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I. INTRODUCTION

To present a review of the health problems and their coutrol for the Rubber
Industry requires the making of certain choices relative to the breadth of
the discussion. It is well known that the Rubler Industry has many facets.
These involve not only the conversion of the natural and syuthetic polymers
mto usable articles, but the manufacture of chemicals, plasties, and numerous
other materials. For this reason, this review is restricted to the manufacture
of the commonly used synthetic polymers and to the operations incident to
the conversion of these polymers and the natural polymer into marketable
products.

Why should there be a concern with respect to the health problems of the
Rubber Industry? (1) It is well known that many different chemicals are used,
not only in the manufacture of polymers but in the conversion process'. The
industry is a huge consumer of chemicals, and these run the gamut of highly
hazardous to inocuous. Proper environmental controls must be applied in order
to handle them safely. (2) An increased emphasis by governmental agencies
for a safe working environment has also been an important factor, (3) And,
finally, our society as a whole shows an increasing concern with respect to all
environmental factors affecting life and property.

Industrial hygicnists use a basic guiding prisciple for all environmental
health hazard control: all materials are toxic to some degree, including such
common essentials as water and oxygen. The problem is to deterinine the lerel
or quantity at which a specific material is harmful or prodnces an adverse effect.
The question is always, therefore, not whether o matevial is Loxic; rather, is it
hazardous (too much). 1t would be impossible for most industrial operations
to vecur if we had to have zero exposure of personnel to materials, The defini-
tion of the hazardous amount is frequently very diflieult and thwe ¢onsuming,
and involves skills of several disciplines, including those of toxicology and
medicine. Tt requires the stidy of animals under controlled insult conditious
aud_the ongoing observations of humans during their working lifetime,
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II. HAZARD CONTROL METHODS

The methods used for the control of environmental health hazards in the
Rubber Industry are those that are generally used elsewhere. These are:

Modification of the Process

Puclosure

Isolation

Substitution of a Material Which is Less Hazuardous
Personal Protective Kaquipment

Ventilation

The Use of Shields or Barriers |

1t is well recognized that the scicnee of industrial hygiene is a highly specialized
one and those personnel engaged in it in the rubber industry must be well
equipped by training and experience to evaluate properly manufacturing
processes with respeet to envirommental hazards and to devise proper means
of control. They must constantly be knowledgable in the ever changing spec-
trum of manufacturing operations and materials used. They must be well
versed in proper techniques of air sampling that are applicable to the specific
materials that present potential health hazards. Suflicient atmospheric evalua-
tions must be made so that proper conclusions can be drawn as to whether or
not a health hazard exists. If it does, then means of controlling it to safe levels
must be devised. :

The most effective control of environmental health hazards is accomplished
by a combined use of appropriate environmental controls and proper examina-
tions of personnel. The latter serve to pinpoint those individuals who are
hypersensitive, as well as to provide proper documentary records for any
future need by either the employee or the company. However, in order to be
effective the examinations must be of a type whereby some biochemical change
can be readily observed prior to the onset of symptoms or organic damage. The
procedure must also be simple so that it can be readily done with little or no
discomfort to the employee. It should be an index of over-exposure, not a
diagnostic sign of existing disease. There are many acceptable procedures now
being used for this purpose. Among them are: complete blood counts, chest
x-rays, quantitative examinations of blood and/or urine for specific materials,
such as lead and mercury; and liver function tests. However, there are still
many materials that are used for which it is desirable to have some better
index of overexposure.

TH. TYPES OF INDUSTRIAL HEALTI HAZARDS

Tlhe actual and potential health hazards of the Rubber Industry fall into
three general categories: (1) inhalation of airborne dusts, vapors, mists, etc.,
(2) skin contact whereby either dermatitis is produced, or systemic absorption
may occur (3) physical agents, such as ionizing radiation, noise, heat, and
nonionizing radiation. nzards from oral ingestion of toxic mateirals may be
present, but in general, they are not the dominant factor, Oral ingestion can,
however, be quite significant in the overall hazard of materials, such as lead,
merawry, selenium, and others, becanse this factor may inerease the tolal body
burden.

A discussion of the specifie hazavds it the first two of these general eategories
will now be undertaken for polymer manufactnre and processing operations,

————
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IV. POLYMER MANUFACTURING
A. STYRENE BUTADIENE RUBBER

The manufacture of SBR polymers is done in modern plants with processes
that are generally closed. It is well known that both styrene and butadiene are
highly flammable and rigid controls must be in effect in the plants to prevent
fires. The physiological effects of styrene and butadiene, in general, are miid2
With the advent of wide usage of these monomers during World War II,
extensive studies on their effects were undertaken. Based upon the animal
experimentation that was carried out, it was felt that no severe health hazards
would accrue to personnel working with these matetials in the (then) govern-
ment owned plants®4 Subsequent observation of personnel over many years
has proven this conclusion to be correct. Styrene is quite nritating in vapor
form with a TLV (Threshold limit value. As used here it refers to the levels
recommended by the American Conference of Governmental Industrial
Hygienists, 1969 list. The levels are intended to serve as guides for safe eight-
hour continuous inhalation exposure.) of 100 ppm generally accepted. The
liquid is also quite irritating to the skin and may cause severe dermatitis. A
recent study by Stewart’ indicates some signs of impairment of neurological
function may oceur in humans with a one-hour exposure to a vapor concentra-
tion of 375 ppm. In spite of its similar chemical structure to benzene it does
not produce the serious blood dyscrasias that results from benzene exposure.
Chronic effects have not been observed. Butadiene is a less irritating compound
to the respiratory passages than styrene, and as in the case of styrene, chronic
effects have never been observed. A TLV of 1000 ppm has been generally
accepted. Acute exposures, of course, to either of these compounds may occur
through accidents and improper handling in the plants. Both are capable of
producing fatalities at high atmospheric levels.

B. STEREOREGULAR RUBBENS

Polybutadiene and polyisoprene are the prineipal products in this class.
The polymerization of butadiene and isoprene is generally accomplished in
hydrocarbon solvents through the use of alkyl aluminum compounds, using
selected titanium compounds as catalysts. The manufacturing processes are
essentially closed and provide little opportunity for excessive exposures to the
monomers. Isoprene produces its physiological effect primarily as an anesthetic®.
Chronic intoxication has not been observed; acute exposires may be serious
depending upon their degree. The physiological effects of butadiene have been
discussed in the previous section.

The aluminum alkyls are particularly hazardous from the standpoint of
fire. Because they ignite spontancously in the air, their handling in the manu-
facturing plant must be such that this will not occur. Accidental spillage on the
body will produce serious, or even fatal burns.

C. NITRILE RUIBERS

These polymers are based upon the copolymerization of acrylonitrile and
butadiene. One of their principal charneteristics is their unusual oil resistance,
The principal health hazard involved in their manufacture arises from acryloni-
trile—a highly toxic substance. It is o liquid at ordinary temperatures and
possesses moderate voltntility. [ts principnl physiological effect is that of g
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hematoxin; similar to, but less severe t,hqn hydrogen cyanide”®. It can be
absorbed through the skin in amounts which may b‘e harmful or even fa‘tIthl,
But its principal hazard arises through inllal.at}on.of its vapors—it lx_as a'l X
of 20 ppm. A specific treatment for acrylonitrile intoxication is available an
has been described®.

D. NEOPRENE RURRERS

The polymerization of 2-chloro-1, 3-butadiene (cllloroprex‘le) results in a
polymer, polychloroprene, with the trade name Neoprene. The monomer is
hazardous and requires careful handling. It is a central nervous system depres-
sant and is also toxic to the liver. It may be nbgurbml through tlxg skin in harm-
ful quantities. Loss of hair has been observed in personnel. working arou‘nd tléle
polymerization processes. A TLV of 25 ppm of chloraprene is generalb accepted.
The polymenr itself is free of any health hazard and has been used widely over a
great many years.

E. BUTYL RUBBERS

The copolymerization at low temperature of i§0butylene _and isoprene n‘x
the presence of boron trifluoride and me.thyl. chloride resu!ts in butyl 1:11bb.ex.
Closed processes are used in the polymerization and‘ there is little oppoxtumt);
for exposure of personnel to hazardous mutena!s. '1!10 pllySlqloglcal effects o
isobutylene and isoprene are primarily apestlxetlc, with no eV{dellce of chronie
injury®tl Accidental acute exposures, if they occtlr_ﬁ:om exthen: compound,
can be harmful. Both compounds are flammable and rigid precautions must be
observed in the manufacturing operations to prevent fires. ) ]

Boron trifluoride is a highly toxic, colorless gas. Its physiological effects
have not been thoroughly investigated, but Torkelson .:md (-o-wm'kers‘.2 hgve
performed inhalation animal studies, Based upon their work, ‘the principal
effect appears to be marked irritatipn of the respiratory tract. A TLV of 1 ppm
(as a ceiling level) has been established. ] ) '

Methyl chloride is a moderately toxic cf)mpmmd possessing anesthet.lc
properties. It may also produce ki(}1le}' aund liver (l'amage, a‘s) well as ce.ntml
nervous system effects. The mortality may be as high as 359, of excessively
exposed personnel™® . A TLV of 100 ppm has been established.

