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I. INTRODUCTION

To present a review of the health problems and their control for the Rubber
Industry requires the making of certain choiees relative to the breadth of
the discussion. It is well known that the Rubber Industry has many facets.
These involve not only the conversion of the natural and synthetic polymers
into usable articles, but the manufacture of chemicals, plastics, 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 polymier 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 naportant factor. (3) And,
finally, our society as a whole shows an increasing concern with respect to all
environmental factors affecting life and property.

Industrial hygienists use a basic guiding principle 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 determine the lerel
or quantity at whieh a specific material is harmful or produces an adverse eflect.
The question is always, therefore, not whether a material is toxic; rather, is it
hazardous (too much). It would be tupossible far most industrinl operntions
to oceur if we had to have zero exposure of personnel to materials. The defiui-
tion of the hazardous amount is frequently very diflicult and time consuming,
and involves skills of several disciplines, including those of toxicology and
medicine. 1t requires the study of animals under cantrolled insult conditions
and_the ongoing observations of humans during their working lifetinie.
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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

Fnclosure

Isolation

Substitution of a Material Which is Less Huzardous
Personal Protective quipment

Ventilation

The Use of Shields or Barriers

It is well recognized that the science of industrial hygiene is a highly specialized
one and those personnel engaged in it in the rubber mdustry must be well
equipped by training and experience to evaluate properly manufacturing
processes with respeet to environmental hazards and to devise proper ineans
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. Sufficient atmosplieric evalua-
tions must be made so that proper conclusions can be drawn as to whether or
not a healtth 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 cither 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.

III. TYPES OF INDUSTRIAL HEALTH HAZARDS

The actual and potential health hazards of the Rubber Industry fall into
three general categories: (1) inhalation of airborne dusts, vapors, mists, elc.,
(2) skin contact whereby either dermatitis is produced, or systemic absorption
may ocenr (3) physieal agents, such as ionizing radiation, noise, heat, and
nonionizing radiation. Tlazards 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,
wmerenry, selenjum, and others, beeause this factor may increase the lotal body
burden.

A discussion of the speeific hazards in the first two of these general eategories
will now be undertaken for polymer manufacture 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 mild2
With the advent of wide usage of these monomers during World Wiwr 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 acerue to personnel working with these materials 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 irritating in vapor
form with a TLV (Threshold limit value. As used here it refers to the levels
recoinmended 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 soine signs of impairment of neurological
function may occur 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 henzene 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 oceur
through accidents and improper handling in the plants. Both are capable of
producing fatalities at high atmospheric levels.

B. STEREOREGULAR RUBBERS

Polybutadiene and polyisoprene are the principal 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 exposures inay be serious
depending upon their degree. The physiological effects of butadiene have been
discussed in the previous section.

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

C. NITRILE RUNBERS

These polymers are based upon the copolymerization of acrylonitrile and
butadiene. One of their principal characteristics is their unusual oil resistance.
The principal health hazard involved in their manufacture arises from acryloni-
trile—a highly toxic substance. It is a liquid at ordinary temperntures and
possesses moderate voltatility. Its prineipal physiological cffcet is that of a
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gen is present on earbon black, and yet, the epidemiological experience over
many years, of workers in the carbon black manufacturing industry and in the
rubber industry, is entirely favorable.

A TLV of carbon black of 3.5 mg/mn® has been cstablished. This indicates
no severe health hazard. Carbon black is handled in rubber manufacturing
plants, in partially closed processes, and with some process ventilation. It is
ot considered to be a material requiring any special handling so far as health
hazards are concerned.

B. SILICEOUS.DUSTS

A number of siliceous dusts are used in the rubber industry, and some in
sizcable quantities. A brief review of each of the more common oncs foltows:

1. Talc and soapstone. Various materials used in the trade are commonly ealled
“iales” or “sonpsiones”. These are used principally for the dusting of rubber
to prevent it sticking to itself. The two terms are used rather synonymously
in the rubber industry without any attempt to identify the mineral composi-
tion. Tale is a silicate with a specific composition of H:Mgs(Si03)4 and is re-
ferred to, minernlogically, as steatite. Other silicates which- have been used
frequently and referred to as either tale or soapstone are the following: Anto-
phyllite HaFe;Mg;SisO24, Chlorite HMgsAl:SisOs, Pyrophyllite HaAi2S8iaOr,
Serpentine HyMgsSiz0s, and Tremolite CaMg;Si:0s.

