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VINYLIDENE CHLORIDE

I. An Overview




INTRODUCTION

Vinylidene chloride (VDC), a clear, pleasantly sweet-smelling liquid, is related to
vinyl chloride in structure, use, and reactivity and the two compounds often coexist as
contaminants in workroom air. VDC was first reported by V. Regnault in 1838, but not
until almost 100 years later (1930-1940) were commercial uses developed. The monomer
copolymerizes readily with other vinyl monomers into latex, fiber, film, and resin forms,
with outstanding resistance to chemicals and abrasion. Marketed by Dow Chemical
Company under the name ”Saran,” these copolymers have found wide and increasing
use (Dow Bulletin, 7).

The monomer is characterized as follows:

Chemical formula;: H Cl
~
HC=CCl
Synonyms: 1,1-dichloroethylene; 1,1-dichloroethene; DCE; VDC
Chemical Abstracts Service (CAS) Registry Number: 75-35-4
Physical state: clear, colorless liquid
Molecular weight: 96.95
Freezing point: -122.5°C
Boiling point: 31.5°C
Specific gravity: 1.3
Vapor density: 3.34 (air = 1)
Explosive limits in air (28°): 7.3 - 16.0%
Solubility: insoluble in water; soluble in organic solvents

VDC monomer is stored and shipped either with an inhibitor, or refrigerated under
an inert gas with light and air excluded, to prevent polymerization and/or development
of peroxides.

TOXICITY
Animal Toxicity

Experimental animal studies indicate that VDC is slightly more toxic than ethylene
dichloride and slightly less toxic than carbon tetrachloride. Either a single prolonged
inhalation exposure or repeated short-term exposures of concentrations too low to cause
anesthesia may produce organic injury to liver and kidneys (Dow Bulletin, 7).
Continuous 90-day exposures and repeated daily exposures of 8 hr’/day, five days per
week for six weeks to VDC (and other halogenated hydrocarbons) were studied in rats,
guinea pigs, dogs, rabbits, and monkeys. Growth depression and significant mortality
were noted in continuous exposures to VDC at 61, 101, and 189 mg/m?3  Significant
increases in the activities of serum glutamic-pyruvic transaminase and liver alkaline
phosphatase were found in rats and guinea pigs exposed continually to the189 mg/m3
level; also, histopathologic study revealed liver damage. Similar liver damage was also
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found in those animals with repeated exposures to 395and 515 mg/m?® (Prendergast et
al.,41). Minimal but significant injury to liver and kidney at concentrations as low as 25
ppm has been shown after several months exposure (Irish, 24).

Nasal irritation, retarded weight gain, and liver cell degeneration were noted in rats
exposed 20 times to 500 ppm for 6 hr at each exposure, but only a slight nasal irritation
was noted for the same exposures to 200 ppm (Gage, 20). Siegel et al. (48) arrived at an
LC,, of 6350 ppm for VDC in rats in a comparative toxicity test of a series of
halogenated hydrocarbons. Carpenter, Smyth, and Pozzani (16) reported that four of six
rats died within 14 days after a single 4-hr inhalation exposure to 32,000 ppm VDC.

Rylova (45) found the lethal vapor concentration to be 15 mg/liter for white mice
and also reported hyperemia of laryngeal and pulmonary mucosa in guinea pigs.

A concentration of 8 mg/liter caused irritation of respiratory mucosa in white mice
with death occurring within 24 hr. In rabbits, 0.2-2 mg/liter slowed reflexes within 40
min. Postmortem examination after chronic exposure to similar concentrations for 3
hr/day over a four-month period showed bronchitis, liver changes, swelling of renal
tubules, and an increase in spleen follicles (Roubal, 44).

Aqueous and oil extracts of VDC-based polymer administered in food and/or
drinking water to mice and rats failed to produce any visible effects on viability, body
weight, or organ size (Sporn et al., 50).

The effects of adrenalectomy on the hepatotoxicity of VDC to rats were tested in an
effort to determine mechanisms of toxicity, since it is known that CCl, hepatotoxicity is
affected by adrenalectomy (Jenkins, Trabulus, and Murphy, 33). Removal of the
adrenals 10 to 14 days prior to oral administration of VDC drastically reduced the 24-hr
LDy, A single oral dose of 400 mg/kg resulted in decreased hepatic injury as measured
by serum alanine-a-ketoglutarate transaminase (AKT).

The toxicity of VDC to rats was also markedly affected by the nutritional state.
Prolonged fasting (45 hr) potentiated hepatic injury as measured by the 4-hr elevation of
serum AKT (Jaeger, Trabulus, and Murphy, 32). Inhalation LC, in fed rats was between
10,000 and 15,000 ppm, while in fasted rats it ranged between 500 and 2500 ppm.

The effects of adrenalectomy and fasting are outlined below:

Oral LDy, Rats, adrenalectomized - 84 mg kg /24 hr
Rats, normal - 1550 mg/kg/24 hr
Inhalation LCg: Rats, fed - 10,000 to 15,000 ppm/4 hr

Rats, fasted - 500 to 2500 ppm/4 hr
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Human Toxicity

Very little information is available on the toxicology of VDC in humans. Because of
its high volatility and lack of adequate warning properties such as odor or color, VDC
presents a definite inhalation hazard. A single exposure for a few minutes to 4000 ppm
may cause “drunkenness,” progressing to unconsciousness if the exposure becomes
prolonged. Industrial experience indicates a prompt and complete recovery from the
anesthetic effects of short exposures to VDC if the patient is moved immediately to fresh
air (Dow Bulletin, 7).

Skin irritation, due at least partly to the polymerization inhibitor (phenol or
monomethyl ether of hydroquinone), may occur on contact with inhibited VDC. The
inhibited monomer is also irritating to the eyes, but permanent damage is not likely
(Dow Bulletin, 7).Rylova (45) reported irritation of corneal mucosa and respiratory
passages in humans at 0.1 mg/liter.

Neurological symptoms of two patients who had manually cleaned a tank used in
transport of an aqueous dispersion of VDC resembled the “polyneuritis cranialis” caused
by trichloroethylene. Irreversible lesions of the trigeminal area of face, mouth, and
tongue developed, spreading later to the second and third cervical segments.
Electromyographic evaluation of the trigemino-facial reflexes indicated a functional
disorder of the interneuronal system. The toxic chemical appeared to be either VDC or
mono- and/or dichloroacetylene (Broser, Henschler, and Hopf, 13; Henschler, Broser,
and Hopf, 22).

A long-term mortality study (Ott, Langner, and Holder, 39) of 594 employees
exposed to vinyl chloride (VC) together with small amounts of VDC and other
contaminants revealed no deaths due to liver malignancy, and fewer than expected
deaths at all levels of exposure with the exception of the high level (over 200 ppm VC).
The concomitant exposure to VDC, now a suspected toxicant, was acknowledged as a
factor in the study.

A threshold limit value of 10 ppm set in 1974 is believed to be low enough to avoid
liver and kidney injury (American Conference of Governmental Industrial Hygienists,
3). Prior to that time it was generally understood by industry that the vapor
concentration should be maintained below 25 ppm for repeated exposures8 hr/day, five
days per week.

BIOCHEMISTRY AND METABOLISM
Oral Administration

Jenkins, Trabulus, and Murphy (33, 34) undertook the task of clarifying the
biochemical response of rats to VDC and of comparing the influence of factors that
might alter that response. Oral administration of VDC in 100, 300, and 500 mg/kg doses
in corn oil resulted in decreased liver alkaline phosphatase, tyrosine transaminase,
plasma alkaline phosphatase, and alanine transaminase. A definite dose-response
relationship was shown. Fernale rats were more susceptible than males as shown by the
decreased liver glucose-6-phosphatase and increased alkaline phosphatase activity.
Phenobarbital pretreatment caused a reduction in response of liver
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glucose-6-phosphatase, alkaline phosphatase, tyrosine transaminase, and plasma
alanine transaminase. Adrenalectomized animals were more susceptible to acute lethal
action indicating that the adrenals may be involved in resistance to the monomer’s
toxicity. These observations suggested that metabolism of VDC results in products
which are less hepatotoxic than VDC itself.

Studies by Jaeger, Trabulus, and Murphy (31) on dose-response and time course of
hepatic injury by VDC confirmed the results reported by Jenkins. The time sequence of
enzyme changes and measurements designed to detect lipid peroxidation indicated that
VDC was dissimilar to CCl, in its mechanism of action.

An oral dose of 400 mg/kg was shown to prolong pentobarbital sleeping time in rats
(a measure of hepatic mixed function oxidase activity) probably because of altered
absorption or distribution of the pentobarbital (Jaeger and Murphy, 30).

Inhalation Studies

In inhalation studies with rats, control animals tolerated exposures of 32,500 ppm
VDC for 1 hr. Lethality was increased by pretreatment with either phenobarbital or
3-methylcholanthrene, and most pretreated animals died either during the exposure
period or shortly thereafter. No increase was observed in hepatotoxicity as measured in
terms of serum glutamic-pyruvic and glutamic-oxalacetic transaminases or liver
glucose-6-phosphatase. Changes were not evident in wet or dry lung weight nor in the
gross appearance of the lungs (Carlson and Fuller, 15).

Since lethality in phenobarbital-treated rats was increased without apparent
enhancement of hepatotoxicity or lung damage, cardiotoxic effects were suspected
(Siletchnik and Carison, 49). A dose of 4 ug/kg of epinephrine failed to produce
arrhythmia in airexposed rats, but a 0.5 ug/kg dose produced continuous ventricular
contractions in rats exposed to VDC. Cardiac sensitization by VDC was further
enhanced when rats were pretreated with phenobarbital. Metabolism of VDC by hepatic
microsomal enzymes may have been induced by the phenobarbital, thereby hastening
the amount of cardiotoxic metabolite formed (Siletchnik and Carlson, 49).