F. ETHYLENE PROPYLENE RUBBERS

This eclass of rubbers result from the cop‘olymeriz'ation of ethylene and
propylene, in a hydrocarbon solvent system, using aluminum a]k)lrl compounds,
with various titanium or vanadium compounds as cafalysts. Neither gthy]ene
nor propylene possesses any severe health ll‘:lzal'(!s“. .Lacll has anesthetic pru.])—
ertics, but chronic effects do not oceur. Iach is hlghl.y flammable and pre-
cautions must be taken in handling to prevent fire. ngh :‘Lcute exposures to
cither of the vapors may result in anesthesia or fatality. The hazards :?f the
aluminum alkyls have been discussed under “Stercoregular I.{upbers . No
TLV has been established for either cthylene or propylene, but it is generally
recommended that atmospheric eonceutrations should not exceed 1000 ppm
of etther one.

G. POLYURETITANES RURBBERS

Polyurcthanes are produeed by reacling an ism'y:u.mt.c, usually either
toluene diisoeyannte (I'DE), or methylene bis(phenyl isocyanute) (MDI),
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with cither a polyester or a polygiycol. The isocyanates are highly toxic com-
pounds™=18, Their principal physiological effect is on the respiratory traet,
resulting in the production of asthinatie-like syniptoms. Extiemely low vapor
concentrations may, in some individualy, initinte these symptoms. The response
appears to be strongly related to certain allergies. A TLV of 0.02 ppm has heen
established for Loth TDI and MDI. This is an extromely low level ane is
frequently difficult to attain around manufacturing processes. Very rigid
control is needed to be sure that these vapor levels will not be exceeded, requir-
ing careful enclosure of the processes and the use of well designed process
ventilation. Individuals with known allergies or with any evidence of pulmonary
disease should not be assigned to nny isocyanate vapor exposure.

.* In some types of polyurethane manufacture, amines are used as catalysts.
In general, this class of compounds needs to be handled carefully fromn the
standpoint of skin contact. The degree of hazard varies somewhat widely
depending upon the type of amine, but many of those used in polyurethane
manufacturing will produce skin uritation and, in some cases, serious skin
damage. Precautions need to be taken so that such contact will not oceur, and
if it is accidental, the affected area should be washed immediately with soap
and water. Spillage of most amines into the eye can produce serious damage.
Appropriate eye protective devices must therefore be used when these com-
pounds are handled; and first-aid eye washing facilities, using only water with
prolonged irrigation (at least 15 minutes), must be immediately present.
Exposure to the vapors of some amines will produce “halo vision.”” This can
be a delayed effect, not occurring until some _time following exposure. It is
particularly insidious so far as safety is concerned because it may seriously
interfere with vision after the employee leaves the manufacturing premises.

V. PROCESSING CHEMICALS AND ACCELERATORS

Because of the wide variety of materials used in rubber processing opera-
tions it is impossible to give a detailed review of each material. An attempt
will be made, however, to discuss the actual or potential health hazards of those
items which offer the most likely possibilities for occupational health problems.

A. CARBON BLACK

Other than the polymer itself, perhaps the most widely used material
is carbon black, with many opportunities presented for dust exposure. There are
now throughout the rubber industry, in both the United States and abroad,
innumerable men and women who have had many years of dust exposure to
carbon black. Allegations have frequently heen made as to the harmfulness of
such exposures. There is no actual evidence, however, to support siuch claims.

In 1952, Von Ilamm and Mallette!® demonstrated the extractability of a
substance or substances from carbon black which would produce tumors in
mice. A number of investigators have assumed, therefore, that carbon black is
a potential carcinogen. However, Ingalls, in his extensive studies of workers
in the carbon black manufacturing industry, and Nau?=2 in his animal experi-
ments, have hoth demonstrated the non-existence of any tumorigenie potentinl.
Naw’s work indicates that, although compounds, such as benzpyrene, can be
identified as a sorbant on carbon black particles, it is bound so effectively to
the carbon black that its carcinogenic potential is lost. This theory might well
explain the incongruity which would appear to exist, whereby a known carcino-
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. . 1 exnorienee OVer
gen is present on earbon black, and yet, the cpnl(mn()'loglf.al e‘\p(‘,n(m(](“l );/](;p
:l‘lll\' vears, of workers iu the earbon black manufacturing industry and in the
! s,

er i 'y, ir rable
rubber industry, is entirely favorable. y o

A TLV of c:’n'l)on biack of 3.5 mg/m® has been established. This m(hca'tes
no severe health hazard. Carbon biack is handled in rubber 1n:mu.fu(,tullgr{g

: ) ) ) B 3 1, - ] 3 . ls

plants, in partially closed processes, and with SOME Process vcnt:la'tl‘uqn‘.mnm‘
not considered to be a material requiring any special handling so far as health
hazards are concerned.

B. SILICEOUS:DUSTS

+ > v oy 1+ £ ‘n
A number of siliccous dusts are used in the rubber industry, an(lf()%](l)(r)r‘\:ssl
iti rief revi ‘¢ common ones 8
sizeable quantities. A brief review of each of the more e

1. Talc and soapstone. Various materials nsefl il_\ the trade are (:om'monlryr(‘:]:ﬂ{)eé}‘
“tales” or “sonpstones”. These are wsed principally for the dusting o ey
to prevent it sticking to itsell. The two terms are us’ed rather syn(;ni)m sty
in the rubber industry without any attempt to icentify the né.ucl)eru (1'11 il; s
tion. Tale is a silicate with a specific composition of I{zhl:ga(}: 3)4 {;ee(n s
ferred to, mineralogically, as steatite. Other silicates "Vhllch ; tlllv?vin n used
frequently and referred to as eit:ller tale or soapstone u'ne tlxe'“_ot‘ OH Agi'Si o
phyllite HzFe"]\Ig-:SisOu, C{]\!;l‘ltie ﬁh%s%}zsgiolosl Pymp hyl1te 2ix12014 3
i MeaSis 04, and Treinolite CalMgsdiaUs. ‘ .
Serr')l?ll\‘:ll)i‘:er}:&urgacmz\t.:;ns many publications, some (_)f \\\/hlch are clot.ltml(lictog),
with respect to the physiological effects of tale. This can be explamed by

\ inadequate knowledge as to the specific identity of the materials, (2) the

.

I
'al . - .
\«6}" /") harmfulness (or the safety) of tales, from the standpoint of dust inhalation.

v
ptY,
"

s failure to identify it properly, or (3) the investigato}"s failure to note
fl:l(:lli:)llgls'efllicslllts. It is wellyknown that certain s?l_iceous materials, Tols(tllxi]t(;taalgg
quartz (and other erystalline forms of free silica, such as crys o :.io“g e
tridymite) and asbestos, will produce, through l_(mg dust expos}ule, ?ee qiiicqtes
disease. Many of the mineral deposits qf _steatlte, an‘d the o‘t 1er‘l‘n./ .usutm).,
listed above, contain appreciable quantitics of associated _flee S.l 1'w.., mi;} w
in the form of quartz. One of them in particular, pyrophyllite, may con

h as 40 uartz.
mucNumero(Zg qstudics over the years have attempted to demonstrate the

This began in 1933 with the report of Dreessen® aq(l m\'rolveddexpo(s:.ll:’rﬁ(il itz
tremolite. It is generally recognized now that tremolite will pro‘ uctcl:e cfinite
pulmonary fibrosis through long exposure to its d_ust. Furt}}er{?ime, 1f ecent
work of Kleinfeld?s and his associates indicates an increased incidence o p.od o
nary cancer among older personnel who have been exposed over a peri
)eaﬁ'ogue and Mallette?” in 1949 reported on an f:pidemiolOgica] study mvo(l“\;n;g
20 men engaged in rubber inner tube production, '\Yho had be(in letxlpot‘s o) vo
tale dusts for periods ranging from 10 to 36 years. lhe_y coqcllll(_ 0{3( tmcontqin
was no significant health hazard from tale per se, provided 1t~ (]1]( nof talc(;qis
free silica. Weiss and Boettner® have recently reviewed the prob er:x 0 tales ;al
in relationship to the use of commerical tales a.n_tl conq]ude .th‘a.tlg 1e p]o(-’méed
health problem arises from tremolite and free silien which might be associ
mt}/lxo'i‘h[?%‘}zitr:i%cn::ﬁ?lelsl({)lzlxs[;stone of 20 million particles per cnl?ic foot of n}r'
has been established, in contrast to 5 million pm‘tlcle§ per cl‘ll:l.c f()rt):) Omf(\,?ll\)-
for tremolite. Steps should be taken around all processing operations t
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tain dust levels below these values. In view of the acknowledged increased risk
of tremolite dust and quartz dust, it seemns prudent to use as dusting materials
only those that are free of either of these ingredients.

