depeading on the prevailing
ambient conditions, Further explanation and
examnles of the comsianty and vinielldes ~ure
worked out in detil in Referances 5 and 6.
Use of the Mecklenburg egnation, althouch
surprisingly aceurate (see Table IV for com-
parisons with experimaental values), is hindered
because of 1ty complesity and the gzaeral un-
availability of muny of the cxperimental con-
stants.

The Wheeler nquation
The modificd Wheelse equation represents a
major sinplification in the breakthrougl time
caleulation,™? [i can be expressed as
& =_'_-5__[ w, = 1000,.0Q (
C.Q ‘ K,

wheara

in C{/Cn)] ()

C. = MC/24.2 x 100
and

| I A B
134 (1O Q/nA)/: d=2,

Herz ko is the adworption rate  cuestant
(min~*), vy represents the supecficial velodity
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across the perticle {em/min), and we is the
waianit of the carben (yg).

Fizuwe 11 shows a cumparson of curves
cefeuland from the Wheeler and Lo onburg
equalions with aetual data for teisens. Beth
cul.ylztid curves have approsimarels tic same
shaps 23 the exparimental curve butwezn O and
207 GrzuinReough, but are daplan ! by vary-
ing duygrews from the actual datz. (omparison
of a¢tual and thearetical service 1ifs values for
104% hreakthrough at 22°C arz shewn in Table
v,

Davelopment of a simple empincal
estimat2 carliidae serorce life

tian ta

The rquatioas shown in the presc..ag wection
are based on i best avadlabls adsorption
theory, and are indeed o weear ald i1 prodice-
ing canridye servive dravwdacas: (1) 9. hifer-

enca boiowon the azond and thone tead sorice

B 1 Sgadicant, espadinily when niar rolas
teety volaule materials; and (2) such e pres-
stons are complicated and require knowledye
of th2 ambiunt conditions as well u, the physi-
cal propertizs of the solvent vapor and acti-
vated carbon. It would be of ¢ nsiderable
benefit, therefure, of = ~slatively simple cxpres-
sion could be davelop. . wbich wanld be of use
to the {ield industrial by gtemst as well as other
safety personnal in the industrial community.

Breakthrovgh ~ X

Tire

Figure 12-Parcant breakthrougs (rate ol sulueat
vanor adiorb2g) 3s a function of wime. Typcally
only 2%, of tha colvent vagor = senateat>d the
carcteidga 28 10 breakthrough,

Seztemiar 1NE
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Consider 2 clused environment containing
a vapor which s disirbuizd homogenzously
throughout its volums. At room temperature
(227C) and pressurs (100 kPa), the cuncen-
tration (ppm) can be represented by
¢ = 242 XK 100w,
MY
whare w. i3 Lie weizht of vagor (73, V is the

enclosurz viofums (lizzs) and Mis the molecu-
far werzhto If this conoenimation 15 drown
through a camridge of waight we (¥) "at a
breathing rate of Q (liters min), the resultant
ameunt of vapor which contacts the adsarhent
in a time t (min) is

CMQt

M 7 T @)

where w is the weight of vapor per weight ad-
sorbent g/g). Tha toem w can also be 2xpressed
as

N

Wt o, ")
where way iy the amount of vapor actually
adsorbad and w, is the amounr which passss
tirough the eartiidge wnadsuthed,

Let us arbirrarily deiine the practicai serv-
we life of the cartridye o tyy,, the time requiecd
to achieve 1062 brexitiicough, The amount of
solvent coming in contact with adsorbent w
is repeasented -by th2 cruss-hatched area in
Figure 12, The wmount actunally adsorbed, ‘wa,
is. shown as the whita cross-hatehod area while
the vapor which penstrates the cuartridge, w,,
is the grey cross-hatched area. Assuming w,
is small enovgh to neglect, Eqgs. (S) and (9)
caa be comhined and rearcanged to,

vinsr adsorted — gfg

] H
5] 123 151
S0iling point = *C

Figure 13-V¥/a:ght solvent vapor adsorbad at 1000
cpm a2 a functinn of narmal baling aaint far monag-
chiorimatyd hydracasdans.

Ampngay Ieazsthal Mysienr 3102410 J0N3NAL

TAZLEZ V
Solssat Class Coefficiants

SOILING POINT COEFFICIENTS

SQLYENT TIPE HAMNGE (*C A

Acptates* LORE N b -0.550 0.0033
Algannis® €0 to 164 e 1Y 0.0071
Alanss 20 t3 130 Q075 Q.c222

Aluyi bencanes 83 tril) Q12 09324
Amnast =151t 222 0337 Q.c222
Ketnnes &332 220 2011 0.Go22
Mamaghiandes =32 13 232 923z Qas2
hghlond=s 40 13 17D =Q 3z Q45213
Triznlarigas €313, 33 =330 0.025%
Tetmirin- day T I Tt QT

gmer Syilag soiverts waiphoed fiere hoiavily wiia aters
timag ogffiern

4.2 X 100w, way
cMG
All the paramztacs of Eq. (10) are known 2.
cept wae which is a comviix fuuition of the
solvent physical properitay @ well as the con-
centration, wa, can be caleulatzd for 1000 prn
(tarmed wo or the weisht adsorbad at the
refecence  corcentratinn)  fram the data in
Refurenge 5 vaing experimertal braabthrough
trmey detarmmad foo the 1D closses of solvent
YAPOFS, Way Miusl T IRl manner D2 ore-
lated o some emily datormined praprty 50
that w?,y for vpessted vapors can e eatimated
knowing only a single physical proparty.

Several propeitics were considered.
Among them were moleculac volume, density,
vapur pressure, builing puint, critical tampera.
ture, magnetic susceplibtiiy, and molecular
weight, The normal boiling point was chosen
because of its general availability and good
correlation as an increasiag function of the
solvent weight adsorbed,

An example of w”.. as 3 function of
normal boiling point is shown in Figure 13 for
monochlorides. The best straicht line has been
detcrmined using 2 first-dagrae fit. This was
done foe cach of the ten clusses of compounds,
and the coefficients are shown in Table V.
Therefore, knowing the solvent vapor class
and the boiling point, the weight adsorbed ot
107 breakthrough at 1CLO ppm can be ¢olau-
lated from

wWohg =1+ ht (in
wlhzre a (iatereept) und b (slope) are the co-
efficients from Table V and t is the boiling
point in degrees Celsius,

{10y

Ly, =

As previously mentionsd, w13 depend-
tnt on concentration but not affected by flow-
ratc of minor temperature {luctuations. As the
concentration decreases, the relative amount
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of vapor adsorbed also decrsases, Tf the w2 i
plottzd as a fuaction of concentration un lo-
garithmic «oorainates, a linzar eelateaship is
observed as siown by the exampies 1 Figure
14, This linz takes the form

way = kK Cm (12)
wiere w.y is the weisht adsorbed, mois the
slope the Line, and & s o constant. At the
reference coacentration, 1000 ppm, war be-
comes

w2 = k (1C00)™ (13)
Dividing Er. (12) by Eq. (13).

Wi T w’a«l (‘[‘6%‘) . (‘-'v)

We huve dutermined i experimenially for the
ten matesials shown in Table VI The average
value was found to ke 0.36 or approximately
the cub: oot of the Lonceniration ratio.

Combning Fya. (10) and (1+) uad ictting
meyual 1/3 yialls

¢ = 2+ X 18V, " C 172
(e CMQ e TGoo
(15

Combining Eqs. (1 1) and (15) and simplifying
terms yields

2.4 X [P w. (2 + by

Car MQ
This expression ean be used to calculate the
107 breakthroush time hy obtaining M and
t from handbook values, C by estimation or
measurement, w. by weighing or from Table
I, Q from Table U, and a and b from Tabi:
VI. This vquativa is 2 pood approximaiion in
the 0-40°C temperature rangs, but 2 humudity
factor must be added for unusually humid con-
ditions (see preceding section on relative hu-
miclity) or if the carbun has been stored in a
damp environment.

Compurison of Eq. (16) with the Meck-
lenburg and Wheeler equations for 1075 break-
through is showa in Table 1V and Figure L1,
In geacral, Fq. (16) shows the best ayreement
with cxperimental values. especinlly at the
higher concentration  using  relatively  vola-
tile materials. Thiy expresvion duws huve sevs
eral disadvantages: (1) Only the [10% breake
taneeh time can be caleufated, (2) it ¢annot
adzquately  denl with sobvent mixiures and
(3) no proviswas are ovale for materials with
more than vee funciional group In spite of
these deficiencics, Py, (16) offers aupid meth-

t iom, (16)
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od of service life estimation over a broad
range of flows, concentrations, humiditiss, and
sulvant vapous.

Summry

We have determined the service life for organie
vapor cartodees under a wide variety of tlow,
concenicaiion, humidity and solveat vapor
conditions. Cartridges were challenged with
vapoc and air mesiurss and the downstreas

concan‘rations were meisurad with a {lame
ionizat. n detecror.

Servive life was found to be inversely
proporticnal 1o the flowrate, and no differ-
ences ware obsgrved betwren steady ~iate and
pulsaiing {low. The log of the scovice time at
any hreokthrough percent was inversely pro-
portional to the log of the conceznteation over
a concanication range of 50 to 3000 ppm,

C.otridze effectivenass was deereased at
storage or use humidives above 5% with use
humidive cxhibiting the dominating effect. The
service time was found to bz dircctly propor-
tional to the amount of ¢arbon available, but

Sentsmyer, ')8
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Experimental Values far the Slopa (m) of the Lins Obtaned When

tha Weight Adsarbed at 1634

Ereakthraugh s Plottad as a Funetion

of Congantration on Loganthmie Coardinatea

CONCENTRATION RANGE SLOPE

CARTMOGE {anm) [l

0 etylamine LISA 250.2922 .22

Acstanm AQ 150-23¢0 0l3

Benzens MSA 125-20CQ Q.23
Dizhiarametmans LISA $70.2C70 Q.57

Hasira AQ 183 ino Q.10

eyl eRforafaem 5 pa-ls Britvie ) Q.25

Mathyl a2etate ASA 1852020 Q.45

(ORI EFT.LY) MSA 8032040 Q.33

Caroan tetrachiondd AGA 7E2-2640 034

- Vinyl ehtaride AQ 39-2000 0.56

Avarags = Q3n = 01S
did not depind appreciably on temperyture. 2. Nersow, G. 0. and . I, HapcaNs: Respiraloc

Volatile materialy, especially the first membars
of cach loinologous group (i.2., methaaol,
methyl nmune, methyl chiloride, ete.) exhibited
relativelv short breakihirough times,

An cmpincai capression to estimats the
servica time was  decived which  compares
Lavarainy wiit esperimaatal valess :md thove
culculatad froin the Macklanburr ard Wheelzr
eyuations.
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EXHIBIT E

AIRBORNE CONCENTRATICNS OF ZITHYLEME DIBROMIDE (ZDB)
IN A GASOLINE SERVICE STATION ENVIRCNHZNT

Exposure to LDB in air from gasoline was tested in a ser-

vice station environment at Du Pont's Petroleum Laboratory on July 17,

1975 by fueling 88 automobiles with 1577 gallons ~f gasoline contain-

ing 1.6lg lead/gal. The fueling was performed by two operators
who wore perscnal air monitors during the 1 hour and 50 minute
operation. These monitors sampled the air at the breathing level
of the operator by dr&wing a known volume of air through charcoal
absorption tubes. Upon completion of the test, the charcoal was
treated with carbon disulfide (CS,) and the CS, extracts were
analyzed by gas chromatography. 1In addition, a continuous air
sample, using charcoal absorbers, was taken at a point 55 f¢t.

up wind and at a point 35 ft. down wind of the pump island during
the fueling operation. fhe charcoal from these air samplers was
also extracted with CS; which was then analyzed by 712s chromato-
graphy.

