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SECTION 1
TOXICOLOGY

leorard Coldwazer, M. D.

Prolessor of Cecupatianal Medicine
Columbia Uaiversity
New York, N. Y.

Thissec=cnbas bheen prepared for
the purpose of providizg a certaia
amount of backgrouzd for ttose who
may be called upono to understand and
interpretdaia whichare largely med-
ical ia nature, rather than for physi-
cians or others who have beex spe-
ciallytrained ia the field of industrial
toxicalogy.

Toxicity Ceflined

Toxdcity is the akility of a chemi-
cal molecule or compound to produce
injury eoace it reaches a susceptible
site ia or oa the body., Toxicity haz-
. ardis the probability that injury may
be caused by the manser ia which the
substaace is used.

Acute. Txis term will be used in
the medical sexse to meaa "of shart
durazoa.”™ As aprlied to materials
whichareizlaledor absorbed through
the skia, it referstoa single exposure
of a duratoa measured iaseconds,
minutes or tours. Asappliedto mate-
rials which are ingested, it refe-s
generally to a single quaatity or
dose.

Chronic. This term will be used
{n contrast to “acute" and means "of
long duratica.™ As applied to mate-
rials which are inbaled or absorbded
through the skin, it refers to pro-
longed or repeated exposures of adu-

ration measured iz days, moaths eor.

years. As applied to materiala which
are ingested, it refers to repeated
doses over a period of days, montas
er years, The tarm “clhronic" will
not refer to severity of symptoms but
willcarry the implicationof exposures
or doses which would be relatively
harmless unless extended or repeated
over loag periods of Sme {(days,

months or years)., Iz tis book the
term 'clrozie" izcludes exposures

. which mightalso be called "sub-

acute,” {.e., somewhere between
"aculte" aand "ehro=ic."

Local. Txis term refers to the
site of acuon of an agent and tmeans
thattheaction akes place at the point
or area of coatact. Tlhe site may be
skin, mucous membranecs of the eyes,
aose, mouth, throat, or aaywhere
along the respiratory or gastroiates.
tzal system. Absorptoa does not
zecessarily occur,

Systemic. This ter= refers toa
site of action other thaa the poiat of
contact and presupposes that absorp-
tion Bas taxkea place. Itis pessidle,
however, for toxic agents to be ab-
sorbedihrough 2 channel (skin, luzgs
or intestnal canal) aad praduce later
manifesiations on one of thase ckaa-
gels whickarezota result of the orig-
izal direct conmact. Tius it ispossi-
ble for some agents to produce karm-
ful effects on 2 single orzan or tHssue
as a result of bota "local" and"sys-
temic™ acdons.

Absorptioa. A material is said to
have been absorbed ozly whea it has
gained entry iato the blood stream and
consequently may de carried to all
partsof the body. Abdsorpticarequires
thata substance pass through the skin,
a mucous membrane, or the air sacs_
{alveoli) of the luags.

Toxdcity Ratizgs

Anexplanation of the toxicity
ratiags is given in the following
paragrapbs: :

U 3z Unknown. This designation is
givento subsiinces which fall izto one
of the following categozies:




AN

No toxicity imfermatioca could
be found i the literature and
noze was kriown to the authors.,
Limited izformation based ca
z-imalexperiments wasavail-
able bt in the opizicn of the
authersthis infarmazzn could
aot be applied to Rumaan expo-
suces.

Published toxicity daa were
felt by the authors to be of
questionable validisy.

(a)

(<)

0 =No toxcity. This designasionis
given to materials which fall iats one
of the foilowing categories:
(a) Macterials whichcausenoharm
under any cozditions of use.
(») Mazesials which produce taxc
eflects on Bumans ozly under
the most unusual conditicns
or by overwhelmiag dosage.