2. Kaolin.—Kaolin, or more commonly called clay, is almost pure nluntinum
silicate having a chemical formula, AL0,;28i0,: 21,0, It is used as both a
dusting material for rubber and as an ingredient. Knolin has not heen regarded
as harmful by inhalation. In 1960 Idenfield®, presented the resulis of a 5 year
study involving 1130 empolyees in the Georgia kaolin manufacturing industry.
This study strongly indicates there is no significant health hazar associated
with the inhalation of kaolin dust. It does, however, show a probability of
aggravating existing tubercilosis.

3. Mica—The recent literature shows a paucity of information on the health
cffects of mica dust. It is generally felt that some adverse pulmonary effects
will result from such inhalation over many years exposure. This is based largely
upon the studies which were done in the early 40’s by personnel of the United
States Public Health Service and the State of North Carolina®®. More re-
cently, Heimann, and associates, have provided a brief report on a group of
61 workers in mica factories in Bihar, India®. This report indicates n very mild
pneumoconiosis resulting from relatively high dust exposure.

4. Submicron silicas.—During the past two decades the use of certain very
finely-divided silicas has become wide-spread in the rubber industry. These
products are essentially 1009, silica, but are amorphous rather than crystalline.
A number of studies to evaluate the physiological effects of these produets
have been made. Some of the more common trade names are: HiSil, Silene,
Cab-0-8il, Aerosil.

In 1952, Jotten and Klosterkotter®, reported that rats died following the
intratracheal injection of 10 mg of Aerosil. In 1956, Swensson™, and associates,
found a significant toxic effect to rats and mice by both intraperitoneal, intra-
venous, and intratracheal injections. They used both amorphous and erystalline
silicas; the amorphous being Aerosil manufactured in Germany. The amorphous
variety was less lethal than the crystalline form with the same dosage. In a
series of inhalation experiments in which several species of animals were used,
Schepers and his associates®™ 3, ai the Saranac Laboratory, reported that the
Degussa submicron amorphous silica did not produce fibrosis in rats, rabbits,
or guinea pigs. However, pulmonary changes were observed, principally of an
emphysematous type, and the tuberculous infective processes in guinea pigs
appeared to be stimulated (not aggravated).

Volk® has reported on a 14-year observation of 215 employees working in a
plant manufacturing Aerosil. The only significant finding in this group of
employees was a slight interlobar pleuritis, There was no evidence of silicosis
or pulmonary fibrosis.

Schepers® has reported on the effects of monkeys inlialing amorphous
silica dust. In his experiment he used 5 animals for 2 12 month’s exposure to an
atmosplieric concentration of 0.43 mg/cubic ft. The trade name of the sib-
micron silica is not identified but it was manufactured by dehydrating sodium
silicate with alcohol. In all of the monkeys some pulmonary disease was found—
principally emphysema, vascular damage, and cor pulmonale,

Plunkett and DeWitt* have reported on an 18-year study of the health
records of 78 employees engaged in the manufacturing and processing of two
commercial sub-micron silicas: Hi-Sil and Silene. Dust exposures ranged from
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0.01 myg/cubic ft. of air to 5.77 myg/cubic ft. of air. No adverse effects, whatso-
WOeT . served. -
L\(’I'l"|\l‘(,?eill(:f((:l|'):ﬁ‘:t‘;gll, to date, on the snl)-n‘\i('rf'm silicas seeis o slu.n\" jl(lzhul‘ti:‘(ll)(/3
that they do not produce classieal silicosis. Some of the‘zsc 1nl-mhf(,lil.1l::bi2n le
by precipitation from silientes, while ()(th'S are nuude fl'f)ln' t,'ll(i ’mn)uyl.'minml
silien componnds. The data scem to indieate, hased pnn(';]m .)“1~11“ I“;‘ el
experimentation, that adveise tissue reactions may occ\u' mn.' amf..c ,-q(,r;n;i
products. It secms prudent, therefore, to kecp clust,‘exp({smel oi.tlpc ;i%in
handling these silicas to a minimum to be sure that no 1ndlvulua.f\\.l 1 e,(‘ :io(li%
pulmonary disease will be exposed to these dusts, and to perform per
physical examinations on personnel who may be exposed.

C. ORGANIC SOLVENTS

A variety of organic solvents arce use,d in mb}ycr proccss‘ilng opcl:ntllmgis(;
Basically, these fall into six gencral classes: paraflin hydroeay mn(si, ml:;):hils
hydrocarbons, chlorinated hy(lrocarl)ong, acctates, lgetones, an -k:‘Lﬁ hel r
These solvents are used, cither as ingredients of adhesives or as tackiliers 1o
adhering rubber to itself.

1. Paraflitn hydrocarbons—n-Hexane ul)d _n—hcptune;, or coml.nencul-nz(lln'le
solvents based on one or both, are the principal paraffin hydroca bolm]a use)ef'rl
rubber processing. Both have been used for many ‘);enrs and thq hcla t} chwlt1
ence has been entirely favorable. Von Oe.ttmgen has ‘extenswe ).'blevxle le_s
the toxicity of these as well as other aliphatic and aromatic hydroem 'O;IS]lllt' un
publication of 1940. Henderson and Haggard® state that the ucut.(? m‘mlu }0
toxicity of heptane is somewhat higher thm_l hexune——_the former <p10‘( 111(,lmgs;
dizziness at a level of 5000 ppm within 4 minutes, while the latter prodt cet
the same effect in 10 mimurtes. Specter’s information on the effec.ts 0;1 Tnlxce are
somewlint at variance with this. IIe reports* a lethal concentration lm 1‘cxm:;
between 34,000 and 42,600 ppm with a two hour exposure, }mt in t 1el case
heptane, a level of 18, 337 ppin for the same length of time is requnef : o
The commereial grades of both of these solvqnts may contain some .1.160(17113l
hydrocarbons, incliding benzene. Cox_xcentm‘txons ranging up to .5— ; 0 .h;y
weight of benzene are not unusual. As will be d‘xscus‘sed later, !)cnzene is a[ u.gthe);
toxie compound and eareful handling is esscntial. Therefore, in t,hef ulfe of e or
hexane or heptane care should be taken t()t as]sufre th(; all):(()mce of benzcne,
if it is present, to establish appropriate controls for sale usc. _ .
! lt];?)tlh (:feth:)se solvents ar(? highly fiammable and fives from static glccltl 1(:f11}
discharge around operations where they ave use(l are not uncommon. oth wi
produce skin irritation, largely because of their defatting qualitics.

2. Aromatic hydrocarbons—In this class, the three solvents most c(‘)%nmonzjy
used in the rubber industry arc benzene, toluene, and xylene—j\\'lbhl couespol‘lm;
ing commercial names of benzol, t,oluf)l, and xyl.ol. At one time, fexlzc?et;ue
quite widely used in rubber processing operations. This 1s nﬁ (t)tlfefor thé
largely beeause of its insidious health hazavds. 1§ has been supp l‘u? c(()f, [he
most part, by either tolucne or xylene so that its present uses d,l((i : a (}Jeen
specialized nature. Physiological cﬂects of cach of these compc;un s has been
extensively reviewed by Von Octtingen®. Acutely, xylene and to‘ uene appfz r &
be somewhat more toxic than benzene. The_acut.e effects of all plneo a?re ?m;:osn;

More importantly, however, from an industrial standpomt, mle Llel .olnfg
term chronic effects. In this respect, benzene must be regarded as lighly
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hazardous and much more severe than cither of the other two. This is hased
upon many years of experience’. The principal effcet of chronic exposiire to
benzene is damage to the blood forming processes. Blood dyscrasing may result,
with the most serious being aplastic anemia—this may be fatal. There appears
to be a wide variation in susceptibility of individuals and this is unpredictable,
Symptoms may occur after exposure has ceased. Some medicnl opinion holds
that benzene may play some part in the production of leukemia, although this
has not been definitely established. Although both toluene and xylene are
closely related chemically to benzene, neither produce the serious blood effects
of benzene as indicated by Gerarde!™*. The commercial gracles of either, how-
ever, may contain appreciable quantities of benzene. Careful serutiny must
thercfore be paid to their uses. Both are skin irvitants and skin contact should
be avoided.

