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I. Introduction 

This report is designed to present a critical review and evaluation of 

the recent scientific literature concerning hazards associated with exposure 

to ethylene dibromide (1,2-dibromoethane). It is intended to provide a review 

and evaluation for the existing NIOSH criteria document for ethylene dibrcmid~ (1) 

by considering published and unpublish9d research results that have appear~d 

since the preparatio;. of the original document. The report will focuc on those 

research results presenting new information which may impact on the recoaaen­

dations in the criteria document and supply NIOSH with information to assist 

in determining the need to revise the recommendations for occupational health 

standards contained in the criteria document. 

Ethylene dibromide is primarily used as a fumigant for ground pest control, 

and as an anti-knock ingredient in gasoline mixtures. Harmful effects to 

workers exposed to ethylene dibromide include severe acute respiratory damage, 

central nervous system depression, and sev~re vomiting upon inhalation of 

vapors. Prolonged contact with the skin may result in erythema, blistering, 

and ulceration with reactions delayed for 24-48 hours. The vapor is also 

irritating to mucous membranes and the eyes. 

NIOSH has recommended a 1 mg/m3 (0.13 ppm) ceiling environmental 

exposure limit for ethylene dibromide. Research needs identified by NIOSH 

included the need for additional human studies such as epidemiology sur\•eys, 

liver and kidney function tests, and binlogical monitoring nmong exposed 

workers. Additional information in experimental animals as to the carcino­

~4• ~--l)genic, and teratogenic effects of ethylene dibromide were recom-

1 



In aasellbling this review pertinent new informatiou about ethylene dibroaide 

waa sought relating to the areas of human and animal toxi~ology, analytical and 

sampling methods, and work practices and engineering controls. Identificatiou of 

relevant articles and documants was accomplished throuah a search of scientific 

literature usiDa both. computerized and manual searching of various data bases 

anu published secondary biblioaraphic sources. 

Data is presented that strongly confirms the previoualy recognized threat 

of carcinoaenesis that may accompany such other well known toxic effects of 

ethylene dibromide as mutagenesis, reproductive abnormalities, and development 

effects. Information will be presented concerning a serious toxic interaction 

between inhaled ethylene dibromide and ingest~d disulfiram. Deficiencies in 

present knowledge concerning the effects of exposure to ethylene dibromide will 

be noted, and directions for future research will be outlined. This report 

does not present recommendations concerning exposure limits, work practices, or 

analytical metr..'.'ds; it is intended, rather, to supplement the body of infor­

mation contained in the original criteria document by considering recent 

publications having significance to occupational health. 
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II. SU1111111ry and Concluaione 

&nvironmental health aMpecta of ethylene dibromide toxicity are confined 

to occupational expoaure• to liquid or vapor•. The toxic effects of ethylene 

dibromide have been well documented by NIOSH (1,2) and by Proctor and Hughes (3), 

Mittleman (8), White &nd McAlliste. (10), Going and Spigarelli (11), and 

llumaey and Tanita (12), have presented various data detailing exposure levels 

for a variety of job descriptions in a number of occupational settings where 

ethylene dibromide is used as a fumigant. The USEPA (13) has reviewed a number 

of incidents where exposure to ethylene dibromide resulted in the occurrence 

of adverse health effects including on fatality after the ingesi:ion of an 

unspecified amount of the chemical. Exposure data is generally scant fo~ each 

of the incidents reported. JoLns (16), Polkis and Burkett (17), McDermott and 

Killany (18) have co11111ented on the role of ethylene dibromide associated with 

exposure to leaded gasoline vapors. McDermott and Killiny (18) calculated an 

3 exposure level of 0.08 ppm (0.61 mg/m) ethylene dibromide in an airborne 

gasoline concentration of 500 ppm. It was assumed that exposure to 300 ppm gasoline 

was an effective 'l'hreshold Limit Value. Re.msey ~ al, (20) of the Dow Chemical 

Company have compared the incidence of cancers predicted by the Carcinogen 

Assessment Group carcinogenesis model to the observed cancer data provided by 

Ott and Scharnweber (21), The CAG model tends to dramatically over estimate the 

carcinogenic risk associ,,ted with occupational exposures to ethylene dibromide. 

Weisbuger (23) and the NCI (24) have identified ethylene dibromide as a 

potent stomach carcinogen of orally administered ethylene dibromide e,.: toxic 

doses, The doses employed during the study resulted in excessive numbers of 

early deaths in orally treated animals. Deaths were generally attributed to 

tumor metastasis with a high degree of squamous cell carcinoma of the stomach 

being reported. Deaths among control animals were unusually higher than expected, 
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Rosenkranz (26) has provided additional evidence of ethylene dibromide'a 

ability to induce base substitutions in standard Salmonella mutagenicity assays 

at levels of 2-12 µmole par o.'l.ata. Schairer .!S., al. (32), Nawun .!! _!i. (33), 

Nauman (34), Ma.!!.!!.• (35), Sparrow and Schairer (36), and Scott (37), have 

detailed studies demonstrating the mutaganic properties of ethylene dibromide 

in the vascular plant Tradescantia. Schairar .!!.!!• (32) reports that concen­

trations as low as 1 ppm are significantly mutagenic after 6 hours exposure. 

Short .!! .!!.• (40), Short (41), and Minor ,!!. .!!• (42) have indicated that 

ethylene dibroaide expects a weak teratogenic response in rats and mice. Severe 

fetotoxic effects are realized only at concentrations producing moderate maternal 

toxicity. 

Watanabe_!!. al. (45,46) of the Dow Chemical Company have detailed the pharma­

cokinetics of inhaled doses of ethylene dibromide. ~rinary excretion was the 

major route of elimination of radioactivity following inhalation of c14c] ethylene 

dibrOlllide. Shih (47) and Plotnick and Conner (49) have demonstrated that levels 

of radioactivity are greatest in the kidney and liver following intraperitoneal 

injection of ethylene dibromide. 

NIOSH (5), Stein .!! .!.!· (50), Plotnick (51), Yodaiken (52), and El-Lawti (53) 

have reported that a serious toxic interaction exists between ethylene dibrOlllide 

and disulfiram. Simultaneous exposure to 20 ppm of inhaled ethylone dibromide and 

a die~ ~ontaining 0,05% di,ulfiram is fatal to more than 90% of experimental 

animals tested. Plotnick (51) and Wong (54) have described preliminary findings 

of an increased carcinogenic risk. assoc1.ated with similar exposu~es. Hepatocellular, 

kidney, mesentery, and spleen tumors are reported to develop as early as si:ic 

months after simultaneous exposure to disulfiram and ethylene dibromide. 
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'.'th. usdi (13) repo~t. th'at incid.atass involvin1 advaraa haillth •f fact a 

iba}pirabu exi,oaad toethylena>dibromide 1enerally result from ne1l11ent 

ihandlin1, labelin1, or uae of the ~herAical. l.muey ,!! !!· (,12) have suggested 

/various :laprov-nta in en1inurin1 control to reduce background concentration 

J»f ethylene dibromide in occupatioa.al settings. Improved ventillation proceaaea, 

-intenance checks of equipment, and protective clothin1 and materials were cited. 
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III. Human Studirs 

The USEPA (6) has published a rebuttable presumption against the registra­

tion and continued reaistration of ethylene dibromide. Most of the relevant 

information on the toxicity of ethylene dibromide to both experimental and 

domestic animals and pertinent human exposure data have been reviewed, 

Leinster .!£..!l• (7) have determined ambient levels of ethylene dibromide 

in the range of 0.001 to 0.17 µg/m3 in London air, and levels of 1,2 to 

1.8 µg/m3 in garage areas. 

Mittleman (8) has extensively reviewed exposure levels of ethylene di­

bromide in a number of occupational processes. The average exposure to 

ethylene dibromide of workers in several work phases is summarized as follows: 

Source of 
Exposure 

Soil Fumigation (injection) 

professional applicator 
farmers 

professional applicator 
farmer 

Florida Citrus Fumigation 

Fw.dgation Station 
corridor operator 
outdoor operator 
truckers 

Warehouse workers 
inside (forklift) 
outside (forklift) 

Spot Treatment 
Grain Storage 
Bark Treatment 
Termite Treatment 

.,, 
No lower limit reported. 

Average Exposure 
(Range) (mg/kg/yr) 

11 (1.8-27) 
2.2 (0.4-5.5) 

8.8 
1.8 

* 4.8 (-6.0) 
11 (-15)* * 

0.44 (-0.53) 

287 
87 (-95)* 

No Data Available 
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Study 
Location 

Great Lakes Chemical Co. 

Dow Chemical Company 

Wahneta, Florida 



No attempt waa made to examine adverae health effects among the workplaces 

investigated. During the cour1a of the measurement of airborne ethylene 

dibr01llide levels, however, incidents of misuse and poor work practices were 

witnessed (i.e., use during temperature inversion, inappropriate cleaning of 

clogged equipment, non-use of respirators, inadequate cleaning of spills), 

Beusch and Severn (9) have estima.ted that exposure to ethylene dibromide 

from soil fumigation operations would result in an annual inhaled dose of 3 -

40 mg/kg for professional applicators and 0.7 - 10 mg/kg for farmers applying 

ethylene dibromide as a soil fumigant themselves. 

White and McAllister (10) have calculated potential human exposures of 

ethylene dibromide resulting from soil fumigation operation. The findings are 

summarized below: 

Average Concentration 3 (mg/m ) 

Sampling Adjacent Breathing Amount b 
Application Rate Duration Untreated Treated Zone of Inhaled 

(lbs/acre) (hrs) Field& Fielda Application (mg/kg/ day) 

135 7.5 0.375 3.325 3.187 
84.3 7.0 0.075 o. 712 4.850 
31.5 6.5 not 0.500 

detected 

~asurement 12 iuches above ground. 
Assuming breathing rate of l.83 m3/hr/8 hr day, 70 kg man, and all 
ethylene dibromide is absorbed. 

0.6 
LO 
0.1 

Assuming a breathing rate of 1.2 m3/hr for light activity, a body weight 

of 70 kg, an exposure durstion of 8 hr/day for 250 days, and complete absorption 

of inhaled ethylene dibromide, Going and Spigarelli (11) have estimated 

7 



potential inhalation exvosurea at a Fort Pierce, Florida citrua fumigation 

center aa outlined below: 

Saple 
Location 

Of'f'ice 
Corridor 
Exit Driveway 
1/8 mile south of site 

Exposure 
~1;!1/m3) 
3,100 

376 
0.73 

20.3 

Potential 
Do1ua 

(mg/k&/day) 
0.42.5 
0.0.52 
0.001 
0.004 

Going and Spigarelli (11) have alao determined ethylena dibrOlllide concentrations 

at various other locations as outlined in the following summary: 

Locati~ 

Continental Oil Co. 
Ponca City, OK. 

Mobil Oil Co. , 
Paulsboro, N.J. 

Retail Gas Stations 
Phoenix, Ariz. 
Los Angeles, Calif. 
Camden, N.J. 

High Traffic Area 
Phoenix, Ariz. 
Los Angeles, Calif. 

Suburban Area 
Kansas City, Mo. 

Rural Area 
Maryville, Mo. 

Type of Sample 
(Number of Sites) 

Air (20) 
Soil ( 6) 
Dust ( 6) 

Water ( 2) 

Air (13) 
Soil (13) 
Dust ( 8) 

Air (18) 
Air (14) 
Air ( 3) 

Air (10) 
Air ( 9) 

Air ( 1) 

Air ( 2) 

8 

~ncentration ± S.D. 

0.009 ± 0.0038 

<2b 
<60c 
0.113d 

0.120 + 0.0398 

<2b -
<60c 

0.320 + 0.0878 

0.111 + 0.0318 

o.449 ±: o.os8a 

0.36.5 + 0.0478 

0.124 ± 0.013a 

0.0608 

0.0718 



l\ma•y .-,,t~ntc,. (12),h!"t•PHP&'rH • compHhouivo tBClutrial by1teu 

aurvey at twoua.ufactU,d.f\&aucl two uaer faciltdH of ethylco clibrOIIUe. A 

total of •eventeeu different job claaaificationa were exam.nu, involvua mol'e 

than 70worken, Peraonal and area samples of ethylene dibromide were obtaiMd 

at various work aites. Plants A and B were described as manufacturers of 

ethylene dibroaide, while Plants C and D were users of the ch~cal, producing 

different anti-knock gasoline mixtures. Descriptions of workers activities, 

occupational titles and job descriptions were presented. Results of exposure 

Jata are pr.esented in Table 1. Short-term exposures were demonatrated to be 

high as 23.4 ppm. 

Ethylene dibromide exposure concentrations were highest in those procassea 

involving the collection of quality-control samples and in loading and unloading 

operations. While.these reports do not address the health effects of workers 

employed at these several locations, they do present detailed exposure data 

that could be used in further studies describing the health effects on workers 

exposed to ethylene dibromide. 

The USF.PA (13) has reviewed those accidental exposures voluntarily recorded 

in which ethylene dibromide alone or in combination with other chemicals was 

involved. 

Sixteen episodes of ethylene dibromide exposure resulting in adverse health 

effects in humans were reported for 10-year period from 1967 to 1976. Of 

these 16 episodes 10 involved exposure to ethylene dibromide alone, while the 

remainder involved exposure to ethylene dibromide in combination with other 

chemicals. The 10 episodes citing adverse health effects resulting from 

exposure to only ethylene dibromide included eight occupational exposures and 
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Table 1. Eight-Hour Time-Weighted Exposures to Etbylene-Dibt'oaide by Job Classification at 
Four Plant Locations (A, B, C, and D) from RUIISey and Tanita (12) 

A 
TWAb 

B C 
Job Categor:, & Classification number a number TWA number TWA number 

Supervisory 

Crewleader 4 0.04-
0.95 

Shift Superintendent 4 0.001-
0.004 

Control Room 02erator 

Panel Board Operator <0.00006-
4 0.14 

Control Room Operator 4 0.003-
0.16 

Blend Opercator 4 0.004- 12 
1.52 

Reactor Operator 4 

Surveillance 

Surveillance Techni~ian 8 <0.00002-
1.60 

a bSample size of specific job at appropriate location 
Median 8-hour time weighted average concentration range in ppm 

D 
'NA 

0.001-
0.009 

0.001-
0.003 



Table 1. Eight-Hour Time-Weighted Exposures to Ethylene-Dibroaide by Job Classification 
At Four Plant Locations (A, B, C, and D) from Rumsey and Tanita (12) (Cont'd) 

A 
TWAb 

B C D 
Job Category & Classification number a number TWA number TWA nUllber TWA 

Product Loading 

Loader 3 0.05 
0.62 

Material Handler 1 

Drum Loader 16 0.008-
0.018 

Raw Material Handler 1 0.082-
0.027 

Peri2heral Operators 

Laboratory Technician 4 <0.00002- 1 0.01- 8 0.002- ., 0.0001-.... .... 0.57 0.08 0.012 o.ooos 
Brine Field Technician 4 <0.00002-

0.03 

Compound Bulk Operator 0.00!-
0.008 

Total 20 12 17 35 



two domestic accid•ntal ingestion of the chemical, one child and one fatal case 

involving an elderly man. 