Jaeger (25) conducted research toward understanding the mechanisms by which
inhalation toxicity of compounds in the rat is altered. Overnight (18 hr) fasting of rats
lowered the 24-hr L.Cyy from 15,000 ppm for rats fed ad libitum to 600 ppm in the fasted
rats. Elevation of serum AKT was found at 150 ppm in fasted rats but only at 2000 ppm
and higher in the fed rats. Increased hepatic injury appeared to be related to decreased
hepatic glutathione concentration associated with fasting (Jaeger, Conolly, and Murphy,
27). Diurnal variations in liver glutathione concentration were shown in both fed and
fasted rats with increased sensitivity to lethal and hepatotoxic effects of foreign
compounds occurring when the glutathione concentration was at the lower levels
(Jaeger, Conolly, and Murphy, 26). The fasted rats which had received VDC, either by
inhalation or orally, were hypoglycemic at death, while fed rats were hyperglycemic.
Both groups had bloody ascites. Blood volumes were reduced and death appeared to be
due to vascular collapse and shock (Jaeger, Trabulus, and Murphy, 32).
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When VC was administered simultaneously with VDC in a molar ratio of 5:1, fasted
rats appeared to be completely protected from VDC damage as judged by serum AKT
activity. Only when concentrations were approximately equimolar did serum AKT
activity appear and injury occur, with some degree of protection still apparent (Jaeger et
al., 29). Prior administration of VC resulted in diminished glutathione and an enhanced
degree of liver injury.

Morphologic studies showed massive mid-zonal hepatic necrosis with hepatic
thrombosis and chromatolysis within 2 hr after a 4-hr exposure of fasted rats to 200 ppm
VDC (Jaeger, 25). Following formation of this mid-zonal lesion, the central portion of the
lobule collapsed, accompanied by congestion, bloody ascites, and increased hematocrit.
Serum transaminase and sorbital dehydrogenase were elevated after 6 hr.

MUTAGENICITY

A linear dose-dependent mutagenic response to 0.2-2% vol VDC in air was seen in
Salmonella typhimurium TA1530 and TA100., Mutagenicity was higher in the assays
mediated with mouse liver, kidney, and lung fractions than with rat fractions and was
dependent on mixed function oxidase cofactors. Pretreatment of mice and rats with
phenobarbitone increased the mutagenic response. The addition of sulfur-containing
compounds (e.g., N-acetyl-cysteine or N-acetyl-methionine) caused reduced mutagenic
response indicating that the mutagenic VDC metabolite may be trapped by nucleophilic
sulfur groups thus competing for binding sites in bacterial DNA (Bartsch et al., 12).

LITERATURE COLLECTION

A review of the literature by Haley (21) stresses the necessity for further study of
VDC in general.
References in this collection span the time period 1947 to 1977 and were drawn from:

Biological Abstracts, Vols. 21:1947-64:1977
Chemical Abstracts, Vols. 41:1947-87:1977
Excerpta Medica
Cancer, Vols. 25:1974-36:1977
Pharmacology and Toxicology, Vols. 18:1965-41:1977
Current Contents, 1975-1977
Current Journals, 1974-1977
MEDLINE Data System
TOXLINE Data System
ORNL Data Systems

Search terms used for retrieval of references were vinylidene chloride:
1,1-dichloroethylene; 1,1-dichloroethene; DCE; and VDC.
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LITERATURE COLLECTION




<y

AMrahovakii, 2.H.; Shiba, Y.V.; bDotsmnka, V.A.
Sanitary inwpmction of nev packaging materials
tor food products, Yopr. Pitan. 3 55-539
(1974) . (BA 39(10):%8113),

Apalysis of packaging materials made of
vinylidene chloride (YDC) and vinyl chleride (VO)
polymersz establisbed the presence of free
volatile monosers, Absorption of the monomers by
food packaged 1n sisilar material vas exanined in
vheat flour, soup concentrates, cookies, tea, and
bay leaves. Negative tesults vere cbrained,
excent inh cookies with a 3-month shelf life.
These resulets stress the importance of extending
the experiments beyond the recomsended shelf life
of food products.

Russ8; Eng. Transl.

“ACKAGIRG: POOD; ABSOPPTION; ANALYSIS

<2

Alien, T.H. Spacecraft atmospheres. Part II.
Contaminants, Environmental Piology. Altean,
P.L.i: Dittmer, D.5. (Eds.) Federation of American
Societies for Experimental Biology. MD; 0SA 326
[1966) .

Fotty-seven compounds vere identified as
contaminantsz of MECCUTY spacecraft atmospheres
after a space flight. Of these, tventy-four
compounds were quantitatively determined.
Vinvlidene chloride was detected in the
conceptratien 0-2 ppe rapge.

CONTAMI NAKT; SPACECRAPFT

<3»

Americap Conference of Gevernmeotal Industrial
Hygienists Vinylidene chloride Documentation
of the Threshold Lieit Values fcr Substances in
Workroom Alr. Supplement for Those Subatances
Added or Chanqed since 1971, P- 3%1-2 (1871},

Continued exposyre to vinylidene chloride {VDCY
APPEACE to cause less infury in laboratory
apipals than continued eXposure to carbeb
tetrachloride (CCl4), although mortality dee to
¥YDC may ke qreater than in those similazly
exposed to CCl4. Time—veighted averange axposure
for vorkers should not exceed 25 ppa, VIC
threshold liwit value in workrocm air of 10 ppa
(approx. 40 wqg/md) iz believed lcw enough to
prevent laiver and kidney indury.

ANIMAL; TOXICITY; THRESHCLD LIMIT

<4
Anderson, ¥V.L.; Saunders, R.A, Evolution of
materials in the Closed system. A Sysposium on

Toxicity ir the Closed Bcological Systes. Homma,
H.; Crosby, B.J. (EdB.}, Lockheed Missiles and
Space Co., Reswarch Lzb., Palo Alto, CA 9-18
{1963) .

Data vere collected ard compiled during actual
wanned operation in confined atmcspheres
{submarine apd svacecraft)., fTable 4 lists all
contamipants idettified in the atmospheres of
Mercury Spacecraft. Vinylidene chloride vas
found ip A concentration of 0-2 ppa.

SPACECRAPT; SUBMARINES; CONTANINANT

<Ey

Apenyaous Vinylideoe chloride. “hem.
Scurces-U.5.A.,, Directories Pyblishing Co., Inc.,
*lemingtaon, NJ 5§73, 711 1974),

frodycers (manufacturers) afe listed for
vinylidens chloride and palyvinylidere chloride,
troducers of vinylidene chloride monower are Dow
Ctemical Co. and PPG Indusxtries, Inc. Chemical
nivisien,

MANTPACTORE

CE>

Anonymous  Vinylidene chloride  Pire Protection
Guide on Hazardous Materials, National Pire
Frotection Association, Boston, MA Sth ed.
279-290 {1972y,

Hifferent hazards linked with the handling of
vinylidene chloride, as vell as the seasures to
be taken 1n case of fire, are described. Special
care should be taken with the slectrical
eduipment for use in atmospheres containing
vinylidene cnloride vapors.

FIRZ; EQUIPMENT

<7

Arcnymous Vipylidene chloride monoser
Bulletin, Plastics Departeseat, The Dov Chesjcal
Company, M:idland, Michigan, (1966).

This bulletin wakes pertinent data on the zafe
handling of vinylidene chlorile monomers (VDC)
available to customers. Dow Chemical Company
gtarted research and development of VDC in the
early 1930's. “Saran" copolyaers vere first
sarketed in the early 1940's. These copolymers
are noted for their resistance to chemicals and
solvents, lov vater absorption and vater vagpor
transmission, and excellent stability. They are
odorless, tasteless, tough, and virtually
non-toxic. Commercial VDC consists of
t,2-dichloroethylene (900 ppm}, vinyl chlorida
{850 ppm), vanylidene chloride (99.8 opm) and an
inhibitor, monomethyl e¢ther of hydroguinome, ot
MEHQ (200 ppm). It also contains ohenol (0.6 to
0.8 ppa) and a small amount of impurities
{chlorinated hydracarbons). Iphibitors are added
t¢ VDC during sanufacturing to prevent
polymerization of the product. "Physical
properties and constants", “"Hagards and their
centrol,” and "Storage™ are sections of the
Rulletin which give information aon safe handling
and use of the monower.

PLASTIC; PROPBRTIES; INDUSTRIAL HYGIENE

E>
Anonymous MCA undaertakes monomer study.
Chenecology (Feb. 1375 .

The Manufacturing Chewists Association has
announced plans to adainigter research on the
cccuvational health aspects of vinylidene
chloride monomet (VDC) and styrene MONOMEC.
*velve firms will sponsor the Cessarch on




<8> Coml.

styrane, and thirtees will fund the vwork on vbC,
Projects include anisal tests on ingestion,
inhalation, fatal devalopment, toxicity, and
metabolise.

AANOPACTORE; INGESTION; TOXICITY; NETABOLISH;
TERATOGEMICITY: AWIMAL; STYREWE

€9

Anonymous; Societe pout la Protection des
Cultures Melanges producteurs Jd'aeroscls et
leurs applications. (Mixed aeroscl products and
their arrlications.) Brevet d'Invention (Prench
Patent) 242,680 (reb. 15, 1949).

The patented mirture consists of dichloroethylene
(CC12:CE2) (I) or dimethylsilane (MeSiHzme) {II}
azixed vith active inqgredients and kept under
pressure in an aerosol can: an insecticidal
wixture contaips 1% ctystalline rctenone and 0.5%
citral: a disinfectant sixture, 4.5% pine oil and
0.5% citral; a therapeutic cokpound, 3% pine oil
and 0.5% thysol, and an anticryrtogamic coapound
5% aerachlorobengzene. I and II act in two vays:
as dispersive agents for the mizture and as
activators of the effact of the insecticide
agents.

re.