The literature contains many publications, some of which are contradictory,
with respeet to the physiological effects of tale. This can be explained by (1)
knowledge as to the specific identity of the materials, (2) the
author's failure to identify it properly, or (3) the investigator’s failure to note
the ingredients. It is well known that certain siliceous materials, most notably
quartz (and other crystalline forms of free silica, such as crystobalite and
tridymite) and asbestos, will produce, through long dust exposure, serious lung
disease. Many of the mineral deposits of steatite, and the other five silicates
listed above, contain appreciable quantities of associated free silica, usually
in the form of quartz. One of them in particular, pyrophyllite, may contain as
much as 40% quartz.

Numerous studies over the years have attempted to demonstrate the

harmfulness (or the safety) of talcs, from the standpoint of dust inhalation.
This began in 1933 with the report of Dreessen® and involved exposure to
tremolite. 1t is generally recognized now that tremolite will produce definite
pulmonary fibrosis through long exposure to its dust. Furthermore, the recent
work of Kleinfeld?® and his associates indicates an increased incidence of pulmo-
nary cancer among older personnel who have been exposed over a period of
years.
Hogue and Mallette® in 1949 reported on an epidemiological study involving
20 men engaged in rubber inner tube production, wha had been exposed to
tale dusts for periods ranging from 10 to 36 years. They concluded that there
was no significant health hazard from tale per se, provided it did not contain
free silica. Weiss and Bocttner® have recently reviewed the problem of talcosis
in relationship to the use of commerical tales and conclude that the principal
licalth problem arises from tremolite and free silica which might be associated
with other dusting materials.

A TLV for tale and soapstone of 20 million partieles per cubie foot of air
las been established, in contrast to 5 million particles per cubic foot of air
for tremolite. Steps should be taken around all processing operations to main-
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(t):glzlrélr:z'iilévsgss:)ilg(\iv thesz v:;lues. In view of the acknowledged increased risk
quartz dust, it seems prudent to use as i aterials

only those that are free of either of these ingredients. © a5 dusting materials

2. Kaolin—XKaolin, or morc comm i
- -K: ' only called clay, is almost pure : i
sllhctqte lxavmg a chemical formula, A12032Si02:2l,120. It is lllSC(f ;L":;::ltlllu::
;su?l;?;gngixtif;l?l lfo;* rtl'lbbe; zullgﬁas an ingredient. Kaolin has not been regarded
nhalation. In 0 Jidenfield®, presented tl (
study involving 1130 em i i i e of0 B yoar
¢ polyees in the Georgia kaolin f 'ing i
This stady stronaly fpbolyecs in th ‘gia in manufacturing industry.
! 3 ' s there is no significant health 1 d i
with the inhalation of kaolin dust. Tt d e maten
SBETIating el oxpeaolin du . does, however, show a probability of

Zﬁe](‘:lt:c?)'f—:x'};?: :'lt:l(;etrvltl':itiirzgg:lger :]lll;r)v::l 21 tIl):;,‘Lc;ty of igfm-mution on the health
lvlel)l; r:ets}?elts Hzlxln e:l;(,:;lli é%h;gtei?ln over many year: 2.::;)(?5\x:l.s'(lz‘hl;:li]s“{;::ég li?gglt;
States Public Health Service zlzilllzht:esssgyo‘:o;ol;a DgrSO!lll'\GI ”‘(’)g'the ot
gingg;kgéiﬁa;?éaaaitﬁigoci'att};l have pl_'oa\;i(}e‘d.a brilef r‘t:rl?olrl:“on.\ ﬁtﬁ%ﬁ?l)r(e);
preumoconiosis resultinglasol; rell}::;\,zelll;dllzgﬁ fllllllsstr:f[?(::ui::.l toates w very mild