Seven episodes of environmental contamination were reported during the 

same time interval. All of. these reported contamination were results of 

occupational accidents, and did not involve adverse effects to humans. The 

following table sWlll&rizes episodes involving exposure to ethylene dibromide, 

citing the entity affected and site of occurrence: 

Entity Affected 

Humans 

Environment 

Site of Occurrence 

Agriculture 
Loading Dock 
Warehouse 
Nut Processing 
Commercial Pest Control 

Operation 
Unspecified Job Site 
Unspecified Industry 
Home (Domes tic) 

Number of 
Episodes 

7 
2 
1 
1 

1 
1 
1 
2 

Subtotal 16 

Transportation 
Loading Dock 
Chemical Company 

Subtotal 

5 
1 
1 
7 

Total Number of Episodes 23 

The following symptoms related to dermal contact were described: erythema, 

dermatitis, blistering, and chemical b~rns. Exposure to fumes or vapors 

resulted in wheezing and cheat pain. One man (79 years) accidentally ingested 

an unspecified amount of an 83% ethylene dibromide solution (repackaged in an 

unlabeled bottle). Death ensued in less than four hours. 

Exposure to ethylene dibromide in combination with other fumigants pro­

duced symptoms of: erythema, lacr:lmation, burning of the lungs, coughing, 
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headache, nausea, vomiting, loss of consciousness, and. severe liver and. kidney 

damage. Cases of simultaneous exposure involved ethylene dibromide rn com­

bination with such chemicals as: methyl bromide (2), ethylene dichloride (6), 

carbon tetrachloride (6) 1 carbon bisulfide (2), chloropirim (1), paraquat (1), 

* and. trichloronitromethane (1). 

In aost occupational accidents that resulted in exposure to ethylene 

dibromide, failure to read provided. labeling information, lack of adequate 

protective clothing and/or use of respirators, and improper use of fumigation 

equipment were causative agents implicated in the accidental exposures. 

The data included. in this report does not contain any descr~ption of 

airborne concentrations of ethylene d.ibromide to which workers were exposed, 

or amount ingested. in accidental exposures. However levels must be considered. 

high enough to produce symptoms rapidly and. severely enough to warrant medical 

attention for most cases. The results of these case summaries leads to the 

need for greater safety in the handling of ethylene dibromide in occupational 

settings, and. the prudent use, storage, and labeling of chemicals in the home. 

Kristoffersson (14) has reported that a strong toxic effect was exerted. on 

human lymphocytes exposed to various gasoline additives including ethylene 

dibromide. No chroaosome aberrations were observed. No additional information 

was available from this symposia abstract. 

White and Lybarger (15) have conducted. a health hazard evaluation 

determination report on the Houston Chemical Company in Beaumont, Texas, 

Particular attention was paid to reproductive effects aasociated with exposure 

to ethylene dibromide. Medical histories obtained included questions on 

• The number of known cases of simultaneous exposure to chemical and to 
ethylene dibromide is in parentheses. 
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fertility, sexual dysfunction, sterility, and signs of feminization. Serum 

gonadtropins and testosterone levels were analyzed. Environmental air sampling 

determinations (charcoal tube sample analyzed via gas chromatography mass 

spectrophotometry) of 25 bree.thing zones indicated that, in general, employees 

were not exposed to detectable concentrations of ethylene dibromide. No lower 

limit of detection was provided. A single reading of 0.88 mg/m3 was obtained 

at an operator's desk in a blending area. Medical surveys did not indicate 

that an immediate health hazard was associated with exposure to ethylene 

dibromide; however, the laboratory evaluation did rev~al certain abnormalities 

that warrant further investigation. 

No record of abnormal physical signs or symptomatic complaints from 

workers exposed to ethyle~e dibromide was obtained (i.e., changes in facial 

hair or body hair, decreased muscle mass, testicular atrophy, decreased libido, 

impotence, or gynecomastia). 

The study population consisted of 27 workers aged 26-46 years (mean= 35.2) 

exposed for 1.5 - 18.5 years (mea.:i • 9.6) to ethylene dibromide, and 9 controls 

aged 23-50 years (mean• 38) employed at the facility for 0.5-21 years 

(mean• 9.6). 

Laboratory results are presented belaw as mean values+ standard deviations: 

Sperm 
Count LH FSH 'Iestosterone 

N-umber ~106[m12 ~milliIU/ml} ~milliIU/ml} ~ng/dl~ 

Exposed Workers 22 69±59.8 22.8+11. 3 14.2+7.9 527.2+214.0 

Unexposed Controls 9 81+24,9 13.0±. 3.6 9.6±_4.9 644.8±,745.9 

Prior, but not ) current EDB 2 13, 31 12, 15 11. 3, 17 330, 530 
exposure 

Significance 0.02>P>O.Ol 0.5>P>O,l O,S>P>O.l 

* Medians and ranges for sperm counts among each group are: 54.0, 4.6-217 for 
exposed workers and 81, 23-102, 106/ml for unexposed controls, 
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A statistically significant reduction in luteinizing hormone (LB) in 

exposed workers was seen. Varying degrees of reduction in sperm counts were 

observeo in workers exposed to ethylene dibromide. This study showed results 

similar to those seen following exposure to 1,2-dibromo-3-chloropropane. The 

results demonstrated that ethylene dibromide may be involved in potential 

testicular toxicity. Limited exposure information and great degreeB of 

statistical deviation in sperm counts do not provide strong conclusive evidence 

in accepting the premise that observed trends were induced by ethylene di­

bromide per ~· 

Since ethylene dibromide is used as an additive in leaded gasoline, 

exposure wo-ld be likely for those workers involved in the handling a.~1 stor~ge 

of large amounts of gasoline. Johns (16) has reviewed atmospheric sources of 

ethylene dibromide, and reports that becat..se of the relatively low vapor 

pressure of the chemical and its concentrations of approximately 0.05 percent 

by volume in gasoline, it presents a small risk to the general population. 

Habitual "gasoline sniffers" may have increased exposure to ethylene dibromide. 

Poklis and Burkett (17) have presented a brief review concerning the effect· of 

gasoline sniffing, and have indicated c~at ethylene dibromide may contribute to 

the hazards associated with the handling of leaded gasoline, based on clinical 

evidence (i.e., liver and renal damage, neurasthetic symptoms) associated with 

repeated inhalation of gasoline vapors. 

McDermott and Killiany (18) h,3Ve reported concentrations of 80-150 ppm by 

volume of ethylene dibromide in liquid leaded gasoline, and calculated an 

3 airborne concentration of 0.08 ppm (0.61 mg/m) ethylene dibromide with 500 ppm 

of airborne gasoline. Mean gasoline Threshold Limit Values (TLV) calculated 
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;froa,~s;·~a1~r~,\J; .... 1 •• wu306~~. ~cl ethyl.~ ctibromiclilev•l• wei• too 

low for ileasurement.· The authors state that negli&ible exposures to leaded 

guol~additi;..11 would result a.alona as the total 1asoline vapor exposure 
,: . .:. . ~ ': ... ., 

Upon 
.. 

calcw.•ti;*>'lhreshold LiaitValu.es ('?LV) for 95 vapor aaples containing 23 

separate components. a mean TLV of 300 ppm gasoline was obtained (306 ± 43.4) 

as an exposure limit to effectively protect workers. This figure represents 

a gasoline vapor concentration siailar to that generated during tank truck 

loadin1. 

The IAllC (19) offers a brief review of the toxic effects of ethylene 

dibromide. Essentially the same data as that used for the NIOSH (1) criteria 

document is covered. 

Ramsey.!£..!!• (20) of the Toxicology Research Laboratory of Dow Chemical 

Company have compared the incidence of cancer predicted by the Carcinogen 

Assessment Group of the United States Environmental Protection Agency (CAG 

carcinogenesis model) with that observed among a group of workers employed 

in ethylene dibromide production. The CAG carcinogenesis model estimates 

the carcinogenic risk, where the probability (p) of tumor occurrence is 

given by: 

p(x,t) • 1 - exp (-BxtY), 

where xis the exposure to ethylene dibromide (mg/kg/day over the entire 

lifetime), tis the time span for which the risk is estimated (expressed as 

a fraction of total lifetime), and Bandy are factors reflecting the 

potency of the carcinogen and time to first tumor formation, both determined 

experimentally. 
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The epidemiological data to which this model was compared was provided by 

Ott and Scharnweber (21), and Cook (22) from Dow Chemical production facilities. 

The results of this epidemiology study were reviewed in the NIOSH criteria 

document (1). · The probability of tumor formation for each individual was then 

calculated as: 

p • l-e[-(31.73)(daily dose)(250/365)(years exposed/age)(age/70)6.95) 

The observed and predicted number of neoplastic lesions resulting from 

exposure to ethylene dibromide is as follows: 

Number of malignant neoplasms 

Number of Predicteda 

Location Employees Observed 3.0 ppmb b 0.9 ppm 

Michigan 57 5 
3C 

32 19 
Texas 99 53 35 

Total 156 8 85 54 

~umber of neoplasms above nonoal. background predicted with the CAG model. 
Assumed atmospheric TWA concentration of ethylene dibromide. 

cincludes one employee with metastatic lymph node carcinoma, where cause 
of death was arteriosclerotic heart disease. 

The failure of ~he CAG carcinogenic model has been attributed to one 

or more.of the following factors: 

1. Limited number of employees examined in the origi.nal 
epidemiology study, 

2. Portion of remainiag population may contain yet 
undetected cancers, and, 

3. Basis of the model arose from carcinogenic bioassay 
in rats, utilizing homogeneous population, high con­
centration:;, and orally administered dosing as compared 
to a heterogeneous human population, exposed to low 
concentrations of ethylene dibrumide vapors. 
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Cautionary coal8nts coacerm.n1the use of predictive models in estimating

basarda aaaociated with pollutant exposure were presented. It was concluded 

that., in this particular inatauce • the CAG one-hit model for the probability of 

tumor foi:mation appears to highly exaggerate carcinogenic risk estimates of 

ethylene dibrOllide in humans. 

Researchers at Dow Chemical have prepared a manuscript for publication. 

The paper represents a detailed analysis of the data reported by Ott and 

Scharnweber (21). Ho information as to acceptance for publication has been 

obtained from Dow Chemical. 
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rv_ Ani1la1 Studies 

Johns (16) USEPA (6), and IAB.C (19) have reviewed the toxic effects of 

ethylene dibromide in experimental animals. 

A. Carcinogenicity 

Early reports of an increased occurrence of carcinogenic effects of 

ethylene dibromide in rats and mice of both sexes following oral administration 

have been confirmed by the National Cancer Institute (4). 

Weisburger (23) has reported o~ the carcinogenic effect of ethylene 

dibromide in Osborne-Mendel rats, and B6C3Fl hybrid mice. 

Male and female rats and mice in groups of SO animals each were 

administered ethylene dibromide by gavage for 5 consecutive days per week 

for 78 weeks. Maximum dose level for rats was 40 mg/kg, while mice received 

a maximum dose level of 120 mg/kg. Exposure to ethylene dibromide led to an 

increase in the occurrence of squamous cell carcinomas of the stomach with 

many metastases in both sexes of both species. 

Final analyses of this bioassay have been prepared by the National 

Cancer Institute (22). Summartzed results and statistical evaluation for 

orally-treated male and female Osborne-Mendel rats and B6C3Fl mice are 

presented in Tables 2 and 3. 

Early developing squamous cell carcinomas of the stomach were 

observed in both species at both the high and low doses, but not in control 

animals. Early deaths were generally attributed to tum.or metastasi3. 

Increased hepatocarcinoma was observed in rats, in particular among the high 

dose females. Hemangiosarcoma was increased in male rats, and respiratory 

cancers were found in both sexes of mice. 

19 



Table 2. Analyses of Incidence of Tumors in Osborne-
Mendel Rats Treated with Ethylene Dibromide 

MalH Females 

Tumor/Site Control4 Low High Control• Low High 

Number tested 20 so so 20 so so 
Doseb 40 80 40 so 
Observation Period: 

Treated 49 47 34 61 57 44 
Untr~ed 14 2 15 2 4 17 

T.W.A. sage 0 38 41 0 J7 39 
Termination (weeks) 49 & 63 49 49 63 61 61 
% Survival of d d Termination 38 10 4 2 

Hemangiosarcoma 0 11/50 4/50 0 1/49 3/48 
Spleen: 
Frequency o.oo 0.22 o.os o.oo 0.02 0.06 
P values• N .S. 0.017 N.S. N.S. N.S. N.S. 
Weeks to first 

observQd tumor 31 26 38 42 

He.patocellular Car-
cinoma/Neoplastic 0 3/SO 2/50 0 1/47 S/48 
Nodule-Liver 
Frequency o.oo 0.06 0.04 o.oo 0.02 0.10 
P values N.S. N.S. N.S. N.S. N.S. N.S. 
Weeks to first 
observed tumor 

Squamous-Cell 0 45/50 33/50 0 40/50 29/50 
Carcinoma-Stomach 
Frequency o.oo 0,90 0,€·6 0,00 a.so 0.58 
P value <0.001 <0.001 <0,001 <0.001 <0.001 <0.001 
Weeks to first 

observed tumor 31 15 12 12 

Hemartoma or Mixed 0 2/49 4/50 
Malignant-Kidney 
Frequency o.oo 0,04 o.os 
P Value N.S. N.S. N,S, 
Weeks to first 

observed tumor 37 41 
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Table 2, Analyse, of Ineiclenea of Tuaor1 £1\ 01boni@= 
Mendel late Tnated with ltb1l.au DUurfflddo '4) 