In addition to the charceoal air samplers, samples of
ambient air were collected in previously evacuated containers and
later analyzed by electron capture gas chromatography. One sample
of air wa; taken near vehicle filler pipe during fueling, and
one air sample was taken on the pump island.

The CS, éxtract of the charcoal was analyzed bv gas

chromatography using the same procedure recommended by NIOSH.
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Results are given below:

Atmospheric EDB Concentration In Service Station Environment

89°F., 4 mph Wind from SW

Sample Site Concentration of EDB Measured~*

Up Wing Less than 0.lppb
Down Wind ' Less than 0.lppb
Pump Island _ Less than 0.lppb
Personal Air Monitor Less than 0.1lppb

(Averaged bver 2 hours)

Vehicle Filler Pipe 1-2pob -
(5 minute grab sample)

*Electron Capture Gas Chromatography.
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UNION CARBIDE CORPORATION
CHEMICALS AND PLASTICS

P. 0. BOX 3361, SOUTH CHARLESTON, W. VA, 25303

February 22, 1979

DOBHET OFFIGER

Docket Officer, Docket H-079, Room S$6212 @EWE 3/2 77
United States Department of Labor ﬂﬂﬂﬂE
Third Street and Constitution Avenue, N.W.

Washington, D.C. 20210

Subject: Request for Information
Occupational Exposure to 1,2-Dichloroethane
Occupational Safety and Health Administration
(43 FR 46910) '

Union Carbide Corporation, a producer and user of 1,2-dichloroethane since be-
fore 1930, desires to submit information to the Occupational Health and Safety _
Administration on the subject of occupational exposure to 1,2-dichloroethane

as requested (43 FR 56910?. Union Carbide Corporation appreciates the granting

of additional time by OSHA to permit it to more fully evaluate its data and to
reply more fully to the request for information. We have reacted positively

to the National Institute of Occupational Safety and Health's recommendation that
worker exposures to 1,2-dichloroethane be reduced to 5 ppm TWA 8 by setting an
internal standard at this level; however, we do not enderse the further reduction
of worker exposure now recommended by NIOSH nor do we believe that NIOSH has fully
provided information in its Criteria for a Recommended Standard . . . . Occupational
"~ Exposure to Ethylene Dichloride (T1,2-Dichloroethane) dated March 1976 to support
1ts previous recommendation.

The United States Department of Health, Educatfon and Welfare, National Cancer
Institute has conducted a Carcinogensis Bioassay of 1,2-Dichloroethane by dosing
rats with 95 mg/kg/day and 4/ mg/kg/day and mice with 97 mg/kg/day to 299 mg/kg/
day by gavage. The oral administration of ethylene dichloride caused fore stomach
cancers, hemangiosarcomas of multiple organs, subcutaneous fibromas and mammary
cancers in rats and breast, uterine and respiratory cancers in mice. Assuming
that a 70 kilogram worker is exposed to a workplace concentration of 50 ppm for

an eight hour time weighted average and that bioassay studies by ingestion can be
extrapolated to inhalation exposure, then the worker's dosage would be 16 mg/kg/
day or 34% of the lowest animal dosage in the study. If worker exposure is 1imited
to 5 ppm for an eight hour time weighted average, then the dosage would be only
3.4% of the lowest rat dosage in the study, again assuming that ingestion bioassay
data is directly related to inhalation and/or absorption of the material.
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Union Carbide Corporation beljeves that there is an acute toxicity hazard from
the high exposure of workers to ethylene dichloride via ingestion, inhalation
and skin ‘absorption and that current regulations-and work practices are adequate
protection from these hazards, It also does not believe that the NCI study
provides any basis for NIOSH's new recommendation that worker exposures by
inhalation be reduced to 1 ppm TWA 10 with a ceiling value of 2 ppm for a 15
minute sample, along with its recommendations regarding personal protective
equipment and clothing. ) ‘ :

Regarding the data on ethylene dichloride requested in the Federal Registef,
Volume 43, Page 56910, we have the following:

"(1) Metabolism including intermediates as well as final metabolites."

Under the management of the Manufac%uring Chemists Association, Union Carbide is
a cosponsor of a study of ethylene dichloride metabolism., Results of this study
when completed will be made available to OSHA by MCA.

"(2) Toxicity, tumorigenicity, carcinogenicity, teratogenicity and/
or mutagenicity including the effects if potential cofactors
as related to each of these."

Exhibit A of this letter contains a summary of acute toxicity studies done by the
Union Carbide Corporation Chemical Hygiene Fellowship at Mellon Institute of
Research.

Exhibit B contains an annotated bibliography on ethylene dichloride compiled by . ...
E. 1. duPont de Nemours and Company, made available through the Manufacturing
Chemists Association.

A chronic inhalation toxicity study with teratology and reproduction studies
managed by Manufacturing Chemists Association (Union Carbide Corporation is a co-
sponsor) is underway in Dr, Cesare Maltoni's laboratory in Italy. This study
involving exposure of rats to 150, 50, 10 and 5 ppm ethylene dichloride has shown
no indication of carcinogenicity in preliminary results at 104 weeks. The final

- report is now being prepared and will be made available to OSHA by MCA when issued.

"(3) Human egidemio1ogy (employee populations and those otherwise
exposed)."

Union Carbide Corporation has made no formal epidemiological studies of exposed
employee populations; there have bezn no indications of chronic toxicity observed
in our exposed employees over the period of our manufacture and use of ethylene
dichloride from the 1930's to the present day. If the National Institute of
Occupational Safety and Health chooses to make such a study, our record will be
made available.

"(4) Appropriate medical surveillance procedures." .

Union Carbide Corporation makes medical surveillance available to its employees
on a regular basis. This medical surveillance includes:
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(1) A medical history A
(2) A general physical examination

(3) Blood studies including a complete blood count and
btood enzyme analysis

(4) Routine urinalysis

(5) Chest X-ray

(6) Pulmonary function test

(7) Vision and glaucoma tests

(8) Electrocardiograms for older employees
(9) Audiograms

Results of this medical surveillance are made available to the employee and to
his personal physician if he so directs.

" Union Carbide Corporation believes that its regular medical surveillance program
is adequate for employee protection. Medical records are kept indefinitely. A
program is under way to store and process employee medical data by computer.

"(5) Appropriate respiratory protection."

Union Carbide Corporation supp]%es the following respiratory equipment for employee
protection: :
(1) Respirator.with.full face piece and self-contained air
supply with optional pressure demand or continuous flow
modes .

These are used for emergency situations inc]uding, if
necessary, entry into confined spaces.

(2) Respirator Type C with full face piece and continuous air
supply from certified breathing air cylinders via hose.
These respirators are used for maintenance operations in-
cluding entry into confined spaces. ‘

(3) Respirator with full face piece and organic vapor cannister.

These cannister gas masks are used for escape purposes and
for emergency situations in the open where exposure con-
tentrations are low.

The respirator program meets the requirements of 29 CFR 1910 134, Employees are
trained in their use. The respirators are regularly inspected and maintained.
Respirators are cleaned and serviced after each use. .

"(6) Uses and production technologies."”

Union Carbide Corporation originally produced ethylene dichloride as a byproduct
of ethylene glycol manufacture via the chlorohydrin process. With the development
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of ethylene glycol by direct ethylene oxidation, ethylene dichloride was manu-
factured by the catalytic 1iquid phase chlorination of ethylene. This process
is currently in use at UCC's Taft, Louisiana and Texas City, Texas plants.
Manufacture of ethylene dichloride at UCC's South Charleston, West Virginia
plant was discontinued in 1969.

Essentially all the ethylene dichloride produced at Texas City, Texas and Taft,
Louisiana is converted to ethylene amines at Taft, Louisiana. Catalytic amounts
of ethylene dichloride are used in organic chemical production at UCC's Port
Lavaca, Texas, Ponce, Puerto Rico, Texas City, Texas and Taft, Louisiana. Ethylene
dichloride was used for vinyl chloride manufacture at UCC's South Charileston, West
Virginia and Texas City, Texas plants prior to 1969 when vinyl chloride production
was discontinued. .

"(7) Employee exposures (actua) or potential) in each use and pro-
duction facility including: (a) the levels and specific
conditions of such exposures, (b) the numbers of employees
involved in each exposure situation."