Not only is it necessary to establish proper environmental controls to handle
aromatic hydrocarbons safely, but physical examinations should also be per-
formed on exposed personnel. This is particularly true in the case of benzene.
These examinations should include a periodic complete blood count and the
serial results carefully reviewed. Marked changes in the blood picture, parti-
cularly in a reduction of the total white count, becone quite significant. If
this trend is observed early, prior to the onset of symptoins, corrective measures
can be taken to avoid injury to the individual,

3. Chlorinated hydrocarbons.—The most commonly used members of this class,
in the rubber industry, are: carbon tetrachioride, cthylene dichloride (1, 2
dichloroethane), trichloroethylene, perchloroethylene, and methyl chloroform
(1, 1, 1 trichloroethane). The health hazards of these vary, with carbon tetra-
chloride the most severe, and methyl chloroform the least. All will produce
anesthesia and all are capable of producing liver and/or kidney damage. Von
Oettingen®® has extensively reviewed the physiological effects in both animals
and humans of these as well as many other halogenated hydrocarbons.

a. Carbon tetrachloride. Catrbon tetrachloride is a severely hazardous chem-
ical®%, It is particularly insidious in that low levels of exposure may produce
very serious kidney injury. The currently recornmended maximum lovel of
10 ppm cannot be readily delecled by most humans by odor. Individual suscepti-
bility varies quite widely. It is readily absorbed through the intact skin of
experimental aniinals in toxic amnounts, and Stewart and Dodd® have shown
that it can be absorbed through human skin. Such contact should also be
avoided because of the strong defatting action and subsequent skin irritation.

b. Ethylene dichloride (1, 2 dichloroethane). This is a significantly toxic
compound. The data of Spencer and his associates®?, as well as that of Brown-
ing®, indicate that it is strongly ancsthetic and that fatalities can oceur very
quickly with exposures ranging up to 100,000 ppm (10% by volume). The same
data of Spencer, with repeated inhalation by animals, a8 well as that of Heppel™,
indicates ad verse effects at 200 ppm, but essentially no offects at 100 ppm with
exposures 7 hours per day, 5 days per week, over many months, to rats, guinea
pigs, rabbits, and monkeys. However, at a level of 1000 ppm there was a high
degree of mortality to these animals and microscopic changes in the liver,

Lthylenc dichloride can be absorbed through the skin, but it requires a large
amount to produce significant systemie effects. Repeated or prolonged skin con-
tact should be avoided beeause of theirritation resulting fromitsdefatting action.

c. Trichloroethylene. This compound is strongly anesthetie as indicated by
the work of Adams and nssociates™. In fact, plinrmacenticnl grades of it e
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widely used as general anesthetic agents in ('mu:entmlti(mfz Vurynllggfr(nrzﬁ?ogg
vy used as gene sthe ' ron
g » or oxygen. In 1960, Boulton and Sweet™,
to 25,000 ppm by volume in air or ox) G . ‘ on
the b’asis (lfl gome 73,000 cases of surgical anesthesia, (‘(mdlu(lutl‘ thntG'tl 1(5]!(11];2;)11
: i i 0T
y  nnesthetic ngent in use at that time. G
ethylene was as safe as any other : . ! . n
nnd coworkers?? assert that neurologic changes may result from prolonged o‘vlc(;r
exposure, while Williams®® finds that such exposures may ulso cause min
injury to the liver. ‘ . ‘ N
: TFor many years, it has been assumed that the use (3‘5' alcohol was C?l-‘ttl:d
indieated with trichloroethylene. Cornish and Adefuin® have demonstra
that this does occur in rats. o . .
Stopps and MeLaughlin® have showed that no signifi i.mt psy (,hn;t):\y.;l(;)o
i i st occurs 1 unans with prolonged exposure to
logical functional effect occurs i hum 4 sure to 0
pﬁm‘ but that such effects do exist at higher levels :mdl their sl(ivcxsllnf' :;11:,(110;1;::
! 3 H . v 7 o cg 0 l
e ¢ ¢ sreases, Stewart and coworkers
as the atmospheric concentration me _ . rkers
immans exposed to 200 ppm for 4-5 consecutive eight-hour periods, showed
i jecti ; s, prineipally fatigue.
mild subjective symptoms, principally . - ' o .
Stewart and Dodd®! have demoustrated that tnchlmncth)lcnebls .tll)s<;1]‘;glﬂ
through humaun skin, but that it is unlikely that the amount so absorbec
be harmful. ) . "
It is not uncommon to find that smnc‘cxm)_lo_ye.es using .tuchl&)mfthyl(gns(il;)_
industry develop an habituation for it. Its mild, intoxicating e elcl ,f.an .
sequent cuphoria, are found to be very pleasant and employees W‘l | .;?&\:len y
purposely inhale its vapors. This praetice, of cour;%e, should ;:e']pm 1; ) \lqe‘(l .
d. Perchloroethylene (tetrachlm'oethyleng). Perchioroethylene f n{ d i
essentinlly the same types of operations ns trichdoroethylene. It ;s a .loyl‘c e
higher béiling solvent and has certain a(lvzmtugcg, thcrefon‘a,l o1 f(ﬁeﬁ, ?:, eé
‘ations. It possesses strong anesthetic properties, and with sufficier 3
Dhgro, ma : 1 A ¢ liver or kidney damage. Rowe® and associates found that
yosure, may produc . _ s fo
linglc ’expnsures to rats of 6000 ppm caused uncnnsc;nusnlcss \_\fxt];lh t;fcfct:v
mi ‘ i 1 for 14 hours, produced no similar eficets,
minutes, but that 2000 ppm, 1nlxul¢_a( ots.
They nléo found that a concentration of 20,Q00 ppm caused thci (lt?:}tth ](:‘fm:qn
in approximately 4% minutes. These same mvgstlga:o;ssofoun( rm A h()u‘rs
j ¢ : heric concentration o ppm for ,
subjects exposed to an atmosphe C ) e
felt that motor coordination was impaired. l}Tnc(msvmusness hut,sn]l:)(;(::]lléfiléo:;t)n-
red i indivi I exposed to an average a
to have occurred in one individua 1 eo
centration of 275 ppm for 3 hours, followed by 1100 ppm for 30 nmmtes.t}Cehrllil‘(;g:
recovery oecurred rapidiy; but, there was a prolonged effect upon th
suggestive of mild hepatitis. . o
gThese same investigators found that repeated seven how mh(ixlai:noid
exposures of ruts at an atmospheric concentration of 2500 ppm, ca}ls:oor pm
death. Rats, monkeys, and rabbits tolerated rcp(‘f?tcd c&fposmcsko' l ]_g‘[,)ed
without ill effects, but guinea pigs did not. Stewart® ant his cowor \ cxs: )c-ilmll
that human vapor inhalations above 200 ppm may l?c a real ‘llzllzn;( ; 1;1 ?lwclqg y
beeause of the production of disorientation and noticeabic light- wa«‘c n ;;d‘i]
Stewart and Dodd® have shown that |)erchlomcthylenc'cml”)(e]retn b)c'
absarbed through the skin; however, the amount so absorbed is nn: ely(‘rfm.t
harmful, Skin contaet should be avoided beeause of the solvent’s irritant effect,
rinci : s of its defutting action.
wineipally beeause of its defatting ac e o
I lnloq)(',rinn-ms with rats, Cornish and Adefuin™ failed o find any evidence
af a potentiating effect of perehloroethylene and ethyl aleohol. 1 e
' H n ¥ 2y 0 6 4 o s , )
¢. Methyl chtoroform (1, 1, 1 trichlovoethane). The least ll.)/.un“(])lu:sl 0 ) v
‘ v i 1 chilorolor y it s
gommonly used chlorinated hydrocarbous is methyl chtoroform. iile
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not completely inocuous, its serious physiological effects, such as liver and
kidney damage, are much less severe than those of other chlorinated hydro-
carbon solvents. This is in marked contrast to 1, 1, 2 trichlorocthane which is n
highly toxic and hazardous compound.

Acutely, the most important physiological effect of methyl chloroform is a
depression of the central nervous system. Experiments with dogs have indicated
that veatricular archythmia can be produced simmilarly to that from other
chlorinated hydroearbon solvents®, Torkelson and his coworkers® wsed rats,
guinea pigs, rabbits, and monkeys with repeated atmospleric exposures over a
six month period; of 500, 1000, 2000, and 10,000 ppm coucentrations. They
found no effects upon any of the animals at the 500 ppin level. Above this,
some effects were observed—primarily anesthesia, These same authors provide
an excellent review of the literature on the physiology of methyl chloroform.