f4i.n g’u—b(;rinq(rlo?1 st:llfcasﬁ—During the past two decades the use of certain very
)md{l t‘v1 ‘e silicas has bt_zcox'n‘e wide-spread in the rubber industry. These
!A nu[gll?e?lzfesss:\:lr'm”{ 100‘%1 silica, but are amorphous rather than cry;tnllix{e
dies to evaluate the physiological effects of thes ‘ .
: es : ;
léave beg,n made'. Some of the more common trade names are: ‘H'%'ll”:('lllum
ab-0-Sil, Aerosil. P e TR pene,
In 1952, Jétten and Klosterk 33
] J6tten otter, reported that rats died following
}gf;:(;mc}}ea! injection .of 10 mg of Aerosil. In 1956, Swensson™, and as‘s‘(l)l(:i&attelle
venousa :;;ﬂl;lf:zantt t,olxlc le‘l’fe‘zct; to rats and mice by both intraperitoneal il]tl‘f'l’
el , ratracheal injections. They used botli amorphous yétalline
silicas ; the amorphous being Aerosil m i i e ey staitine
: anufactured in Germany. T} :
variety was less lethal than the cr i i e dosamalpous
- A ystalline forin with the same d
series of inhalation experiments in whi i himals e sed.
t ch several species of animals wer
Schepers and his associates? 38 at y Hreported piat i
the Saranac Laborat 4
Db ety Assoclat , at i oratory, reported that the
phous silica did not produce fibrosis i i
; ' sis in rats, rabbits
grrn ;S)l}?;;zn [;lt%sl;s}lt;wever, ({u:lhmonal;‘y changes were observed, principzilly ())t? l:t;;
pe, an e tuberculous infecti y i i i
appearetzig to be stimulated (not aggravated). P processes T uinen plgs
plm?;olrl:mr:]:fz (r:ttzl;:o.rted “{)n a .114-'31/?211‘ observation of 215 employces working in a
ring Aerosil. The only significant finding in thi .
employees was a slight interlobar it y eidence. of aliooei
o Pl gl ar pleuritis. There was no evidence of silicosis
Schepers'® has repor
= ported on the effects of monkeys i i
] C ys inhaling amor
‘slltl;rcla dl]lst.'ln his experiment he used 5 animals for a 12 montly’s efl)os:::')e”;l(l)().‘.l:
microos:;ﬁi(:l (i::ncet:l.lzll'utltqg :)lfl().43 mg/cubic ft. The trade name of the ﬁl;l)
ni ; not identificd but it was manufactured by dehydrati ditim
! : A ydrating
Sll.lca!:e vlvllth alcohol. In all of the monkeys some pulmonary diseasc W{l:f(s;(l)l(llll(;“:
prmlgllpaky emphysemaZ vaseular damage, and cor pulmonale.
remrdl;nofet’;:Sa:gp{)ertt“ havel 1_'epolrted on an 18-year study of the hentth
; ‘mployces engaged in the manufacturing and processi ‘
- . . oy . aH . }l s" r ]
commercial sub-micron silicas: 11i-Sil and Silene. Dust cxpos]ur(“! r-m,'fzm(l, f:(\)\n(:
8 rang,
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0.01 mg/cubic ft. of nir to 5.77 mg/cul)id ft. of air. No adverse cffcets, whatso-

ever, were observed.
The information, to date, on the sub-micron silicas zeems to show definitely

that they do not produce classical silicosis. Some of these products are made
from the combusiion of

by precipitation from silicates, while others arc made

silica compounds. The duta seem to indicate, hased principally upon animal
oceur from some of these

experimentation, that adverse tissue reactions may
products. It seems prudent, therefore, to keep dust exposwve of personnel
handling these silicas to a minimum to be sure that no individual with existing
pulmonary disease will be exposed to these dusts, and to perform peviodic
physieal examinations on personnel who may he exposed.

C. ONGANIC SOLVENTS

A variety of organic solvents are used in rubber processing operations.
Basically, these fall into six general classés: paraffin hydracarbons, avomatic
lydrocarbons, chlorinated hydrocarbons, acetates, ketones, and alcohols.
These solvents nre used, either as ingredients of adhesives or as tackifiers for

adhering rubber to itself.