The following tabulation shows actual UCC employee exposures as well as the numbers
of employees involved. The number of employees exposed at UCC's Port Lavaca, Texas
and Ponce, Puerto Rico plants where ethylene dichloride is used in catalytic
quantities was not determined but it is quite small,

SL 080940




1,2 DICHLOROETHANE

UCC OCCUPATIONAL EXPOSURE MONITORING

i

ATMOSPHERIC MEASUREMENTS
’ ESTIMATED : -
LOCATIONS |  MNUMBER WORK AREA SAMPLES PERSONNEL SAMPLES I
AND PERSONNEL )
- ALL SAMPLES 8 HOUR TWA SAMPLES
cqre EXPOSED CONCENTRATION
PER NUMBER IN PPM CONCENTRATION CONCENTRATION
MONTH _ | NUMBER IN PPM NUMBER IN PPM
COLLECTED ) £ “1co ED
GEO: JARITH| oo COLLECTED] ce0 {antTH RANGE COLLECTED ceo | amiTH RANGE
MEAN |MEAN . MEAN [MEAN MEAN | MEAN
Ponce, Puerto Not Deter- 22 10.35 | 06.35} 0.35-0.35 107 0.35 |0.35 | 0.35-0.35 45 0.23 |0.29 [0-0.35 - ,
Rico Plant mined .. . s | (
Port Lavaca, Not Deter- 46 {0.71 | 2.32{0.1-18.2 45 2.26 | 6.52 |0.10-46.8 10 [0.82 [1.25 0.1-4.40 '
Texas Plant mined . . . .. 4
Texas City, a0 124 o.14 |14.10| 0-400.00 17 0.16 {1.66 | 0-28.26 79 . |0.08 }1.02 |0.01-14.10
Texas Plant
Taft, La. 30 156 |0.62 }9.18)0.04-375.70] 72 0.27 } 2.59 10.01-83.61 47 0.19 {0.28 [0.05-1.20
Plant : . :
TOTAL DIVISION 348 o.36 | 9.38] 0-400.00 n 0.33|2.11 | 0-83.61 181 0.16 {0.66 | 0-28.26
F
R.E.Peelefs1h
o 3-5ihgete/sih
(o]
© |
(o]
\O
=
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"(8) Technological and economic feasibility of reducing employee
exposure.”

Union Carbide Cotporation, in response to NIOSH's initial recommendation has set

an internal standard of 5 ppm TWA 8 for exposure via inhalation. For its pro-
cesses and plants ‘this 1imit appears to be feasible as shown in the preceding
tabulation of employee exposure and work space monitoring. The feasibility of
further reduction in employee inhalation exposure would require more time for
study. Based on our studies, ceiling exposure limits would pose a more serious
problem than achieving low average exposures. In our closed processes, leakage,
spills and equipment malfunctions more often cause employee exposure via inhalation
than do normal operations.

Union Carbide Corporation, while agreeing that the NIOSH recommendations regarding
protective clothing and equipment are possibie, does not beljeve that such stringent
requirements are necessary or reasonable. UCC provides impervious clothing where
there is. a high 1ikelihood of skin contact with ethylene dichloride. Employees
whose clothing is wetted by ethylene dichloride are discarded and replaced at no

. cost to the employee. The NIOSH recommendation that employees be provided with
clean work clothes daily appears to be based on the unproven assumption that cloth-
ing will adsorb ethylene dichloride from the work space air.

The NIOSH recommendation that the regulated area be washed thoroughly at the end

of each shift along with the absence of an action level recommendation is not

feasible in UCC's plants nor do we believe it to be necessary. Such washing at
frequent intervals is more likely to cause employee exposure to water bearing

ethylene dichloride and is certain to make the workplace very uncomfortable and
unpleasant. - Where there is no mention of the subject, the term wash thoroughly

implies that wipe tests will be used for monitoring., The impracticality of this ™ .
test was pointed out in the testimony on the acrylonitrile standard.

In regards to employee exposure via ingestion, UCC provides clean ventilated spaces
for employees to eat and the necessary facilities for washup prior to eating. There
appears to be little likelihood of employee exposure via this route.

In general, Union Carbide Corporation regrets that it cannot comment more fully on
this area due to the lack of definition as to what the rules governing reduction of
employee exposure may be whether there will be an action level and whether there

will be exemption of products containing small amounts of residual ethylene dichloride.
In.teSFimony on previous OSHA standards, we have been strong advocates of performance
criteria and Timits on the area where the standard is applicable. We do not believe
that the specification standards recommended by NIOSH are necessary or reasonable,

and they diffuse effort and increase the cost of employee protection.

“(9) Econo@ic and technological feasibility of complying with a complete
1,2-dichloroethane standard at the lowest level of exposure feasible."

The request for information is confusing and not answerable within the time con-
straints imposed by the request. A complete 1,2-dichloroethane standard at the
19west level of exposure feasible must obviously be technologically feasible.
Dispite the fact that OSHA states that economic feasibility cannot be used in
evaluating standards, obviously if a standard is not economically feasible, then
manufacture of the product being regulated will be suspended. Thus the request

for information becomes a request to comment on the feasibility of a feasible
standard.
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After reviewing the information received as a result of this whole request,

OSHA should request comments on standards involving various exposure levels. The
standards for comment should clearly show the nature of the whole standard under
consideration, i.e., performance versus specification, action level versus no
action level, product exemption versus no product exemption.

“(10) Analytical and sampling methods used and evidence of their pre-
cision and accuracy."

The method of employee inhalation exposure monitoring used by UCC is essentially
that recommended by NIOSH in its 1976 Criteria Document. Air samples are collected
with activated charcoal and calibrated sample pumps, desorbed with carbon di-
sulfide, and analyzed by gas chromatography.

Analytical methods for wipe testing are those recommended by NIOSH.
"(11) Whether issuance of an Emergency Temporary Standard is appropriate.”

Union Carbide Corporation believes that issuance of an Emergency Temporary Standard
is inappropriate at the present time for the following reasons:

(1) Toxicity studies in animals and humans to date show no
indication that the present occupational exposure limits
imposed by OSHA in 29 CFR 1910.1000 do not provide an
adequate margin of safety for workers exposed to inhalation
of ethylene dichloride.

(2) T@e ﬂational Cancer Institute study of ethylene dichloride
via ingestion by gavage which indicates that it may be
carcinogenic is not directly relatable to inhalation
exposure and involved variable exposure, the average of which
was approximately three times the dosage at the present limit
set by OSHA. 1In any event, the NCI study involving variable
qogage_by gavage showed many of the cancers at the point of
injection, i.e,, the rats fore stomach and the respiratory
tract. By any reasonable evaluation the NCI study indicates
the need fqr further study under constant conditions instead
of the obvious conclusion that ethylene dichloride is car-
cinogenic gnd should be rigidly controlled.

(3) The ethylene dichloride toxicity study sponsored by the EDC
groducgrs and managed by the Manufacturing Chemists Association
s in its final report phase. This study covers metabolism,
teratogenicity, reproduction study, and chronic inhalation
at 150, 50, 10, and § ppm, The study will ‘obviously provide
data in areas where OSHA lacks knowledge, thus it would appear
to be essential to the decision as to whether an ETS is
appropriate. This study in a preliminary review has not shown
that ethylene dichloride is carcinogenic.

(4) The NIOSH Criteria Document issued in March 1976 indicated
: that the primary occupational health problems resulted when
employees failed to observe the OSHA limit of 50 ppm TWA 8
and when good manufacturing and work practices procedures
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~were not observed, i.e., handling ethylene dichloride
in open buckets, using EDC as a solvent in poorly
ventilated spaces and failing to remove clothing which
became saturated with liquid ethylene dichloride. If
OSHA chose to enforce the current regulation vigorously,
the need for a new regulation would be moot.

Union Carbide Corporation appreciates the opportunity to provide information as
requested by OSHA in 43 FR 56910. We are very concerned regarding the safety
and health of our employees and those of our customers. We will continue to
cooperate with OSHA and NIOSH in improving employee safety, however, we are
concerned that new regulations may be promulgated without proper studies and
careful evaluation of current regulations.

Lo W

L. A. Xrisorio

LAC/db

Attachments
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MANUFACTURING ‘CHEMISTS ASSOCIATION

1825 CONNECTICUT AVENUE, N.W. WASHINGTDN; D.C. 20009 (202) 483-6128

December 26, 1974

TO: Ad Hoc Planning Group on Ethylene Dichloride (EDC)
SUBJECT: Literature Survey on EDC’
Gentlemen:

Dr. R, S, Waritz has kindly maée available an annotated
bibliography on EDC, compiled by E. I. du Pont de Nemours & Compan?.
A copy is attached for your informatiOn:and files.

Sincerely,

B, | Z o

M. Freifkld, Secretary
Ad Hoc Planning Group on EDC

ME:imeh

enclosure

RECEIVED
JAN 61975

H. R. GUEST
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Ll e e THALE leadiag
{ETHYLCNL DICHLORIDE, EDC) Cdom som
Trad s, Lo 7

‘7"‘-/ re /.- an' 1,[

. | . I M 4 / P
1. ACUTE TOXICITY 4ot Lab Filey

A, Oral

a) Values

‘human LD, »* 845 mg/kg , (1)

rats LDgp 680 mg/kg (1)

LDgq - 660-770 my/kg (3)

LDg 770 mg/kg (670-8%0) (4)

mice LD, 600 mg/kg ‘ (1)

LDgp 9190 mg/kg ) (3)

dogs LD, 4 2,000 mg/kg (1)

) LDygo 2,500 mg/kg (3)
rabbits . LDgy- 910 mg/kg .- (3)...

Isomer unspecified:

dog LDg, 1.3 ml/kg o ' (2)
~ LDipg 1.9 ml/kg ) (2{H
guirea pig LDgy 0.6 ml/kg (2)

LDy o 1.2 ml/kg (2)

rabbits  LDgy 0.8 ml/kg - (2)
rats . .