Mal1• !ml..•• 
tumor/Sita Control8 Low Hi&h Control• Low llil,b 

Pollicular-Cell 
Ademona or Carcinoma-
Thyroid 0 S/SO 8/49 

Frequency o.oo 0.10 0.16 
P Value N.S, N,S. N.S. 
Weeks to first 

obsarved tumor 44 1S 

Cortical Adenoma or 
Cortical Carcinoma -
adrenal gland 0/20 0/44 4/45 

Fr,.-iuency o.oo o.oo o.o, 
P Value N.S. N.S. d.S. 
Weeks to first 

observed tumor 47 

Adenoma or Adeno-
carcinoma-mammary 
gland 1/20 0/SO 2/SO 

Frequenc-~r o.os o.oo 0.04 
P Value N.S. N.S. N.S. 
Weeks to first 

observed tumor 0 0 l 

Adenoma or Fibro-
adenoma-mammary 
gland OiiO 0/50 3/50 

Frequency o.oo o.oo o.o,, 
P Value N.S. N.S. N.~ • 
Weeks to first 

observed tumor 33 

a Corn oil vehicle control, ,ame schedule of administration as 
e7.perimentally treated animals, 

bDc,se as mg ethylene dibromide per kg body weight 
cTi111e-Weighted Average Dose 
dio spontaneous deaths among vehicle controls were reported. 
8 Probability level Cochran-Armitage test in control group; Pishe exact 
test for comparison of treated to control group. N.S. • not dgnHte~t 
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Table 3. Analyses of Incidence of Tumors in B6C3F1 Hybrid Mice Treated with Ethylene DibrOllldcle 

Males Females 

Treatment Treatment 
Untreated Vehicl 0 Untreatid Vehicl~ 

Tumor/Site Controla :-1> High Low High Control Low Control Control 

Number tested 20 20 50 50 20 20 50 50 
Dosec 60 120 60 120 
Observation Period: 

Treated (wks) 0 53 53 34 0 53 53 53 
Untreated (wks) 78 6 25 

T.W-Ad Dosage (mg/kg) 
24 90 7 37 25 

over weeks of test 
period 0 0 62 107 0 0 62 107 

Termination (weeks) 78 59 78 78 90 78 90 78 
% Survival at 

95f 56f 16£ termination Joe 90 40e 20e 

Leukemia or Malignant J/30 0/20 1/50 2/49 5/20 0/20 1/48 0 
Lymphoma-Hematopoietic 

N Frequency 0.15 0.00 0.02 0.04 0.25 0.00 0.02 * 0.00 * N- P Value8 N.S. N.S. N.S. N.S. <0.001 N.S. 0.007 N <0.001 P 
Weeks to first 
!>bserved tumor 76 72 59 90 85 

Alveolar/Bronchiolar 
Adenoma-Lungs 0/18 0/20 4/45 10/47 0/20 0 120 10/43 6/46 

Frequency 0.00 0.00 0.09 0.21 * 0.00 o.oo 0.23 * 0.13 
P Value 0.011 0.009 N.S. 0.029** 0.015** 

0.021 N.S. N.S. 0.015 N.S. 
Weeks to first 

observed tumor 58 26 50 49 
Squamous Cell-
Carcinoma-Stomach 0/20 0/20 45/50 29/49 0/20 0/20 46/49 28/50 

Frequency 0.00 0.00 0.90 * 0.59 
* 

o.oo o.oo 0.94* 0.56 * 
P Value 0.003 0.003 <0.001** <0.001** 0.011 0.011 <0.01 ** <0.001** 

<0.001 <0.001 <0.001 <0.001 
Weeks to first 

observed tumor 24 26 40 34 
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Table 3. A.~alysea of Incidence of Tumors in B6C3F1 Hybrid Mice Treated with Ethylene Dibromide (Cont'd) 

Males Females 

TreatMnt 

Tumor/Site 
Untreatld 
Control 

Vehicleb 
Control Low Kiah 

Untreatld 
Control 

Vehicleb 
Control 

Squamous Cell Papilloma 
or Squamous Cell Car-
cinoma-Stomach 0/20 0/20 45/50 31/49 

Frequency 0.00 o.oo 0.90 * 0.63 * 
P Value 0.001 0.001 <0.001 •• <0.001. 

<0.001 <0.001 
Weeks to first 

observed tumor 24 26 

A~.enocarcinoma-Mammary 0/20 0/20 
Frequency o.oo o.oo 
P value N.S. N.S. 
Weeks to first 

observed tumor 

Endometrial Stromal 
Polypluterus 1/20 0/20 

Frequency o.os o.oo 
P Value N.S. N.S. 
Week to first 

observed tumor 90 

:Untreated controls received no ethylene dibromide or corn-oil. 
cVehicle controls received corn-oil at the same intubation schedule as experimental animals. 
dDose as mg ethylene dibromide per kg body weight. 

Low 

3/48 
0.06 
N.S. 

82 

1/38 
0.03 
N.S. 

90 

eTime-Weighted Average Dose. 
Survival rates for male mice were given at 58 weeks. No data for number of animals surviving 

fto termination were provided. 
Survival rates for female mice were given at 78 weeks. No data for numbet' of animals surviving 
to termination were provided. 

gProbability level for Cochran-Armitage test for incidence o.F. tumors in control group; or 
Fisher exact test for comparison of a treated group to untreated controls(*) or Vehicle 
Controls(**). N.S. • not significant. 

Treatment 

Kiah 

1/50 
0.02 
N.S. 

54 

1/44 
0.07 
N.S. 
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lliiftat11i:i~tniieated and control groups were elevated. 

iL-lf(j~ithii"~ t~ted.,~11:f•l• were uaociated with various lesions of the 

Increased death ratu aaong aale rat and mouse control groups 

ws · idt . detailed. A hfah,er .. tblln a:pected death rate amng control animals 

•Y inclicate a flaw in the aperillar&tal design of this biousay. Detailed 

:aorbidity data on the uatreated control groups for rats was not included. An 

apparent •eaual cU.-,rphi- in the susceptibility of aale rats to stomach cancer 

•Y be influenced by tbe aale control data. Early term.nation of the vehicle 

control aalu did not allov for an proloaaecl survivorship analysis of thia 

aroup. 'lhe data -y inclicate that -1es _,. have been predisposed to a greater 

Hllllitinty tblln f-1.aa. Interpretation of thi• data should include the 

realisation of exceaaive mortalities and a lack of morbidity data for control 

aroups. 'Iha •zf,.. tolerated dose employed in this bioassay appears to have 

been overestimated, due to the larie numbers of early deaths in ethylene 

clibroa:lde treated a1-l•. 'l'he delayed toxic responae observed early in the 

atudy, ~r, vas attributeca to the incidence of tumors in the ethylene 

dibroaide treated groups. 

The NCI (22) bas prepared a brief review of these findings for release 

to various repotting aedia. 

the Data Evaluaticna/ltislt Allsessaent s~roup of the Clearinghouse on 

Enviromaental Carcinogens (25) has reviewed the findings of the NCI (4) bioassay 

of 1,2-dibrca>etbame for carcinogenicity. In that analysis of the study, it 

was noted that selection of doses resulted in excessive numbers of early deaths 

aaong treated aniwls, and that survival aaong control animals vu poor. The 

appropriaceness of an oral route of administration is questioned, since human 
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of i~thyl""1e 

Recent literature further dellDaatrates the 1111tagenic potential of 

ethylene dibromide in llicrobia111 r e]ian 11 and plant assays. Rosenkranz 

(26) baa inveetiS&ted the relative autagenicity and bacteriocidal properties 

of various halogenated alkanes including ethylene dibroride. The order of 

reactivities for 10 111 of test compound inhibiting the growth of!· .52!!· 

pol &+/pol A- systea were as follows: 1.1.2.2-tetrabromethane>l,l-dibromoethane 

>1.1.2.2-tetrachloroethane>l.2-dibromoethane>l95-dibromopentane>l,2-dibromo-

2 .... thyl-propane>l-broao-2-chloroethane>l.2-dichloroethane. In standard 

Salllonella assays. the mutagenicity of 10 µmole of the same series of chemicals 

was: 1,2-dibroaoethane • l.5-dibromopentane>l.2-dibromo-2-methylpropane>l­

broao-2-chloroethane>l9l.2.2-tetrachloroethane • 191-dibromoethane. Tetra­

brOIIOethane was negative in the standard assay. The procedure involved the 

deposition of the chemical onto filter discs rather than directly onto the agar 

surface. The plot of number of revertant colonies per plate versus concentration 

of chemical arapb.ically demons~rated a linear response for concentrations between 

2-12 µmole per plate. Mutants were observed using TAl.530 and TAl.535 strains in 

the.§_. typhiaurium assay, but not in strain TA1538, indicating that dibromoethane 

induces base substitutiui&S but not frame shift mutations. These results confirm. 

the previously reported autagenicity of ethylene dibromide. 

Several recent review articles have appeared that include information 

concerning the mutagenicity of ethylene dibromide and chemically related com­

pounds. These reviews contribute no new experimental data concerning the 
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interpretation of various 1111tagenicity assays. Various methodologies and 

teclmiquea are presented regarding tbe routine screening of potential environ­

mental mutagens. 

McCaml and Ames (27) have reviewed tbe interpretation of the Sa1-onella­

microsome assay nutagenicity as a predictive test for carcinogenicity. A 

variety of chemicals including ethylene dibrom:ide ve~e analyzed. Blum and Amr.s 

(28) have also reviewed tbe autagenicity of ethylene dibrom:ide and related 

halogenated hydrocarbons used as flaae retardanu. Fishbein (29) offers an 

extensive reviev of halogenated aliphatic derivatives including ethylene 

dibroaide. Bignaai et al. (JO) have presented data concerning structure/ 

activity relationships among various pes~icides by the use of SahJonella 

tzyhilluriua and Aspergillus nidulaas systems. Their findings indicated that 

unspecified amounts of ethylene dibr01lli.de verP definite mutagens in strains 

TAlOO and TA1535 in.!· t:Jpbialri1n assays and in.!• nidulans where point 

mutations and somatic segregation were observed. 

Rannug ~ al. (31) have demonstrated that ethylene dibromide provides 

a stronger mutagenic effect than does 1,2-dichloroethane in a Salmonella 

typhimutium TA1535 assay system. An unspecified level of ethylene dibromide 

was activated by an NADPH-independent process, using post-mitochondrial liver 

fraction (S-9) • 

Researchers have postulated the use of the plant Tradescantia 

(Spiderwort) genetic systea for monitoring the mutagenic properties of ionizing 

radiation and chemical mutagens. Tile following reports have examined the 

mutagenicity of ethylene dibromide in higher plant forms. Tile data presented 

demonstrate a high degree of sensitivity of this plant assay to several 

chemical mutagens including ethylene dibromide. Yltile there is presently 
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inadequate evidence for extrapolation of plant mutagenicity to hum.an health 

hazards, this assay deserves attention as a possible indicator of potential 

health hazards associated with exposure to chemical mutagens or suspected 

mutagens. 

Schairer ~ al. (32) have revi.ewed the use of Tradescantia as a means 

of exploring mutagenicity of environmental pollutants. Ethylene dibromide, as 

well as 22 other chem:icals was reviewed for its mutagenic effects on Tradescantia. 

The formation of pink mutation was as follows: 

Exposure Minimum. Number Number Pink event+ SE Statistical 
Concentration Hairs Pink per 100 hairs Significance 

Time (hr) (ppm) Scored Mutants (minus control) 

6 1 258 X 103 1088 0.118 + 0.027 1% 

144 0.14 148 X 103 1119 0.315 ± 0.035 1% 

These results indicate that ethylene dibromide is a potent mutagen in this 
test. 

The efficiency of this system when used in the analysis of cytogentic effects 

and somatic mutations was discussed; it was suggested that this assay be in­

cluded as part of the battery of tests providing evidence of potential health 

hazards resulting from exposure to environmental pollutants. 

Nauman~ al. (33) and Nauma., (34) have reported that gaseous ethylene 

dibromide concentrations ranging from 3.6 to 222.9 ppm (27.6 - 1776 mg/1) for 6 

hours exposure induced pink somatic cell mutations in stamen hair cells of 

stable clones 02, 0106, and 4430 of Tradescantia. The results of comparisons 

among X-rays, ethyl methane sulfate, and ethylene dibromide indicate that, in 

the test systel'\ employed, ethylene dibromide can be as effecti-,e a mutagen as 

X-rays. The 4430 Tradescantia clone employed was relatively resistant to X-
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rays but more susceptible to ethylene dibrOl!lide. 'nle sensitivity of the 

Tradescantia assay to chemical D1Utagens was discussed, and the assay was 

suggested as a reliable test to determine D1Utagenicity of chemicals. 

Ka !!t al. (35) have reported further investigatj,.ons of mutagenic 

activity induced by ethylene dibromide in Tradesc81'.£tia. Tradescantia 4430 

clones were exposed for 6 hours to varying concentrations of ethylene dibromide 

(3.6 to 148.2 ppm; 27.6 to 1139 rag/m3). The D1Utagenicity of ethylene dibromide 

for the induction of micronuclei in tetrads of microsporogenes followed a dose­

response curve sill:11&.r to that reported by Nauman !S_ al. (33) for ethylene 

dibromide induction of pink stamen hair mutations; however, the induction of 

micronuclei in tetrads was a such more sensitive indication rl autagenic 

activity than was formation of pinlt stamen hairs. 'nle advantages of scoring 

micro~Jclei a£ opposed to scoring chromosome aberrations was discussed as a 

more efficient means of testing pollutant effects on eukaryotic chromosomes. 

Sparrow and Schairer (36) have demonstrated that Tradescantia 

grown in atmospheres loaded with ozone, sulfur, nitrogen dioxide, or nitrous 

oxide (unspecified amounts) increase the mutagenic effect of ethylene dibromide. 

'nlis data indicates the potential of enhanced toxic interaction of ethylene 

dibromide with other environmental contaminants. One particular short coming 

of the Tradesc.intia assay, may ~e the inability to accurately score mutation 

frequencies induced bv exposure to higher concentrations of chemicals due to 

foliar damage to the plants. 

Scott (37) has reported increased mutagenicity in the methionine 

system of Aspergillus mdulans and the tryptophan system of!_. coli after 

metabolic activation of ethylene dibromide by Tradescantia clone 4430. 