1. Parafliin hydrocarbons—n-Hexane and n-heptane, or commerical-name
solvents based on one or both, are the principal paraffin hydrocarbons used in
rubber processing. Both have been used for many years and the health experi-
ence has been entirely favorable. Von Oettingen*? has extensively reviewed
the toxicity of these as well as other aliphatic and aromatic hydrocarbous in his
publication of 1940. Henderson and Haggard® state that the acute inhakution
toxicity of heptane is somewhat higher than hexane—the former producing
dizziness at a level of 5000 ppm within 4 minutes, while the latter produces
the same effect in 10 minutes. Specter’s information on the cffects on mice are
somewhat at variance with this. He reports* a lethal concentration for hexane
between 34,000 and 42,600 ppm with a two hour exposure, but in the case of
leptane, o level of 18, 337 ppm for the same length of time is required.

The commercial grades of both of these solvents may contain some aromatic
hydrocarbons, including benzene. Concentrations ranging up to 5-6% by
weight of benzene arce not unusual. As will be discussed later, benzene is a highly
toxic compound and careful handling is essential. Therefore, in the use of either
liexane or heptane care should be taken to assure the ahsence of benzene, or
if it is present, to establish appropriate controls for safe use.

Both of these solvents are highly flammable and fires from static electrical
discharge around operations where they are used are not uncommon. Both will
produce skin frritation, Jargely hecause of their defatting qualities.

2. Aromatic hydrocarbons—In this class, the three solvents most commonly
used in the rubber industry are benzene, toluene, and sylene—with correspond-
ing commercial nawmes of benzol, toluol, and xylol. At one time, benzene was
quite widely nsed in rubber processing operations. This is no longer true,
largely because of its insidious health hazards. 1t has been supplanted, for the
most part, hy ecither toluene or xylene so that its present uses are of a quite
specinlized nature. Physiological effects of each of these compounds has been
extensively reviewed by Von Octlingen®. Acutely, xylene and toluene appear to
e somewhat more toxic than henzene. The acute effects of al] three are narcosis.

More importantly, however, from an industrial standpoint, are the long-
torm chronie effects. In this respeet, benzene mnst be regarded as highly
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hazardous and much more severe than either of the other two, This i
t;gon many years of experience?. ‘The principal effect of (-Inron.ic“el.\l:nl;nl;gmt'((l
enzene is damagg to the blood forming processes. Blood dyscrasias mayv result
w1tll)1 the most serious l?eing aplastic anemia—this may be fatal. There‘am;ear;
go me :zomde variation in susceptibility of individuals and this is \lnpre(lictul)le‘.
t}fat[{)enr:snmay occ}ur after exposure has ceased. Some medical opinion holds
phat ber Seeenméxyﬁp_a); some part in the production of leukemin, although this
as mot 1 efinitely established. Alphough both toluene and xylene are
closely re ated. chgmncally to benzene, neither produce the serions blood effect
of benzene as md_lcated by Gerarde* 4. The commercial grades of either h'f)vsf
:]\:zlr.éhr)x:ayb cont'z(xlm appr'eciable quantities of benzene. Careful scrutiny’ must
ih avoideed‘e paid to their uses. Both are skin irritants and skin contact should
aro}:gtti(?n}:ydli(:t nebcessary to establish proper environmental controls to handle
aromatic | Zx Oca(r] ons safely, !)qt physwgl examinations should also be per-
for xpose personne!. This is part.lcularly true in the case of henzene.
ese examinations should include a periodic complete blood count and the
?:11;&1‘11 ;e?rl,";src?lrfﬁtl‘"y refviteiwed. Marked changes in the blood picturé, partli-

| _In a reduction of the total white count, become quite signifi
this trend is observed early, prior t v & T e et
can be taken to avoid injz;;r) to tl::ati}:liov[;(sﬁfn(l).f yTmpLoms, cortective measures