Stewart and his eoworkers®® carried out inhalation experiments with six
human volunteers at atmospheric levels ranging from approximately 500 ppm
to 2650 ppm for periods of time of 15 minutes to 186 minutes. The conclusions
were that methyl chloroform aets principally as an anesthetic agent and has
only slight capacity to cause irreversible injury to liver or kidneys. Stewart and
Dodd® have shown that methyl chloroform can be absorbed through human
skin, but the degree of absorption is insuflicient to cause any systemic poisoning.
Skin irritation will result from repeated or prolonged skin contact, principally
because of the defatting effect. Carnish and Adefuin® in work with rats, found
no potentiation of the toxieity of methyl chloroform by ethyl alcohol.

4. Acetates—In this class of solvents, two—ethyl acctate and isopropyl
acetate—are commonly used in the rubber industry, The latter is the one in
greater use. Amyl acetate is used, but in a very limited way. Von Oettingen®
has extensively reviewed the physiological effects of ethyl nnd isopropyl acetate,
as well as others of the same series. Some of the information eontained in his
review, as well as that by Browning®, would indieate some evidence of cumula-
tive effects. Such effects, however, have not been scen in recent usage and it
could well be that some of the earlier reports were solely the result of impuritics.
The principal effcct of these esters is anesthesia and this effect increases in
potency as one ascends the homologous series, i.e,, amyl acetate is a more
severe anesthetic than ethyl acetate.

All three of these esters are irritating to mucous menbranes to some degreo.
This is the predominant effect found on a day-to-day hasis. The work of Nelson
and associates indicates that atmospheric levels of 400 ppm of ethyl acetate
and 200-300 ppm of amyl acetate are irritating to humans.®® Ilowever, ex-
posures of ethyl acetate, ranging up to 1500 ppm for several months, have
produced no unusual signs or symptoms to personnel®. Silverman and his co-
workers™ have observed irritant cffects on the eyes of humans at a level of 200
ppm for isopropyl acetate.

The present TLV’s for the acetates are based primarily upon ivritant effects,
rather than upon any known chronic systemie insult. The only needed coutrol
in actual usage is the maintenance of atmospheric coneentrations below such
irritant levels by means of suitable process enclosure aud/or ventilation.

The acetates may produce skin irritation through repeated or prolonged
skin contact, primarvily beeause of their delalling netion,

5. Kelones—The three ketoues in common use in the rubber industry are:
neetone, methyl ethyl ketone, and methyl isobutyl ketone. Physiologically,
these compounds are classed as narcotics. This effect, however, is rarely seen

’
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in industry and usually occurs only under accidental, acute-type exposures.
AN are irritating to the eyes and mucous membranes at certain atmospheric
levels, and this effect is ohserved long before any signs of navcosis appear. In
general, the irritant and narcotie potencies increase with inereasing molecular
weight. ;

Human experience with acetone exposures has been very favorable. One
study involving daily exposures up to 2000 ppm over a 15 year period showed
no evidence of adverse effeets. Considerable attention has been paid to acute
exposures to animals and is summarized by Patty™. These data indieate that
varying nareotic responses will occur, depending upon the atmospheric concen-
tration and time of exposure. Nelson and associates report that eye irritation
will result to humans beginning at about 200 ppm in the air%s.

Browning has reported that there are no recorded instances of human illness
resulting from the use of methyl ethyi ketone (2-butanone)®3, Elkins™ indicates
that no permanent ill effects have been observed in humans with exposures of
700 ppm; although transitory effects, such as headaehes, throat irritation, elc.,
do occur. He felt that atmospheric eoncentrations above 330 ppm beeome
objectionable, Patty and ecoworkers™ have reported that a single atmospheric
exposure of 100,000 ppm, in air, cause no deaths in guinea pigs after several
minutes, and that a one-hour exposure of 10,000 ppm was without serious
consequences. Further experiinents with guinea pigs by Specht and colleagues™,
using vapor exposure levels of 1.0, 2.5, and 5.0% by volume, confirmed Patty’s
findings and the basic physiological effect of narcosis. Nelson and his assoeiates
report that atmospheric levels of 350 ppm, in air, caused significant irritation
in human volunteers®®. Methyl isobutyl ketone (2-hexanone) is a somewhat
more potent narcotic than the two preceding ketones. The Shell Chemical
Corporation has reported” that miee exposed for 30 minutes to 19,500 ppm
became anesthetized, and that concentrations above 20,000 ppm produeced
deep anesthesia with subsequent death. Smyth?® found that vats survived a
2000 ppm exposure for four hours, but that death occurred at an atmospheric
leve! of 4000 ppm for the same period of time. Tikins’ has reported that humans
exposed to approximately 100 ppm complained of headache and nausea, but
that these complaints were essentially eliminated when the atmospheric
exposure was reduced to 20 ppm. One chronie study with animals has been
reported by Shell Chemical Company?. In this, mice were given 20 minute
daily exposures to atmospheric levels of 20,000 ppm over a 15 day period.
Some deaths oceurred.

There is little, if any, data on the skin absorption of these ketones. There is
ample experience, however, based upon many years use in American industry,
that if such absorption occurs it produces no ill effects. Skin irritation may
occur from repeated or continued eontact, principally as a result of the defatting
action of these ketones. .

In general, one ean say that the aliphatic ketoues, us o elass, and specifically
these three, are compounds with a low degree of toxicity and a very low risk
of liealth hazard in their regular use.

6. Alcohols—-Three alcohols are used in the rubber industry : methyl, ethyl
(in the denatured form), and isopropyl. As a class, the principal phystological
effect of these compounds is narcosis, nnd the potency of this effcet increases
with increasing molecular weight.

Aside from the narcotic effect, however, methy! aleohol (woorl aleohol)
has a peculinr and serious effect upon the optic nerve. requent instanees
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of partial or total blindness from drinking i
: ; drinking it are regularly obsor i
lE;)())'pn‘l‘m l1)1'ess. Sayers and his coworkers™ found thatg(logs}e\f;)::g(‘l,et(}) mt e
| {ex ie levels of 10,000 ppm repeatedly for brief periods evel o ah
normalities. Leaf and Zatman? have cale
(la):(()l()l(;,sué(::r:,l(;r{igg?l |]}|l)l:;ez\;i719l llead 20 in(l:relnne(l methanol eoncentrations in the
. ) weve found that repeated short ex
500 ppm, and approximnate one-hy l D00-2000 o prartioer
s ) -half hour exposures of 1000-2000
. ! mpr 3 >
h?“giirllsofnosltga‘;}?le eﬁ‘eet:?. .Elkms" has reported that delayed deatlz Ensyp:)(::::?:
by mans & knox‘;l;gl at}v)v:tl kI:lngt}(]luly nlt a;n ultmospherie eoneentration of 40,000 ‘ppm
It is well k b ethyl alcohol is readily absorbed throu in.
rlnl‘llesaltefi));e, u}' un{ mdus@rml uses of this compound, this route o%l:llg;fr ftkl:::n
o maintais:;&ogzlﬁ c;)};m’d‘eged. Not only must atmospheric concentraltions
otherwise, the total“{)od; ll)urge(r?g(f)rlr)lpitrll) lbult SIIm} s e s o hrohibited;
otl ) ethyl alcoho i
1n1u’{‘)}'1 even though the atmospheric TLV is satisfur:t?){ybe suficient to produce
o thoeulsl::i c(l)sf z?h;;uzz,lcolllol.as g peverage has been a part of human civilization
| L I 5. Its inebriating effects, whether by oral i i
» . ln ’
;r;hilztlgn, ll)f in sufﬁc}ent amounts, are well known, Secon(larg;szlfff):cg i:))f
coursc ’in?irtlst?'iz()\::eserflotl}lls‘ and subtle ones, principally liver damage IIowe,ver
of this compound chronic effects ar ' i ;
r A ¢ ects are unknown. I
;)Ortlgils:f;ast md.ustrlal solvents. Generally, one of the several standard de:u::u(:‘:;
formula! onst melused rather than 'the 95 or 100% pharmaceutical grades. Som
of the e’;)‘ﬁeu;i(mftqz‘mulae contain compounds, such as methyl nlcolx;)l an((]3
. antities present are normally insufficient to b
| S e of ser
;g}:i?:&;gﬁ uEe is m.x(ler ver u(lvel'sg conditions of either direct sk;::IZOT?tr;Zil:)"
halat n. Extensive ar‘nmul experimentation with ethyl alcohol h ' ; i
an Ptlhxs is well summarized by Patty® s oceurred
hysiologieally, n-propyl alcohol ( g
all; p propanol) and
?Icohol) are gimilar. The latter is perhaps moZ'e eom
former. Browning® indicates there is very
inhalation of either of these isomers.
can tolerate one hour of exposure to 40
tion. Von Oettingen® has also
of 24,000 ppm for 100 minutes