AEROSOL; PATENT; INSECTICIDE

<10>

pando, B.M.; Rosenbaam, A.J. Toxicity in Hela
cells mediated by plastic wraps. lab. Fract.
22(M: 26, 31 (1973).

Cytotoxicity in tubed Hela cell cultures was
observed from using a particular brand otf plastic
filam in the *sandvich” sealing technigoe for
tissue cyulture tubes. Cell cultures covared with
Vitafile plaxtic wrap (Goodysar, Ohio, D.5.1.)
developed 75% cytotoxicity vwithiep 4 hrs and were
destroyed in 72 brs. "Saran Wrap®, “Handi-Wrap"
{Dov Chemical, Hichigan, U.S.A.) and "Glad Wrap"
{Unjon Carbide Co. ¥ev York, U.S5.1.) produced neo
cytotoxicity in testing cxperiments.
1,1=Dichloromthylens iz usad as a monomer in the
nanufacture of Satan Wrags. "vVieafile",
according to the manufacturer dows not contain
1,1-dichloroethylens. Apparently the toxic
gubstance ip "Vitafile® vas trassferred to the
cell cultdare and might be volatile.

PLASTIC; CELL CUOLTURE: TOXICITY

<1t

Barr, R.F.: Gatts, H. Diffusion of mome orqanic
and 1norqanic cospoands in air. J. Chew. ¥ng.
Data 17(V) : 45=86 (1972).

Diffusion coefficients in ajir at 298.2 degrees X
and 1 Ats. have been determined for carbon
dioxide, pitroum oxide, propune, iscbutane,
n-pantane, dichlorodifluoromethans, vinyl
chloride, and vinylidene chloride. The infrared
frequency for vinylidene chloride at cm-1! wvas in
the range of 980 and 1026, The experimmntal
value at cel, sec-1 vas 0.1184 plus or sipus
0.008Y. Thim= precision cf the vinylidene
chloride waloe is lov probably because it reacts
vith orxygen to form peroxides im the diftusion
cell.

DIMPMISION COEFFICIENT; SPECTROPHOTONETRY;
FROPERTIRS

<1

Bartsch, H., Malaveille, C.; Fontesano, R.;
Tceatis, L. Tissue-mediated autagenicity of
vinylidene chloride and 2-chlorobutadiane in
Salmonella typhimurium. Nature {Lomdon)
255(5510): 641-6u3 (1975).

The sutagenicity of vinylidene chloride, VDC, (I)
apd 2-chlorobutadjene (II) to Salaonella
typhisuriam TA1530 and TA100 strains vas exsmined
by mouse and rat tissue-acdirated assmy syYstems,

A dome-dependent wutagenic responre to I (0.2 to
2% vol. in air) amd II (0.5 to B% vol. vapour ain
alr) was observed, Pretreating aice with
vhenchbarbitone (0.1% in drinking vater for 7
days) increased the reasponse to I and IX in the
presence of 9,000 g liver supernatant fractions.
The mutagenic response increased in both strains
after exposure to up to 2% ¥0C in air. Pxpesure
to 2 or 20% ¥DC in air for & hr was used to a=say
rat and mouse liver, kidmey, and lung fractions
for their ability to produce sutagenic
metabolitaex of I, Mutagenic activity of I was
bighest with mcuse microsomal fractions and
minimal vith the lung fractions, Pretreataent of
rats and mice vith pregnenclone-16a-carbonjtrile
(50 mg/kq) or asincacetonitrile (%00 mg/kg) was
followed by addition of WN-acetylecysteioe and
N-acetyl methionine (12 u mole of cach per sl) to
assays containing wouse liwer fractions. An 80%
reduction in the sutagenic response to I vas
otserved, suggekting that mutagenic metabolites
ot I are trapped by nucleophilic 5 groups. I and
T are sutagenic and ¢xposure of workers to thea
must be controlled.

WUTAGENICITY; INTERACTIOR; SALAMONELLA; ENZYHNE

<13

Brcser, %.; Henschler, D.; Hopf, H.C.

Chloriecte Acetylene als Ursache ainer
irreparablen Trigeamipusstoerung bei zwe:
Patienten. (Irteversible lesions of the
trigeminal netrve caused hy chlorinated acetylenes
in two patients), Deut. Z. Nervenbellk. 157:
163-170 (1970}).

Two vorkers exhibited symptoss of poisoning
especially in the trigeminal area within 9 %o 30
hr after exposure tc¢ vinylidene chloride (I).
Syeptoms were sisilar to "polyneuritis cranialis"
agmociated with trichlorocethylene polsoning; both
patients developed sensory disturbances in face,
®cuth, and tongue. An electrosyographic¢ analysis
shoved the disorder to he of interneurcnal
origin, 1 is suggested as the toxic agent.

Geg. ; Eng. Suma,

DCCOPATIONAL EXPOSURE; NEUROTOXICITY; CASE REPORT

(4132
CEEN Health hazards of wonomers probed. Chen.
Bng. News  S53(3}: & {Jan. 20, 1975).

F.L. Vicola (Regina Elena Institute of Camcer
Research, fome) found liver tumors in anisals
expoxed to high inhalation concentrations of
vinylidene chloride (VDPC). Dow Chesical is five
months along on inhalation and feeding =studies.
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<14> CONT.

The Hanufacturing Chemists Association has
contracted to study the occupational health
agvacts of VDC and styrena. Effects an fetal
developrent and metabolisgw will be investigated.
Estisated total costs far both prodects
approximate $500,000 to $600,000.

RESEARCH; TOUMOR; ANIWAL; MAWOPACTORE; INGESTION;
BET ABOL ISH

<153

Carlson, G.P,: ruller, G.C. Interacetion of
wodifiers of hevatic wicrosomal drug wevabclise
and@ the inhalation toxicity of 1,
1-dichloroethylena. Res, Commun. Chem. Pathol.
Pharmaccl. 4(3): 553-560(1972).

The inhalatics lethality of 1,
1-dichloroethylene (1,1-LCP) vas increa=ed by
administration of the hepatic microsomal enzyme
inducing aqents ohenobarkital (PB) and
J-methylcholanthrene (3MC); no increase in
hepatotoxicity and no lung damage vere foond.
Other inhibitors, SKP 52%% and Lilly 18947, also
increased 1, 1-DCPE lethality, with shortened
survival time during inhalation.

TOXICITY; ENZYME; RAT; INHALATOM

16>

Carpentetr, C.P.; Sayth, H.F. Jr.; Pozzani, U.C.
The assay of acute wvapor toxicity, and the
grading and interpretaticn of res=ults on
nifety-six chemical compounds. J. Ind. Hyg.
Toxicol. 31(6): 343-346 (1949),

The response of rats to a U hr vapor expasure in
a 14 dav observation period is used a= a barxis
for arading the single exposure toxicity of a
chemical. A list of 96 coapounds is tabulated
according to toxicity data on ingestion, skin
penetration, vapor inhalation, =kin arritation,
and eye invurv. At exposures of 32,000 ppa of 1,
1-dichloroethylene, 2/6, 31/6 and 8,6 rats tested
vere killed.

RAT: TOIICITY

17>

Chaivers, C.P. Two cases of vccupational
leucoderma folloving corptact with hydrequinone
monomethyl ether. Brit. J. Ind. Hed. 29:
105-107 (1972).

Two out of eiqht procexs vorkers handling
hydroquinone monomethyl ether is a vinylidene
chloride plapt develored depigmentation
{(occupational leucodermsa) of the skin of the
forearms. One of thes eXperienced depigsentation
of the skain of the forehead. The process
opefation and case reports are deascribed. Of the
elght operators, tve vorked the procexs for more
than three vears, three for Detween twe and
three yvears, and threm for less than os¢ year.
Those affwctred had the lcngest service: one (aged
53 years) vorked for 22 vears and another (aged
38 vears) worked for 14 yvears, [PFoth erperienced
denigmentation of the =kin. Repigsentation wvas
hored to be completed.

LEUCODERMA; OCCOPAT IQONAL EXPQSURE; CASE REPORT

<18>

Christensen, H.E.; Luaginbyhl, T.T. (Rds,)
2thylene, 1, 1-dichloro. The Toric Substances
tist (1974 editiom) B.5. Dep. of Health,
Bdocation and Welfare 3%2, a8, 826, (1974 .

bata an vinylidene chloride toxicity (lovest
published lethal concentration) to rats, dogs,
aed rabbitsz are: oral toric lose for rats 400
ag/Md.; inhalation toxic dose for rats : 500 ppa
in 4 hr.; intravenous toxic dose for dogs; 225
Bg/kg; subcutaneous torxic dose for rabbies: 13700
ng/kg.

TOXICITY; ANIMNAL

£19>

Fed. Register; Xirk, J.K. rood additivaes.
Packaging materials for use during the
irradiation of prepackaged foods, red. Register
13(S4): BES9 (1968).

several food packagihg saterials that say be
subjected to irradiation have beep added tG the
list of food additives, Aimong them 1% vinylidene
chloride copolymer containing a minimum of 85%
vinylidene chloride vith one or more of the
fcllowing elastomers: acrylic aciq,
acrylonitrile, itaconic acid, methyl acrylate and
wmethyl methacrylate.

YCOD ADDITIVE; COATINGS; CONTAINERS;

<20

Gage, J.C. The subacute inhalation toxicity of
109 industrial chesicals. Brit. J. Ind. Hed.
27(1): 1=18 (1970) .

Rats vere exposed to knovn concentrations of 109
chemicals in air for periods of about three
week=. The toxic properties of the substances
are revieved in rejation to the effects of
similar compounds on aniwals and on man. Pive
hyndred ppm of 1, 1-dichloroethylene & hr/day fcr
20 days, was found to be of moderate toxicity,
producing nose irritation and liver cell
degeneration effects. Two hundred ppm for the
same time of exposure also produced slight nose
irritation but organs were norsal on autopay.