1 = Sligh: toxcity

{(a) Acute Local. Materials wkick
on siagle exposures lassag
seconds, miautes or bours
causeorly slighteffects on he
skin or mmucous membrazes
regardless of the exteat of the
exposure.
Acute Systemic., Materials
which can be absorbed iata the
body by inhalatoz, iagestiona
or through the skiz asd which
produce only slight effects
{ollowing single exposures
lastiag seconds, =iautes, or
hours, or fellewing ingeston
of 2 single dose, regardless
of the quantity absorbed or
the extent of exposure.
Chroniec Local. Materials
wkich oa coztinucus or rve-
peated exposures exteanding
over periods of days, months
or years cause oaly slight
hasm to the skin or mucous
membranes. The extentof ex-
posursmaybe great or small.
Chronic Systemic. Materials
whichcan be absorbed into the
body by isbalatica, ingestioa
or through the skin aad which
produce only slight effects fol-
lowing continuous or repeated
exposures extendingoverdays,
months or years. The exteat
of the exposure may be great
or small.

In general, those substances clas-
sified as having “slight toxicity'" pro-

(<)

(d)

ducechangesin the human Lody which
are readily reversible and whick will
disappear folloawizg termimaticn of
exposure, eiller withor wittout med-
ical treatmeas,

2 = Moderate toxdcity.

(a) Acute Local. Matesals ~tich
on single exposure lassnag
Seconds, minutes or Sours
cause moderate effects on the
skin or mucous membraaes,
These efiects may be the re-
sult of intense exposure for a

- tnatter of seconds or moder-
ate exposure {or a matier of
Bours.

Acute Systemic., Mate=als
whkich caa be absorbed into the
body by izkalation, imges=en

" or through the skina and wkich
produce moderate effects fol-
lowizng sizngle exposures las:.
ing secozds, minutesorhours,
or followizg ingesSonof a sin-
gle dose.

Ckroaic local., Materials
which on coatnucus or re-
peated exposures exteadiag
over periods o{ days, months
or yearscause moderate harm
to the skin or mucous mem-
brases.

Chronic Systemic. Materials
which can be absorbed into the
body by iakaladon, izgesSoa
or through the skiz and which
produce moderate effec:s fol-
lowing contizuous or repeated
exposures exie=cding over pe-
riods of days, months oryears.

Those substances classified as

having moderate toxciiy’ may pro=-

duce irreversible as well as rever-
sible chaages in the humaa body.

These changesare oot of such sever-

ityasto threatenlife or produce seri-
ous permanent physical impairmesnt.

(%b)

(<)

(d)

3 = Severe toxicity.

(a) Acute Local. Materiala which
on single exposures lastsg
seconds or roinutes cause in-
jury to skia or mucous mem-
branes of sufficient severity
tothreaten life or ta cause
permanent physical impair-
ment or disfigurement.
Acute Systemic. Materials
which can be absorbed into the
body by izhalation, {sgestion
or through the skin and which

(v)

.
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can cause izjury of sufficient
severity to threaten life f{ol-
lowing a single exposure last-
ing seconds, minuiesor tours,
or followizgizngesticz of a siz-
gle dese.

(¢} Chroric Local. Materials

which oo continuous or re-

pPeated exposures extexdi=mg
over periods of days, months

Or years <an cause izjury to

skin or mucous membranes of

sufficient severity to threaten

life orto cause permanent im-

pairment, disfigurement or

other irreversible change.

(d) Chronic Systemic. Materials
which can be absorbed iz the
body by inkhalazion, ingestion
or through the skin and which
c€an cause death or serious
physical impairment following
continuous or repeated exyo-
sures to smallamounts extend.
ingover periods of days,
tmoaths or years,

Taxicology Delined

In simple terms, toxdcology may
be defined as the study of the acca
of poiscas ona the liviag organism.
Industrial toxicologyis concersed with
the humaa organism and consequently
Les withiathe broadfield of medicine.
Since medicine cannot be considered
anexact scieace ia the sarne sense as
chemistry, physics or mattemacscs,
toxicalogic plienomenan cannot ulways e pre-
dicted with accuracy or explained on the
basis of physical or chemical laus. Itis this
umprediciability which {regquently re-
duces coaclusions and decisions to
opizion rather thana fact.