, teveloped no ab-
ulated that repeated eight-haur

its isomer (isopropyl
: commonly used than the
little risk for humans from the
Leliman and Flury8! state that mice
00 ppm without any signs of intoxica-
shown that mice exposed to eoueentru‘tions

( showed no after effect. i
of s after effects. Nelson and a ates®
13i13({i|°t;'}ilgltti?)r:’0t()5 trllrnnutes exposure to 400 ppm of isopropyl alcol\olsls)(z(c)l(rltltlﬁsed
foild lrritation d\e leyes, nose, and thn:ont in human volunteers, These suﬁ\e
concen%ration oun tlx)nllt an atmospheric level of 200 ppmn was the highest
goncent acceptable to humans for an 8 hour period. On the other | d
ger and eoworkers® have found that this levet is th ini oo
that most humans can identily, ® Mo mininm odor

S i ptl()n ()f eltlle Y ) 101 1s not a ])l'()l}lelll
kl]l al)S()I T eth l or lsopl‘()l l alLOl

]
Wl\lle Skm 1111tat]0“ may lesult “0"1 (Elthel c("np()“"d Wlth l'(‘zl)eﬂ,t(‘(l or pro
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]()n e(l Bk n cor S -
ltﬂ-Ct, it 18 ll"“suﬂll (,() hn(l “lls OLCIlIHng. J}Otll are us L(] tlle”l
peutl(:a“y i()l Skl" (3leullslllg, a]ld as lllbblllg alcollol.

D. PRIMARY ACCELENATONS

Organic accelerators have been used in the m

) anufactu :
for1 many years. T%le ehief purpose of these eompoundstisril(:{c:::i)zbrftri n mlf"Cts
polymer, whetl}er it be natural or mau-made. Those in current Jhon of the
\Yldely'l‘n chemxcftl composition. Many were “tailor made” A
tions. The physiological effeets of only those for whic

e vary quite
for specific applica-
h toxicological data
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s section. In peneral, the quantities of these compounds used

available are it thi
are limited.

arc small al any onhe time, and exposure opportunities
W Tas a very tow oral toxicity

1. bis Benzothiazolyl distdfide,— This compoul
or rats in o single oral admini-

as indicated by an approxinate LDjoof 7 gm/kgf
When added to the daily dict af rats at levels of 5000, 10,000 and

stration.
ol over a 31 dny perivd, Jetardation of growth occurred, bub

20,000 ppm and f
there was no gross or microscopic pathology observed. A dosage of 10 gm/kg
184,

when applied for a 24 hour period to the skin of rabbits, produced no irritatiorn
The long experience in using henzothiazyl disulfide as an accelerator in the
rubber industry hns been quite [a vorable. No special handling precantions are
needed. ‘

2. 2-Benzothiazolyl-N, N, —dicllz_1/ltlziocarbam,l/l sulfide—Little information
exists on the |)hysiological effects of this acceleratar.

A single oral LDso for the rabbit ol 2.7 gn/kg has been reported®. It is
moderately irritating to the skin of most individuals, No special handling pre-
cautions in its use are necessary, other than the prevention of skin contact.

3. N,N'-bis (Z-benzothiazolyl thionte}h ylene) urea.—Mallette and von Hammb?®
determined an oral LDso for rats of 6.0 gm/kg, indicative of a very low acute
toxicity. The also found very mild skin irritative effects, using both rabbits
and humans, There are no reports of any adverse experience in using this

\

accelerator.
4. Bismulh tlimethyldithiocarbamalc.——Hase(l upon the presence of the
bismuth ion, one would expect a moderate toxicity. The only available data
is that pmvi(le(l by the R. T. Vanderbilt Company, indicating an oral LDso
for rals ol greater than 3 gm/kg and for mice, greater than 20 gm/kg¥. This
saine company recommends avoiding breathing of dust and skin contact.
Idithiocarbamate.—No toxicological information appears

specific compound. However, it should be regarded as
ar to other cadmium sults. Inhalation of it and skin

5. Cadmium diethy
to be available on this
a toxic material, simil
contact with it should he prevented.

6. Lead dimethyldithiocarbamate and lead dithiocarbamate—These eom-

pounds should be regarded as significantly toxic, although no specific infor-
mation appears to be available.

7. 2-Mcrraplobcnzothiazole.——'l‘he approximate lethal dose of this acceterator
has been found to be greater than 100 mg/kg for wild rats and greater than
500 mg/kg for domestic rats by single oral administration®s. There are no known
cases of ill effects resulting from the use of 2-mercaptobenzothinzole in in-
dustry. It is not regarded as a materinl requiring any special handling, although
Schwartz believes it has been the cause of dermatitis from rubber articles®.

8. 2—Mcrcaptoimidazolinc.——’l‘h'\s is the technical grade of cthylene thiourea.
Qeifter® lists this compound among those causing Lyperplasia of the thyroid
glands of rats (g()iterogenic). The acute lethal oral dose [or rats was found to
he greater than 100 mg/kg*®. There are no reports of ill effects [from the in-

dustrial use of this compound.

9. p-Nitrosodim('lh_l/lanili'nc.——'l‘his compaund 18 highly irrvitating to the

skin, as a primary irritant and as n sensitizer®.

i

4
i
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10. N-oxydi )
s e {h:c'tlhglf)nf(-)ﬂil())cZiot/hl:azolf sulphenamide—A single oral LDy f
Wesson il has e kg when administered as o 0 suspensio i
tered to l,:t]t:";:rblﬁzﬂl]Iep()rlml’*“. Sucressive doses of | gun/tk;i”)/tf;' -\;lhl"(‘“-“"'." o
e b d.emm] 2 ( a]ys s!m\ved some effect of weight gain llmt l‘u‘l“ 4l(|llll!115-
iso, the dorm ]_m]) u,ut,.mn_ n.f 1 gm/kg to rabbits using, tho’ 't) ol o
best, showed ¢ (,fy:ﬂ'ﬁ);: s:‘(m irritation, nnd a dosage of 0.5 gm I;:);!“}‘hml e
The experience in 8 for 24 ,}“""'R As an aqueous puaste was nnlt ‘m (.O!ml‘(‘;t
entirely faberienee using this acgelerator in the rubber i;;;ll 't".'“mltmg \
. No specinl handling precautions are indicate 115 Y has been
p -ated.

11. Piperidint Ly
studios witzin rftl:zx;:tlleptintametIzylenedztlnocarbamate.—()n the basis of
and classed the 0,0"1 oul fi“m!:vp“ Ham".l&e determined an L1g, Uf(.) .2*')0 5)!':1\
of primary il'l‘itatiorlx “"l{ as “highly toxic.” They also observed a ili iltgll“/ ke
the skin of hamons d a moderate degree of sensitization when 5 hegree
. pplied to

I 8
pru lent thel'ef()l'e t i i i
t eell.l‘s ( y y 0 aVOl(] "lhﬂlﬂtl()n ('l.n(l Skin ex])()s\“‘e Of tll]g

12. Poly p-dini
. -dinilroso — g i
orortmaea bedimitro wlifgzenj. .E.‘xpenmental animal studies® show tl
B e dose v a ministered to rats by a stomach tube Single
(oop (P07 saucous s spenlimn) to. be 1500 mg/kg. These studies aluS ﬂISlllgle
that a dosage OCeasiin:%)/ g a(lllll})xstet'e(l as a 159, aqucous s;m ):I(: f e
a temporary slight weight Y:;q?up;}”o-(]llo:' two weeks Lo six rats, I":Oldu:;)l"(,nﬁ:‘
. ss and mild discolorati i g
eigir Al coloration of skin. No gr i
as deteeted when i erifieod Prolonsod
_ d n the ¢ I ifi o
soopic | wnimals wer srifie g
IIt vlve w}'lill cause a contact dermatitis in some persoui suerficed. Prolonged
ould appear refor i T
There are no ]I()I!IOWI’I tcl:;lefmfe, t}.mt -thxs gC('elemt()r is not particularly toxi
es of poisonings in its use. No special l{qr; ll:‘ e,
s al handling pre-

cautions are requir O
red. V v o .
this is not © (.]] Vlnlg it may cause dermatitis in an occasi

regarded as a serious problem an occasional person,

1 . el . B Sy a
3 S entum dlet“ul (07 dlnlct)ll/l) dlt“lo( ar bl””(lte_] h('% (()]“l)()llll(lg ])(5

cause of the seleniu
e et afon m atom, should be regarded as signifieantly toxi
: ormation appears to be available ntly tosie, although