' young LDy 1,135 + 78 mg/kg (12)

LD]gp 2,000 mg/kg (12)

adult LD¢ 62§ + 5C mg/kg . (12)

LDioo 1,500 mg/kg (12)

senile LD, 560 + 38 mg/kg (12)

* gpecific gravity 1,1-Dichloroethane = 1.776
l,2-Dichloroethane = 1.256
LDy = lowest lethal dose .
LDlOO = lethal. dose to 100% of test gnlmals
ILDgg = lethal dose to 50% of test animals
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oral {Continucd)

mice : .
young LDgg 1,308 + 79 mg/ky (12)
LDloo 3,000 ma/kg (12)
adult 50 1,120 + 192 mg/kg (12).
LD100 2,500 mg/kg : (l?)
senile LDy 725 + 38 mg/kg o (12)
LDy g0 1,500 mg/kg (12)

b) Effects

Isomer unspecified:

rats 1-2 ml/kg death at 10~-16 hours
Results: bradycardia, bradypnea, total atrio-
ventricular block,. cessation of
respiration, due to "action on the
central nervous system and in

particular the respiratory centers." (28)
rats.. . 1.0 ml/kg ...
rabbits 0.5 ml/kg

Results:

6 24-72 hours: ‘“reversible Jdysitophic changes
' in the liver"
® 4-5 days: decrease in fat content of hepatocytes,
' appearance of cells with 2-3 nuclei

® 6-8 days: necrotic foci disappeared (31)
rats - 0.7 ml/kg
Results: decreased rate of oxidative phosphoryla-
tion in liver mitochondra (32)

rabbits 1.2 ml/kg
. Results: 'marked increase in fibrinogen content

of the blood, acceleration of clotting
reaction (41)

rabbits 0.9 - 1.7 ml/kg
Results: toxic pulmonary edema, “accompanied by a

series of changes in the blood." (42)
B. Skin

. a) Absorption
rabbit LDgy 3890 mg/kg . (1)
LDro 3.89 ml/kg (3.40—4.46) (4)
LDg, 2,800.mg/kg . -(3)
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B. Skin (Continucd)
Isomer unspecified:

rabbits 10 mg/l in air

Results: decreases respiration and glycolysis,
: and cytochromic oxidase in red blood

cells, caused a decrease in activity
of serum enzymes, including cholires-
terase, affects nembrane permeability

of renal cells. (29)
b) Irritation -
rabbits Score 2* - “trace of capillary injection" (4)
C. Eye
rabbit Score 3% (4)
dog corneal opacity (16)
"D. Injection
a) Subcutaneous
rats LDg 500 mg/kg (1)
LDz, 1,000 mg/kg (3)
- Mmice LD; o 380 mg/kg (1)_.
rabbits LC; o 1,200 mg/kg (1)
b) Intraperitoncal
rats LD50 ’ 600 mg/kg (1)
‘mice LDy o 250 mg/kg (1)
¢) Intravenous
LDy g 175 mg/kg (3)
A 0.125 ml/kg (5)
mice 0.075 ml/kg 10% increase in urine protein(34)
0.2 ml/kg 30% increase in urine protein(34)
0.4 ml/kg 56% increase in urine protein(34)

* Skin irritation scores run from 0 (no effect) to 10
Eye irritation scores run from 0 (no effcct) to 20

PoeER e T W L TR S b e i iy ey g T ot T S et Y S T S T wat e f
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L. lnhaiation

1 mg/i = 247 ppm and 1 ppm =
a) Values
- humans TCLO
rats LC 4 hours
Lces
maximum time survived 12 min.
’ 1 hour
7 hours
no effect times 6 min.
1.5 hours
7 hours
mice LClOO .
rabbits LCr 7 hours
LCy g unspecified
N guinea LT o 2 hours
pigs LClOO
pigs LC 7 hours
rats LCSO 0.53 hours
1C 2.75 hours
-~ S0
LC 7.20 hours
50
LC 0.01* 0.23 hours
LC 0.01 ---1.02 houus -
LC 0.01 3.70 hours
no effect level 0.l hours
0.3 hours
1.5 hours

Lﬂtg
I:Cso
LCr00
LCo.01

L I O T I

4.05 mg/m3 at 25°C, 760 mm Hg

lethal dose

deep narcosis

"few minutes"
30 minutes

B hours

slight symptoms

lowest toxic concentration

lowest lethel
concentration

concentration
lethal to 50% of test animals

4,000

- 1,000
1,000
20,000
3,000

300

12,000
1,000
200
‘9,000

3,000
1,000

8,000
3,000

3,000
12,000
3,000
1,000
12,000
3,000
1,000
12,000
3,000
1,000
150,000
12,000

1,000

concentration Jethal to 100% of test animals
conccntration'lcthal to C.01l% of test animals
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b) Effects

rats, guinea pigs, rabbits, monkeys 100-400 ppm 7 hours
Results: “depression of the central nervous
system, lung irritation, and organic
injury of the liver, the kidneys, and _
the adrenal glands." - (8)
rabbits ' 300 ppm time unspecified
Results: no.significant changes in the blood .
and spinal marrow, with the exception
of “toxic granulation in granulocytes
of about 20%." (24)

rabbits ! levels and time unspecified
Results: 1liver damage, kidney lesions,.and
“less marked degenerative signs in
other organs." (25)

Isomer unspecified:

rats 10 mg/1 4 hours
Results: decrease in cholinesterase activity
serum: 37-43% decrease
- plasma: 23% decrease
brain: 16.4% decrease
_ spinal cord tissues: 16.7% decrease

- liver: 27,8% decrease o
pancreas: 20.3% decrease
heart:. 29% decrease .
pylorus: 31.2% decreasc - : (33)

CHRONIC TOXICITY

A. Oral

cows 100 ppm 22 days
500ppm, 10 days then 1000 ppm, 12 days
Results: no loss of appetite, no decrease in
milk production (13). Levels of
1000 ppm produced concentrations of
less than 0.25 ppm in the cow's milk (14).

Isomer unspecified:

rats fed maize, sugar beets trecated with 0.1-0.5% EDC
time unspecified
Results: no change in blood composition or liver
function (30)
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B.

Inha}ation

a)

b)

Spencer, et. al. (8,
400 ppm

‘. rats - up to
guinea pigs up to

Results:
rabbits

Results:
200 ppm
rats

Results;

guinea pigs
Results:

100 ppm

rats, male
 female
guinea pigs, male
) » female
rabbits
monkeys
Results:

Heppel, L. A. et. al.

1000 ppm
guineca pigs
rats
rabbits
dogs,
Results:
..400 ppm

‘rats, rabbits, guinea pigs

Results:
dogs

cats, monkeys

15)
40 “7 hour exposures
24 7 hour exposurcs
no survivors, no tumors, increcased

liver and kidney weights, histological
changes in liver and kidney

165 ~ 7 hour exposures
maximum for no effect

157 7 hour exposures
maximum for no effect

180 7
histological

hour exposures
changes, no tumors

115 7 hour exposures
142 7 hour ecxposures
121 7 hour exposures
162 7 hour exposures
178 7 hour exposures
148 7 hour exposures

no adverse effect "The significant
chronic effect appears to be hepatic...
and/or renal damage." (8)

(17)

7 hours/day 5 days/weck
survived 2 exposures
survived 3-14 exposures
survived 2-64 exposures
23-55 days low mortality
fatty changes in liver

5 days/week

7 hours/day ‘ .
high mortality

liver damage )
survived 177 exposures

-
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b) Heppel, L. A. et. al, (Continucd)
*,200 ppm
rats 125 cexposures
- Results: greater than normal mortality,
" mild pulmonary congestion
guinea pigs 125 exposures
Results: greater than normal mortality,
histological changes
rabbits 125 exposures no effect
* monkeys , 125 exposures no effect
100 ppm
rats survived "many"” experiments; no lesions
guinea pigs
monkeys
c) rats, guinea pigs, rabbits, cats 6 hour/day 5 days/weck
500 ppm toxic to all in 13 weceks i
100 ppm tolerated for 17 weeks (19)
-d) rabbits levels unspecified "chronic poisoning"
Results: most severe damage- in liver, decrease
in lipids of leukocytes, kidney
degeration and necrosis, cdeterioration X
of kidney function. . (25) .
e) rabbits 0.6 - 0.15 ml/kg/hour
- Results: “bradycardia,...cardiac excitability,
and a progressive decrease in the blood
pressure to death." (23)
f) rabbits 3000 ppm "chronic exposure"
Results: “A direct poisoning effect on the bone
marrow is concluded." (24)
Isomcr unspecified:
g) rats 5 mg/1 3.5 months
Results: changes which "reflect pathological
excitation followed by decreased
functional activity of the entire
central nervous system." (1¢
h) rats .05 - .01 mg/1 . 3-5 hours/cay
Results: changes in conditioned reflexes
histological changes in the brain.
Both disappeared when removed from
exposure. - (22)
i) rabbits 2 mg/m3 ' 3 hours/day 8-10 months
Results: did not affect antibody formation (20)
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changes An llvcr and k;dncys (2

rabbits 10 mg/m 3 4 hours/day 7-11 months
Results: "not toxic" : (21)
rats 5 mg/m> 4 hours/day 1-9 months
rats ] 3 mg/m4 and 120 mé/m3 gasoline
. 4 hours/day ‘1-9 months
Results: “considerable changes of the estrus

cycle and its periodicity,"” a decrease

in total number of cycles, number of
leukocytes and phagocytic activity rnot
affected (27)

rats - 30 mg/m3 plus 1210 mg/m3 gasoline vapors
4 hours/day 6 mos. prior to and
during pregnancy
Results: ‘"changes in duration of estrus cycle,®
decrease in fertility, weight, and muscle
efficiency of neonates, increased
lethality in progeny, no abnormalities in

L.-----.-----______________________..._--_,

following.gerncration . . (26):
‘I. ADDITIONAL EFFECTS
h. Mutagenicity
a) wheat seeds 1 ml for 1 day
~ Results: 0.3% dominant mutations :
1.8% rccessive mutations (35)
b) Drosophila melanogaster 0.07¢% 4~8 hours
Results: increased number of recescsive mutations
and occurrence of nun-divergence of
X-chromosome. ‘ (36)
c) Drosophila melanogaster levels end tiae unspecified
Results: increascd freguency of renzssive lethal
mutations, no influence ~n non-divergence
of chromosomes in radioresistant organisms (37)
d) Drosophila melanogaster levels unspcéified
Results: 1 day treatment: 25-30% mutations,
more pronounced in males
1 hour trcatment: 2.6% mutations {38)
SL 080955 -
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Other organisms

.a) Invertebrates in water 0.1 mg/l
‘ maximum concentration.for “normal biological

activity" . (3‘

b) maize prolonged storage with EDC in tropics may .
affect seedling growth . - (40)

c) - 0.455M kills vibrio (bacteria)
0.065M prevents fermentation of sugar by yeast (5)

lsomer unspecified:
d) marine pinperch TLm* 150~175 mg/1

e) mole crickets 150 ml/m2
Results: effective in controlling these insects (43,.

f) spore-forming bacteria, molds 300 g/m3
Results: no molds developed, spore-forming
bacteria developed normally (48)

IV, METABOLISM

a) readily absorbed from the gastro-intestinal tract or the ,
lungs, absorbed to a lesser extent from the skin - (10) -

b) mice 0.05 - 0.17 g/kg injected intraperitoneally .
10~45% expired unchanged
12-15% expired as CO,
51-73% urine
0-0.6% feces
0.6-1.3% remaining

i{ajor metabolites: .
S-carboxymethylcysteine
thiodiacetic acid
chloracetic acid

Minor metabolites:
2-chloroethanol
S,8'-ethylene bis cystein (45)

c)  rats - route and dose unspecified
Major metabholite in urine:
N-acetyl-S-( - -hydroxyethyl) cysteine
Sccondary mctabolite:
S-(,3-55-hydroxyethyl) cysteine (46)
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N _TOXICITY

“Ethylene d;chlorxde is toxic by Jnhdlatxon, by contact

skin or mucous membranes, or by oral intake. Prolonged

sive, or repeated exposures to the product in any form are
ardous. The signs and symptoms of excessive absorption to be
ched are: headache, mental confusion, depression, fatique,
s of appetitie, nausea, vomiting cough, loss of scense of balance,

visual disturbances. There may also be diarrhea with bloody
ols, suppression of urine, swelling of face, jaundice, and
od in the urine.” The signs and symptoms of EDC poisoning

the result of injury to the kidneys, adrenal glands, skin,
igs, and to the digestive and nervous system. The clinical picture
ies with the Lype of exposure and the amount of the chemical _
>duct which is absorbed, either at one or at repeated times." (54)

Oral

Patty (10) states that EDC "does present a problem from
ral ingestion,"” as evidenced by the number of poisoning fatalities
see below). Effects include CNRS depression, gastrointestinal
‘ritation, increazse in clotting time, and ln]ury to liver, kidneys
irenals, and lungs.