28 



The inactivatiou an.cl aeaatic reversion of E. ~ WP2 try - after 

trutmeut with ethylene dibroai.de alone or in the presence of a Tradescantia 

hybrid clone 4430 a:tract was as follows: 

Ezper:lllell.t Fraction Hlltation Prequency per 
llullber SurY1.Yiaa ± S.E. 106 aurviviDg cells 

Ethylene Dibroaicle 1 o.0497 + 0.003 10.a + b 
3.Sb 

2 O.Oll2 + 0.0001 13.4 + S.l 

Ethylene Dibroaicle plus 1 0.0021 ± 0.0002 b 372.0 ± 74.0b 
Tradescantia extract 2 0.0175 ± 0.001 175.0 ± 44.0 

DKSO (c011trol) 1 1.02 + 0.07 0.04 + 0.03 
2 0.89 + 0.09 1.11 + 0.17 

DMSO + Tradescantia 1 0.97 ± 0.06 0.22 + o.os 
(c011trol) 2 0.89 ± 0.09 1.34 + 0.20 

Tradescantia (control) 1 0.99 ± 0.06 0.26 + o.oa 
2 1.020 ± 0.056 1.so + 0.24 

luffer (control) 1 1 0.06 + 0.01 
2 1 0.94 ± 0.13 

In a s:111ilar umaer. the effect of ethylene dibrcaide on inactivation 

and genetic reversion by suppressor mutation at various loci of a math G 1 

strain of Asperaillua cO'llidia vu observed. These results are s1Wrized in 

'?able 4. 

A high boiling point illpurity (not specified) in the technical grade 

ethylene dibroaicle used lli&ht be the cause of the observed effects in both the 

!• .£2!! and the Asperaillua assays. The residue remaining after distillation 

exerts a greater in.activation and autagenicity than the final distillate. In 

addition. as the age of the distillate increases. the "genetic effect:iveness'i 

of ethylene dibromide increases. A 0-1 day old ethylene dibromide solution 

produced a fraction surviving in the!· ~ assay of 0.59 ± 0.03 and a 
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Table 4. Effect• of Ethylene DibrOllide on Survival and Mutagenicity in 
!• conidia as reported by Scott (37) 

6 Mutation freguenci 2er 10 Survivor• 

Fraction 
Surviving± S.E. ClaH A a Clua Bb 

Ethylene Dibromide (:!.) 0.48 + 0.04 53.6 + 8.2 16.2 + 3. 7 
(2) 0.53 ± 0.03 86.8 + 9.9 12.4 ± 3.1 

EDB + Tradescantia (1) 0.33 + 0.03 120.0 + 11.0 30. 7 + 5.0 
(2) o. 27 ± 0,02 258.0 ± 24.0 28,2 ± 5.4 

DMSO (cont~ol) (1) 1.07 + 0.19 8.8 + 1.4 1,7 + 1.1 
(2) 1.13 ± 0,16 13.5 ± 4.1 1.2 ± 0.7 

DMSO + Tradescantia 
(control) (1) 0.88 ± 0.16 6.7 ± 1.3 1.6 + 0.6 

(2) 1.05 ± 0,11 13.1 ± 2.4 0,80 ± 0,85 

Tradescantia (control (1) 0.89 ± 0.16 4,1 + 1.0 2.1 ± o. 7 
(2) 0.01 ± 0.06 7.14 ± 1. 7 o. 71 ± 0.51 

Buffer (control) (1) 1 4.9 + 1.3 2.2 ± 0.8 
(2) 1 5.3 ± 1. 7 o.o 

~ethionine revertant classified as large green colonies. 
Methionine revertant classified as heavily pigmented brown colonies, 

C MethJonine revertant classified as small green colony with white hyaline edge. 

ClaH Cc A+JH<: 

6.8 + 2.0 77.0 + 10.8 
7.37 ± 2.3 106 ± 11.0 

12.2 + 3,0 163.0 + 13.0 
10,1 ± 1.3 296 ± 27 

0,38 + 0,27 10,8 + 1.5 
1.2 ± 0, 7 15,5 ± 4.3 

Q.47 + 0,33 8,8 + 1.6 
0.80 ± 0,85 15,5 ± 2,6 

0,46 ± 0.33 6.7 ± 1,3 
o. 71 ± 0,51 7.9±2.S 

0,41 + 0,30 7.6 + 1,8 
0,38 ± 0.38 5.7 ± 1.8 



6 mutation frequency of 3.7 .:!: 1.1 per 10 survivors. These parameters were 

measured again with 2 or 3 day old solutions of 0.049 0.003 and 0.0112 

0.0001 (fraction survivin&) and 10.8 .:!: 3.8 and 13.4 5.1 mutation per 106 

survivors. This may indicate the formation of a breakdown or polymerization 

compound. It was postulated that ethyleue dibrom:l.de is converted to a mutagen 

by two reactions; one reaction involves an:!!!_ vitro breakdown product of an 

unknown nature. while the other involves metabolic activation. These results 

also contribute to confixaing the previously reported mutagenic effects of 

ethyle'l4 dibromide. 

Kristoffersson (14) was unable to produce chromosome breaks in Allium 

roots exposed to ethylene dibromide, and no induction of lysis in.!• coli 

K39(~) was found at the UIW~ecified conce~trations employed. 

c. Reproductive Effects 

Amir and Lavon (38) have further examined the effect.a of protein 

changes in epididymal and ejaculated spermatozoa in ten Israeli-Fr ~,esian bulls 

orally treated with 10 doses of 4 mg ethylene dibroaide per kg of body weight 

on alternate days. On1y one of four young bulls (15-18 months) developed 

spermatozoa with abnormally shaped heads, while the other thr2e showed no 

differences froa control animals. Older bulls (4 1/2 - 5 1/2 years) all de­

veloped abnormally shaped spermatozoa in ejaculate samples collected 6 to 9 

days after the end of treatment. By 9 to 13 days after treatment, degenerative 

changes, similar to those previously reporte.d in the NIOSH criteria document (1), 

developed. T"ne treatment with ethylene dibromide did not significantly change 

the total nitrogen, lipoprotein, or total amino acid content of epididymal and 

ejaculated spermatozoa. The dry weight of epididymal sperm in the ~aput showed 

8 
a 2-fold decrease from 3340 ± 107 µg/10 sperm before treatment to 1494 ± 
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f~!,C111111.08\,;~aa,il1:i~;t~~a.#~{1J ;~i~ in. spena, wei&ht, spem number, and 

total nitro1en of ejaculated spem were also observed, but were not significant 

at p<0.05. Sipi.ficant changes ill ud.Do acid coaposition were: increased 

iaoleucine alM1 tyrosine in caput epididyaidia spermatozoa; increased arginine 

and gl.ycine in cauda epididiyaidia speEmatozoa; and a decrease of prol.ine in 

ejacul.ated spem. Only in ejacul.ated spermatozoa were significiant changes of 

l.ipoproteins reported (increased hal.f-cystine and tyrosine, decreased threonine, 

serine. isoleucine 9 and gl.utaaic acid). 

Allir ~ .!!• (39) have •-1ned DNA and protein changes in six 22-23 

aonth ol.d Fresian bulls ora1l.y treated with 1.0 doses of 4 mg ethyl.ene dibromide 

per kg body weight. Spem concentrations were significantly reduced from 

control. w1o1wals between 9 and 23 days after the l.ast dose. The occurrence of 

spermatozoa with abnormally shaped heads increased from S.l ± 4.0 percent on 

day Oto 98.9 ± 0.7 percent by day 1.3. and steadily decreased to 13.4 + 3.7 

percent by day 30 after the last dose. Significant decreases in u.v.-determined 

DNA content of both epididymal and ejacul.ated sperm were shown in treated 

bulls, and spem-head urea was significantly reduced, this decrease was ob­

served 6 days after the last treatment in the epididymal sperm and 9 days after 

treatment in. ejacul.&ted sperm. Again, the results confirm evidence previously 

cited by dIOSB (l.). 

D. Devel.opmental Effects 

Short ~ .!!• (40), Short (41) and Minor ~ .!!• (42) have investigated 

the teratogenic potential. of exposure to 32 ppm (246 mg/m3) ethylene dibromide 

for 23 hrs per day inhaled by pregnanc Charles River CD rats and CD-1 mice 

during the 6th to 15th day of gestation. No significant mortality in exposed 
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females wae noted, however concantratioua that produc-4 produciins advcn:'H en 

maternal welfare also affected.fetal development. Weight gaiu were lH«s for 

exposed adult females aa compared to controls and feed couumption W&!i r~Auc@d, 

Short (41) notes that significazit effects of ethylene dibromide exposure durins 

organogenesia 111 both rats and mice were: 1) reduced number of inplanu per 

dam (15.4 ± 0.3 to 12.4 ± 0.9, p<0.05) and reduced numbers of live fetuses p~r 

daa (1.5.3 ± 0.3 to 12.2 ± 0,9 p, <0.05) 111 rats; and 2) a reduction in fetal 

weights (1.24 .± 0,03 to 0.9~ ± 0.06 gm) in mice. There were trends to~ard ~n 

increased number of resorptions in both spec:i.es, but the number was not 

statistically different from control data. Teratogenic response of rat fetu~@m 

included significant increases in hydrocephaly, formation of a fourteenth pair 

of ribs, and occurl:'ence of ~avy ribs. The occurrence of various anomalies in 

murine fetuses exposed to ethylene ,iibromide in ~ included hydrocephaly of 

the third and fourth ventricles, and skeletal abnormalities including incomplete 

or lack of os~.ification of the supraoccipital incus, and strenabrae. These 

anomalies were observed with similar frequencies in mice on a restricted diet 

intake. For mice, the observed defects could be attributed to malnutrition 

rather than to ethylene dibromide exposure per.!!· The restriction of food 

intake during pregnancy may obscure toxic effects of ethylene dibromide expo@ure 

to fetuses (i.e, fetal weights, live fetuses), and should be taken into account 

when analyzing these data. 

Minor ~ al. (42) demonstrated greater maternal and fetal toxicit~· in 

3 pregnant rats exposed to 80 ppm (615 mg/m) and in pregnant mice exposed to 38 

or 80 ppm (230 or 615 mg/m3). Only those concentrations of ethylene dibromide 

that seriously affected maternal welfare produced morphological changes in 

exposed d~' fetuses. 
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rhe11aC;fJJ:ies :1iid:l.~j.fe ~hif !~~a.led doses·· of ethylene dibi'omide exert 

wiak terato1anic;rj•pouse in<ratsiandimice, and that severJfetotoxic effecf• 

1re1ft'!al:l.zed at' concentrations ,producing a moderately severe toxic response 

1n exposed mothers. 

E. Hepatic Effects 

Nachtomi and Sarma (43) have examined repair mechanisms of rat liver 

DNA dama1ed by ethylene dibromide. Male Wistar rats were intubated with labeled 

14 [ C] ethylene dibromide (5 mc/100 g to 22 mg/100 g), and liver DNA was labeled 

3 with thymidine-[methyl- H) injected during peak DNA synthesis after a partial 

hepatectomy. Upon termination, livers were excised and liver DNA measurements 

were made. The incorporation of radioactivity into various compartments after 

administration of [14c] ethylene dibromide was highest in cytoplasmic protein 

fractions, followed, in decreasing order, by incorporation into microsomal protein, 

nuclear protein cytoplasmic RNA, ribosomal RNA, and nuclear RNA. Administration 

of ethylene dibromide caused a slower sedimentation of rat liver DNA in alkaline 

sucrose gradients. This observation was apparent 2 hours after administration 

of a 22 mg/100 g dose and 4 hours after a 7.5 mg/100 g dose. The slow sedimen­

tation of rat liver DNA was not dramatically affected by increasing doses of 

ethylene dibromide above 7.5 mg/100 g, indicating the possibility of the liver's 

inability to metabolize higher concentrations in the time intervals examined. 

Within two hours after administration, ethylene dibromide produced a signifi-

cant slowing of sedimentation of liver DNA and exerted its greatest effect on 

lowering hepatic soluble sulfhydryl groups. Liver DNA damage induced by a dose 

of 7.5 mg/100 g was significantly repaired by 17.5 hours and almost entirely 

repaired by 96 hour3 after administration. Observed slower sedimentation of 
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liver DNA was hypothesized to be a result of DNA strand breaks resulting from 

alkylation following free radical production. This data indicates that 

ethylene dibromide induces in .Y!!.2. chemical and physical lesions in liver DNA, 

and interacts with prot~ins and RNA. 

The mitogenic effect of ethylene dibromide administered by gavage to 

non-fasted Wistar rats at doses of 7.5 or 10 mg/100 kg body weight has been 

examined by Nachtomi and Farber (44). DNA synthesis in liver cells was 

measured by [3H]-methy~ thymidine incorporation and confirmed by autoradiographic 

analysis. Increased liver weights and increased DNA content were obtained 18 

hours after dosing. Maximum increase of liver DNA (24-34%) was seen by 36 

hours, with peak specific activity 10-fold that of controls at 24 hours. A 

dose-effect relationship was found with a 6·~fold i.ncrease in the incorporation 

of labeled thymidine in rat liver DNA and a 9-fold iacrease with the higher 

dose. At concentrations of 7.5 to 10 mg/100 g, increased proliferation of 

hepatocytes was observed without any indication of the proliferation of cells 

into the liver. The proliferation of hepatocytes stimulated by exposure to 

ethylen~ dibromide is similar to that seen in regenerating liver cells afte: 

partial hepatectomy. Concentrations of 15 to 22 mg/100 kg ethylene dibromi~e 

proved lethal, with evidence of liver necrosis at 30 hours. The relationship 

between other mitogenic effects at low doses and necrosis at higher doses was 

+ discussed ir. terms of possible imbalances in the Ca content of the liver and 

alterations of the plasma membrane, endoplasmic reticulum, or mitochondrial 

membrane. 

These studies confirm previously cited information concerning the 

hepatotoxicity of ethylene dibromide by considering the chemical's effect on 

DNA synthesis and repair mechanism in damaged livers. 
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F. Uptake, Distribution, Metabolism and Excretion 

W&tanabe ~!!.· (45,46) of Dow Chemical's ToxicololY Re•earch 

Laboratory have examined in detail the fate of ethylene dibromide in male 

Sprague-Dawley rata following the inhalation of 99% pure c14c] ethylene di­

bromide at concentration• of 7, 25, and 75 ppm. The routea and rates of 

elimination were followed for 48 hours after exposure. Urinary excretion was 

the major route of the elimination of radioactivity, and appeared to be 

independent of exposure concentration. 'nle excretion of the radioactivity in 

the urine accounted for nearly 80% of the recovered label. Rates of excretion 

over a 48-hour period appear to fit first order rate constants, producing half­

lives of S.l, 5.5, and 5.6 hours for each of the three respective exposures of 

7, 25, and 75 ppm. Tissue distribution of radioactivity was highest in the 

kidneys and livers. The total amount of ethylene dibromide metabolized and the 

extent of macromolecular binding showed a dose-dependent difference, with 

proportionately more ethylene dibromide being metabolized at 7 ppm exposure 

than at 25 or 50 ppm. Hepatic, non-protein sulfhydryl content (in particular 

GSH) of experimental rats was decreased significantly from that of controls 6 

hours after exposure to 25 or 75 ppm. 