RAT; TOXICITY; INHALATION

<

Haley, T.J. Vinylidene chloride, A reviewv of
the litarature. Clin. Toxicol. 8(6): 633-643
(1975) .

This review is taken from 38 references on
vinylidene chloride (¥DC). Pollowving a brief
introduction, the chemistry section iz divided
1cto synthesis, analysis, biochemastry, and
metabaliss, A paragraph on industrial hygieme
precedes the toxlcity ssection.

TCXICITY; EBESEARCH; INDUSTRIAL HYGIENE; REVIEW;
HUMAN; ANIEAL
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€23>

Henschler, b.: Sroser, P.; Bopf, N.C.
{Polyneuritis cranialis followlng poisoning with
chiorinated acetylenes while handliag vinylidene
copolyaers).  drch. Toxikel. (Translation
101-8521-1, Ralph AcElroy Co., Austin, Tex.)

267 €2-75 (19707 .

Tvo vorkars developed cranial nerve disorders
after an attempt to clean out tank cars
containing residues of an aqueco: dispersion of
vinvlidene chloride copolymars, Primarily
involved vas the trigeminal nerve. The
occipital, auricular, and cervical necves as well
ax mastication, eve, and hypoglossus muscles were
affected. The poimoning agenot(m) vas identified
as sonochloroacetylene and/cr dichlorcacetylene,
oresent as highly toxic contaminants in
vinvlidene chloride (I) or develcping from other
contaminants (soch as tetrachlorosthane and
trichkloroethylene) during production and storage
of (I). Strict caution is absolute for handling
Frepara tions of polyvinyl chloride as vell as the
above schomers.

Ger.: Tna, Summ.

OCCOPAT JTONAL EXPOSURE: HANDLING; WEOROTOIICITY;
CASE REPORT

£23>»

Huebher, Y.R.; HEaton, B.G.; Chaudet, J.H. Gas
chromatograph for the Apcllo spacecrafe.
freliminary report. J. Gaz Chrosatogq. 4 (45
121-125 (1966) .

A 3-column qas chromatograph was designed to
analvze toxic coptaminants which may appear in
the ataosphere of Apollo spacecraft during
fiight. Sevaration of a large pumber of
comsounds, including 3, 1-dichloroeathylens, wvas
achieved in laboratory tests. Less than 0 ppa
concenttations of practically all cospoonds were
easily detectable.

GAS CHEOMATOGEAPHY; CONTARIRANT; SPACECRATT

24>

Irish, D.D. Vinylidene chloride. Industrial
Hvgiene and Toxicology. Patty, P.A., (Rd.).
Interscience Publishers, %.7, Ind. wd., 2¢
1305=-1307 (1963).

Physical and chesical prcperties of vinylidene
chloride (1) are qiven. An extensive reviev of
the physiological response to I includes acute
and chropic vaper exposuras, eye and skin
contact, and absorption Ly breathing. HAygieni~
standards, flamsability, and odor and varning
properties are also Lincluded.

PHYSIOLOGY; TOXICITY; PROPERTIES

€25>

Jaeuer, R.J. ¥inyl chloride sonomer: cofkents
oh its hepatovoxicity and itteractiom with 1,
1-dichloroethylene. Ann., N.Y. Acad. Sci. 2646:
150-t (187%}) .

finvyl chloride monomer (YCH) and 1,
1-dichloroethylene (1, 1-DCH are used together
in the tanafacture of polyvinyl folymers.

1, 1-DCE 1s mor¢ geactive and more hepatotoxic

16

than VCX. The mechanisas of inhalatice toxicicy
#nd of interaction betweep the two chesmicals vere
studied, In previous experiments it wvas
demonstrated that fasted rats vere mogre salsitive
t¢ 1,1-DCE indoced injury than fed rats. Uhen
fasted rats were ezposed to 0.02% (v/v), 1, 1-DCE
in air, serus
alanine-alpba-ketoglutarate-transaminase (AKT)
activity was elevated about 50-fold 2 nr after a
4-hr inhalation erposure. frposure of fasted
rats to 0.1% VCH (v/v) had no effect on =erua
AKT. W®hen 0.02% 1, 1=DCE and 0.1% VCB vere
administered simultaneously to fasted rats for o
hr, no 1njury was found in the animals killed and
amsayed 2 hr later. It was concluded that Q,1%
VCE prevented 1, 1-DCP injury. These data way
prove useful for research on mechanisms of
hepatotoxicity.

HEPATOTOXICITY: INTERACTION; RAT; VINYL CHLORIDE
HONOMER

€26>

Jaeger, R.J.; Conolly, R.B.; Kurphy, 5.0.
piurnal variatios of hepatic glutathione
concentration and 1t= correlatioa with 1,
t1-dichloroethylene inhalation toxicity in rats.
Fés. Commyn. Ches. Pathol, Pharmacol, 6(2):
465-471 (1973).

Lethal effects and hepatotoxicity vere ingreased
1n 18~hr fasted rats after inhalation exposure to
1, 1=-dichloroethylene (1, 1-DCE}. Hepatic
glutathione (GSH) concentrations decreased in
fasted animals. Day-oight variation in hepatic
GSH concentration vas studied in both fed and
fasted rats. The minisuw GSH conceptration in
fed rats poccurred bhetveen 7 pm and 1 am. The
maximom hepatic GSH concentration occurred
betveen 7 am and 1 pa. Fasted rats had lesy
diurnal variation., In 2 groups of fed rats
exposed to a concemtration of 2,000 ppa of 1,
1-BCE, the animals vith an exposure time period
betveen 10 pa and 2 aw (low hepatic GSH
concentration) vere wore susceptible to 1, 1-DCE
induced liver injury and letaality.

RAT; LIVER; TOXICITY; PASTING; INHALATION

27>

Jaeger, R.J.; Conolly, R.B.; Murphy, 5.D.

Pffect of 18 hr fast and glutathione depletion on
1, 1-dichloraethylene-induced hepatcotoxicity aed
lethality in rats. Exp. Nol. Pathol. 202
167198 (1874) .

Pcur-hour inhalation exposure to 1,
1-dichlporoathylene (1, 1-vinylidene chloride) wvas
sore injurious to 18-hr fested rats than to fed
rats. The estimated 24 hr LCS50 for f&d rats vas
1%, 000 ppe while the same value for fasted rats
was 600 ppm., The minimu® lethal concenttration
was 200 ppm For fasted rats ard 10, 000 ppe for
ted rats. Plevated serum
alanina-alpha-keto-glutarate transasinase (AXT)
vas seen at 150 ppm in fasced rats but only at 2,
0CC ppa in fed rats, and preceded hepatic
necrosis and death, Hepatic injury wvas
proportional to hepa tic glutathione (GHS)
depletion caused by fasting. If applied to
husans, these findings vould suggest that GHS
depletion 1n night-shift workers arposzed to 1,
1-dichloroethylene c¢ould result in an enhadced
verk-related iniury.

TCYICITY; RAT; LIVER; FASTING




28>

Jaeqger, R.J.; Conolly, N.A.; Hurphy, 5.0,
Short-ters inhalation toricity cf halogepated
hvdrocatbons. Effects on fasting rats. Arch.
Environ. Health 10; 26-31 {1975).

¥invl chloride monomer (V) and 1,
1-djchloroathylene (DCE) ware adwinistered
{short-tera inhalation) simultan¢ously to fed and
famted rat=, and =merua
alanine-alpha-ketogqlutarate-transaninase (AED)
activity determined. VC wvas not toxic at 1,122
rew 1n fasted rats; DCE produced injury at 205
ppa. The ccabined exposure of 1,056 ppm VC with
195 ppa DCE 1p a molar ratio of S to 1, protected
fasted rats from DCE infury. Sisultaneocus
exposure of fasted rats to 12,093 ppe ¥C and
1,971 pem DCE d41d not increase elther serum AXKT
or sorbitol dehydrogenase (SDH), Vinyl chloride
vas therefore antaqonistic to the hepatctoxic
effect of DCE, probably by a competitive
interaction.

RAT; HEPATOTOXICITY; PASTING; ANTAGONISH

€295

Jaeger, R.J.; Conolly, %,.R.: Reynolds, E.S.:
urechy, $.D. Biochemical toxicology of
ansaturated balogenated ronomere, Environ.
Health Perspect. T 121128 (1575) .

Fffects of inhalation exrosure tc vinyl chloride
monomer (VC}; ?,%=dichloroethylepe (1,1-0CE); or
i=chlere=1,3-butadiene (2-CBD) vere studied in
fed and fasted rats. Withinm 2 hr after a 4 hr
inhalation exposure to 200 ppm 1,1-DCE, fasted
rats developed distinctive morphological changes
10 liver cells, In fed rats the hepmtotoxicity
¥as qreater during the night, time of glutathione
(GHS) derletion. Fasted rats vere more sensjtive
to 1,1-DCE and 2-CBD. Diethyl waleate (DEN),
vhich depletes GHS in fed rats, potentiated the
hepatotexicity of 1,1-DCE and 2-CBD. Acetone
exposure (10,000 ppm) enhanced the he patotoric
response, while cysteine (500 mg/kg) protected
the animals against lethality and serus AKY
elevation. Both the timse course and dase
response data suggested that 2-CPD vas a less
potent and less rapid hepatotoxir than 1, 1-DCE.
¥o fed-fasting difference and nc hepatotoxicity
vere found with YC. Protection against 1,1-DCE
wags found ip rats exposed to VC, which suggests a
competitive interaction. The rezults of this
research encourage future investigation in
exposure of night shift workers to hepatotoxnic
chemicals like 1, DCE or 2-CBD. Pood intake
patterns and conditions such as alcoholism and
drabetexs are sose factors worth further study.