14. Telluri 1 tha
4 Hurium  diethyldithiocarbamate.—This compound, he f
J , cause ol the

tellurium atom, sho e rega S
n, sh - - signi
b y , uld be regarded as significantly toxice, althoug 0 spe

nformation appears to be available. ’ xi6 although no specific

16. Tetraethylthi ;
. tur — Thi
and clinical stucgl/ies )g:zad.?fmfde. This compound has had extensive ani
In 1948 Hald and 'OI“ 9'1]943’ ecatse of its use in the treatment of\z le ]ﬂlu‘mal
duced marked discon\l;}(l)ft ,in (]}:Sucrovemd t}lmt tetraethylthiuram (liqlu;lt?(li:l;flrz.
. . g nans, when i | . ’ "0~
sumption. Since that ti . , en ingested followin .
oo so that thore its“)l;n-f considerable animal and human stuﬁi(::k;:).h?l }m"_
than on any other ael ll 1aps more real physiological data on this "“e een
the trade name Antabce eratf)r. The compound is marketed as qldtompouml
generic name of l)isul_;;iz ’“}‘; _WOI‘I(! Health Organization hus‘ a(lou)gteu]naer
aleohol consumptior ' tlm. ]ls believed that its striking cffects fln( -
: 1 ave the result of an iner ets following
in the body beoau ‘ an increased production of ac .
Marked di}slconfor:i,ggutll.lse (l}’;]e?;?l.lt(:(zlog teﬂtruethy]thinrum (lisulfidozil(;e:]‘::lﬁ::b ((]le
. , exhibite ushir reati Vo yod.
dyspln.ea, tachyeardia, fall in systolic a):ul (liasziii‘sl\wle]atullg, cardiac palpitation,
vomiting. Prolong ) ’ A s blood pressure .
g nged use of tetracthylthiuram disulfid(-ldn(-q n(,)tm;)"m]n’ and
> docs rodiree a
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l \1SCS ™ 1¢ 4 oee ore acute ,”(,‘(',ts.
i]] f‘l(‘t 1 )g()(]\l(’,"t 1ses usy :l"} pr (] ce more a te
< 'y S 3¢ ¢

tolorance to It; I diseretion and only under proper medical

Antabuse nwgt be used  wit

] ion. ‘ L 0 mg,
Nlp(gl"’z:lsuf):eding of rats and rabbits with daily_dosages of 1_mg and 60 mg

ati ! d no influences on growth, body
: i - for 10 months’ duration produce oes ¢ ‘
los'pﬁncttl‘111(;}1}):\11::1r11(-o or blood picture®®. In himans lgle{Teclt has l;(i(!\,nl::}:ls](ztl];(;;l
weight, arauee, or . lmimstration of 0.25 to 1 gm lor the?s.
following repeated daily 'oml & o of 020 0 e L5.05 sm/k
i Pt Hodes? obtained single oral L:Dse's . it of & s ke,
'l;;legelq'::g authors report no significant effects .followmg' exposu}x{e 0{2‘::1:1::;
t ]Tx? 'lxilmosphcric concentration of 0.0019 mg/hLiter fqr ﬁ\l/‘etw?('z 1(53’\,(\1g ‘100
. ) 'e‘el; seven hours per day. Rats have been .[ed (l:uly.( ietary o ;). o
i;(:)]n:\ 300’ ppm, 1000 ppm, and 2500 ppm for |);3r1()tds,2'15‘%8g1|1g';1p]:‘c’)el winjc/mding.
y i i ‘e observed a PP , :
- microscopic effects were 0 : ‘ ding
g‘a(:‘?fe(;";g'e(:;s on grlowth and mortality rates. Lower dosages showed a slig
: fiecct on growth. o N )
v r{i‘(;::zel\?s?(ff tetraethylthiuram disulfide in industry _ha§ bee;fx e?tléi‘{viﬁgls
ble and no special handling precautious are needed. .Sum_lar et.ec sof o
5 der the influence of alcohol, as those qbsel:ved wgt.h mgels ion { the Qg
;::v:rbeen observed by the author, following inhalation of the vap

of this compound.

16. Tetramethylthiuram disulﬁde.—Cons}derable(l t}olxgzglggll‘c;\} g?)tll)l&)i/ne}&n;
been given to this important aceelerator. Bneger‘ and Ho e o hove
ingle oral LDgo for the rabbit of 210 mg/kg. ’lhgse same nvestigators have
?l ; 1 liver and kidney damage when fed to mb.blts in four to si : ssive
fosos f“;)el to 0.13 gm/kg each. Inhalation experiments on rqbblts a z:Jn a no-
doses_o : xltl:ation of 0.0019 mg/liter over a five week period shpwe 151m1 ar
i e(;;lr(;z er and Hodes? also applied the dry powqer to the §kn;go[ t}l\rr:txed
S;‘:gli%)(;roxin:gately 99, showed slight erythemai[Hatl’lzl;)lr3 a(;lg,ﬁlrg\i:]n/ekgesinslingle
the fatal dose, when admxmstergd to rats orall i’wt,gly 865 o e U,
oral LDgo for the rat has been given as approxit t‘ oLy B0 K o various
g Drug Administration has estabhsbed a tolerance of | D!
fF'O(-)S 8;:1((11 vegftables when this compound is used as‘ a pestxvclngk.z dufide
lm'l§le industrial experience with the use of tetm‘meth) tum:]un‘ fiulfide
1 b; 1 exclzllent,. There are no reported cases of ill effects1 (;t 1(3]!{ : rtxo "
(;gcsnsio?nl case of dermatitis. Inhalation of the dust shounld be kep :

minimum.

. . . . . 02
17. Tetramethylihivram monosulﬁde.——’l_‘oxmolpgwal sﬁtn(lles]\ivi@::c t::(r:}l}n:;li ]
have s:howed the minimum lethal dose for mice hy1 1lntrupt(’3| llt"m“;::n?e]q};o o to be
: r gui i 0 mg. These studies have al
. ts, 5 mg; and for guinea pigs, 1 tud \ o
}nlirlll%ﬂlfl?lrnrﬁz;;al vz;ghles by stomach tube of 10 {ﬁ:/kg f(;] bume?ez;”fs(’],:gg :{:)gsggg
i - cats and dogs. When rats were : A
for rabbits, and 100 mg/kg for ca C O s
in the diet, death occurred in one to ays. .
o 1'?‘(1)(') mc);?nl}:lottn]l% is ;egarded as moderately hazardous in nld‘lls&uallsgs(?%
Dust ox osure to operating personnel should he. pl'event‘ed throu%]l(. i;maet
;:esclui‘:g ventilation and/or personal protective equipment. Skin
ac 8

should be kept to a mintmum,

ccolog his
; ) 3 —T ly reported toxicology of t
Z liethyldithiocarbamate—The on _ d | ¢
cotlllgéui:{wis (t.:leatjof Brieger and Ilodes®® in which a single oral Lo value
for t{l)le rabbit for 0.60 gm/kg lias been obtained.

ITEALTIT CONTROL H29

This accelerator has had a long, favorable experience in the rubbe

tindustry,
No special handling precantions are necessary.,

19. Zinc dimethyldithiocarbamate.~—Brieger and Hodes'
single oral LDgo for rabbits of 0.4 gm/kg. Hodge!'™ has deter
with single oral administrations, of 1400 & 99 mg/kg for
150 mg/kg for the guinea pig.

Two years feeding studies of rats at dietary levels of 25, 250, and 2500 ppmm
and a one year feeditig of dogs at daily levels of 0.5, 5, and 25 mg/kg by Hodge
and coworkers™, shiowed a “no-effect’”’ level of 250 ppm for rats and 5 mg/kg/
day for dogs. The U. S. Food and Drug Administration has established a toler-
ance of 7 ppm for the use of this compound on various fruits and vegetables
when used as a pesticide®s,

Kiligman and Rosenweig!™ found that a 5% concentration in a propylene
glycol—Carbowax 4000 base was nonirritating to human skin.

This aecelerator has had a long, quite favorable experience in the rubber
industry. No special handling precautions are necessary.

have determined a
uined LD values,
he 1at, and 100 to

E. SECONDARY ACCELERATORS {ACTIVATORS)

{
The available toxicology on the secondary

accelemtors (often ealled
activators) in most common use follows.