.;Sn ﬁ:z;a:zun&t)eg i;gﬁr:;cgg?mg:’(l}‘:le b:)nnoatt (tmmlnl\m}lly nae(ll menibers of this class,
! 1 , : car etrachloride, ethylene dichlori
((lllchll0;O(tag:;,lrllgzz)ettrlxl(;lrlll;ro%‘tll\yl]enel,t‘pelrchlor]oethylene, m)\’d methyl (:hl;}ﬁ'o(ftl)’rn?
' 1 . The health hazards of thes 'y, with car
chloride 'the most severe, and methyl chloroform t]elev?;:iét.wllg]ll] L\":';Ill)(mr(gfltur(?;
anes!;he31zl,‘8an(i all are‘capab]e of producing liver and/or kiduney damu':e Vo’n
Octtingen®® has extensively reviewed the physiologieal effects in both x!:n.im 1
and humans of these as _well as many other halogenated hydrocarbons e
y g.wCarl?on tetfachloml‘e. _Carbon tetrachloride is a severely ]laZﬂl'(lOl.ls chem-
ical!9.50, !t is pg,rhculgrly insidious in that low Jevels of exposure may produce
;fgry serious kidney injury. The eurrently recommended maximum level of
bT{)pm cannol I{e rea(]zly detect('ad by most humans by odor. Individual suscepti-
ility varies quite widely. It is readily absorbed through the intact skin of
exper}mental animals in toxic amounts, and Stewart and Dodd® h‘nve sho“?n
that:, it can be absorbed through human skin. Such contact should also be
avoided because of the strong defatting action and subsequent skin irritr‘ltion
b. Ethyle‘ne dichloride (1, 2 dichloroethane). This is a significantl tox'.
f:on;ap(?unfl. The data of Spencer and his associates®?, as well as that of ]);r v .
ing®, mdllcatc that it is strongly anesthetic and that fatalities can oceur Ov\e;']_
quickly with exposures ranging up to 100,000 ppm (109 by volume) 'l‘ixe 3 .
fla({,_u of Spencer, with repeated inhalation by animals, as well as that o.f Hep ){:1\’]‘0
in 1cut<?s adverse effects at 200 ppm, but essentially no effects at 100 ppnlmlwitl:
e).(pos?nes .7 hours per day, 5 days per week, over many months, to rats uine
pigs, rabbits, zm(} monkeys. However, at a level of 1000 ppm tl’xere wa; i hi ;:
deg;ga ot; mm't'ahty to these animals and microscopic changes in the liver vE
nnm:m‘t,ylﬁl;?r:,l.ll(i]l:-]g:‘i(;i?,ic(?([:nl:f rhs;n-bgd t{lrn‘otugl;{the skin, but it requires a '|1l rge
; e 8ig . systemice effects. Repeated or pi red skin ¢
tact sh'o‘u.l(l be avoided because of the irritation resnlltingl('lr((w)nln|i)tl.:-:Il(:fl‘!"l(l(:::‘l::-I(i:‘):ll-
thec. l;;l(:hlnrucl,hylcnc. This compound is strongly anesthetic :ns.imli('u‘((wl l»\j
work of Adums and nssoeintes™, In fact, pharmaceution| grades of it are
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widely used as genernl anesthetie agents in concentrations varying from 5000
to 25,000 ppm by volume in nir or oxygen. In 1960, Boulton and Sweet®s, on
the basis of sotne 73,000 cases of surgical anesthesin, concluded that trichloro-
ethylene was s safe as any other anesthetic ngent in use at that time. Grandjean
and coworkers®? assert that neurologic changes may result from prolonged over-
exposure, while Williams®® finds that such exposuves may also cause minor
injury to theliver.

For many years, it has been assumed that the use of alcohol was contra-
indicated with trichloroethylene. Cornish and Adefuin® have demonstrated
that this does occur in rats.

Stopps and MeLaughlin® have showed that no significant psychophysio-
Jogieal functional effect oceurs in humans with prolonged exposure to 100
ppm, but that such effects do exist at higher levels and their severity increases
as the atmospherie coneentration increases. Stewart and coworkers® found that
humans exposed to 200 ppm for 4-5 consecutive eight-hour periods, showed
mild subjective symptoms, principally fatigue.