In subsequent tests of 3 rats per group blood levels of ethylene 

dibromide during and following exposure to 78 ppm for 6 hours reached a steady 

state of 0.78 µg/ml within the first hour. Clearance of ethylene dibromide 

during the first hour following exposure produced a first order rate constant 

corresponding to a 18.7-minute half-life in blood. Exposure to 6 ppm for 7 

hqurs required a longer period to reach steady state with blood concentrations 

of 0.067 µg/ml being observed after 6 hours exposures. Clearance of ethylene 
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dibrOllide was not determined because no ethylene dibromide was detected in 

blood samples 15 minutes afte~ exposure. 

Profiles of uzinary radioactivity, separated by high pressure liquid 

chromatography, corresponded.to co-eluted standards of N-acetyl-S-(2-hydroxyethyl) 

cysteine and thiodiglycolic acid as the second and third of the four observed 

peaks. It was postulated that the first peak may be cyclized to form N-acetyl­

S-(2-hydroxyethyl)cysteine which hydrolyzed on storage; therefore, the first 

two peaks appear to be cysteine conjugates of ethylene dibromide. 

The researchers speculated that dose-dependent mechanisms of pulmonary 

biotransformation caused the detoxification of ethylene dibromide to be more 

efficient at low exposure concentrations. 

14 Shih (47) has examined tissue distribution of [ C] ethylene dibromide 

in rats and mice intraperitoneally treated. At one to three hours after in­

jection, radioactivity is concentrated in the liver, kidneys, and small intestine. 

After 24 hours, radioactivity remains in the liver and kidneys and is irreversibly 

bound to RNA, DNA, and protein. Glutathione-S-transferase and TPNH are pre­

sumbably involved in the detoxification of ethylene dibromide. 

Hill!!..!!.• (48) elaborates on the molecular binding and metabolism 

of ethylene dibromide in male rats given single intraperitoneal injections 

of 4.2 µmol (1,2-14c) 1,2-dibromoethane (30.4 µCi), 24 hours prior to sacrifice. 

The amount of bound radioactivity for protein, DNA, and RNA was greatest for 

kidney and liver. Macromolecules of the brain, heart, and muscle contained little 

radioactivity, while the lungs, testis, stomach, and large and small intestine 

were intermediate in their accumulation of radioactivity. 

14 
An assay employing 3.2 mM glutathione, 20 mM [ C]-1,2-dibromowthane 

(30 mCi), 4.~ mM EDTA, 40 m~ trischloride butter, and dialyzed rat liver 
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supernatant confirmed that ethylene dibromide is a substrate for glutathione 

S-transferase. The optimum pH for the liver transferase reactions was 8.2 

Glutathione S-transferase was present in several rat tissues, but the highest 

activity was reported for the liver and kidney. The enzyme was also present 

in lung, testes, spleen and heart. 

In rat liver microsomes enzymatic activity lead to the irreversible 

~inding of radioactivity from the labeled ethylene dibromide. Thi3 reaction 

was induced by phenobarbital, but not iuduced by benz(a)anthracene. NADPH 

was necessary for the activation of both induced and noninduced reactions. 

'!'he enzymatic metabolism of ethylene dibromide progressed rapidly 

at an estimated rate of 17 µmole per miunte. The hepatoxicity of ethylene 

dibromide may be related to the depletion of liver glutathione. This depletion 

of glutathione is followed by the binding of ethylene dibromide or its metabolites 

to macroiAOlecules. Mass spectral analysis and thin layer chromatography have 

identified bromoacetaldehyde as a microsomal metabolite metabolite of ethylene 

dibromide. 

These results present further evidence of the activated involvement 

of ethylene dibromide and its metabolites with macromolecules. Such bio­

chemical interactions may help in understanding the mechanisms involved in the 

carcinogenic and mutagenic processes induced by the chemical. Additional in­

sight into the biological activity of ethylene dibromide would be g3ined by a 

study, where experimental animals would be pre-treated with phenobarbital, 

and examination of the enzymatic activities with several various doses of the 

test chemical. 
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Plotnick and Conner (49) have examined the tissue distribution of 

14 Radioactivity of [ C] ethylene dibroaide in guinea pigs. Male Hartley guinea 

piga were intraperitoneally injected with a 30 mk/kg solution of labeled 

eth,lene dibrollide. Anillals were sacrificed at 4, 8, 12, 24, 48, and 72 hours, 

and tissue saaples were exaafned for radioactive content. Organs containing 

the greateat concentration of radioactivity per weight were: kidneys, liver, 

adrenals, pancreas, and spleen. The distribution of radioactivity, represented 

as µg/g tissue and percent of dose(± Standard Error of Mean), over the time 

interval of 72 hours is presented in Table 5. 

Cumulative urinary excretion of labeled chemical, expressed as 

percent of dose, was reported as: 

Time (hrs) 

4 
8 

12 
24 
48 
72 

% Dose 

14.9 ± 1.0 
26.3 + 10.1 
43.3 + 8.1 
46.0 + 4.8 
54.3 + 3.4 
65.9 + 4.6 

Fecal excretion accounted for less than 3% of the dose at 72 hours. 

Preliminary findings indicate that 10-12% of the dose is expired as unchanged 

ethylene dibromide by eight hours after administration. Peak level in the 

atomach (potential site of tumor formation) was 1.14 ± 0.447. mg/gm at 4 hours, 

decreasing steadily throughout the course of the study. 

G. Synergistic Effects 

NIOSH has issued a Current Intelligence Bulletin (5) reporting Che 

toxic interaction of ethylene dibromide with disulfiram. Stein~ al. (50) 

have made a similar statement concerning the joint action of ethylene dibromide 

and disulfiram. Additional warnings concerning this potentially serious inter­

action have been presented by Plotnick (51) and Yodaiken (52), 
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Table 5. 14 Tissue Distribution of Radioactivity of [ C]Ethylene Dibromide in Guinea Pigs 
Administered 30 mg/kg (ip) at 4 to 72 hours, Plotnick and Conner (49). 

Organ 4 hr. 8 hr. 12 hr. 24 hr. 48 hr. 72 hr. 

* Kidneys 286.64 + 18.74 236.52 + 24.03 147.79 + 10.64 73.45 + 14.06 14.66 + 0,085 10.47 + 0.74 
(16.29 ± 2.42) (13.65 ± 0,39) (10.50 ± 2.13) (4.72 ± 0.21) (2.12 ± 0.07) (2.16 ± 0.21) 

Liver 129.03 + 14.94 104.91 + 7,92 78.39 + 12.99 38.07 + 3.47 16.20 + 1.060 15.58 + 0.48 
( 6.00 ± 0.04) ( 5.69 ± 0.43) (3. 31 ± 0.17) (1.64 ± 0.45) (0.31 ± 0,01) (0.24 ± 0.02) 

Adrenals 60.73 + 10.74 60.82 + 8.25 26.56 + 2.88 28.63 + 3.68 13.24 + 1.55 10.43 + 1.10 
( 0.09 ± 0.02) { 0.10 ± 0,04) (0.04 ± 0.1)1) (0.03 ± 0.01) (0.01 ± 0.01) (0.02 ± 0.61) 

Pancreas 35.04 + 5.84 36.81 + 3.22 28.85 + 1.08 18.68 + 1.09 7.52 + 0.20 6.01 + 0.04 
( 0.31 ± 0.10) ( 0.36 ± 0.06) (0.33 ± 0.02) (0.20 ± 0.03) (0.07 ± 0.01) (0.06 ± 0.01) 

Spleen 15.79 + 2.80 13.96 + 0.91 15.83 + 0.06 14.89 + 0.25 8.92 + 0.04 6.95 + 0.64 

~ 
( 0.07 ± 0.01) ( 0.06 ± 0.01) ( 0.07 ± 0.01) (0.08 ± 0.02) (0.03 ± 0,08) (0.02 ± 0.01) 

0 

* mg/m tissue 



El-hawri (53) has reported that the toxic action of ethylene dibromide 

(SO mg/kg P.O.) was enhanced by the action of disulfiram (200 mg/kg P.O.), 

diethyldithiocarbamate (500 mg/kg P.O.), thiram (200 m.g./kg P.O.), or carbon 

disulfide (100 mg/kg P.O.) administered 1-24 hours before ethylene dibromide 

dosing. Combined dosing resulted in increased levels of the plasma transaminases, 

glutamate-oxalacetate transferase (GOT) and glutamate-pyruvate transaminase 

(GPT), and blood urinary nitrogen (BUN) levels. It was postulated that this 

group of compounds interferes with the detoxification of ethylene dibromide 

by either the mixed function oxidase system or the aldehyde dehydrogenase 

system. 

Wong ~al. (54) have reported the results of an 18-month carcino­

genicity study in Sprague-Dawley rats of both sexes exposed to an inhaled dose 

of 20 ppm ethylene dibromide with and without dietary ex.posure to 0.05% di­

sulfiram. Rats were exposed to ethylene dibromide for 5 days a week for 7 

hours a day. Treatment with disulfiram alone or in combination with ~thylene 

dibr010ide resulted in depressed body weight gains and decreased food consump­

tion. High mortality rates were reported for the combined dose grocps. 

Specific mortality data was not available in this meeting abstract. Among the 

tumors occurring were: hepatocellular tumors, hemangiosarcoma of the liver, 

spleen, mesentery, and kidneys. In the combined dose group, tumors developed 

as early as 6 months, Further evaluation of this data is pending completion of 

the study, 

NIOSH (5) has summarized the mortality data of concurrent studies 

pertaining to the joint interaction of disulfiram and ethylene dibromide. The 

41 



li6rtal:ity data available is a• follows: 

Numbers of Death•/Number Treated 
Group 

Untreated 

Disulfiram only 

Treatment ~ Female 

Ethylene dibromide 
only 

Filtered air; control diet 

Filtered air diet containing 
0.05% disulfiram by weight 

Inhalation of 20 ppm EDB 6 hrs 
per day 5 days per week 
control diet 

Ethylene dibromide Inhalation of 20 ppm EDB 6 hrs/ 
and Disulfiram day, 5 day/week; diet con­

taining 0.05% disulfiram 

0/48 

3/48 

15/48 

45/48 

3/48 

2/48 

9/48 

47/48 

Plotnick (51) has reported on the preliminary findings of increased 

incidence of tumor in 48 rats of both sexes exposed to both 20 ppm ethylene 

dibromide in filtered air and 0.05% disulfiram in standard rat diet. Histo­

pathologic e:xam1uation of the ethylene dibromide/disulfiram group is incomplete. 

The partial data is tabulated below: 

Tumor-Site 

Hemangiosarcoma - Liver 
- Spleen 
- Omentum 
- Kidney 

Adenocarcinoma - Mammary 

Number Tumors/Number Examined 
~ Female 

3/14 
3/14 
4/14 
2/14 

6/15 
4/16 
5/16 
1/16 
7/15 

Tubular atrophy of the testes was noted in 12 of 13 examined males. Mortality 

and morbidity in groups exposed to ethylene dibromide or disulfiram alone have 

not been noted. Publicat:~n of these results is pending completion of the 

study. 

The Midwest Research In•titute (Kansas City, Missouri) studies 

partially reported by NIOSH (5), Plotnick (51) El-Lawri (53), and Wong~ al. 

(54) point to increased carcinogenic risk and toxic risk following joint 

exposure to ethylene dibromide and disulfiram. 
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H. General Toxicity 

In order to design a dose regimen for a bioassay of the carcino­

genicity of ethylene dibromide in rats and mice, the NCI (22) determined the 

maximum tolerated dose for both sexes of both species. Rats and mice were 

exposed to 40, 63, 100, 163, and 250 mg/kg ethylene dibromide by gavage for 5 

consecutive days per week for 6 weeks, then observed for a 2-week period. At 

63 mg/kg, no increased mortality among treated animals was noted and mean body 

weights were within 10 percent of controls. At dosages of 100 mg/kg, one rat 

of each sex had died by eight weeks and mean body weights were 75% and 82% that 

of controls for males and females respectively. The maximum tolerated dose 

for rats was determined to be 80 mg/kg. All male mice treated with 159 mg/kg 

or less survived the testing period; dosages of 100 and 25: mg/kg/day resulting 

in one and two mortalities, respecitvely, in females. At 159 mg/kg, female 

mean body weights were greater than controls. Mean body weights of male mice 

at 63 and 159 mg/kg were 71 and 91 percent of control weights, respectively. 

The maximum tolerated dose of 120 mg/kg was established for male and female 

mice. 

At the selected maximum tolerated doses, the carcinogenicity bioassay 

conducted by the NCI (22) was to have lasted for 110 weeks. An excessive 

number of deaths in both the low and high dose groups of rats was observed 

(P<0.001, Tarone test for positive association between dosage and accelerated 

mortality), however, and the study was terminated at 49 weeks for male rats 

and at 61 weeks for female rats. The mouse study was also terminated early, 

at 78 weeks, because of the excessive number of deaths, noted among mice 

treated with ethylene dibromide. Reduced weight gains in treated animals 
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reflected their poor health at the time the studies terminated. Various 

degrees of weight depression were noted amons all treated animals. Alopecia 

wae observed among treated mice in week 7 of treatment. 

Yodaiken (52) has criticized this bioassay for its choice of treat­

ment levels of maximum ~r one-half maximum tolerated dose and its use of 

gavage to administer treatment. 

Excessive mortalities in male control groups have been dicussed 

in a previous section (IV.A). 
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V. we,dc. Practices and Engineerin1 Controls 

No informati~n pertaining to engineering controls was available t~ supple­

ment that presented in the NIOSH criteria document (l); however, in light of 

recent evidence confirming the potential mutagenicity and carcinogenicity of 

ethylene dibromide, it may be prudent to closely adhere to the requirements 

detailed in the criteria document concer1dng ventilation and enclosure of 

production operations. 

Programs designed to educate those working with ethylene dibr~mide in 

production processes or in its application as a fumigant, pesticide, or gasoline 

additive should stringently emphasize the toxicity of the chemical; labeling 

of ethylene dibromide should reflect the hazards known to be associated with 

its use. The USEPA (13) has reported that most cases of accidental exposure 

to ethylene dibromide that required medical observation were the result of in­

adequate labeling of the chemical or misreading of labels by users, improper 

use of protective clothing and equipment, or improper handling of application 

equipment in pesticidal and fumigation processes. 