1. n-Dibutylamine—Smyth and assoeiates!™ have reported an oral LI)g
for vats of 0.55 gin/kg and a dermal LDgo for rabbits of 1 gm/kg. When rats
were exposed to an atmospheric concentration of 250 ppm for four hours, no
deaths occurred, but at 500 ppm all died. These same investigators found the
compound would severely damage rabbit eyes and was strongly nritating to
rabbit skin.

This compound should be regarded as s severe skin and eye hazard. Its
vapors are markedly irritating,

2. Di-o-lolylguanidine. —This compound has been deseribed as having a
relatively low ovder of toxicology. A lethal dose of 120 mg/kg (guinea pigs
and rabbits) has been reported™. A minimurn lethal dose for guinea pigs of
120 mg/kg when fed as the hydrochioride as a single oral dose, and 80 gm/kg
for rabbits has been obtained®. These studies indicated liver and kidney

damage; animals which were fed repeated small doses showed little evidence

of cumulative effeets.

There are no known cases of poisonings as a result of using di-
guanidine in industry. Schwartz and associates® list it as o
tant and sensitizer. Skin contact should be avoided in its ha

o-tolyl
primary skin iryi-
ndling,

3. Diphenylguanidine—~This accelerator is considered 1o be a maoderately
toxic compound in view of its reported LDy to mice of 0.52 gm/kg when
administered as a single oral dose®. T'en repeated applications to the skin of
rabbits at a dosage of 1 gm/kg in both dry and paste forms did not produce
signs of systemic toxicity. When rats were fed a daily dictary level of 1000
ppm over a 28 day period, marked retardation of growth occurred,
refusal to take adequate food, A dictary level of 100 ppm for the
of time showed no effect.

Diphenylguanidine is a powerful emetic in dogs in single oral doses of as
little as 10 mg/kg. The dog appears to he nnusually susceptible to this coni-

caused by
same length
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.. s ivide BR.B, Kongen, B. ¥, Craft, T.. 1, Scheel, and C. 1. Gotski, Amer. Ind. Hyy. Assoe,
pound. A dosage of 10 mg/kg per day administered to two dogs in divided 27, 121 (1966),

. . . . g gt vy t.(‘r(ls‘. Il()\V‘ ¥ 50 N Y 1 D3 [1%:32)
o . 05 4 days was reasonably well tolera IS von Hunnm and I8, Maulletto, A.M.A. Arch. of Ind. Hyy. and Occup. Med. 6, 237 (1962,
doxes for a total “‘: 21 (I().N.( ‘l“lll |2, ex Smnrpg {o concentrations of dust of the 207, H. Ingalls, A.M.A. Arch. of Ind. Hyg. and Orcup. Med. 1, GG2 (1050).
ever, dags were killed by sigle expos 1. A, Nau, J. Neal, and V., Stembridge, A.M.A. A ch. of Lnd. Hedlth 17, 21 (1958).

. s A, s or guinea pigs. ] ; ; o - '

O tion Shodied® g . soncentration of 500 /o mtor ith o 2 0 N 3 NCRt B V- St 40 A Ao of s 1 b

alati studies s ‘ ’ " M ' 3 1 ,e . R « . . ¥ 3 0 . 41, 1. Y > v Wy,

1 ll'l ];h':l'll:lt]‘u):::'c (animnl speceies unidentified) have shown mild hypnotic ¥ C. A. Nay, J. Neal, V. A. Stembridge, and R. N. Cooley. A.M.A. Arch of Environ. Healt
wlf hour expos $ )

4, 415 (1962).

28 W. C. Dreessen, J. of Ind. Ilyg. and Tox. 15, 66 (1933).

2 M. Kleinfeld, J. Messite, O. Kooyman, and M. Zaki, Industrial Huyiene Review 9, 2
December (1967).

ets. ) ) N o .
Cch'l‘hcrc are no reported cases of systemic effects of diphenyl-guanidine in
‘

¥ ie neces-
industry. However, it should be regarded as moderately toxic and ur

oo is regarded as a primary irritant and sensitizer ¥ W. L. Hogue and F. 8, Mallctte, J. of Ind. Hyg. and Tar. 3%, 359 (1949).
sary o,x|)nsm'09t0 it prevented. [tti llllef,?:l of 0.5- 1],0 myg/m? has heen suggested ™ B. Weiss and .. A. Boettner, A.M.A. Arch. of Enviran. Health 14, 301 (1967).
by Schwartz®. An inhalation thy ‘l lve human effects and animal ® R. W. Edenfield, A.M.A. Arch. of Environ. Health 1, 302 (1960).
in  Russin, Dbecause of reported adverse ¢ ® W. C. Drecsen, J. M. Dallavalle, T. 1. Edwards, R. R. Suyers, H. I, Fason, aud M. I
108 Trice, Pnecumoconiosis Among Mica and Pegmatite Workers, Public 1lealth Bulleti
: # 250, Superintendent of Documents, Washiugton.
T, F. Vestal, J. A, Winstend, and I’. V. Joliet, Ind. Med. 12, 11 (1043).

experimentation

i ¢ 30 g rears
4. Hexamethylenetetramine~—This compound has been used for many y

: i itizer®, During 52 . ; v . \ .

. ) . . as heen vecognized as a skin sensitizer™, % H. Heinmann, 8. Moskowitz, C. R. larihara Iver, M. N. Gupta, and N. & Mankiker
in the rubher industry and has 11, sed rogr the manufacture of the explosive A.M.A. Arch. of Ind. Hyg. and Occup. Med, 8, 531 (1953).
World War !I it was {th"s‘fvel )l‘ul\l:lt')t'ls ::K. ;’V Jotten ‘?ug} W. K]osterki')t.tfrl, Arch. Ii‘yo. 136, } (195;2)1. "
RDX, but with no problem of derma . : A. Swensson, J. Glomme, and G. Bloom, A.M.A. Arch. of Ind. Healih 14, 482 (1956).

q )’o('l()l'mg reports the subcutancous lethal dose for the mouse, rat, g}llrllea % G. W. H. Schepers, T. M. Durkan, A. B. Delahant, 1. T. Creedon, and A. J. Redijn

i :n‘(l, cat as 450 mg/kg, 200 mg/kg, 300 mg/kg, and 200 mg/lkg, l'esl’ec“"f . A.M.A. Arch. of Ind. Health 16, 125 (1957).

ME, ¢ aldn S ! local sarcomas when
Aceording to Hutschenrenter™, 8 out of 14 rats developed

36 Ibid., Idem., 16, 203 (1957).
. 3 Ibid., Idem., 16, 280 1957).
injected repeatedly with a 35-40% solution subcntnncous_ly.‘  tract irritation 38 Ibid., Idem., 16, 363 §1957).
When used therapeutically, side reactions, such as urinary trace S ® H. Volk, A.M.A. Arch. of Environ. Ifealth 1, 125 (1960).
R ’ 1 digestive disturbaneces occurredit, © G. W. H. Schepers, A.M.A. Arch. of Environ. Heallh S, 278 (1962).
skin rashes, and diges Vlenetetramine, eare shoukl be taken to prevent 'E. R. Plunkett and B. J. Dewitt, A.M.A. Arch. of Environ. Health S, 469 (1062).

In the use of hexnmctlly‘ enctetranine, ,l. ’. auired for use in the rubber ¥ W. F. Von Octtingen, Toxicity and Potentinl Dangers of aliphatic and aromatic hy diao
skin contact. No other handling ll)l'CCIll-“t"mst:“;.3 leot\%e sarcomas is not known; (:arl()é)ns, Public Health Bulletin 255, 3940, Superintendent of Documents, Washintgnn
: w. T ignificance of the development of mouse ¢ s 1 D. C.

;“(l“s\h)]' l{:‘;}lls(:glm;iﬁ of this, and on the lnck of extensive toxicology d“ta,t t'}:’e Y. Hendorson and H. W. Haggud, “Noxious grses”, Reinhold Publ. Coip., New Yok
1owever, af SIS Py d . Lona e fed agaiust its 1943.
5 / Jves recominended ag
FAO-WIIO Expert Committee on Food Additiv “W. 8. Speetor, "“Handbook of Toxicology”, Vol. I, W. B. Saunders Co., Phila., 1956.
112
[Sh

S H., W. Gerarde, A.M.A. Arch. of Ind. Health 13, 468 (1956).

8 Ibid., Idem,, 19, 403 (1959).

Y7 Idem., *“Toxicology and Biochemistry of Aromatic Hydiocarbons®
Co., New York, 1960.

8 1. F. von Oettingen, The halogenated aliphatic, olefinic, exclie, aromatic, and aliphatic
aromatic hydrocarbons; inchuding the halogenated insectivides, their toxicity
potential dangers, Public Health Setvice Publication 414, Superintendent of Dacument
Washington, D, C., 1055.

use in food
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