Stewart and Dodd® have demonstrated that trichloroethylene is absorbed
through human skin, but that it is unlikely that the amount so absorbed will
be harmful.

It is not uncommon to find that some employees using trichlovoethylenc in
industry develop an habituation for it. Its mild, intoxicating effect, and sub-
sequent euphoria, are found to be very pleasant and employees will frequently
purposely inhale its vapors. This practice, of course, should be prohibited.

d. Perchtoroethylene (tetrachloroethylene). Perchloroethylene is used in
essentinlly the same types of operations as trichloroethylene. It is a somewhat
higher boiling solvent and has certain advantages, therefore, for degreasing
operations. It possesses strong anesthetic propertics, and with sufficient ex-
posure, may produce liver or kidney damage. Rowe®® and associates found that
single exposures to rats of 6000 ppm snused unconsciousness within a few
minutes, but that 2000 ppm, inhaled for 14 hours, produced no similar effects.
They also found that a concentration of 20,000 ppm caused the death of rats
in approximately 4} minutes. These same investigators found that human
subjects exposed to an atmospheric concentration of 280 ppm for 2 hours,
felt thut motor coordination was impaired. Unconsciousness has been reported
to have occurred in one individual exposed to an average atmospherie con-
eentration of 275 ppm for 3 hours, followed by 1100 ppm for 30 minutes. Clinical
recovery occurred rapidly; but, there was a prolonged effect upon the liver
suggestive of mild hepatitis.

These same investigators found that repeated seven hour inhalation
exposures of rats at an atmospheric concentration of 2500 ppm, caused rapid
death. Rats, monkeys, and rabbits tolerated vepeated exposures of 400 ppm

without itl effects, but guinea pige did not. Stewart® and his coworkers believed
that human vapoer inhalations above 200 ppm may be a real hazard, prineipally
because of the production of disorientation and noticeable light-headedness.

Stewart and Dodd® have shown that perchlorocthylene can be readily
absorbed through the skin; however, the nmount so absorhed is unlikely to be
Larmiul. $kin contact should be avoided heeause of the solvent's irvitant effect,
principally beeanse of its defatiivg netion,

In experiments with 1als, Cornish and Adefuin® failed to find any evidence
af a potentiating effect of perehlorocthylene and ethyl aleohol.

¢. Methyl ehdoroform (1, 1,1 Uiehlovoetbane). The least hazardous ol the
commonly used chlorinated hydrocarbons is methyl chloroform. While it is

e
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in industry and usually oceurs only under accidental, aeute-type exposuves.
All are irritating to the eyes and mucous membranes at certain atmospheric
levels, and this effect is observed long before any signs of narcosis appear. In
general, the irritant and nareotic potencies incrense with increasing molecular
weight. :

Fluman experience witlt acetone exposures hns heen 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 indicate that
varying nareotic responses will oceur, 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®,

Browning has reported that there are no recorded instanees of human illness
resulting from the use of methyl ethyl ketone (2-butanone)®. Bikins™ indicates
that no permanent ill effeets have been observed in humans with exposures of
700 ppm; although transitory effects, such as headaches, throat irritation, elc.,
do oceur. He felt that atmospherie concentrations above 330 ppm become
objectionable. Patty and coworkers™ have reported that a single atmospherie
exposure of 100,000 ppm, in air, cause no deaths in guinca pigs after several
minutes, and that a one-hour exposure of 10,000 ppm was without serious
consequences. Further experiments with guinea pigs by Specht and colleagues™,
using vapor exposure levels of 1.0, 2.5, and 5.09, by volume, confirmed Patty’s
findings and the basie physiological effect of nareosis. Nelson and his associates
report that atmosphetric levels of 350 ppin, in air, caused significant irritation
in human volunteers®®. Methyl isobutyl ketone (2-hexanone) is & somewhat
more potent narcotic than the two preceding ketones. The Shell Chemieal

Corporation has reported’™ that mice exposed for 30 minutes to 19,500 ppm
became anesthetized, and that concentrations above 20,000 ppm produced
deep anesthesia with subsequent death. Smyth’ found that rats swrvived a
2000 ppm exposure for four hows, but that death oecurred at an atmospheric
level of 4000 ppm for the same period of time. Elkins™has reported that humans
exposed to approximately 100 ppm complained of headache and nausea, but
that these complaints werc essentially eliminated when the atmospherie
exposure was reduced to 20 ppn. One chronie study with animals has been
reported by Shelt Chemieal Company®™. In this, mice were given 20 minute
daily exposures to atmospheric levels of 20,000 ppm over a 15 day period.
Some deaths occurred.