RAT: INBALATION; LIVER: TOXICITY; PASTING

<30>

Jaeger, R.J.:; Burphy, §.0D. Alterations of
barbiturate actiom felloving 1,

t-dichloroe thylene, corticosterone, or acrolein.
Arch. Int. Pharsacodyn. 205: Z81-292 (1973,

1, t-Dichloroethylene (1, 1-DCP) prolonged
rentobarbital sleeping time in rats between 2 and
4 hr after oral adeinistration with no liver
injury but did not affect hexobarbital sleeping
time. Corticosterone rrclonged pentobarbital
sleeping time only. Acrolein prolonged both
pento- and hexobarbital sleeping time. The
sechanizw of these effects differed. 1,1-
Dichlorcethylene altered the absorption or
d1stribution of pentobarbital. The action of
pentobarktital vas more easily altered by changes
ih abserrption, distribution, or increased CNS

sensitivity than vas the action of hexobarbital.

RAT; BARBITORATES; METABOLISM

<>

Jaeger, R.J.; Trabulus, ¥.,J.; Murvoay, 5.D.
Biochemical effects of 1, 1-dichloroethylene 21
rats: Dissociation of its hepatotoxicity frem a
lipoperoxidative mechaniswm. Tox1icol. Appl.
Pharsacol. 24(3): 457-467 (1973 .

A cosparisoo was made of the ability of
1,1-dichloroethylene (1, 1-DCE) and carbon
tatrachloride (CC18) to stimulate
lifpoperaxidation both in wvivo and in vitro. The
results, following oral administration of 100-800
ag 1, 1-DCE/ kg to rats, indicmte that 1,1-DCE
caugses hepatic glucose-6-phosphataze (G-6-Pase)
depression, serum alanine-alpha-ketoglutarate
transasminase (SAKT) elevation, hepatic
ttiglyceride (HTG) «¢levation and pentobarbital
sleeping time (P3T) prolongation. 1,1-DCE was
dissimilar to CCl4 in terms of a proposed
liroperoxidative mechanisa,

LIVER; RAT; ENZYNE; LIPOPEROXIDATION

32>

Jaeger, A.J.; Trabulus, #.J.; Hurphy, 5,0, The
interaction of adrenalectomy, partial adrenal
replacement therapy, and =tarvation with
hepatotoxacity and lethality after 1,
1-dichloroethylene intoxication, Toxicol. Appl.
Pharmacol. 25: 491, abs. 133 (1873).

Several stress-related factors vere studied in
the modifications of acute lethality and
hepatotoxicity in rats after 1,
t-dichloroethylene intozication. Polloving a
single oral dose (400 mg/kg) of 1, 1-DCZ, hoth
adrena lectomized (ADX) and shas rats bad siwmilar
Zié-hr mortalities, but ADX resulted in an
apparent decrease of liver inqury.
Certicosterone (C5) treatsent resulted in a
51ight decrease of lethal effects of 1, 1-DCE in
both ADX and sham rats. Prolonged (85 hr)
fasting also potentiated hepatic injury. The
aztimated 4~hr inbalation LC5C of 1, 1-DCPE in fed
rats was between 10,000 and 15,000 ppw, vhereas
the LCS50 in fasted rats vax between 500 and 2500
Fra.

LIVER; RAT; ATRENAL; FASTING

< 33>

Jenkins, L.J., Jr.: Trabulus, J.; Murphy, $.D,
Effect of adrenalectomy and phenobarbital
pretreatfent on the toxicity and hiochemical
effects 2f 1,t-dichlorosthylena, Toxicol. appl-
Tharmacol. 19: 291 abs., 76 (1371},

1, 1-Dichlorcethylene (vinylidene chloride} used
in 1ndustry in the wmanufacture of thermoplastic
rclymers, has been identified as a contaminant of
¢losed atmospheres such as nuclear submarines and
spacecraft, vVinylidene chloride i= bhoth a CNS
depressant and hemtotoric. To clarify these
biochemical effects, 500 mq/kg of
1,1-dichloroethylene vere administered orally te
wale rats. Liver alkaline phosphatase (AF)
activity and liver tyrosine transawinase (TT)
activity vere 1ncreased. Plassa alanive
transasinase (A7) and plasma AP activities were
also increazed, A depression of liver glucose
~6~ phosphatase activity vas noted,

SL 065431




<331> CONT.

Adregalectoay 10-14 days prlor to the erperiment
and phepobartital pretreatsant fer 5 dayy
reduced the toxicity of 1, t=dichloroethylene.

RAT: TOIICITY; ENZYME; HNETAROLISH

3>

Jenkins, L.J., Jt.: Trabulus, %.J.; ®urpky, S5.D.
Biochamical effects of 1,1-dichloromthylene in
rats: Comparison with carbon tetrachloride and
1,2-dichleroethylene. Tcxicol. Appl. Pharaacol.
23(H: 50510 (197D .

The biochemical effects of oral administration of
1, 1-dichloroethylene (1,1~DCE)} in rats mere
compared with the effects of carbon tetrachloride
(CC14) and 1,2-dichloroethylene (1,2-DCY).
rolloving administration of 1,1=BCE a depresszion
of liwr qlycoze-~6-phosphatase (G-6-Pame)
activity, and increased activities of liver
alkaline phosphatase (AP), tyrcsine transaminase
{(TT), and of plassa AP and alanine transasinase
(AT} vere observed. The effects cauxed by
1,1-DCY vere similar but more pct--- than effects
caused by €Clu, with female rat: susceptible
to 1,1-TCF than sales. Ailtered - =5 from
phenobarbita) pretrsatment and a - lectomy vwere
also studied.

RAT; ENZYRE; SOLVENT; METABOLISH

<35>

Kovalev, O.4.; Blineva, T.S5.; Sevarovostokova,
¥.1.: Broitman, A.Ya. (Hygienic asseassent of
some cratings fer cohcreate vats for sauerkraat).
Gia., Sanit. (Hvq. Samit.) 35 (182=184) (1970).

Tests perforaed vith agueous extracts of Khs-76
varnish (a copolymer of vinyl and viaylidene
chlorides, dissolved in a mirture of acetonms,
butyl acetate, and toluene) shcwd a slov
increase of weiqht for fomale mice and rats aftey
10 monthks, delayed excretion of wodiom benzoate,
and prenounced dystrophic leaious of the
intertal organs, sspacially that of the liver.
The copolyner had beed used an a costing in
concrete vats for the storage of sauerkraut.

Russ,: Eng. Transl.

RAT; MICE; VARNISH; COPOLYMER:; LIVER; TOXICITY

£36>

Lehman, A.J. Chemicals in foods: 1 report to
the Association of Pood and Drug Officials on
current developments. issoc. Food Drug
officials 0.5. Quart BSall. 152 82=8% {1957}

Nev pharsacclogy data (earwported) are used to
classify a number of food additivas as agitable
or gnsyitible. Included in the food packaging
materials, and conyideced suitable, iz vipylidete
chloride. Sultabhility is based on the lov
solubility of the resin componenmts of the plastic
fils 50 as to be considered tozicelsgically
insignificant a=z a food contamisant. An
#upsuitable” list of chemicala in food ix alsc
qivaen.

POOD ADCITIVE; CLASSIPICATIOR

<37

HcBicney, R.8. Trichloroethylene and
dichloroethylemm poisoning. Arch. Ind. Hygq.
Occupn., Med, 10(2): 130-133 (195a),

Dichloroethylene (DCE) was used to extract oil
from fish livers in vexsels wvhich contained each
2% gal. of DCB. The vaxsels, 24 in, in diawmeter,
vera not provided vwith exbasust air ventilatiog or
a cover, which resulted in a great amount of
evaporation of the solwnt into the vorkroom air.
A 35 year old male vorker, supervising the
operation 8§ hr a day and in coastant exposure to
the vessels, complained of naumea, vomited
sevaral tises and appeadred intoxicated within a
fev days after being hired. He vas taken to the
bespital whare he died of congestion of brain,
heart, kidneys and spleen, lung esphysema and
bronchopneusonia, and liver degeneratioa.

TOXICITY; SQLVERT; LUNGS; LIVER; OCCUPATIOMNAL
EXPOSTRE; CASP REPORT

<

Newman, D.R., Ed. Another potential vinyl
chloride«like scare... Toxic Naterial News
1(15): 113 (1974) .

Attention is directed to the potential hazards cf
vinylidene chloride, which ix used in the
production of Saran and other clear plastic
wrappings.

ELASTIC; INDUSTRIAL HYGIER"

<39

ott, K.G.; langmer, R.R.: HRolder, B.B. vinyl
chloride exposure in a controlled industrial
envirohsent. A long-term mortality experience in
594 asployees, Arch. Eoviron. Health 30N
333339 (1975).

In a long-ters study, Dov Chemical Company
{Bedical Dept.) examined tbe mortality rate of
werkers exposed to vinyl chloride (I) and lesxer
amounts of vinylidene chloride (IT). The
analytical strategy vas to eramine the
relationship hetvesn tusot inciderce and the
highest levels of exposure to I and IT
erperienced by the employers. Data were
initiated in 1950 and serveys of the work
environment vere contiguously uypdated and
recorded through 1974. Job classifications vere
cateqorized as lov (< than 25 ppm), interwediate
(25 to 200 ppm), or high (> 200 ppm) exposure
levels, based ob estimated tima-veighted average
concantrations for an eight-hour day. In the
analvsis, duration of exposure vas separated into
tvo categories: <1 year erposure and 1 plus year
exposure. Observed deaths among V.C. vorkers
vare 91% of the expected deaths. Total malignant
neoplasas were 13 versgus 16,0, Of the 13
walignancies, 9 vere observel in the higher
eIposure group. The distribution of the
malignant neoplasms with rezpect to exposure
category suggests a poxsitle dose-response
relationshio,

WORTALITY; OCCUPATIONAL EXPOSURE; CASE REPORT;

CANCER

<HO»

Piatt, V.R. Cheusical consatituents of nuclear
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{40> CcOMt.

submarine atmosvheres. Part 1. Quantitatively
identified. Bavironwental Biology, Altman,
P.L.; Dittmer, P.S., (2dw.) Pederstion of American
secieties for Experismental Blology. MD; (05))
327-328 (19661,

Thirty-two compounds we¢re guantitatively
i1dentified as chemical constituents of puclear
submarine atmospheres, The highest concentration
of vinylidene chloride norsally found was 2 ppa.