Should an ingestion occur, vomiting should be induced and
psom sales administered. (54)

.. Skin

—
'

a) Irritation and sensitization

If held close to the skin EDC can cause severe irritation
with moderate edema and necrosis (10). Repeated or prolonged
contact "may cause a rough, red, dry skin dve to extractior
of fatty materials"” (10). ™In certain rare cases, the
dermatitis may be caused by hypercnﬂqltlvxty to ethylene
dichloride" (54,53).

Should skin contact occur, remove all contaminated cloth-
ing, wash the area well and apply an ointment containing
lanolin. (54)

b) Absorptlon

EDC can be absorbed through the skin, although "it takes
guite large doses to cause serious systemic peisoning.™ (10)

C. Eye . . .
This chemical and its vapors can cause irritation, burning,
and lachyrimation. Serious damage can occur if the substance
is not removed promptly. Exposed eyes should be washed with
water for 15 minutes. (10,54)
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Inhalation

Symptoms of both actue and chronic vapor poisoning arc
irritation of the eyes, nose, and throat, headache, mental
confusion, dizziness, and vomiting. EDC "has the ability to
cause injury to the liver and kidney from cith excessive
s;ngle or repeated exposures” (56). Borisova reports that
concentrations greater than 6 mg/m3 "cause vasoconstriction, -
decreasing light-sensation of the eyes, and reflex changes

in rate, depth, and rhythm of respiration.” (11)
In the event of overexposure to EDC, remove the subject
immediately and co not administer adrenalin. (54)

Threshold
a) Single Exposures - not more than once a week
7 hours 200 (56)
1 hour 1,000 (56)
0.1 hour 2,000 (56)
b) Repeated Exzposures
Threshold Limit Value (ACGIH) 50 ppm (200 mg/m-) (1)
Ceiling Value 50 ppm " (56) :
100 ppm (1)
Peak Value (not more than 5 min. -not more than
one in 3 hours for an 8 hour day) 200 ppa(l) -
- Recommended Russian Threshold 1l pp, (11)
c) Odor Levels
50 ppm barely detcctable (10)
100 ppm not unpleasant (10)
‘ .200 EEELh pronounced, not unpleasant (10)
) (:;iﬁﬂm 17.5 my/ni _,) detected only by those with acute
“_**::1“—‘-w' sense of smell (11)
. 23,2 mg/m average level of detection (11)
rm
The odor of EDC is sweetish and can be adavted to at
lower levels; therefore, it is "probably not sufficiently
striking to be considered a significant warning of '
hazardous chronic exposure." (10)
Poisoning
Several cases of EDC poisoning have been reported in the
literature. "The late appcarance and non-spécificity of the
clinical symptoms and signs" is characteristic of such cases,
causing one author to warn that "lack of symptoms cven several
hours after ingestion or inhalaticn should not be texen as a
reassuring sign." - (519
SL 080958 =
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system observed

T . 24 hours after infusion-diuresis treatment:

normalization of EEG

14 year male ingested 15 ml (for intoxication)
Symptoms: 2 hours: headache, staggering, vomiting
" . 6 days: died '
Autopsy: liver necrosis and resultant hypoglycemia, -
’ increase in clotting time, renal failure,
and hypercalcemia. ' “(51)

" ingestion 2 oz,

Symptoms: 2 hours: nausea, faint
5 hours: dazed
22 hours: cyanosis, death ' (5)

18 year male ' ingested 50 g (suicide)

Effects: decath at 18 hours, “"basically caused by
generalized intravascular clotting accompanied
by irreversible shock."

Autopsy: "intense necrotic and hemorrhagic enteritis, .
widespread erosion of the intestinal mucosa
and petechial bleeding subendocardially and
supercardially in the kidneys and in the
bladder epithelium." (52)

Poisoning victims isomer, amount, route unspecified
Autopsy: renal failure, swelling and protein dystrophy
in tubular epithelium,. decrease in glomerular
DNA and RNA, o (47)

Worker treating grains with Granosan (70% IZTC, 30% carbon (et

chloride) ¢
Effects: died with "severe lesions in liver and kidnays”

Worker inhalation levels unspeciiicd
Effects: fatal, hyperemia and edema of lungs,
degenerative changes of kidney, damage to

liver and adrenals.. (14)

27 workers inhalation
Effects: non-fatal, CNS depression, sumiconsciousness,
and hepatorcnal syndrome. (57)

Russian plane factory using EDC
Effects: number of cases of illness, mostly intestinal
and nervous disorders, and number of days
lost due to illness were 100% greater in
departments using EDC than in rest of the plant.

Russian factory inhalation (isomer unspecified)
Effects: “chronic hepatitis, chronie gastritis,
dystrophy of the myocardium, astenovejuetalive
syndrome, vegetative polynecuritis, and
allergy." Polyethylene polyamine had
synergistic cffects with EDC, (55)
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Diamond Shamrock Law Department - Chemicals

"= : =3 “\? ;”;‘_"E

\.J _/__s_n_l o L‘H

March 2, 1979 DM”— %/5777
IV

Docket Officer ..
Docket No. H-079

Rm. S-6212

U. §. Department of Labor, OSHA

Third St. and Constitution Ave., N.W.

Washington, D.C. 20210

Re: 1,l1-Dichloroethane (ethylene dichloride)

Gentlemen:

Supplementing our letter of February 2, 1979, we herewith
submit data and comments in response to your reguest of
December 5, 1978 (43 Federal Register 56910) regarding the
desirability of reducing the present exposure limit on
ethylene dichloride.

Diamond Shamrock's Electro Chemicals Division produces
ethylene dichloride (EDC) as a precursor for other solvents
and markets it primarily for use as a metal cleaning solvent.
Qur Plastics Division produces EDC as an intermediate in
the production of vinyl chloride monomer (VCM), and our
Process Chemicals Division uses ethylene dichloride in the
manufacture of various specialty chemicals.

1. Exposure Data

Diamond Shamrock produces EDC at two plants, both located
in the Houston, Texas area. In our Independence VCM Plant,
EDC produced from the reaction of chlorine and ethylene is
cracked to form VCM and hydrogen chloride. The VCM is
stored for shipment to customers or to our own PVC produc-
tion facilities nearby. The by-product hydrogen chloride
is combined with ethylene in an oxyhydrochlorination process
to form more EDC, which is then used to produce more VCM.
At our Deer Park Solvents Plant, EDC is produced by direct
chlorination of ethylene and by the oxyhydrochlorination
process.
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Page Two

Exhibit 1 describes EDC exposures at our VCM plant during
the period June 1 through December 31, 1978. It shows
exposures of administrative, laboratory, production and
maintenance workers in terms of eight-hour time-weighted
averages, the individual employee's job classification, and
the number of samples taken.

Exhibit 2 describes exposures at our Deer Park Solvents Plant
during the period February 1, 1976 th:r :gh September 30, 1978.
These eight-hour time-weighted averag¢ were developed by our
statistical environmental monitoring ; .o>gram, first imple-
mented in February of 1976. Under our program, we cannot
break down the daily time-weighted averages to determine the
minimum and maximum exposure levels or the duration of such
levels. It should be noted, however, that the highs reported
in Exhibit 2 are attributable to leaks which were promptly
detected and repaired.

We presently have only preliminary exposure data from our two
plants which use EDC in the manufacture of specialty chemicals,
but we are continuing to monitor at both. Thus far, exposures
at both plants have been found to be within the limits speci-
fied in 29 CFR 1910.1000.

Comparison of Exhibits 1 and 2 shows that VCM Plant exposures
are much lower than those at the Solvents Plant. In the
former, the eight-hour time-weighted averages are seldom
over 1 ppm. In the latter, monthly averages are generally
below 5 ppm, but they are seldom below 1 ppm, and there are
occasional excursions. These differences are explained by
the fact that the Independence VCM Plant, completed in early
1978, incorporates the latest technology and was designed to
meet or exceed current governmental emission control and
exposure requirements. The exposures are the result of
"fugitive" emissions (i.e., those emissions remaining after
the imposition of controls). In effect, the VCM plant is a
closed system. In contrast, the direct chlorination and
oxyhydrochlorination facilities of the Solvents Plant were
built in 1957 and 1967 respectively, before current exposure
and emission controls were conceived or employed in the
industry. They are not closed systems, and it would require

a very substantial and uneconomical investment to enclose
them.

SL 080963




Docket Officer, Docket No. H-079
U. S. Department of Labor, OSHA
March 2, 1979

Page Three

2. Toxicology

Diamond Shamrock had three short-term toxicological tests
performed on EDC by Bio-Tox Laboratories, Spencerville, Ohio.
The three tests were an Ames test, a host-medicated assay and
a dominant lethal test. These screening tests are qualita-
tive indicators of possible mutagenicity. Copies of the test
data are enclosed as Exhibit 3. The Ames test and host-
mediated assay indicated no mutagenic activity for EDC. The
Ames test result is of questionable value, since there is no
way to verify whether the EDC evaporated during the 48-hour
incubation period the test requires. The dominant lethal test
indicated that, for a single dose exposure, there were no
observable effects. In the subacute administration (5 days).
however, there were fewer embryos.

We believe you are familiar with the various toxicological
studies being conducted under the auspices of the Manufacturing
Chemists Association. We are a participant in those studies
and expect that they will determine the significance of effects
observed in the above-mentioned dominant lethal test.

MCA chose inhalation studies to provide a more reliable indica-
tion of teratological and reproductive effects than a repeti-
tion of the dominant lethal tests would have provided, since
inhalation represents the most common means of human exposure.
The inhalation tests are of longer duration and greater sophis-
tication and so provide a much better indication of biochemical
behavior.