Preliminary experimental data concerning the toxic interaction between 

ethylene eihromide and disulfiram, recently reviewed by NIOSH (5), strongly 

suggests an increased risk of carcinogenesis and lethality in rats exposed 

to both chemicals. Disulfiram, also known as Alcophobin Antabuse, is used in 

alcohol-control programs. The clinical significance of the interaction between 

these two chemicals in man is unknown. The number of persons receiving disulfiram 

therapy who are also exposed ti:, ethylene dibromide can be assumed to be small; 

however, clinicians prescribing diaulfira~ as a treatment for alcoholism 

c.ontrol should be made aware of this potentially toxic interaction. The 

45 



advisability of disulfiram therapy for workers occupationally exposed to ethylene 

dibromide should be determined by the appropriate medical personnel. 

RUD18ey ~!!· (12) have demonstrated in a comprehensive industrial hygiene 

survey that existing engineering controls in four plants (two manufacturer 

and two user) were adequate 1n maintaining ethylene dibromide concentrations 

within the 20 ppm 8-hour TWA standards; however, none of the four plants surveyed 

complied with the reassessed NIOSH ceiling limit of 0.13 ppm (1 mg/m3) as 

determined by a 15-minut-a sampling period. The f!ndings show that existing 

controls must be improved in order to reduce background concentrations of 

ethylene dibromide in process areas where routine work assignments are carried 

out. 

In manufact.ring facilities, certain job classifications were shown to 

heve made major contributions to the workers' overall exposure. In user 

facilities, work assignments involving the handling of ethylene dibromide were 

associated with exposures that ~ould exceed a 0.13 ppm ceiling. Various improve­

ments were suggested including: 

- engineering controls at specific activities/sites 
• local exhaust ventilation at specific tasks 
• re-evaluate facilities' emission sources, 

pumps, valves 
• evaluate potential equipment leaks 

- maintenanca and worker control processes 
• periodic maintenance schedules of equipment 

parts, especially parts prone to wear 
• use of color dyes in anti-knock blending operations 

to more ~eadily identify leaks 
• provide additional protective equipment and additional 

trad.ning in the handling of ethyleae dibromide 

Sansone and Tewari (55) have examined the penetrations of protective 

clothing materials by several potential carcinogens, including ethylene 

dibromide. Materials commonly used in the manufacture of protective 
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clothing that ~ere examined in this study included: 

0.4 mm natural rubber 
0.4 11B ne<>:,rene 
0.5 11B mixture of natural rubber and neoprene 
0.2 mm polyvinyl chloride (?VC) 
0.4 mm polyvinyl alcohol (PVA) 
0.4 11B nitrile (co-polymer of 1,3-butadiene and Acrylonitrile) 

Ethylene dibromide (97.4% Fisher Scientific Co.) was allowed to come into 

contact with the material(s) while penetration was measured by gas chroma­

tography. The ranges of penetrant concentrations for ethylene dibromide, 

expressed as volume percent, after 5 and 240 minutes of observation are as 

follows: 

Material 

PVA 
Nitrile 

Concentration 

5 minutes 240 minutes 
-6 -5 1.3 X 10_6 - 3.7 X 10_5 

2.3 7. 10 - 5.6 X 10 

-3 -3 1.3 X 10 - 9.8 X 10 
15.5 -27.5 

The results of this study indicate that none of the materials tested was 

suitable for use with the chemicals tested (l,2-dibromo-3-chloropropane, 

ethylene dibromide, and acrylonitrile). It was recoumended that gloves and 

other protective clothing should be discarded immediately after becoming 

contaminated. 

47 



VI .. 'Samplinjand Analytical Methods 

The dete~tion of ethylene di~romide (EDB) concentration in workplace 

envirOlllllents require• the monitoring of work areas or of personnel for levels 

of exposure. The selection of a method depends on its intended purpose; a.lthough 

aome, but not all, area 1DOt1itoring methods, can be used with slight modification•, 

for personnel monitoring. Other important criteria to consider in the s~lection 

of an 11011itorin1 .. thod selection the method's its ability to provide inte~ference­

free EDB determination, reasonably high recovery of EDB, and the required 

sensitivity and reproducibility. Cost-effectiveness should also be considered 

in selecting a particular method. 

The process of monitoring of EDB concentration in air can be divided into 

two phases: sampling and analysis. Normally, the sample ~.s collected at the 

site and then transported to a laboratory for analysis. The various sampling 

and analytical methods used fo!." EDB determination are d.is . .'.USH,i below. It 

should be mentioned that direct reading instruments are used occasionally for 

continuous "on-the-spot" monitoring of EDB in the air. This method, which 

requires no separate sampling and analyti~al procedures will be discussed 

separately. 

A. Sampling 

Current aampling procedure for EDB involves a variety of techniques. 

In the grab sampling method, gas bags or evacuated bulbs or bottles can be used 

for collection of air samples containing EDB (56,57,58). Such sampling bags, 

bulbs, or bottles are coaaercially available. Although the samples collected 

by grab sampling methods have the advantage of requiring no further treatment 

prior to analysis, the disadvantages include inconvenient handling and transpor­

tation of samples, surface adsorption of chemical, poor sensitivity in analysis 
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'"rijdl'~it't~ijii,;filability t~::a~.t'fate EDB, anc1 1:ri'ilBility to collect intearated 

saaplea. Becauae of th••• di•advantaaea, the arab samplin& methods are not 

curr~tly <used for monitor:1.Da ,,EJ>I > concentration in air. 

In the cold-trappiDg mathod, the contaminant is collected by freezin& 

it :Ii:£ cold trap. Thia .. thod, although used for other halogenated hydro­

carbons, (59,60) is rarely uaed for EDB sampling. The Mthod suffers from 

various drawbacks includin& inconvenience during handling, transportation, and 

analysis. Icin& problems resultin& in cloging may inhibit sample flow during 

collection. 

Sampling methods that use solvent tr.apping of EDB have been used by 

several workers in the past. In one method, a mixture of potassium hydroxide, 

potassium chromate, and ethanol was used for trapping EDB in air samples (61). 

A cooled mixture of acetone-isooctane can be used to trap EDB in air samples 

(62). The use of n-pentane as a gas-trapping solvent for EDB has been suggested 

by Berck (63). Other liquid-trapping solutions, such as a mixture of l:l mono­

ethanolamin.e and dioxane have been used also (64,65). The first and last 

solvent trapping-media decompose EDB and many other brominated organic contaminants 

to inorganic bromide, and are, therefore, not specific for EDB. Other disadvan­

tages of solution trapping include the danger of evaporative loss of solvent 

during collection, prevented either by cooling or by other kinds of supervision, 

and inconvenience during handling and transportation of samples. The analytical 

procedure for EDB collected by this method may also be more time-consuming than 

that used on samples collected by other methods. The solution trapping method 

cannot be used for personnel monitoring of EDB in a workplace atmosphere. 

The collection of EDB from air using solid sorbents is a promising 

.. thod. A number of solid sorbents have been used for this purpose. Silica 
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pl vu used aa a collectio.i 118diua ill earlv investiutions (66.67). Thia 

aorbent shows pronounced selectivitv in adsorbina: oolar molecules: conseauentlv. 

absorption of moisture remains a problem with this method. Studies with silica 

gel tubes indicated that water vapor could repl.&ce organic molecules during a 

normal aamplin1 operation (68). 

A few authors used Tenax-GC as a solid sorbent for the collection 

of !DB. Russel (69) used stainleas steel sampling tubes packed with Tenax-GC 

for collection of EDB from air samples. Both the detection li11dt and the 

recovery of !DB froa sampling tubes stored for ~.~veral days after sampling 

was reported to be excellent. Although this author (69) also determined the 

breakthrough volume, he did not report the recovery oJ: EDB from the collection 

method. Going and Long (70) concluded from their experiments with Tenax-GC 

tubes as sorbent for !DB that, at ambient temperature, !DB migrates down and 

out of the tube, this method was, therefore, ineffective for long-term air 

sampling of EDB. When Tenax-GC traps cooled in dry-ice were usede however, the 

researchers reported a recovery of 94% after two hexane extractions of the 

resin. The Tenax-GC syst:em at dry-ice temperature has the disadvantage that 

water vapor tends to freeze in the tubes and restrict the air flow. 

EDB was determined in air samples by adsorption of the compound onto 

a short column of Chromosorb-102 (71). 'nle breakthrough for this colwnn was 

also determined. Analysis of these columns indicated a combined recovery 

efficiency of over 95% for both trapping and elution of EDB, even at picogram 

levels. Freal .!l _!!. (72) used sampling tubes containing Chromosorb-101 and 

determined the average combined trapping and elution efficiency to be 85%. 

~· interfering effect of biphenyl nsed for fungal-growth prevention wii..~s 

evaluated in this study and was found to be negligible. 
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Many authors have used activated charcoal as an adsorbent for 

collecting EDB in air. Presently, the activated charcoal method is recommended 

by NIOSH for EDB collection (73,74). Going and Spigarelli (75) evaluated the 

charcoal adsorption method and found that the recovery efficiency is dependent 

on the method of charcoal activation. Reactivating the charcoal by heating 

under a stream of nitrogen gave an average recovery of nearly 50% Os:. 

Partial deactivation with benzene showed an average recovery of 67%, with a 

standard deviation of 10% (75). Freal et al. (72), on the other hand, re­

ported an average recovery of 95% with charcoal, and found no measurable 

effect with bipleryl as an interferant. The adsorption and desorption 

efficiencies may vary with different batches of charcoal; therefore, it is 

imperative to determine these values for each new batch of charcoal. Further­

more, the variation in pressure drop across the charcoal-containing tubes 

will affect the flow rate and cause an error in the volume measurement unless 

the flow rates are measured for each individual tube with an inert gas. 

The advantages of the solid adsorbent method over the other ~ollection 

methods are numerous. Solid adsorbents that are used at ambient temperature 

are convenient for the purpose of handling, transportation, and storage. 

This method can be used for both a~ea and personnel monitoring of EDB. The 

method can also be used for simultaneous collection of multiple contaminants 

present in the air. Other advantages of this method include its ab tty to 

concentrate the contaminant during sample collection, to collect integrated 

samples, and to simplify the subsequent chemical analysis. The main disadvantage 

of the method is that water vapor and other contaminants may cause saturation 

of the column, resulting in the loss of the compound of interest, regardless of 

the breakthrough volume. 
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B. Analysis 

The method of sample treatment prior u, identification and quantifi­

cation of EDB depends largely on the method of sample collection. Grab samples 

collected in bags or bottles are commonly analyzed without any pretreatment; 

analysis is preferred by injecting an aliquot directly into a GC system. With 

a GC-FID system, it. was possible to measure 2 mg/m3 of EDB in air (76). Thus, 

the grab sampling method may not be adequate to monil~~ EDB concentrations in 

air for two reasons. First~ the method is not sensitive enough to detect EDB 

concentration in the range required by the NIOSH recommended standard (74); 

second, this method does not allow the specified integrated sampling necessary 

to determine the ceiling limit (74). 

When EDB samples are collected by solvent trapping, the sample 

treatment involves conversion of organic bromide to inorganic bromide. There 

are two ways this conversion can be made. EDB is readily converted to in­

organic bromide in an oxygen combustion (Sch6nigger) flask (62) or in a quartz 

pyrolysis tube (63). • Alternatively, hydrolytic debromination of EDB can be 

used to produce inorganic bromide (61,64,65). The inorganic bromide obtained 

by either method can then be measured with a bromide-specific ion probe (77) or 

by potentiometric, argentometric, Volhand, or coulometric titration (76). A 

six-fold increase in sensitivity can be achieved by oxidizing bromide to 

bromate by the Kolthoff-Yutzy method, followed by ampherometric (63) or 

iodometric titration (63). Another method utilizes a sensitive colorimetric 

test for the dete,.:.ilination of inorganic bromide. AddiUonal methods for 

inorganic bromide determination include fluorimetric (79), gas chroma­

tographic (80), polarographic (81), cathodic stripping voltamnetry (82), 
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neutron activation (83), fl ... photoaetric (84), x-ray fluorescence (8S), and 

molecular emission cavity ana1;sis (62). A review of the various earlier 

methods available for EDB determination is given by Getzendaner (86). 

Solvent trapping does not require that EDB be decomposed to in­

~raanic bromide for its determination. Undecomposed EDB can also be determined 

by GLC (87), and X-ray fluorescence spectroscopy (88). 

Althouah neutron activation and x-ray fluorescence analysis are 

specific for broaine at trace levels, they are time-consuming expensive, and do 

not distinguish EDB from other organic bromides. Thoae methods which are based 

on titrimetry have the advantage of being less costly than techniques using 

high eneray spectrometry, but they are net as sensitive and may not distinguish 

the various organic bromides. Althouah the molecular emission cavity analysis 

is a relatively simple and sensitive technique, the method is not selective 

among the various bromine-containing oraanic contaminants. 

Pretreatment of EDB samples collected by solid sorbent is usually 

done by two methods. In one method, the adsorbent column containing EDB is 

heat desorbed, and the EDB is determined either by GC-FID (69) or GC-ECD (71). 

The advantages of the heat desorption method are quantitative recovery and 

high sensitivity because the samples do not require any other pretreatment or 

dilution. This main disadvantage of the method is that only a single analysis 

of the contaminant can be made. 

In the second method, EDB is dr.sorbed from the solid sorbents by 

means of a solvent, or a mixture of solvents, and identified and quantified by 

GC-ECD. The recovery of adsorbed EDB depends on both the nature of solvent(s) 

and the method of extraction. With Chromosorb-101, Freal !! al. (72), using 
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hexane as the solvent and a mechanical mixer for extraction, reported a 85% 

recovery of EDB. The detection limit based on GC method was reported to be 

0.12 ppb for a 15 minute sampling duration at a rate of 2 1/min. When charcoal 

was used as the adsorbent and methanol in benzene as the desorbing medium, the 

HE authors (72) reported 95% recovery of EDB. On the other hand, Going and 

Spigarelli (75) found a 45% and 52% average recovery of EDB under manual 

shaking and so:xhlet extraction respectively, with benzene as the solvent. 

Deactivation of charcoal (72) raised the average recovery to 67%. Thes~ 

authors also determined that benzene was more effective in EDB removal than was 

hexane. Three sequential manual extractions with benzene gave higher recovery 

than so:xhlet extraction. 

Going and Long (70) determined the extraction of EDB from Tenax-GC tubes 

with hexane and reported 76% and 18% recovery by first and second extractions 

respectively. The analysis of hexane extract containing EDB was done by GC-ECD 

and the method could detect 1 to 2 pgm of EDB per injection. 