Poison Cefined

In attemptiag to define the term
"peisan," a majour considerationis
that of quantity or dosage. A poison
may be defined as a substance whick
causes harm to living tissues when
applied in relatively small doses. It
{s sot always easy to make a clear-
cut distingction between poisonous and
aonpoisconous substances. (See fur-
ther discussion ca p. 4).

Eflfective Dosage

Generally gpeakiag, industrial
toxicology is concerned with the
ef{ects ol substances which gain eatry

TCXICCLILT

Almostany subsiance can cause harm
when applied directly to t=e sxiz.
Among the faciors whick are ccn-
Cerned iz ef{fecsve dosage, the most
imporiant are:
(1) Quantity or concesirazZon cf
the material.,
(2) Duration of exposure.
(3) State of dispersion {size cf
particle or physical stuze,
e.g., dust, fume, gas, etc,).
{4) ALfizity for human Sssue.
(5) Solubility iabuwmaa Zssue
fluids.
(6] Sensi=wvity of lumaz tssues
or oergans.
Obvicusly there are possibilizies
for wide wvariatoas ian any of these
{aciors.

Methods of Expressing Efleciive

Dcsage:

(l)] Maxirmum Allowable Cancen-

traticn (MAC).

For gases and vapors the MAC
value is usually expressed in pacis
per millica (ppm), that is, paris of
the gas or vapor per cillion paris of
air.

Forfurmes and mists,and for some
dusts, the MAC is usually given as
milligrams per cubic meter (mgm/m?)
or per 10 cubic metars of air,

For some dusts, particularly
those contaiaing silica, the MAC is
usually expressed as millions of par-
ticles per cubic foot of air MPPCT.

MAC values bave gaized wide ac-
ceptance ia izdusirial toxicolegy as
ameaas of expressing concenirausns
of potentially Barm{ul substaaces.
They purport to represent the great-
est amount of a substance 0 whick
persons may be exposed for 8 hours
a dayfor a period of monthks or years
without danger to health.

Literal acceptance of this concept i
dangerous far the following reasons:
(a) A great majority of all pub-
lished MAC values are based
either on speculation, opinion
or limited experimentation on
rats, mice, guinea pigs or
other laboratory animals. la
very few instances have the
values been established firmly
on a basis of examinations of
human subjects corcelated
with adequate eavirearmental
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chservations,
Concentratiens oftaxcar
harmisl materialsinany work-
ingenvironment rarely remain
constant throughou: a work
day. The occurence of
Ysurges' is well known,
ladusirial exposures fragquent-
lyinvolve mixiures rather than
single compounds. VYery little
is kaown . abou: the effecss of
mixtures.
Individuals vary tremendously
in their sensitivity or suscep-
tibility to toxic substances.
The factors conirolling this
variadilityare not well under-
stood. It should not be
assumed that conditions which
are safe for some individuals
will be safe for all.

Forsome subsiances, concen-

traticns which may be consid-

ered "safe" rmay sull result in
discomfort or annoyance.

(£} A single MAC value is usually
given for substances which
ocecur iz the form of salts or

- compounds of different solu-

bility or in different physical
states (e.g., lead, mercury).

Ifthe above limitations are under-

stood and accepted, the published
MAC vzlues can be used to great
prac+ic.il advantage. Their principal
usefulness is in connection with the
design of ventilatiag systems (see
Section 2). Ventilation engineers
rmust have a concrete figure to serve
as the basis for the design of venti-
lating equipmenst. I should not be as-
sumed, however, that attaisment of
concentrations at or even below the
published MAC litnits willnecessarily
preventall cases of occupational poi-
sening; nor should it be asswned that
concentrations which exceed the given
limits will necessarily result in cases
of poisorning. The concept known as
Haber's Law, which iavolvesthe
product of concentration and time
(Cx T = K), expresses an index of
the degree of toxic effect. This toe,
may be misleading, since little is
known of the relative effectiveness
of large doses over a short period of
time as compared with smaller doses
over a longer time period.