We believe it would be only prudent for the agency to postpone
any action on EDC until completion of the very substantial
program of studies undertaken by MCA. Certainly, to initiate

a rulemaking with only the somewhat dated NCI data would appear
wholly unwarranted in the absence of any other evidence that
EDC presents a hazard.

3. Reduction of Exposure Levels

Roughly 80 percent of U. S. production of EDC goes to make
VCM. To the extent that our VCM plant exposures are typical,
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it would appear that very low levels have already been
achieved by that segment of the industry. This is probably
due to the fact that VCM is produced in a closed system
either in new plants, or in plants substantially modified
to comply with OSHA and EPA regulation of VCM exposures, as
well as FDA requirements,

On the other hand, our Solvents Plant is somewhat typical of
plants producing EDC for non-VCM end uses. It is much older
and is not enclosed. Because of its age, some major items

of equipment would probably have to be replaced because the
would not be adaptable to modern control techniques.

We wish to note that we have under way a number of project
the effect of which will be to reduce levels of exposure t:
EDC at our Solvents Plant. These include the conversion f:
open~top dryers to closed vessels and the use of a new type
of product filter which would eliminate personnel exposure
while changing cartridges. We also have under way a new
waste water treatment facility which will enable us to
eliminate our sump, a substantial source of EDC emissions
for us. In addition, we are installing an enclosed process
sewer in our perchloroethylene process area.

As we see it, the question is not whether the exposure level
can be reduced, but whether it ought to be reduced by regula-
tion at this time. ©Nevertheless, we have made an analysis to
determine the feasibility and cost of additional steps to
further reduce Solvents Plant EDC exposures. We See no pur-
pose in submitting that information at this time given the
lack of evidence warranting a reduction. Our analysis makes
clear, however, that, while such reduction may be feasible,
its cost (we estimate it at $5 million to $10 million) would
raise serious questions about the profitability of continuing
the operation.

4. Epidemiology

We are not able to include epidemiological data with this
submission., However, we have undertaken a project of
correlating medical data of our Solvents Plant employees
with EDC exposure data for the years 1975 through 1978.
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In over 20 years of operation, during which over a million
tons of EDC were produced, we have observed no detrimental
effect upon employee health as the result of EDC exposure.
This has continued to be the case, since the inception of

our medical surveillance program several years ago. Accord-
ingly, we would expect that this project will demonstrate
that there is no correlation between EDC exposure and adverse
health effects.

5. Appropriateness of Emergency Temporary Standard

Clearly, there is no reason to issue an Emergency Temporary
Standard under Section 6(c). To do so, the Secretary must
first determine that employees are exposed to "grave danger"
from exposure to substances determined to be toxic and that
an emergency temporary standard is necessary to protect
employees from such danger. In our view, neither element of
that test is met by data currently available.

The National Cancer Institute studies referred to in the
Agency's December 5, 1978 request do not establish the exis-
tence of a human hazard. The MCA-administered studies
mentioned above, while not complete, appear to suggest that
EDC is not an animal carcinogen, mutagen or teratogen. The
Bio-Tox studies conducted at our request also did not demon-
strate these effects. . Accordingly, if animal data can be
said to indicate human risk, we believe these tests do not
indicate it. In fact, they fail to demonstrate that EDC is
even an animal carcinogen.

We are aware of the dangers in relying on negative epidemio-
logical data. However, it is not a question here of whether
such data should be allowed to offset positive animal data.
In the absence of replicated animal studies, considerable
weight must be given to the substantial data suggesting that
chlorinated solvents have not been shown to cause disease in
man.

Chlorinated solvents exhibit a relatively consistent toxi-
cological response (e.g., potency, dose and type of effect)
within a strain of bacteria or animals, but these results
cannot be extrapolated to predict the response of another
strain of bacteria or animal, much less the response of
human beings.
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Some of the chlorinated solvents have been shown to be weak
bacterial mutagens and weak animal carcinogens. If one
excludes the B6C3F1 mouse, however, these chemicals do not
generally elicit a carcinogenic response in the wide variety
of animals which have been employed in the toxicology bio-
assays funded either by the chemical industry or the National
Cancer Institute.

The available human epidemiological data, including those
reviews contained in the NIQOSH Criteria Documents, show no
case of human cancer caused by exposure to any one of these
chlorinated solvents.

The lack of cancer induction by these common solvents becomes
critically significant when it is understood (a) that they
have been in production for nearly half a century, far beyo-
the required latency period for cancer induction, (b) that
the production volume has long been over a million tons
annually, (c¢) that distribution of these materials is world-
wide, and (d) that exposure controls have only recently been
established. This means that, with millions of man-years of
exposure to the chlorinated solvents, there is no evidence
that they have caused cancer., 1In addition, recent govern-
mental studies designed to establish whether the presence of
chlorinated solvents in public drinking water presented
significant health hazards found no evidence of cancer or
other human diseases. Surely this lack of evidence cannot
be disregarded.

From the foregoing, one must conclude that lowering the present
exposure limit for EDC will neither alter nor improve the
health of exposed employees. To the contrary, a reduction

in the present limit would require the expenditure of a great
deal of money from which there will be little benefit. We
believe that we must use our limited resources on controls
which provide maximum benefit for each dollar expended.

6. Possible Alternative Actions

Under the circumstances, it is our recommendation that,
rather than require a reduction of the exposure limit based
upon the National Cancer Institute data, OSHA should at most
consider promulgating a regulation which would require moni-
toring EDC exposures and medical surveillance and encc.rage
training and good housekeeping programs.
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Secondly, OSHA should undertake a critical evaluation of
the National Cancer Institute study, as well as the various
MCA studies when they become available. Certainly these
data, together with data submitted in response to this
inquiry, should put the Agency in a far better position to
determine what reduction, if any, might be appropriate.

We appreciate the opportunity to make this submission.
Should you have any questions or if we can help in any
way, please contact the writer at 216/694-~5268.

Varyy truly-yeurs,
e/

R. W. Hili

Senior Counsel

/njw

Enclosures
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Interoffice Correspondence

To: K. W. Sanders
From: J. R. Whitfi11
Date: January 10, 1979

D118.C
Subject:  PERSONNEL EXPOSURE TO EDC IN THE SOLVENTS PLANT
Listed below is a tabulation from February 1976 to October 1978
of personnel exposure to EDC in the Solvents Plant. These results
are for an eight hour TWA in ppm by volume. Ye started using the
statistical environmental monitoring program in February 1976, how-
ever, data is available back to 1973.
‘ NO. OF
DATE , SAMPLES AVG. Lo HIGH
Feb., March, & April 1976 135 2.25 0.01 26.3
May, June, & July 1976 63 0.99 0.01 6.8
Aug., Sept. & Oct. 1976 363 2.77 0.01 31.9
Nov., Dec. & Jdan. 1977 43 2.05 0.01 17.8
February 1977 44 4.31 0.4C 271
March 1977 61 3.18 0.06 35.2
April 1977 47 4,37 0.09 61.0 ,
May 1977 48 2.83 0.0 24.4 :
June 1977 46 2.98 0.01 22.0 |
July 1977 57 1.62 0.01 18.0
August 1977 41 1.89 0.0 13.3
September . 1977 . 48 1.80 0.01 15.9
October 1977 54 5.28 0.01 85.6
November 1977 46 3.48 0.01 39.3
December 1977 40 3.72 0.0 23.3
January 1978 46 1.82 0.01" 8.2
February 1978 51 1.67 0.0 5.5
March . 1978 50 1.77 0.01 9.6
April : 1978 48 2.01 0.01 16.8
May 1978 a8 2.20 0.01 22.3
June - 1978 54 3.79 0.05 36.8
July 1978 54 6.09 0.11 34.0Q
August 1978 65 3.74 0.10 40.7
September 1978 59 4.26 0.01 74 .1
¢
’ A\
§E im Whitfill

Diamond Shamrock
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Introduction

There is considerable evidence that, with few exceptions,

1,2,3,4
carcinogens are mutagens.

This supports the desir-
ability of using this type of rdpid and economical test
system as a pre-screening technique ta pinpoint potentially
dangerous chemicals among the thousands of chemicals to which
humans are exposed. A great deal of evidence that carcino-—
gens are mutagens has been obtained using very sensitive and

gimple bacterial systems for detecting chemical mutagens.

Such systems are generally inexpensive, allow the screening

~of large number os chemicals in a relatively short period of

’
A

time, and most proximal carcinogens exhibit genetic activity

when tested.l’z’s’6

Since many of the chemical carcinogens
require metabolic activation in vivo, it becomes necessary to
employ either a mammalian host or anm appropriate in vitro

enzyme system to carry out the essential activation of these

compounds., ‘

The Host-Mediated Assay technique was developed by Gabridge
andeegator 7 to bridge the gap between in vitro microbial
studies and definitive tests in mammals. In this assay, the
mammal, during treatment with a potential chémical mutagen, is
injected with an indcator microorganism in which mutation fre-
quencies can be measured. After a sufficient time period, the
microorganisms are withdrawn from the animal and the induction
of mutants is deLcrmined.8 The host-mediated assay 1is partic-
ularly suited to identify those agents requiring activation by

more than a single tissue or organ.

SL 080985
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. . ‘ ' I. In Vitro Mutagenicity

. Test Methodology

J. Test Organisms: Four (4) histidine-dependent straing of

r'y

§. typhimurium (TA-1530, TA-1535, TA-98 and TA-100) and

two (2) tryptophan~dependent strains of E. Coli (B/r-

WPZ and B/r-WPz—hcr) were used,

2. Mutation Test Media for S. typhimurium: Minimal agar media

was prepared by dissolving in distilled water (800 ml),

successively, MgS0,.7H, 0 (0.2 gm), citric acid H

4 2 2
K, HPO, (10.0 gom), NaNHaPOa (3.5 gm), and agar (15.0 gm).

0 (5.0 gm),

The media was sterilized by autoclaving. Before pouring

plates, 200 ml of sterile 20% glucose was added to the media.

(; 3. Mutation Test Media for E. Coli: Minimal agar media was
. . prepared by dissolving in distilled water (800 ml), succes-

sively, (NH SO, (1.0 gm), KH.PO, (20.0 gm), Mgso, (0.1 gm),

4)2 4 2774
trisodium citrate (0.05 gm), and agar (15.0 gm). The pH
was adjusted to 7 with KOH and the media was sterilized by

autoclaving. Before pouring plates, 200 ml of sterile 2%

glucose was added to the media.