CONTASIKRANT: SOBMARINES

<413
Prenderaast, J.A.; Jones, R.A,; Jetkins, L.J.,
Jr.; Sieqel, J. Fffects on expeérimental animals
of leng-terw inhalatior ¢f trichlorocethylene,
carbon tetrachloride, 1, 1, t-trichloroethane,
dicnloredifluoromethane, and 1,
1-dichloroethylene. Tozxicel. Appl. Pharsacol.
10420 ¢ 270289 (1567 .

Rats, quinea pigs, d4oqs, rabbits, and mchkeys
were exvosed to the title compounds. Inhalation
exposures ware either contituous (90 Jdays), to
sisulate subtmarine conditions, ¢r repeated for 8
hrs/day, 5 days/waek for & weeks to mimic
industrial <xposures. Parameters incloded
mortality, toxicity, and biological changes., As
a result of 1, 1-dichloroethylene repeated
exposure (395 mqg/83) no animals died and no
visible sigue of toxicity vwere chmservad: guimea
P19 SerUm urea nitrogen concentration vas norkal,
Liver damage vas alsc notaced at this
concentration. Significant wortality was found
ir continucus exposures to 1, 1-dichloroethylene
at 189, 101, and 61 sg/m3. Growth depression in
varving deqrees vas found in all continuous
#XpOSures. Serum urea nitrogen levels vere in
their ccntrol limits, Significant elevations of
serum glutamic-pyruvic transaminase and liver
alkaline phosphatase activities apd liver damage
was foand 1n rates and guinea pige with continovous
exposure to 189 mq/ed of 1,1-dichloroethyliene.

ANIMAL; INHALATIOR:; TOXIICITY; MORTALITY

<2

Reinhardt, R.C.
Cheun. Eng. News

Handling vinylidene chlorade,
25¢30y: 2136 (1974) .

Vhen vinylidene chloride (I) is stored at
teRTE LA tures betveen minus 80 deqroes and plus 25
deqrees C in the presence of aiy, & peroxide
coapound which is violently explosive is foreed
and may act as a polymerization catalyst. Any
polymer containing more than 15% of the peroride
will, if dry, detonate frem a slight sechanical
shock or from heat. Phenol-type polymerization
inhibiters are recomwmended for stortage of I.
Residues of I in industrial equipment should be
destroved by vashing in hot wvater. Vapor
exrosures to I and or repeated contact ¥ith the
skin should be avoided because c¢f its tcxicity.

STORAGE; EXPLOSIVE; HAWNDLING: TOIICITY; SAPITY

Ul

Reynolds, B.S.; Moslen, B.T.; Szabo, 5.; Jaeger,
R.J.; Rurphy, 5.D. Hepatotoxicity of winyl

chloride and 1, 1-dichleroethylene. Role of mixed
function oxidase =ystea. Amer. J, Pathbol.
B1(1) : 219=-231 (1975).

19

A mingle 5-hr exposure to 5% vinyl chloride
scnomer (VC) produces amcute liver {njury im
phenoharbital-pretreated rats, Phenobarbital
induces the cytochrome P-450-centered multienzyae
system located in the endoplasmic reticulum of
the liver parenchymal cells, thus potentiating
the hepatotoxicity of vC. 1,1-Dichloroethylene
{1,1-DCE), and trichloroethylens (TCP) also cause
hepatic injury, but different frow that causzed by
¥¢. Various xehobiotics (enzyse inddcers)
iocluding phencbarbital agd Aroclor, vere given
to rats (400 u moles/kg). After £ days rats waere
exposed to 200 ppm (0.02%) 1,1-DCE for 4 hr or
5C,000 ppmw (5% VCY for 6 hr, Hebvatic ibjury and
necrozis were higher in the
phénobarbital-pretreated anizals exposed to VC.
Tiposure of pretreated animals to 1,1-DCE
produced injury to the hepatic plasmsa membranes,
witochondria, and nuclear chromatis but spared
edbdoplasmic reticuluw. Thus, induction of
cytochrome P-45%0 appears to protact the liver
against 1, 1-DCE but not against VC.

ENZIYME; LIVER; TOXICITY; RAT; INTERACTION

<hu>

Reubal, J. Vinylidene chloride. Encyclopaedia
of Occupational Health and Safety, International
Labour Office, Geneva 2: 14638 (1972).

Chemical and physical properties, toxicity of
vapor inhalation, and skin irritation of
vinylidene chloride are given. Pure vinylidene
chioride betvweep ~40 degrees C and +25 degrees ¢
io the presence of air or oxygen will forw an
explosive peroxide. Vapors of vinylidene
chloride are irritating to the ayes and contact
of the liquid with skip should be avoided.
Treatment entails removal from the inbalation
source or vashing of contaminated skin.

PROPERTIES; TOXICITY; EBXPLOSIVY

<uS>
Rylova, n,L.
dichloride),
and Toxicol.) OSSR
47, 115594)

{Toxicity of 1,i~ethene
rarmakol. Toksikel. (Pharmacol.
16(N) ¢ U2=44 (1933 . {CA

At concentrations ranging from 0.5 to 45 mg/l,
1,1-ethene dichloride is wi1ldly narcotic to mice,
cats, rabbits, and guinea pigs. Vinylidene
cbloride is highly volatile, with a lethal vapor
concentration of 15 mg/)l (mice). Humap corneal
Mucosa and respiratory passages are affacted at
0.1 ug/l. In vapor form, it causes hyperemia of
laryngeal and polmonary mucosa, and dermal
erythesa in 5 minutes.

Russ.; Eng. Transl.

VAPOR; TOXICITY

<U6>

sax, W.I. vinylidene chloride, Pangeroos
Properties of Industrial Materials, Van Wostrand
Reinhold Co., WY 3rd ed., p. 1229 (19%69).

vinylidepe chloride is dangerous vhen exposed to
beat or flame. The disaster hazard is rated as
highly dangerous because 1t reacts vigorously
vwith oridizing materiais, A list of
countermeasures (ventilation control, storage and

SL
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handling, and shipping regulations) is included.

STORAGE; BANDLIRG

47>

Severs, L.¥W.:; Skorv, L.K. Monitoring parsonnasl
exposure to vinyl chleride, vinylidene chloride
and methyvl chloride it an industrial work
envitohment. Amer. Ind. Ryg. Assoc, J. I6() =
669-676 (1979,

The 1974 OSHA wxposure standard stated that the
peraissible eiqht houtr avarage arposure to vinyl
chloride (¥C) is pot over 1 pps, ¥ith a ceiling
of 5 pod per sampling period. 3 study vas
yndertaken to develop a reliable method for long
and short ters personnel sawpling and analysis of
vinyl chloride (I), vimylidene chbloride (II), and
sethyl chloride (III). Of the various
coamercially available carbena, Pittaburg PCB 12
X 30 Activated Carbon, a cocodnut carbon, vas
found the sost suitable for the personnel
saapling technigque. Cne gram in a steel tube can
be used to collect (I}, (II}, and (III). The
carbon im further desorbad with C3, at dry ice
tesperatyre, or by thermal descrption.

ANALYSIS: OCCUPATICMAL BXPCSURE; MOWNITORING

[ 4

Siegel, J.; Jones, R. L Coon, ER.A.; Lyom, J.P.
Effects on expetinental apimls of acute,
repeated and contisuous inhaleticR sxposures to
dichloroacetylena miztures. Toxicol. Appl.
Pharsacol. 18: 168-174 (1971) .

The 4-hr LCS0 of a
dichlorcacetylepe~trichloroethylene mirture
{DCA-TCE) in rats vas compared with the LCS0 of
trichloroethvlene, carbon tetrachloride, methyl
chlorofcra, and vinylidene chloride. LC30 of
vinylidene chloride was detearmiced to be 6,350
pps for rats, vith a mortality ratjo of 1/16 at
4,900 pem, and 7/16 at 6,150 pps.

RAT; CELCRIRATED HYDROCAREOMS; MIITURES; TOXIICITY

<§9>

Siletchrik, L.M.: Carlson, G.P. Cardiac
gsensitizing effects of 1, i~dichloroethylene:
Enhancesent by phenobarbital pretreatmant.
Arch. Int, Pharmacodyn. 210: 359-365% (1974).

Rats were injected vith epinephrime at a dose of
4 ua/kq and then exposed to DCE (26,000 gpm plus
or minuz 700 ops) for 10 sip. or sorte. Apother
qroue vax erposed to DCE alofes and 4id st
receive epinephrine. In phenobarbital (PB)
pretrea thent studies, ome animal in a pair of the
same wveight vas pretreated with PR (50 mg/kg ip
for 4 days) and the control rat received saline.
Although the dose of 4 ug/kg falled to induce
cardiac arrythaias in air-exposed amisals, 0.5
ug/kqg did so in tats expcsed to PCE. This
cardiotoxicity was further enhanced in rats
pretreated with PE, vith a lower epinephrine dose
required for severe arrytheias tham in controls.
Since PP indoces the enzymatic setaboliss of
foreign szubstances, some Retabolite of LCP say be
responsible for the increased cardiotoxicity.

CARDIOTCIICIYY:; ARRYTHMIA; PHENCEAEBITAL;
PPINBPHRINE; RAT

20

<50>

Sporn, A.; Cirstes, A.; Dinu, I.; Ghizelea, L.G.;
Stoesnescu, L. (Contributions to investigations
on the toxicity of vipnylidems chloride polymer
extracts). Igiena 19(10): 597-594 (1970).