(c)

(d)

(e)

(2) Minimal Lethal Dose and
LDSY Tess,

In experimental toxicolozy it ia
common praciice !o determine ke
quantity of poisom per unit of body
weight of an experimental animal
which will have a fatal effec:. (A
scale commonrly used is milligrams
of coison per kilogram of body
weight.) Thatamount per unit of body
weight which will cause even one fa.
tality in a2 group of experimental ani-
rmals is kxnowm as the minimal lethal
dose (MLD). A morecommonly
used figure in experimenzal industsi.
al toxicologyis the amount whick will
kill one-halfofa group of experimen-
tal animals. This is kaoowm as the
LDSO test (Lethal Dose SO per ce=t)
representing 50 per cen: fatalites.

The Manufactusring Chemiszs Asso-
ciationbasesitsdeflinition of ths term
"poison' on this test. Ia its publica.
tion entitled "Warning Ladels" (4th
edition) it states thefollowing:
"Poison: A clemical or mixiures of
chemicals which falls within azy of
the following categories:

(a) Producesdeath withi= 48 hours

in half or more thaz halfofa
“group of 10 or more labora-
tory white rats weighing 200-
300 grams at a single dose of
S0 milligrams orless per kilo-
gram ofbody weight, when ad-
ministered orally; or
Produces death withia 48 hours
ia half or more than half ol a
group ofl0or mere laboratory
white rats weighing 290.300
gTams, when inhaled conun-
uouslyfora period of ore hour
orlessatan at:mospheric con=-
centration of 2 milligrams er
less per liter of gas, vaper,
mist, or dust, provided such
concentration is likely to be
encountered by man when the
chermnical product is used ia
aoy reasonable fareseeable
manner; or
Produces death within 48hours
ia half or more than half of a
group of 10 or more ubbif:
tested ina dosage of 200 milli-
grams or less per kilogr;m
body weight, when adminis-
tered by cootinuous contact

(s)

(e)
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resuliiang anermia is respensible
for the production of many of the
symptoms accompanying arsine
poisoning; other symgtams re.
sult {rom the hemolysis itsell,
and occur during the excretion of
the hemoglobin, Hemogichin and
its degradation produces ave
commonly fou=d in the urine.
Less commenly whole Rlood may
be passed. OQOccasionally, the
Teral tubules may be plugged by
debris, with resultant suppression
of urine. Jaundice, which may be
severe, is 2 common result of the
Bemolysis. Frequently there is
edema of the lungs, which rmay be
accompanied by cyanosis. Kidney
damage is common in patients
susviving acute aflects of the gas.
Signs of peisening usually

develop withis several houss of
exposure, Headache, dizziness,
causea and vorniting, epigasiric
pain and weakness occur early,
followed by tea-colored urine, or
bloody urine in the more severe
cases, Some tHme later, albwmes
and casts may appear in the urine,
or, in serious cases, there may
be suppression of urine, Jaundice
and tezderness over the liver may
appear about the same time.
Blood examination shows an ane-
mia which may be marked. In
fatal cases, the patient may
develop delirium, followed by
coma and death. During the acute
stage of peisoning and for some
weexs after, arsenic may be
demonsirated in the urine. See
also Arsenic and Arsezic Com-
pounds.

Fire Hazard: Moderate, when ex-
posed to flame (Section 6).

Zxpiosion Hazard: Moderate when
exposed to Nlame (Section 7).

Disaster Control: Dangercus; when
beated to decompositon, it emits
highly toxic fumes of arsenic; can
react vigorously with oxidizing
materials.