A number of liquid phases have been satisfactorily used for the gas 

chromatographic separation of EDB. Some of these are OV-17 (69), didecyl 

phthalate (75), carbowax 20M (71,75), OV-225 (75), OV-101 (70), a mixture of 

OV-17 and OV-210 (72), Apiezon L (89), QF-1 (70), DEGS (70), Ucon (90), XE-60 

(76), and Proapak QS (76). With the three liquid phases tested, Going and 

Spigarelli (75) found no interference from either a number of chlorinated 

compounds or one brominated compound resembling EDB in structure. These authors 

(75) also concluded that hexane and benzene were compatible with electron 

capture detection, but carbon disulfide gave a broad peak that interfered with 

EDB detection. 
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C. Continuous On-Site Monitoring of EDB 

In the put several years, portable, dire~t-reaciing instruments have 

been developed which make continuous on-site monitoring of EDB feasible (91), 

The use of infrared light adsorption at a wavelength of 8.4 µm (92) is claimed 

to detect airborne EDB at a concentration of 0.1 ppm. Portable gas chroma­

tographic instruments are also available for this purpose (93). However, on­

line halid~ dectors (93,94) was found to be more suitable than GC or IR 

analyzers for continuous monitoring of EDB concentration during fumigation and 

aeration processes involving this fumigant. Although thesP. continuous monitoring 

instruments are usef!,ll as a safety check in areas containing high levels of 

EDB, these instruments are not adequate for routine monitoring of workplace 

concentrations 0£ EDB because of their higher detection limit, inaccuracy in 

the recorded values, and inability to monitor integrated samples. 

D. Recommendation for Future Research 

The NIOSH recomaended method (74) using charcoal adsorption and 

methanol-benzene desorption of EDB for GLC-ECD identification and quantifi­

cation, has the required capability to determine EDB concentrations much lower 

than the ceiling limit value of '1.13 ppm (74). Depending on 1:he extent of 

activation/deactivation, however, the desorption efficiency with methanol­

benzene may vary substantially. The recoveries of EDB from charcoal decrease 

with increasing storage times at room temperature; therefore, samples should be 

stored at -25°C. In addition, it is preferable to avoid the use of benzene, a 

suspected ca~cinogen, during the desorption process. 

The precision of the charcoal tube DMllthod is limited by the repro­

ducibility of the pressure drop across the charcoal ~ube. To avoid all theae 

problems, adsorption tubes packed with Chromosorb-102 are recommended. It has 
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been determined by Leinster .!£. al. (71) that the flow rate setting is inde­

peuclent of the collector media pressure drop characteristics, which is essential 

in,field use. Replacing charcoal with Chromosorb-102 will permit the use 

of hexane for desorbing EDB. thereby avoidin& the use of benzene. The problem 

of moisture trapping is expected to be less with Chromosorb-102 than with char­

coal. Although the recovery efficiency of sorbed EDB from Chromosorb-102 with 

hexane is not k.n-,wn, it is expecced to be high (72) since Chromosorb-102 does 

not i~reversibly adsorb samples analyte like charcoal, 

In a recent workshop on halocarbon measurements, it was discovered 

that interlaboratory calibrations done with multiple dilutions of pure material 

were uncertain by aa much as a factor of two (95). The errors were maximum at 

ppt levels. Therefore, permeation tubes should be used to obtain primary EDB 

standards; permeation tubes made from TFE-Teflon may be satisfactory for this 

purpose (96). Such validation of sampling and analytical protocol done with 

permeation tubes as a primary standard has alxeady been reported (71). 
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VII. baaarch Naada 

The data baa• of knowledae cDD.cernin& the toxic •. .t:f ecta of ethylene 

dibroaida r ... ina relatively unchanaad from that collect~d by NIOSH (1). 

While a bulk of the lit.uatura reviewed in the present report confirms the 

toxic effecta aeaociated with exposure to ethylene dibromide, existing knowledge 

concernina the environmental health aspects of exposure to ethylene dibromide 

remains incomplete. The ~•••arch needs described in the NIOSH (1) criteria 

document remain themselves relatively unchanged. The list below recammends 

research projects that would help to supply information presently lacking about 

exposure to ethylene d1bromide. 

l) 

2) 

Evaluation of carcino1enicity of ethylene dibromide 
in vivo - To confirm the carcinoaenicity of ethylene 
d:f.bromide, various bioassays in experimental animals 
should be performed. Experimental designs should 
conaider major routes of occupational exposure (i.e., 
inhalation, percutaneous contact). 

Evaluation of carcinoge~icity ~f ethylene dibromide 
in vitro - To confirm the carcinogenicity of ethylene 
dibrmaide, various systems could be employe", such as 
early passage hamster embryo cells, baby hamster kidney 
cells, C3HlOT 1/2 mouse fibroblasts, and several oraan 
culture systems. Results from such tests would provide 
important da.ta to support the results of the NCI bioassay (25) 
and the data derived from mutagenicity studies. 

3) Evaluation of muta1enicity of ethylene dibromide in vitro and 
in vivo - Studies are needed to provide evidence of potential 
risk in this area. In particular, valid test systems that 
can be used with confidence are necessary. For the detection 
of 1ene mutations, the use of mammalian somatic cells in 
culture (with and without metabolic activation) should be 
employed. Chromosomal aberrations should be measured by in 
vivo cytoaenetic tests in animals, dominant lethal effects 
1ii'"rodents, and heritable translocation tests in rodents. 
Primary DNA damage should be detected using teats for un-
11cheduled DNA repair synthe1.is and sister chromatid exchange 
in mamaalian cells (with and without metabolic activation), 
DNA repair in bacteria, and mitotic recombination and/or 
gene conversion in yeast. 
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4)

5) 

6) 

Cytogenetic testing of workers lurvin& high occupational 
exposures to ethylene di.bromide - Analyses should be made 
for chromosomal aberrations in cultured lymphocytes taken 
from exposed workers. These determinations are felt by 
many scientists to provide an indication of increased 
cancer risk and potentia1 for transmission of birth defects 
and mutations. The use of somatic cells to predict a 
mutagenic effect that may occur in germinal cells is aot 
entirely valid. Nevertheless, numerous examples of the 
positive correlation between a chemical's ability to 
produce chr01110some aberrations in somatic cells and its 
carcinogenic/mutagenic activity indicate that c.ytogenetic 
data should be carefully eva1uated. Moreover, the widely 
held view that cancer arises as a result of a somatic 
mutation emphasizes the need for cytogenic testing. 

Conduct of occupational epidemiologic sludies to provide 
morbidity and mortality data regarding chronic ethylene 
dibromide exposure - Cancer as a biologic endpoint should 
be of primary interest, but chronic neurological, respira­
tory, hepatic, and renal di.sease must also be carefully 
evaluated. Whenever possible, information should be 
obtained regarding current and past employment, clinical 
symptot"IS, smoking histories, and other health information 
such as genetic factors. 

Conduct of further subchronic and chronic inhalation 
exposure studies in animals using various dose levels -
These studies should be designed to detect dose-response 
relationships and ascertain the reversibility of treatment­
induced damage. Included in the experimental protocols 
should be means to confirm the previously observed 
carcinogenic effects, and also to detect reproductive 
effects, teratogenic effects, and threshold dose levels 
for non-neoplastic responses. 

58 



References 

1. NIOSH (1977). Criteria for a Recommended Standard ••• Occupational 
Exposure to Ethylene Dibromide. USDBEW NIOSH Publication No. 77-221, 
Cincinnati, Ohio. 

2. NIOSH (1977). Occupational Diseases. A Guide to their Recognition. 
US. Dept. Health Education and Welfare. National Institute of 
Occupational Safety and Health, HEW Publication No. (NIOSH) 77-181. 

3. Proctor, N.H. and J.P. Hughes (1978). Chemical Hazards of the Workplace 
J.B. Lippincott Co., Philadelphia. 

4. National Cancer Institute (1978). Bioassay of 1,2-Dibromoethane for 
Possible Carcinogenicity. USDHE"~ NCI Carcinogens TRS No. 86. DHEW(NIH) 
Publication No. 78-1336. 

5. NIOSH (1978). Current Intelligence Bulletin 23: Ethylene Dibromide and 
Disulfiram Toxic Interaction. CIBl23 NIOSH Publication No. 78-145, 
Cincinnati. 

6. United States Environmental Protection Agency (1977). Rebuttable 
Presumption Against Registration of Pesticide Products Containing 
Ethylene Dibromide (EDB). Federal Register, 42(240):63134-63161. 

7. Leinster, P., R. Perry, R.J. Young (1978). Ethylene dibromide in 
urban air. Atmos. Environ. 12(12):2383-2387. 

8. Mittleman, A. (1977). Exposure Analysis of EDB. Chemistry Branch 
C&E Division, Office of Pesticide Programs. United States Environmental 
Protection Agency. Internal Report dated January 4, 1977, 34 pp. 

9. Beusch, G.J. and D.J. Severn (1977). Analysis of Human Exposure to 
Ethylene Dibromide. United States Environmental Protection Agency, 
Chemistry Branch, Criteria and Evaluation Division, Office of 
Pesticides Programs (Draft report, Sept. 21, 1977). 

10. White, L.V. and McAllister (1977). Soil fumigant applicator exposure 
to ethylene dibromide, unpublished manuscript. 

11. Going, J. and J.L. Spigarelli (1976). Sampling and Analysis of 
Selected Toxic Substances. Task IV. Ethylene Dibromide. United 
States Environmental Protection Agency, 0ffice of Toxic Substances, 
EPA 560/6-76-021. 

12. Rumsey, D.W. and R. K. Tanita (1978). An Industry Wide Industrial 
Hygiene Study of Ethylene Dibrc>mide. SRI International. Prepared 
for NIOSH Division of Survei~lance, Hazard Evaluations and Field 
Studies. Contract No. 210-76-0162. 

59 



13. United States Environmental Protection Agency (1976). Episode 
S1.111111ary for Reports Involving Ethylene Dibromide. Pesticide Episode 
Response Branch OD, Office of Pesticides Programs, EPA Report No. 85. 

14. Kristoftersson, U. (1974). Genetic effects of some gasoline additive. 
7th Meeting of the Scandanavian Association of Genetics, August 12-14, 
1974, Oslo, Norway. Abstract in Hereditas, 78:319. 

15. White, G.L. and J. Lybarger (1977). Health Hazard Evaluation 
Determination Report 77-119-481. Houston Chemical Company, Beaumont 
Texas. DREW NIOSH Report No. 77-119-481. 

16. Johns, R. (1976). Air pollution assessment of ethylene dibromide. 
U.S. NTIS, PB Rep., PB-256736, 44 pp. 

17. Poltlis, A. and C.D. Burkett (1977). Gasoline sniffing: a review. 
Clin. Toxicol., 11(1):35-41. 

18. McDermott, H.J. and S.E. Killiany (1978). Quest for a gasoline TLV. 
Am. Ind. Hyg. Assoc., 39:110-117. 

19. !ARC (1977). Monograph on the Evsluation of the Carcinogenic Risk 
of Chemicals to Man, Vol. 15. International Agency for Research 
on Cancer, Lyor,. 

20. Ramsey, J.C., C.N. Park, K.G. OH, and P.J. Gehring (1979). Carcinogenic 
risk assessment: ethylene dibromide: Tox. Appl. Pharmacol., 47:411-414. 

21. Ott, M.G. and H.C. Scbarnweber (1977). The mortality experience of 161 
employees exposed to ethylene dibromide in two production units. Corporate 
Medical Department. Dow Chemical, USA, Midland, Michigan. 

22. Cook, R.R. (1979). Personal Communication. Letter dated September 24, 1979. 
Abstract of Ott and Scharnweber (21) submitted for publication in 1979. 

23. Weisburger, E.K. (1977). Carcinogenicity studies on halogenated 
hydrocarbons. Environ. Health Perspect., 21:7-16. 

24. Data Evaluation/Risk Assessment Subg,oup for the Clearinghouse on 
Environmental Carcinogens (1978). Review of the Bioassay of 1,2-
dibromoethane for carcinogenicity. CEC. Dated April 26, 1978, 
M. Shimkin acting chairman. 

25. National Cancer Institute (1978). Technical Background Information: 
Report on Carcinogenicity Bioassay on 1,2-Dibromoethane (EDB). USDHEW, 
NIH, NCI News Relase DatP.d Novt!Dlber 14, 1978. Contact Melva Weber. 

26. Rosenkranz, H.S. (1977). Mutagenicity of halogenated alkanes and their 
derivatives. Environ. Health Perspec., ~:75-84. 

60 



27. McCann. J. and B.N. Ames (1977). The salmonella/microsome mutagenicity 
test: predictive value for animal carcinogenicity. In: Origin of 
Human Cancer Book C. Human Risk Assessment, H.H. Hiatt, J.D. Watson, 
and J. A. Winsten. eds. Cold Spring Harbor Laboratory, N.Y., p. 1431-1450. 

28. ~-~UD., A. and B.N. Ames (1977). Flame-retardant additives as possible 
cancer hazards," Sc!ence, ill_:17-23. 

29. Fishbein, L. (1976). Industrial mutagens and potential mutagens: I. 
Halogenated aliphatic derivatives. Mutation Research, 32(3-4): 
267-308. 

30. Bignami, M., G. Cardamone, P. Comba, V.A. Ortali, G. Morpurgo, and 
A. Carere (1977). Relationship between chemical structure and 
mutagenic activity in some pesticides: the use of Salmonella 
typhimurium and Aspergillus nidulaus. Mutation Research, 46(3):243-244, 

31. Rannung, U., A. Sundvall, and C. Ramel (1978). The mutagenic effect 
of 1,2-dichloroethane on Salmonella typhimurium I. Activation through 
conjugation with glutathione .!a. vitro. Chem.-Biol. Interact. 20(1):1-16. 

32. Schairer, L.A., J. Van'tHof, C. G. Hayes, R. M. Burton, and F. J. deSernes 
(1978). Exploratory monitoring of air pollutants :or mutagenicity 
activity with the Tradescantia stamen hair system. Environ. Health 
Perspect. 11.:51-60. 

33. Nauman, C.H., A.H. Sparrow, L.A. Schaire~ (1976). Comparative effects 
of ionizing radiation and tvo gaseous chemical mutagens on somatic 
mutation induction in one mutable and two non-mutable clones of 
Tradescantia. Mutat. Res. 38(1):53-70. 

34. Nauman, C.H. (1978). MutatJon response of Tradescantia stamen hairs 
following sequential exposures to 1,2-dibromoethane (DBE) and 
250-kVp X-rays. l\merican Environmental Mutagen Society Meetings, 
Feb., 13-17, 1978. Colorado Springs, Colorado. Abstract #83 in Mutation 
Research, ~(1):113. 