Aguedus and oil extracts of vinylidene chloride
copolyser vere tested in mice and rats,
Adaipistration of the aqueous axtract in 50%
drinking vater for 60 days produced a decrease cf
13«17% in aldolase, glutawsic oxalacetic
transaminsse, succinoxidase, and acid and
alkaline phosphatase activity, vithout affecting
blood picture, succindehydrogenase activity, and
the adrenal ascorbic acid content. The oil
extract (9% in the food) did not have any effect
of the anirsals. The alterations produced by the
aguepus extract are attributed to the presence of
chlorhydrin in the plastic maxs.

Rom. ; FRQ. Suae.

COPOLYMER; TOXICITY; RAT; MICE; EXTRACT

<51

Stecher, P.G., (Pd.) Vinylidena chloride. The
Merck Index. "erck and Co., Inc. Rahway, WJ ath
ed., 1109 (1968).

Chemical and physical properties of vinylidenas
chloride are given. An iptersediate 1o the
prtoduction of vinylidene polymer plastics such as
Saran and Velonm, its toxiecity is reportad aa
irritant to the mucous seabranes, narcotic io
high concentrations, and the toxic agent of
kidney and liver injurie=s in humans and
experimental apisals. Vivylidene chloride
polyserizes to a plastic: uncontrolled
polymerization say lead to explosion.
Presarvation of the monos«r requires inhibitors.

TCIICITY; HOUMAN;, ANINAL

<ED

Stewart, R.D.; Dodd, H.C.: Duncan, 5. E.;: Helder,
E.E. Diagnosis of solvent poisoning. JAMR
183(13); 1097-2000 (1965).

Sclvent poismoning or exposurae can be rapidly
diagposed by breath anmalysis. Por identification
of unknown solvents, the breath is collected 1n a
10=liter plastic bag apd analyzed by ainfrared
apectropetry. Once the identity of the salwent
is known, breath collection and analysis
technigues are simplified. Small bteath samples
are collected in 10 to 50 wl glaxs pipettes and
analyzed in small aliquots by vapor phase
cbhromatography. A table of data obtained by
infrared analysis lists the solvents most
cosaonly present in the expired breath cf exposad
werkers (Dov Chemical Co.) up to smeveral weeks
atter axposure, and the einimom amount vhich must
be present in the breath for idemtification.
Vinylidene chlcride can he rdentified as &
copcentration of 0.1 ppe {vapor phase
chrosatographic sensivivity) and 5 pps (infrared
sensitivity) with an infrared analytical
vavelength of 12.60 ug. The rate of excretion or
"decay” of a solvent in the breath iz dependent
ugen the rate at whichk the compound 13
metabolized; each solvent possesses a
characteristic excretion of "decay* curve in
breath. Serial breath analyses folloving solvent
exposure produce ab eicretion curve, vhich say be

65A3h




<52> CONT.

conpared to excretion curves of knovs quantities
in order to detersine if 2 potentially eorxic
amount of solvant has bean absorbed.

SOLVENT: BRYATH; ANALYSIS

53>

von Qettioqesn, V.P, t,1=dichloroetnylene The
Halogenated Aliphatic, Clefinic, Cyelic,
Aromatic, And Aliphatic-Aromatic Bydrocarbonos
Irclyding The Balegenated Insecticides, Their
Toricity And Potential Dangers. U0.5. Departeent
of jiealth, Education and Welfare Pyblication No.
414 166-200 (1955 .

Yinylidene chloride polyaerizes rapidly and is
therefore the basic monoser used in the
nanufacture of plastic pclyaers. If xept at
teuoefa tures betveen =40 dagree C and +25 degree
€ in the presence of air or oxygen it fcrms a
potentially explosive peroxide compound that
requires careful handling. Vinylidene chloride
therefore should not be handled cr stored Lo the
oresence of air,

PEROXIDE; RANDLIKG; EXPLCSIVE

21

<54

¥essling, E.; Pdwards, r.G. Ffinylidene
chloride. Kirk=gthmer ¥ncyclopedia of Chemical
Technology, Standen, A.(Bd.), Intersciencae
Fublishers, N.Y. 2pnd ed., 21: 275-303 {1970).

The physical properties, wanufacture, analysis,
and safety of vinylidene chleride are given.

Por repeasted exposures (Phr/day, § lays a week)
the vapor concentration of vinylidene chloride
should be belovw 25 pp®. S5ingle exposure of 1000
ppm for up to one hr or 200 ppw for up ta 8 hr
vill probably be safe. S5Single exposure to a high
concentration (4,000 ppm} avan for a few minutes
can be dangerous and produce iiver and kidopey
injury. Skin and eye contact vwith vinylidene
chlotide should be avoided. Vinylidene chloride
reacts with air or oxygen to form a peroxide
ccsoound which L5 violently explomive. Residues
of vinylidene chloride should be handled with
care and peroxides destroyed Dy washing with
¥ater at room tewpe rature.

PROPERTIRS; MANUFPACTUHE; ANALYSIS; TOXICITY

65437




AUTHOR INDEX




Aqranovskij, Z.H. 1

Alleén, T.B. 2

Amarican Confersnce of Governmental
Industrial Hvgienizts 3

Anderson, v.l. 4
Anonveacus 5, 6, 7, 8, 9
Bando., B.M. 10
Barr. R.P, 1
Bartsch, H. 12
Blinova, T.5. 1%
Broitsan, A.Ya. 35
Broser, ¥, 13, 22
CSEN 14

Carl=an, G,P. 15, 49
Carpenter, C,P. 1f
Chaudet, J,H. 23
Chivers, C.p., 17
Christensen, H.E. 18
Cirstea, A. 50
Concllv, R.B. 26, 27, 28, 29
Coon., B.A. 4B

binu, I. 50

Dodd, H.C. 52
totsenke, V.A. 1
tuncan, S5.P. 52
Eaton, H.G. 23
Fdvards, P.G. 5S4
Fed. Register 19
Fuller, G.C. 15
Gage, J.C. 20
Ghizelea, L.G. 50
Ralev, T.J. 21
Jenschler, n. 13, 22
Holder, B.B. 39, S2
Hopf, H.C. 13, 22
Hoebner, v,R. 23
Trish, D.D. 24

Jaeger, R.J. 25, 26, 27, 28, 29,
30, 31, 32, 43

Jenking, L.J., Jr. 33, 34, 41
Jones, R.A.  BY, uB

Rick, J.X. 19

Kovalev, 0,A. 35

Langner, B.B. 39

lehman, A.J. 36

Lugimbykl, T.T. (Pd=.) 18

Lyon, J.P. 48
falaveille, C,. 12
KcBirney, R.S5. 17
montesano, R. 12
Moslen, %.T. 43

Murphy, 5.D.
3, 32, 33,

Newwman, D.R.,

ott, M.G. 39

Piatt, V.R. 40
Pozzany, O.C. 148
vrendergast, J.A. 41
Reynhardt, R.C. 42
feynolds, EB.S. 29, u3d
Rosenbava, M.J. 10
koubal, J. 44
Rylova, M.L. 45
Saunders, R.A. U
Sax, B.I. ué
Severovostokova, V.71, 15
Severs, L.W. o7
Shiba, v.v. 1
Siegel, J. 41, u8
Siletchnik, L.4%.  u9
skory, L.K. 47

seyth, R.P. Jr. 16

Societe pour la Protection les
Cultures 9

Sporn, A. S50

Stecher, P.G5., (%f3.) 51
Stewart, R.0. 52
Stoe¢nescu, L. 50

Stabao, 5. 43

Towatis, L. 12

Trabolus, J. 33
Trabulus, N,J. 31, 32, 34
von Oettingen, W.F. 47
Watts, H. 11

Wessling, R. 54




KEYWORD INDEX




ABSORFIION 1 BETABOLISE 8, 14, 30, 33, 34
ADRENAL 32 micE 35, S0

AEROSOL 9 MIXTORES 48

ANALYSIS 1, M7, 52, S& HONITORING a7

ANLEAL 3, 8, 14, 18, 21, 81, 59 MORTALITY 39, 81

ANTAGONISH 20 MOFAGENICITY 32

ARRYTHHIA 49 NEORQTOXICITY 13, 22

BARBETORATES 30 OCCUPATIONAL EXpPosDg® 13, 17, 22,
37, 9, w7
BREATH 52
PACKAGING 1
CANCER 39
PATENT @
CARDIOTOIICITY 49
PEROXIDE 53
CASE REPORT 13, 17, 22, 37, 39
PHENOBARBITAL 49
CELL CULTORE 10
PHYSIOLOGY 24
CHLORINATED HYDEOCARBOXS 48
PLASTIC 7, 10, 14
CLASSIPICATION 36
PROPERTIES 7, 11, 24, &4, 54
CORTINGS 19
RAT 15, 16, 20, 25, 26, 27, 28,
CONTAINERS 19 29, 30, 31, 32, 33, 34, 15, 43,
48, 49, 50
CONTAMINANT 2, 4, 23, 40
SESEARCH 14, 21
COPOLYMER 35, 50
REVIEW 21
DIFFISION COEPFICIENT 11
SATETY 42
EWZTME 12, 15, 31, 33, 34, 43
SALAONERLLA 12
PPINEPARINE 49
S0LYENT 34, 37, 52
EQUIPHMENT 6
SPACECEAYT 2, 4, 23
EXPLOSIVE 42, 44, 53
SPECT BOPHOTOMETRY 11
EXTRACT 50
STORAGE 42, 4§
PASTING 26, 27, 28, 29, 32
STYRENE B
PIRE 6
SUBAARINES 4, 40
roop 1, 19
TERATOGENICITY 8
POOD ADDITIVE 1%, 36
THRESHOLD LINIT 3
GAS CAROBATOGEAPHY 221
TOXICITY 3, B, 10, 15, 156, 18, 20,
HANDLING 22, 42, 46, 53 21, 24, 26, 27, 29, 33, 135, 37,
41, @42, 43, uu, us, 48, 50, S5t,
HEPATOTOXICITY 25, 28 54

HUEAN 21, $1 TynOR 14

IWDOSTRIAL HYGIENE 7, 21, 38 YAPOR 45

INGESTION B8, 14 VARNISH 35

INHALATION 20, 26, 29, &1 VINYL CHLORIDE MOMNOWER 25
INRALATON 15

INSECTICIDE 9

INTERACTION 12, 25, 43

LEUCODEERRA 17

LIPOPEROXIDATION 31

LIVER 26, 27, 29, 31, 32, 35, 37,
43

LONGS 37

SANOPACTORE 5, 8, 14, 5u




PERMUTED TITLE INDEX




Triqeminusstosrund bai xTwei Patienten. ®Chlorierte
lesions of the trigesinal nerve caused by chlorinated
cranialis following poisoning vith chlorinated
following 1, '=dichloroe thylene, corticosterone, or
interpretation of resolts on ninety-six #The assay of
dichloroacetylene ¥Fffects on experisental animals of
irradiation of prepackaged foods, * #Fo0d
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TOXICOLOGY |NFORMATION RESPONSE CENTER

Broee et B =t
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TOXICOLOGY INFORMATION PROGRAM

The Toxicology Information Response Center (TIRC)
was founded in 1971 to establish a national and
international center for toxicology information. TIRC
provides information to all individuals on a variety of
chemicals such as food additives, pharmaceuticals,
industrial chemicals, environmental pollutanta, heavy
metals, and pesticides; and other topics of toxicologic
concern.