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

In general, one ean say that the aliphatic ketones, as a class, and speeilicnlly
these three, are compounds with a low degree of toxicity and a very low risk
of health hazard in their regular use.

6. Alcolols.—-Three alcohols ave used in the rubber indusiry : methyl, ethyl
(in the dematured form), and isopropyl. As a class, the principal physiologieal
effect of these compounds is narcosis, and ihe poteney of this effeet increases
with increasing moleenlar weight.

Aside from the nareotie effect, however, methyl aleohol (wood aleohol)
has a peeulir and serious effect upon the optic nerve. Frequent instances
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in this section. In general, the quantities of these compounds used

available are
time, and exposure oppartunities are limited.

are small at any one

1. bis Benzothiazolyl disulfide.— This compound has @ very low oral toxicity
as indicated by an approximate Lo of 7 gm/kg for rats in a single oral admini-
stration. When added to the daily diet of rats at levels of 5000, 10,000 and
20,000 ppn and fed over a 31 day period, retardation of growth occurred, but
there was no gross or microscopic pathology observed. A dosage of 10 gm/kg
when applied for a 94 hour period to the skin of rabbits, produced no irritation®.

The long experience in using benzothiazyl disulfide as an accelerator in the
rubber industry has been quite favorable. No special handling precautions are

needed.

2. 2-Benzothiazolyl-N, N, -dicthylthiocarbamyl sulfide—Little information
exists on the physiological effects ol this accelerator.

A single oral LDso for the rabbit of 2.7 gm/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 thiomethylene) urea.—Mallette and von Hammb3®

determined an oral LDso for rats of 6.0 gm/kg, indicative of a very low acute
toxicity. The also found very mild skin irvitative effects, using both rabbits
and humans, There are no reports of any adverse experience in using this
accelerator. Y

4. Busmuth dimethyldithiocarbamalc.——B:xse(l upon the presence of the
bismuth ion, one would expect 2 moderate toxicity. The only available data
is that provided by the R. T. Vanderbilt Company, indicating an oral LDse
for rats of greater than 3 gm/kg and for mice, greater than 20 gm/kg®. This
same company recommends avoiding breathing of dust and skin contact.

5. Cadmivm dicthyldithiocarbamate.——N() toxicological imformation appears
to be available on this specific compound. However, it should he regarded as
a toxic material, stmilar to other cadmium salts. Inhalation of it and skin
contact with it should he prevented.
dithiocarbamate.—These com-

6. Lead dimcthyldithiocarbamatc and lead
alhough no specific infor-

pounds shiontd be regarded as significantly toxie,
mation appears to he available.

¢.—The approximate lethal dose of this accelerator
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®®. There are no known
eases of ill effects resulting from the use of 2—mercaptobenzoth'mzole in in-
dustvey. Tt is not regarded as a niaterial requiring any special handling, although
Schwartz believes it has been the cause of dermatitis from rubber articles®.

7. 2- M(’rraptobcnzothiazol

8. 2—Mcrcaptoimidazolinc.—This is the technical grade of ethylene thiourea.
Seifter®® lists this compound among those causing hyperplasia of the thyroid
glands of rats (g()it,erogenic). The
be grenter than 100 mg/kgts. There
dustrial use of this compount.

9. p—N‘itrosodim(-th_z/IaniIinc.——'l‘his compo
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tolerance to it; in fact, subscquent uses nsually produce more acute effects.
Antabuse must be used with diseretion and only under proper medical

supervision.