35. Ma, T-H., A.H. Sparrow, L.A. Schairer, and A. F. Nauman (1978). 
Effect of 1,2-dibromo (DBE) on me~otic chromosomes of Transcantia. 
Mutation Res., 5~:251-2513. 

36. Sparrow, A.H., and L.A. SchairE::.· (1977). Origination of somatic 
mutations in Tradescantia under the effect of th~ chemical mutagens 
ethyl methanesulfonate and l,Z-dibror..:>methane aud the specific 
atmospheric poll,,tants, ozone., sulfur dioxide, nitrogen dioxide, and 
rlitrous oxide. Genet. ~os 1.edstviya Zagrya.z. Okruzb.ayuschchei Sredy, 
pp. 50-6~. 

37. Scott, B.R., A.H. Sparrow, S.S. Schwemmer, and L.A. Schairer (1978). 
Plant metabolic activation of 1,2-dibrOll'-.,ethaue (EDB) to a mutagen 
of greater potency. !-htat. Res., 49(2):2.03-12. 

61 



30. Amir, D. and U. Lavon (1976). Changes in total nitrogen, lipoproteins 
and &11:ino acids in epididymal and ejaculated spermatozoa of bulls treated 
orally with ethylene dibromide. J. Reprod. Fertil., 47(1):73-6. 

39. Amir, D., C. Esnault. J. c. Nicolle. and M. Courot (1977). DNA and 
protein changes in the ape:raatozoa of bulls treated orally with ethylene 
dibromide. J. Reprod. Fertil. • _ll,(2) :453-6. 

40. Short, a. D., J. L. Minor, J.M. Winston, J. Seifter, an.d C-C, Lee (1978). 
Inhalation of ethylene dibromide during gestation by rats and mice. 
Toxicol. Appl. Pharmacol., 46(1):173-82. 

41. Short, R.D., Jr. (1977). Toxicity study of a•l•ctad chemicals Task IV: 
The development of toxicity of ethylene dibrcmide inhaled by rats and 
mice during organogeuesis. Midwest Research Institute. Prepared for 
USEPA Office of Toxic Substances WH-557. !PA-560/6-77-028 NTIS No:PB 
273 267. 

42. Mi:<.lO"'• ,J.L., R. D. Short, J. Seiffer, c. C. Lee (1978). Effects of 
ethy.l.elltl dibromide inhaled by rats and mice during gestation. 17th 
.Amlu,:u Meetinr,:: of the Society of Toxicology, March 12-16, 1978, San 
Francisco, California. Abstract 299 in Tox. and Appl. Pharmacol., 
il:347. 

43. Nachtomi, E., D.S.R. Sa:raa (1977). Repair of rat liver DNA in vivo 
damaged by ethylene dibromide. Biochem. Ph~rmacol., 26(20):1941-5. 

44. Nachtomi, E. and E. Farber (1978). Ethylene dibromide as a mitogen 
for liver. Lab. Invest., 1_!(3):279-83. 

45. 

46. 

47. 

48. 

49. 

Watanabe, P.G., J. D. Young, M. M. Schlachter, J. A. Zempel, and 
R. J. Karbowski (1978). Fate of inhaled ethylene dibromide in rats. 
17th Annual Society of Toxicology Meeting, March 12-16, 1978, San 
Francisco, California. Abstract #14 in: Tox. and Appl. Pharmacol., 
45:224. 

Watanabe, P.G., J. D. Young, M. M. Schlachter, J. A. Zempel, and 
R. J. Karbowski (1977). Fate of ethylene dibromide in rats following 
inh&l.ation exposure. Dow Chemical, USA Toxicology Research 
Laboratories, Midland, Michigan, Report dated June 18, 1977. 

Shih, T.W. (1976). Tissue distribution and metabolism of 1,2-dibromoethane. 
Proc. Am. Assoc. Cancer Res., 17:56. 

Hill, D. L., T-W, Shih, T. P. Johnson, and R. F. Struck (1978). 
Macromolecular binding and metabolism of the carcinogen 1,2-dibromoethane. 
Cancer Res., 38(8):2438-42. 

Plotnick, H.B. and W. L. Conner (1976). Tissue distribution of 14c-labeled 
ethylene dibromide in the guinea pig. Res. Commun. Chem. Pathol Pharmacol., 
,ll(2) :251-8. 

62 



50. Stein, H.P., L. J. Bablman, N. A. Leidel, J.C. Parkes, A. w. Thomas and 
J. D. Miller (1978). Ethylene dibromide and disulfiram toxic interaction. 
J. Am. Ind. Hyg. Assoc., 39(7) :A-35-A-37. 

51. Plotuick H.B. (1978). Carcinogenesis in rats of combined ethylene 
dibromide and disulfiram. J. Amer. Med. Assoc., 239(16):1609. 

52. Yodaiken, R.E. (1978). Ethylene dibromide and disulfiram - a lethal 
combination. J. Amer. Med. Assoc., 239(26):2783. 

53. El-hawari~ A.M. (1978). Pote~tiation of dibromoethane (EDB) by 
disulfiram, thiram, diethyditbiocarbamate and carbon disulfide. 
Abstract #344 In: Pharmacologist, 20(3):213. 

54. Wong, L.C.K., J.M. Winston, C.B. Hong, c.c. Lee and J.C. Bhandari 
(1978). Occurrence of bepatocellular tumors and hemangiosarcoma in 
rats inhaled 1,2-dibromoetbane under influence of disulfiram treatment. 
Pharmacologist, 20(3):174. Abstract No. 153. 

55. Sansone, E.B. and Y. B. Tewari (1978). Penetration of protective 
clothing materials by 1,2-dibromo-3-chloropropane, ethylene dibromide, 
and acrylonitrile. Am. Ind. Hyg. Assoc. J., 39:921-922. 

56. Stewart, R.D., Gay, H.B., Erley, D.S., Hare, C.L. and Peterson, J.E. (1962). 
Observations on the concentrations of trichloroethylene in blood and expired 
air fallowing exposura of humans, Am. Ind. Hyg. Asso~. J. , 23 : 16 7-70, ). 962. 

57. Smith, B.S., and J.O. Pierce (1970). The use of plastic bags for 
industrial air sampling, Am. Ind. Hyg. Assoc. J., l!_:343-48. 

58. Calibrated Instruments Summation of Test Conducted for Various Properties of 
Gas Sampling Bags--Snout Type. Ardsley, N.Y., Calibrated Inst. Inc., 1974, 
4pp. 

59. Shepherd, M., S.M. Rock, R. Howard and J. Stormes (1951). Isolation, 
identification, and estimation of gaseous pollutants in air, Anal. Chem., 
23:1431-40. 

60. Barnebey, H.L. and W. L. Davis (1957). Determining organic vapor con­
centration in air. J. Air. Poll. control Assoc., L:86-7. 

61. Rangaswamy, J.R., Y.N. Vijayashankan, and M. Muthu (1976). Colorimetric 
method for the determination of ethylene dibromide residues in grains 
and air. J. Assoc. Off. Anal. Chem., 59:1262-65. 

62. Abdel-Kader, M.H.K., M.E.Peach and D. A. Stiles (1979). Determination of 
ethylene dibromide in fortified soils by molecular emissions cavity. 
Analysis using a modified extraction process. J. Assoc. Off. Anal. Chem., 
62:114-18. 

63 



63. Berck, B. (1975). Analyais of fumigants and fumigant residues. J. 
Chromatogr. Sci., 13:2S6-67. 

64. Bridge, R.G. (1956). Fate of la.~eled insecticide residues ~u food 
products -- V. Nature and Significance of ethylene dibromide residues in 
fumigated wheat. J. Sci. Food Agri., l:305-13. 

65. Heuser, S.G. (1961). Residues in wheat and wheat products after fumigation 
with ethylene dibromide. J. Sci. Food Agri.~ 12:103-15. 

66. Peterson, J.F., Boyle, H.P. and Schneider, E.J. (1956). The analysis of 
air from halogenated hydrocarbon contaminants by means of absorption 
on silica gel. Am. Ind. Hyg. Assoc. J., 17:429-31. 

67. Cropper, F.R. and ICaminsky s. (1963). Determination of toxic organic 
compounds in admixture in the atmosphere by gas chromatography. Anal. 
Chem., ~:737-43. 

,_ 

68. Methyl Alcohol, Method No. 559, Menlo Park, Calif., Stanford Research 
Institute, pp. 359-1 to 559-9 (Submitted to OSHA/NIOSH under standards 
completion project, contract no. CDC 99-74-75). 

69. RusGel, J.W. (1975). Analyais of air pollutants using sampling tubes 
and gas chromatography. Euviron. Sci. Technol., .2_:1175-8. 

70. Going, J. and Long, S. (1975). Sampling and analysis of selected toxic 
substances. Task II. Ethylene Dibromide, U.S. NTIS OB-24623, 39 pp. 

71. Leinster, P., R. Perry, and R.J. Young (1978). Ethylene dibromide in 
urban air. Atmos. Environ., ,!!:2383-87. 

72. 

73. 

74. 

75. 

76. 

Freal, T.J., J.B. Mann, H.F. Enos and J. X. Danauskas (1978). Ev.aluation 
and application of methodology for determining 1,2-dibromoethane, EDB, in 
ambient air, Abst. of Papers of ACS, 1979:67-8. 

NIOSH Manual of Analytical Methods, Vol. 2, Method No. 5107, Rockville, 
Md., U.S. Dept. of Health, Education, and Welfare, Public Health Service, 
Center for Disease Control, NIOSH, pp. Sl07-l to Sl07-8. 

NIOSB Criteria for a Recommended Standard ••• Occupational Exposure to 
Ethylene Dibromide. U.S. Dept. of Health, Education, and Welfare, 
Public Health Service, Center for Disease Control, pp. 177-181. 

Going, J.E. and J. L. Spigarelli (1976). Sampling and analysis of 
selected toxic substances. Task IV - ethylene dibromide. NTIS PB256234, 
pp. 170. 

Berck, B. (1974). Fumigant residues of carbon tetrachloride, ethylene 
dichloride, and ethylene dibromide in wheat, fluor, bran, middlings, and 
bread. J. Agr. Food Chem., ~:977-94. 

64 ------



'77)~ C~cb:pitz ..•. G'~A. {!974). Ion .•ael.ec;tive ~1.'~· electrodea for water 
.pollu.tion llOlli.toriD&. U.;;S .. ftIS} .. Bo. 238490, 31 pp. 

78.· ·1tarchfieid.a.P. a.di.. J. Wheeler (1966). Analyais by microcoulometric 
aas chromatography. .J .• Assoc. Off. Anal. Chem., 49 :651-61. 

79. Axelrod. B.D., .J. 1. Boaalli1 and J.P.Lodge, Jr. (1971). Fluorometric 
detem.nation of bromine: application of meuurement of bromine aerosols. 
Environ. Sci. Teclm.ol. 1 f:420-422. 

80. Heuser, S.G. ad It. A. Scudallore (1970). Selective determination of 
ionized bromide and organic brOll:ldes in food stuffs by gs~-liquid 
chromatography vi.th special reference to fumigant res~dues. Pestic. 
Sci. 1 1:244-49. 

81 Becklulnn, B., P. T. Allen, D. G. Crosby, W. o. Gauer, and c. Mourer (1967). 
A polarographic method for bromide residue determination. J. Food Sci., 
A!:595-98. 

82. Colovos, G., G. s. Wilson and .J. L. Moyers (1974). Simultaneous determination 
of brOll:lde and chloride by cathodic stripping voltametry. Anal. Chem., 46: 
1051-54. 

83. Guinn, V. P. and .J.C. Potter (1962). Determination of total bromine 
residues in agr.lcultural crops by instrumental neutron activation analysis • 
.J. Aar. Food Chem., 10:232-36. 

84. Bowman, M.c •• M. Beroza. and It. R. Bill (1971). Modified sodium sulfate -
sensitized flame photometric detector for the GC of compounds containing 
ehlorine1 bormine and iodine • .J. Chromatoa. Sci., _!:162-167. 

85. Castro, C.E. and a. A. Schmitt (1962). Direct elemental analysis of citric 
crops by instrumental neutron activation. A rapid method for total bromide, 
chloride, mangapese. sodium and potassium residues • .J. Agr. Food Chem. 
~:236-39. 

86. Getzendaner, M.E. (1975). A review of bromine determination in foods. 
J. Assoc. Off. Anal. Chem., 58:711-16. 

87. Malone, B. (1970). Method for determining multiple residues of or·aanic 
fumiaants in cereal g:::ains. J. Assoc. Off. Anal. Chem., 53:742-46. 

88. Hargreaves, P.A., Wainwright, D.H. and D. J. Hamilton (1974). A method 
for the estimation of 1,2-dibromoethane in vegetables. Pestic. Sci., ,2.: 
225-29. 

89. Jagielski, J., K.A. Scudamore and S. G. Heuser (1978). Residues of carbon 
tetrachloride and 1,2-dibromoethane in cereals and processed foods after 
liquid fumigant grain treatment for pest control. Pestic. Sci., .2_:117-26. 

65 



to T. and I •. J .. loud (1975). Bromide reaiduea in apples fumiaated 
1'4th •tnylene dibromide. J. Aa;r. i'ood .··Ch• •• 23:95-8. 

91. ~. ll. G. (1973). Dir~t reading instrumeuts for determining concen­
trationa of ,erosols - au•• and vapors, l!!_: The Industrial Environ-
unt-... Ita Evaluation. aad Control, U.S. Dept. of Health, Education, and 
Welfare, Public Healtn Service, Center for Diaaaae Control, NIOSH, pp. 181-94. 

92. 1976 OSHA Concentration. Limits for Gases - Incorporating Infrared 
Analytical Data for Compliance Testing and Other Applications, South 
Norwalk, Conn. Wilks Scientific Corp. Spp. 

93. Burditt, A.IC., Jr and D. L. Von Windeguth (1976). Concentrations of 
ethylene dibromide au during fuaigation of grapefruit. Proc. Fla. 
State Hort. Soc., ,!t:220-25. 

94. Bale, P. w., W.R. Miller, D. L. Von Wideguth and J. King (1977). 
Ethylene dibrOllide fuaigation of grapefruit packed in tray-pack con­
tainers and in bulk bins. Proc. Fla. State Hortic. Soc., 90:148-51. 

95. Harocarbon Workshop, Boulder, Colo., March 1976. 

96. Singh, H.B., L. Salas, D. Lillian and R.R. Arn.ts (1977). Generation 
of accurate halocarbon. primary standards with permeation tubes. Environ 
Sci., Technol., !!:511-13. 

66 