4. Top Agar: Top agar was prepared by dissolving 0.6 gm agar
and 0.6 gm NaCl in 100 ml) distilled water. Top agar was
sterilized by autoclaving. The top agar was used for both

E. Coli and S. typhimurium mutation test; 5 ug/ml trypto- .

phan and 50 uM histidine-HC1/50 uM biotin were added to top

c; agar, respectively. The trace of tryptopvan and histidine

SL 08093g
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in' the top agar allows the bacteria on the Plates to under-
go several divisions; this gro v 1s necessary in many-caseé

for mutagenesis to occur.

Procedure
l. To tubes containing 2-5 ml of top agar, kept at 45°¢C 4n
a water bath, 0.1 ml of tester strain culture was added.

The tubes were then mixed and poured onto the center of

petri plates of minimal agar media.

2. After the top agar had hardened, compounds we... added to
the plates. One (1) to five (5) ug of the compound was

added near the edge of the plate with a spatula.

3. Controls of spontaneous mutation and positive controls
('. using nitrofuran for E. Coli and B-propiolactone for

S. typhimurium were included for each tester strain on

separate plates.

4. Plates were incubated at 37°C for 48 hours. Results are

reported as (+) for positive, (-) for negative or (t) for

gquestionable,

Explanation of Table

Table I summarizes in vitro results of the compounds tested

for mutagenic activity. Salmonella typhimurium TA-1530, TA-1535,

TA-98 and TA-100, and E. Coli ATCC #23231 and ATCC #23233 were

C? used as indicators., Results are reported as (=), (+) or (f).

SL 080989
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TABLE I

In Vitro Results of 1,2 Dichloroethane Tested for Mutagenic Activity.

In Vitro

E. Coldi S. Typhimurium
Compound ATCC~23231 ATCC-23233 TA-1530 TA-~1535 TA-~98 " TA-100
1,2 = Dichloroethane (-) : (=) (-) () (-) (-)
Positive Control .
B-propiolactone (=) =) {(+) (+) (+) (+)
C=63 (Nitrofuran) (-) (=) (NT) (¥T) “(NT) . (NT)

{(-) sign indicates that no mutagenic activity was detected
{NT) Not tested




II. Sub-Acute Host~Mediated Assay

Materials

1. Animals: Swiss male albino mice, weighing 18-23 grams were used.

L3

2. Test Organism} Histidine-dependent S.'typhimur}um TA-100

was used. The tester strain was inoculated into tryptone
broth and incubated for two hours at 37°C before used.
3, Media: ) ' -

a. Minimal agar media was prepared as mentioned earlier

(in vitro mutagenicity test).

b. Tryptoné agar media was prepared by dissolving 10 gms
of tryptone and 15 gms agar in 1000 ml distilled water.

The media was sterilized by autoclaving.

4, Compounds: Three (3) levels of test chemical compounds

were dissolved or suspended in 10% ethanol saline.

- - {

Procedure

1. Mice were divided into four (4) groups of ten (10) mice each.

2. Groups of mice were treated as follows:

~ Treatment Number of Animals
High level 10
Intermediate Level 10 .
Low Level 10
(I Negative Control 10

All animals were dosed orally by intubation for five days.

i . SL 080997 =
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The tester strain of S. typhimurium (TA-100) was diluted

1:10 with tryptone broth and incubated for 2 hours at 37°C.
before use. Two milliliter of the resulting suspension

was inﬂected intraperitoneally into each mouse.

-

All mice were killed four (4) hours later and 2 ml of
sterile saline was injected intraperitoneally. As much
fluid as possible was removed aseptically from the peritoneal

cavity and put in sterile tube.

Ten-fold serial dilutions of each peritoneal exudate yielding
a concentration series from 10_0 through 10_7 were made in

sterile saline.

7

For enumeration of total bacterial counts, 10h6 and 10
dilutions were plated on tryptone agar; three (3) plates

per sample, 0.1 ml per plate. . ..

For total nmutant counts, 10—0 and 10—1 dilutions were
plated on minimal agar; three (3) plates per sample, 0.2 - -

ml per plate.

Plates were incubated at 37°C.; tryptone agar plates for
. 1

18 hours; minimal agar plates for 40 hours.

Bacterial scoring was calculated as follows:

. _No. colonies/plate 5 (mutant)
CFU/nl of sample/plate No. plates * 10 (total count)

’

CFU/ml x dilution factor = CFU/ml in undiluted sample

_ Total mutants

Muﬁqtion frequency (MF) Total bacterial count
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Explanation of Tables

" Table II summarizes the host-mediated assay results for mutagenic

activity. The compound was administered orally to mice for five

(5) days.

Conclusion*

Test was considered negative since the mutation frequency of test

compound was not significantly greater than that of negative control.

*The EDC study, and the ccunclusions drawn therefrom, was‘part
of a study conducted by Diamond Shamrock encompassing numerous
other cowmpounds.

C.

)

SL 080993




TABLE I1I

Host-mediated Assay Results follow}ng Sub-acute Administration
(Intubation) of 1,2 Dichloroethane in Mice.

Compound Concentration Mean MF#* MFt /MFck*
mg/kg/day x 5

1,2-Dichloroethane 450 5 x 10:; 1.2
45 3 x 10 0.8
‘ ) 4.5 2 x 10 0.5

* a
Mean total mutant cells
Mean total bacterial cellis

* Mean MF = Mean Mutation Frequency =

total mutant cells per 10 mice

aMean total mutant cells =

10
bMean total bacterial count = total bacterigl count per 10 mice
** MFt/MFc = Ratio between mean mutation frequency of test chemical
(MFt) and mean mutation frequency of negative control

(MFc).©

(MFt/MFc)c - Mutat%on Frequency of experimental sample
. Mutation Frequency of control sample

MFt/MFc = 1.00 for control sample

SL 080994




« ITI. Dominent Lethal Asszy

Objective

The objective of the'dominant lethal study was to evaluate the
mutagenic pofential of 1,2 aichloroethane,when given orally to

sexually mature male rats.

Materials

1. Test Chemicals

The test chemical was received from Electro Chemicals

Division, Diamond Shamrock Chemical Company on July 8, 1975,

*2. Positive Control

CytoxanR, Brand of cyclophosphamide, was obtained from Mead

Johnson Company, Evansville, Indiana.

.(;/ 3. Animals

Sexually mature male and female rats (ll-14 weeks old),
Sprague-Dawley derived rats were obtained from Spartan
Research Animals, Haslett, Michigan and from Flow Labs,

Dublin, Virginia.

Methods

1. BHousing
All rats were housed in wire bottom cages suspended over

litter. Males were housed individually or with one (1)

. female during breeding. Females were individually housed
during quarantine and after breeding. Commercial rat feed s
(;‘ in pellet form (PurinaR Rat ChowR ~ Ralston Purina Company,
SL 080995
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St. Louis, Missouri) and water were available ad libitum at

2ll  times.

(2. posing ' .' .

Dosing solutions or suspensions<were prepared in peanut oil.
The positive control solution was preﬁared by aissolving
cyclophosphamide in sterile distilled water to make 20 mg/ml.

Peanut oil was used as negative control solution.

Dosage Groups

a. Acute Treatment

The éale rats were divided into selected dosage
groups for an acute (single oral dose) study.
Positive control rats were dosed intraperitoneally.
Rats agsigned to test compounds were dosed orally.

Tbe-experimental design was as follows:

. . No. of . *

Compound ) "Group Males Treatment
l1,2-Dichlorcethane 1 , 10 ) 17.5 mg/rat
~ 2 ‘ 10 35.0 mg/rat
3 10 : 70.0 mg/rat
4 10 140.0 mg/rat
Positive Control 1 10 40.0 mg/rat

\

Negative Control 1 40 2.0 ml/rat

* Doses were administered at a constant volume of 2 ml/rat.

b. Subacute Treatment

The male rats were divided into selected dosage groups

for the subacute study., Animals were dosed orally by

SL 080996
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intubation for five (5) consecutive days at a total

dose equal to the dose employed on the previcusly

cited acute study. The experimental design was as

follows:

T No. of Treatment/Day

Compound Group Males For 5 Days*

. 1,2-Dichloroethane 1 10 3.5 mg/rat
2 10 7.0 mg/rat

3 10 14.0 mg/rat

4 10 . 28.0 mg/rat

Positive Control 1 © 10 . 40.0 mg/rat’

Negative Control ) 40 2.0 ml/rat

* Doses were administered at a constand volume of 2.0 ml/rat.

4. Mating

(; Males in the acute studies were placed in breeding cages
immediately after dosing, while males in the subacute

studies were placed in breeding cages after the fifth dose.

Each male was paired with one, 11-~14 week o0ld, virgin female
rat for seven (7) days. On the seventh day each male was
removed and placed with a new female. This procedure was

repeated weekly for eight (8) weeks.

5. Maintenance and Observations

Females were received five (5) days prior to mating, checked
for illness, and isolated individually until they were placed

with males.

SL 080997
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”
After seven (7) days with males, the females were aéain
housed individually for 12 days. They were then sacrificed
.( on day 19 and necropsied. Uteri were removed, implantation
éites examined, resorptions and formed.fetuses were counted,
and fetal deaths were noted. P;rcent.fertility, number of
implantations, and number of resorptions were recorded by

veek,

Males were observed daily for compound effects. Food and

water intake of both sexes were monitored daily for changes.

6. Statistical Methods

Fertility, implantation sites per female, and number of
deaths per gravid female were compared by use of the

Student's-t test. All groups were compared to the positive

‘( _ control and to their respective negative control groups (P £.01). °
Results .
1. Mortality : “ '

Table IYI summarizes the results of the acute and subacute
percent survival of male rats treated with 1,2-dichloroethane.

Deaths were recorded according to dose of compound per rat.

The only death during the studies occurred in week three in

a high dose subacute male,

[
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Table TII1I

‘Maie Treatment And Percent Surviwval

1, 2-DICHLOROETHANE

Acute Study

Veelks
Single Dosage )
(mg/rat) 1 2 3 L 5 6 z 8
17.5 ' 100 100 100 100 1c® 100 100 100
35 | 100 200 100 100 10u 100 100 100
- 70 “. 100 100 100 100 100 100 100 100
140 ' 100 100 100 100 100 100 100 X
"Negative Control 100 100 100 100 100 100 100 100
(- Positive Control 100 100 100, 100 100 100 - 100 100 |
- - -Subacute Study
N . Veeks
- 5 Daily Dosages .
: (mg/rat) 1 2 3 Yy 5 6 d 8
. 3.5 100 100 100 100 100 100 100 100
T 100 100 100 100 100 100 100  10C
1L 200 100 100 100 100 100. 100 100
28 100 100 90 90 90 90 90

90




2. Fercility

Results of percent fertility for test chemicals are shown
in Tables IV and V. These tables show no differences in
the percent fertility in the acute or subacute. studies

when conpared with the saline negative control group

results.