ORGANIZATION—TIRC is sponsored by the
National Library of Medicine's Toxicology Information
Program. Located at the Oak Ridge National Laboratory,
TIRC is part of the Information Center Complex, a major
scientific and technical unit within the Information
Division. This Complex coordinates the functions and
activities of several information units at the Laboratory.
These associations provide a unique opportunity for
scientific and technical intsractions.

INFORMATION SERVICES—As an information
analywis center, TIRC acquires, selects, stores, retrieves,
evaluates, analyzes, and synthesizes comprehensive
literature packages according to a user's specific request or
a current need. TIRC provides extensive toxicology
information assistance and reference services to the
scientific, administrative, and public communities~~health
science students, educators, practitioners, scientists, and
administrators. Interested persons may request: (1) specific
published toxicology data, (2) individualized literature
searches, (3) topical bibliographies, (4) annotated and/or

+ . key-worded bibliographies, (5) state-of-the-art overviews,

. . (6) custom searches of computerized data bases, (7) SDI
- "~pervice, (8) access to over 650 bibliographic collections

generated annually, (9) in-Center use of the toxicology
reference library, and (10) selected reports available from
the National Technical Information Service.

INFORMATION RESQURCES—TIRC utilizes a
variety of information sources. On-line access is available
to several computerized data systems: MEDLINE and
TOXLINE, RECON, and the diversified files of

" commercially available data systems such as DIALOG
{Lockheed), ORBIT (Systems Development Corporation),
and BRS (Bibliographic Retrieval Services, Inc.). The
ORNL data files are searchable in batch mode and also
provide SDI service.

Hard copy secondary sources used by TIRC include
Biological Abstracts, BwResearch Index, Chemucal
Abstracts, Current Contents, Excerpta Medica, Index
Medicus, ATOMINDEX, Science Citation Index, Energy
Research Abstracts, Nutrition Abstracts and Reviews, Air
Pollution Abstracts, and others. In addition, the QRNL
library system provides an abundance of valuable
resources with more than 200,000 bound volumes and
600,000 reports. Of the 3,500 subscription journals, about
1,200 are biologically or environmentally oriented.

As part of the Information Center Complex, TIRC
maintains ready access to consultation and information
exchange with other distinct, discipline-oriented entities
which specialize in: (1) preparng evaluative multimedia

monographs, stateof-the-art reviews and overviews, (2)
building an interactive computerized Toxicology Data
Bank, (3) constructing and maintaining computerized
reference and data files ‘on igntagens and teratogens, (4)
compiling environmentally giieeted data files, and (5)
collecting and distributing,] ed energy information
as well as ongoing research Wi development data.

SEARCH REQUEST INFORMATION—Literature
searches are initiated after receiving from the requester
certain background information: (1) definition of the
search request in detail, (2) subject, scope, time and
literature coverage, languages, suggested completion date,
and (3) agreement on the cost estimate of the completed
aearch.

COST—Searches are accomplished for requesters
under a direct full-cost recovery system. The rate is
$30/hour with a minimum charge of $35 for domestic
search requests. Charges for search requests from foreign
countries are $35/hour with a $40 minimum charge.
Computer-associated charges, reproduction costs, as well
as use fees for copyrighted materials, are assessed in
addition to the hourly rate.

Following agreement between TIRC and the requester,
a thorough literature search is conducted utilizing on-line
computerized data bases and traditional library sources.
Scope, time coverage, and search parameters determine the
overall search cost.

Payment is collected by the National Technical
Information Service in Springfield, Virginia 22161, either
by direct billing or through deposit accounts.

Work for government agencies can be accomplished
through interagency agreements.

SEARCH COMPLETION TIME—Response times
vary from an immediate telephone answer to eight to
twelve days for computerized data base searching to three
to four weeks for detailed literature searches.

PERSONNEL—TIRC’s professional staff members
possess multidisciplinary scientific backgrounds covering
chemistry, biology and medicine, pharmacology and
toxicology, microbiology, bacterial physiology, information
sciences, and administration. The staff specializes in
bibliographic literature compilations, state-of-the-art
overviews, and consultations. Scientific interaction occurs
with personnel from the other information centers within
the Information Center Complex as well as with the
multidisciplinary Laboratory research staff.

CONTACT THE CENTER—Telephone inquiries can
be made by direct dialing (615)483-8611, extension 3-0211.
For those who have access to the Federal
Telecommunications System (FTS), the number is
850-0211. Written requests for information or searches
should be mailed to:

Toxicology Information Response Center
Qak Ridge National Laboratory
Post Office Box X
Qak Ridge, Tennessee 37830
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RECENT TIRC PUBLICATIONS*

ORNL/TIRC-76/1

Toxicology Information Response Center Literature Search
Index. 1. 101 to 2100. Toxicology Information Response
Center Staff. 205 pages, 2,000 references, $7.50.

ORNL/TIRC-76/2

Trichloroethylene: I. An Impact Overview, E. M Waters,
H. B. Gerstner, and J. E. Huff. 11, An Abstracted Literature
Collection, 1907-1976. E. M. Waters and 5. A. Black. 265
pages, 1673 references, $20.00.

ORNL/TIRC-76/3

Kepone . A Literature Summary. J. E. Huff and H. B.
Gerstner. II. An Abstracted Literature Collection,
1952-1977. §. A. Black. 52 pages, 175 references, $15.00

ORNL/TIRC-78/4

Mirex. I. An Overview. E. M. Waters. II. An Abstracted
Literature Collection, 1947-1976. E. M. Waters. 98 pages,
325 references, $10.00.

ORNL/TIRC-78/5

Toxicology Information Response Center Literature Search
Index. II. 2101.2600. Toxicology Information Response
Center Staff. 99 pages, 500 references, $7.50.

ORNL/TIRC-76/6
Lead Analysis: Literature Collection, 1966-1976. 5. A.
Black and K. C. Miller. 214 pages, 1,552 references, $18.00.

ORNL/TIRC-77/1

Selected Case Histories and Epidemiological Exampies of
Human Mercury Poisoning. 1. State-of-the-Art Review
Herbert B. Gerstner and J. E. Huff II. An Abatracted
Literature Collection, 1947-1976. 8. A. Black. 101 pages,
566 references, $20.00.

ORNL/TIRC-77/2

Methoxyflurane. I. An Overview. E. M. Waters and B. E.
Ricci. II. An Abstracted Literature Collection, 1947-1976
B. E. Ricei and E. M. Waters. 120 pages, 1,071 references,
$22.50.

ORNL/TIRC-77/3

Vinylidene Chionde 1. An Qverview. [I. A Literature
Collection, 1947 to 1977 H. 8 Warren and B. E Ricel 32
pages, 117 references, $15.00.

ORNL/TIRC-77/4

Health Aspects of Chloroform—A Review 5. G. Winslow
and H. B. Gerstner. An Abstracted Literature Collection.
1907 to 1977. 8. G. Winslow 232 pages, 1,387 references.
$28.00.

ORNL/TIRC-77/5

Asbestos: A Perapective. I. An Overview. J E. Huff. II. An
Annotated Literature Collection, 1960-1974. J. E Huff. A
$, Hammons, C. Y. Dinger. B. W. Kline, and B L.
Whatfield. III. An Abstracted Literature Compilation,
1974-1977. 5. A. Black. 214 pages, 867 references, $28 00

ORNI./TIRC-77/6

Toxicology Information Response Center Literature Search
Index. III. 2601-3100. Toxicology Information Response
Center Staff. 77 pages, 500 references, $7.50.

ORNL/TIRC-78/1

Toxicology Information Response Center Literature Search
Index. IV. 3101-3600. Toxicology Information Response
Center Staff. 69 pages, 500 references, $9.00.

ORNL/TIRC-78/2

Polychlorinated Biphenyls. Polybrominated Biphenyls,
and Therr Contaminants. Literature Compilation,
1965-1977. 5. G. Winslow and H. B. Gerstner. 374 pages,
2,068 references, $25.00.

PUBLICATIONS IN PREPARATION

ORNL/TIRC-78/3
Vinyl Chioride. H. 8. Warren,

ORNL/TIRC-78/4
Leptophos. E. M. Waters,

ORNL/TIRC.78/5

Toxicology Information Response Center Literature Search
Index. V. 3601-4100. Toxicology Information Response
Center Staff. 500 references.

Acrylonitnle. N. P. Drago.

*Available from the National Technical Information

Service, Springfield, Virginia 22161.