Oral feeding of rats and rabbits with daily_dosages of 1_mg and 60 mg,

respectively, for 10 months’ duration produced no influences on growth, body
weight, appearance, ov blood picture®. In humans no effect has been observed
following repeated daily oral administration of 0.25 to 1 gm for months®®.
Brieger and Hodes* obtained single oral LDso’s on the vabbit of 2.05 gm/kg.
These same authors report no significant effects following exposure of rabbits
to an atmospheric eoncentration of 0.0019 mg/liter for five weeks, five days
per week, seven hours pex day. Rats have been fed daily dietary levels of 100
ppm, 300 ppm, 1000 ppm, and 2500 ppm for periods ranging up to two years®,
Gross and microscopic effects were observed at 2500 ppm level, including
marked effects on growth and mortality rates. Lower dosages showed a slight

to moderate effect on growth.

The use of tetraethylthiuram disulfide in industry has been entirely favor-

able and no special handling precautions are needed. Similar effects on workers
under the influence of alcohol, as those observed with ingestion of the drug
Lave been observed by the author, following inhalation of the vapors or dust

of this compound.

16. Tetramethylthiuram disulfide—Considerable toxicological _study has
been given to this important accelerator. Brieger and Hodes’® have obtained a
single orul LDgo for the rabbit of 210 mg/kg. These same investigators have
found liver and kidney damage when fed to rabbits in four to six successive
doses of 0.1 to 0.13 gin/kg each. Inhalation experiments on rabbits at an atmo-
spheric concentration of 0.0019 mg/liter over a five week period showed similar
damage. Brieger and Hodes® also applied the dry powder to the skin of humans
and approximately 9% showed slight erythema. Hanazlik and Irvine®s estimated
the fatal dose, when administered to rats orally, to be 0.35 gm/kg. A single
oral LDgo for the rat has been given as approximately 865 mg/kg®. The U. 8.
Tood and Drug Administration has established a tolerance of 7 ppm on various
fruits and vegetables when this compound is used as a pesticide'®.

The industrial experience with the use of tetramethylthinram disulfide
has been excellent. There are no reported cases of ill effects other than an
occasional case of dermatitis. Inhalation of the dust should be kept to a

minimum,

17. Tetramethylthiuram monosulfide—Toxicological studies with animals®
have showed the minimum lethal dose for mice by intraperitoneal injection to be
1 mg; for rats, 5 mg; and for guinea pigs, 10 mg. These studies have also showed
minimum lethal vatues by stomach tube of 10 mg/kg for guinea pigs, 100 mg/kg
for rabbits, and 100 mg/kg fo1 cuts and dogs. When rats were fed a daily dosage
of 1000 ppm in the diet, death oceurred in one to three days.

This compound is regarded as moderately hazardous i industrial use.
Dust exposure to operating personnel should be prevented through the use of
adequate ventilation and/or personal protective equipment. Skin contact

should be kept to a minimum.

reported toxicology of this

18. Zinc diethyldithiocarbamate.—The only
le oral LDjo value

compound is that of Brieger and Hodes® in which a sing
for the rabbit far 0.60 gm/kg has been obtained.

‘damage; animals which were fed repeated small
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19. Zinc dimethyldithiocarb i
] amate.— Brieger 1 Hodes® i
singls o ine x ger and Ilodes® have deter :
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Kiligman and Rosenwe.i 104
g™ found that a 5 ation i
glyc'l(zll‘—Carbowax 4000 base was nonirritating?o c}?l?lfl(:lntmkt'mn % propylene
his accelerator has had a long, quite favor. rion:

i : . able experi i
industry. No special handling precautions are ne‘cessaryperlence n the rubber

E. SECONDARY ACCELERATORS (ACTIVATORS)

1 . . '
The available toxicology on the secondary aceeler

activators) in most common use follows ators (often  called

1. n-Di L .
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pound. A dosage of 10 mp/kg per day administered to two dogs in divided

Cwe L Led8 Ww-
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in the rubher industry and has heen recognized as a skin s.ensf e (;xplosive
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I"\()-Wl’l() Expert Committee on Faod Additives recommended again
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