Inplant Sites

Results of average implants per gravid female are shown
in Tables VI through VII. The acute study (Table VI)
shows that the test chemical has no effect on the implant
sites. However, the subacute study (Table VII) indicates
that there were instances of weekly implantation sites

per female being lower than the negative control.

Resorption and Fetal Deathk ‘

{
Tables VIII and IX show results of average resorptions
peg gravid female for acute and subacute studieé on 1,2-
dichloroethane. There were no significant differences”
between test and negative control groups in the acute
study (Table VIII). There was one instance of weekly
resorptions being higher than negative control at 28 mg/rat
in the subacute study (Table IX). However, there was no

dose relationship in number of resorptions across groups

on a total basis.

SL 081000
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Table 1V

Percent Fertllity
1,2-DICHLOROETHANE

Acute Study

Single
Dosage

{mg/rat)

o

o
&=
jon
-

et

17.5
35

70
140

-Negativea

Control

Positiveb

" Control

90.0
' 90.0

80.0
. 8o.0"

85.0.

80.0

; = Peanut 011

= Cyclophosphamide

100.0 100.

100.0-  90.

Cumulative
8 Mean
100.0  97.50
100.0 i 96.30
90.0 100.0 ~ 91.30
val ’-"-_ -
,f80.o¥ﬂ 80.0: ~ . '92.50 .
97.5 94.69
20:0  76.25

(4.63)
(5.18)
(11.26)
(10.35) .

C(4.71)

(29.73).

-
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oo e oL Table v _ -

".Percent Ferﬁility

.0t . 1,2-DICHLOROETHANE
:.{ P Subacute Study
5 Daily o Weeks - .
Dosages ' - Cumulative Standard
{(mg/rat) 1 2 3 4. 5 6 7 8 Mean Deviation
3.5 90.0 90.0 100.0 100.0 90.0 90.0 100.0 .70.0 91.25 (9.91)
7 70.0 0.0 100.0 100.0 100.0 90.0 90.0 60.0. -+ . 86.25 - (15.06)
1 .
14 ¢ 90.0,100.0 100.0 " 100.0 100.0.100.0 80.0 % 60.0 - 91.25 - (14.58)
28 100.0 - 90.0%°100.0 100.0 100.0 100.0  88.9 Q778 958 - - (8.30).
Negative? . : '
Control 85.0 97.5 . 95.0 97.5 97.5 90.0 97.5 97.5 - 94,69 (4.71)
Positive® _ ' | ‘
Control - 80.0 90.0 100.0 100.0 . 90.0 90.0 40.0 20.0 76.25 (29.73)

E- Male dled on last daj of breeding period: non pregnant female may not have been bred.
= Peanut 041l C .
= Cycleophosphamide

-
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Table VI

"~ - Average Implants Per Gravid Female

1, 2-DICELOROETHAY

Acute Study

Dosaze {(mz/rat)

Negative @ Positive?®
© Veek 17.5 . 35 i} 14 Control Control
1 1 amd 13.3 0 13.0 a2 . 15.0
2 1ha 146 13.6 131 12.0 o 1L.7

i

3 4.3 - 146 1k, W4 13.8 2.1

1-3 ' | IR L
. . Ave. 14,2 14,5 13. 13.5 13.3 1249
L 4 13.5 4.0 13. 14.8° 146" .0 .

14.3 14.3 1Ak

Cos 13.7 .46 1309
" a1 a7 a3, ' -
7
8

12,5 k.o 132
4.7 12.8 14, 14,1 .0 - 12.5

- :-U-“O.& ;.l ‘9'5

O W o ©O = oo |

-
LI -t

12.6 ‘13.7 2. 4.0

4-8 . R e e e et
Ave. 13.8  13.9 . 13.6  13.8 - as.2’ U0 1206
Mean 140 A1 137 13.7 - .« 13.9 .| .12.7

(5.0.)° (0.65) (0.6%) (0.58) (0.78) ~ (6.83) " "7 (i.7h)

‘e
L -

8. Peanut 0il
. b_ Cyclophosphamide
@ €= 5. ». = Standard Deviation
’ - . SL 081003




T e |
33 ’ R
Q Table VI
E kvéragé Implants Per Gravid rfemale
, 1, 2-DICHLORCETHANE
Subacute Study.
5 Daily Dosages (mg/rat) a
. _ _ Negative Positive
Week 3.5 i pE] 28 Control Control
L1 s o1ma k2 160 13.3 14,2 15.0
o= 27 123 110 13.8 13.7 T 12.0  11.7
Ttz 13,8 13.6 14.0 13.4  13.8 12.1
) “ ]._3 - .. ,. . ' . ' '-, - ._ ' : \.- . .- .-"' . = . '--
o Ave. 13.3 12.9 14.6 . 13.5 13.3 . 712.9
L .o - c . .
‘- - 11,270 206N 32,978 11.8"N a6 . 1ho .
07 s - 130 aka 13.8 0 134 . k6 13.9
6 13.3 12,3 12.9  13.2 140 7 13.2
7 213.6 © 12.3°M areN  wg  amo 0 12.5
08 12,977, 1.8 13.3.  i1i7- .0 - 9.5
4.8 . ' e .
it e ave. ©o12,87N 0 12.6°F 12.9°N 13,0 k.2 - 1206
.. Mean 13.0 12.7  13.6 13.2 013.9 -, - 2.7
(s.0.)% (0.96) (1.15) (2.22) (1.03)  (0.83) (1.71)
-
. A Pcar;ut 011 -
& b. Cyclophosphanmide :
gf-' Significantly decreased (P <0 01) '
. . = Standard Deviation . . , - . -
SL 081004  ~




Table vir?t

*  'Average Resorpticns Per Gravid Female

1,2-DICHLOROETHANE

Acute Study

Dosage ({m=/rat) a b
Negative Positive
Week 17.5 35 10 140 Control Control
1 1.20 . 0.56 1.25  0.38 . 0.94 N5
2 0.80  1.10 0.3 1.20 0.69 . " 2.67
3 "0.67  0.50 .20 0.50 © 0.71  3.10
hve.  0.86  0.82 . 0.96 0.63 0.78 3.51
C -y 0.80  0.67  0.50  0.90  0.49 ~ 2.50
s 0.70 0.67 ~ 1.33  1.30 0.72 "  1.00 '
" 6 0.60,  0.%0.  0.70°  0.80 1.64 7 0.67
K " 0..80 0.80  0.78  0.38 0.77  , 0.50
8 1710 0.60  1.20  0.63  0.97 ' 1.00
a8 L
Ave.  0.80 0.63 0.0  0.80 0.92 . 1.13
Mean  -0.82 0.70  0.92 ~ 0.76 ° 0.87  2.02 -

(5.0.)° (0.189) (0.308) (0.363) (0.356) (0.347) (1.488)

2. Peanﬁt'éll ‘ © . . . R ‘ o
= Cyclophosphamide B A Tt Lt e
€. Slgniflcantly decreased (P(.O 01) ' : - T :
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Table 1X

+ Average Resorptions Per Gravid Fenale

-

1,2-DICHLOROETHAIE

Subacute Study

5 Daily Dosages (mg/rat)

vy e Tt
e
N .

P Y

.

Negative®  Posit iveb
Week 3.5 z i 28 Control Control
121 7 1ah 111 0.70 0.94 4.75
. 1.56 1.50 . 1.60 - 1.33 0.69 © 2.67
- e . . .
1.00 .20 0.70 1.677N . 0.7 3.10
1-3 - | ' .
Ave. 1.22 1.28 1.14 1.23 0.78 < 3.51
0.90  1.20 1.20 148 0.149 '2.50
1.56 0.50 0.60 111 0.72 11.00
0.78  1.56  1.20  1.33 1.64 10467
0.80  0.89 050  0.75 - 0.77 050
0.14 - 1.00  0.88  0.51  -0.97 1.¢0
R R S
. Ave. 0.84 "7 1.03 . 0.88 1.03 0.92 1.13
L N o 7 S '_' . ,: a f
- Mean 0.98 1.12 0.97 ° 1.11 0.87 2.02
©d .. o
(S.D.) (0.457) (0.338) (0.370) (0.398) (0.347) (1.488)
=<,01) o
Peanut 01l
Cyclophosphamide ) .
Significantly elevated (P = (. 01)
Standard Deviation
. R SL 08100¢




Conclusions*

Statistical analysis of the data comparing numbers of implants

i
and dead per litter in control versus test groups indicate that

1l,2~dichloroethane may be suspect. We suggest that 1,2-dichloro~

ethane be tested again.

*The EDC study, and the conclusions drawn therefrom, was part
of a study conducted by Diamond Shamrock encompassing numerous
other compounds.
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MANUFACTURING CHEMISTS ASSOCIATION

1825 CONNECTICUT AVENUE N.W.. WASHINGTON, D.C. 20009

Ninach:«:R ;rngéloem ) . TELEPHONE: (202) 3284240
TECHNICAL DIRECTOR ‘ TELEX: B9617 (MCA WSH)

Decenmber 18, 1978

Y

Docket Officer
U. S. Department of Labor
Occupational Safety and Health
Administration :
Third Street and Constitution Ave., N. W.
Washington, D. C. 20210
Subject: Regquest for Information--Occupational Exposure
to 1,2-Dichloroethane, Docket No. 11-079 / .
) ' -
Dear Sir: '
Please be advised that the following studies on 1,2-

Dichloroethane (EDC) are being administered by the Manufacturing
Chemists Association (MCA).

Inhalation--being conducted by Professor Maltoni of Mont-
edison and Dr. Spreafico of "Mario Negri". Exposures have been
completed and the pathology is in progress. (See my letters dated
December 22, 1978 and June 6, 1978, sent to the Honorable Eula
Blngham, Assistant Secretary of Labor.)

Metabolism~~being conducted by Dr. Spreafico of "Mario
Negri". ‘

Teratology--being conducted at The Toxicology Research
Laboratory, The Dow Chemical Company.

Reproduction~-being conducted at The Toxicology Research
Laboratory, The, Dow Chemical Company.

. -\ N
As is MCA's policy, all final reports will be sent to the
appropriate government agencies as they become available.

Sincerely,

waz
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