Ventilation Control (use moderate
rate): Section 2

Storage and Handling: Section 7

ARSPEENAMINE
Synoaym: l3-Diamino-4-.dihydroxy-
l-arsencbenzene hydrochloride.

simtion: DLioght vell-
Description: Light yellzw, hy

.
“en

. : res-N
3COplicC powecer,

Formula:r Cy:H ;A5 ,N.C,- 2:c: . »
e . - ERA I §¢
Consiant: ’

Mol, We. 475.0

Toxicity: See Arsenic Compoune,
Disaster Control: See Arsezic ¢,

pounds.

Ventilation Coztrel (use moderyy,

rate): Seciion 2 -

Personnel Protecsion: Section 3
Personal Hygleze: Sec=on 3
First Aid: Saction !

Storage and Hanadling: Section 7

ASBESTCS PARTICLE
Synenym: Asbestos dust.
Toxic Hazard Rating:

Acute Local: Irrita=t l; la.
halation 2

Acute Systemic: 0

Chronic Local: Ia=alalion }

Chronic Systemic: U

MAC: ACCIH (accepted); § milliua

particles per cubic foot of air,

Toxicology: The essenzil lesion

produced by asbestos dust is 3
dif{fuse £brosis which predali,
begins a3 a "eollar" about the
terminal bronchiscles, Uswully,
at least 4 to 7 years of expaosure
are required before a serious
degree of fibrosis results., Thery
is apparently less predispos:fiuee
to tuberculesis than is the case
with silicosis.

Clinically, the mest striku=g
sign is shortzess of breath of
gradually increasing intensity,
often associated with a dry coun’
In the early stages physical sii
are absent or slight; in the laz-r
stages rales may be heard, ans
in long-standing cases there 12
frequently clubbing of the [ingrrs.
In early stages of the discasr t®?
chest x-ray reveals a ground.
glass or grasular change, ¢Rric
in the lower luag fields; 33 the
condition progresses the heast
outline becomes "shagsy” an.:‘ N
irregular patches of mottled s7de
owing may be seen. AsBestver
bodies may be found in the 37t *

At autopsy. the pleuraec af®
thickened and adherent and thied
subpleural fibrous plaques af¢ .
often present. Where the d‘".‘.'
is far advanccd there age udues

Toxic Rating Code: 0 = None 1= Slight 2 = Moderate 3 = Eigh U= Umn™
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Jarge aveas of {ibrosis, with
emphysematous changes in the
apices and bases, The alveolar
walls ace thickened, and the
characterisiic "asbesios bodies"
are {cund,

ventilaZion Conirol (use normal rate):
Secton 2

Personal Hygiene: Section 3

ASCARIDOLZ
Description: Ligquid,
Formula: CuoH, 0,
Constants:
Mol. Wt. 168.2
B. P. 115°C@1!5 mm
Density 1.011 @13°/15°C

Toxxcity: Details unkaowsn.
also Peraoxides, Orgazice,

Fize Fazazd: Moderate, by spon-
taneous chemical reacx=on (Sec-
tien 6).

Caution: An oxidizer,

Exzlosion Hazard: Explodes
at 250°C.

Disaster Control: Dangerous; when
heated, it emits toxic fumes and
may explode; it reacts with re-
ducing materials,

Storage and Handling: Section 7

ASPHALT

Synonyms: Bitumen; petroleum
piteh,

Description: Black or dark brown
mass,

Csns:ants:
3. P.: <470°C
Flash P. 400+°F (C.C.)
Density 0.95 . 1.1
Autoign. Temp. 905°'F

Toxdic Hazard Rating:
Acute Local: Irritant 2
Acute Systemic: U .
Chronic Local: Irritant 2
Chronic Systemic: U

Fire Hazard: Slight, when exposed
to heat or {lame.

Spontanecus Heating: No

To Fight Fire: Foam, carbon diax-
{de, dry chemical or casbon
tetrachloride (Section 6).

Personnel Protection: Section 3

Personal Hygiene: Secsion 3

Storage and Handling: Section 7
ipping Regulations: Section l1l.
Coast Cuard Classificadon:

Hazardous Article.

See

ATROPINE M=ZTHYL =RCMIZE
ASPIDITM
. Synenym: Male fesn,

Toxic Hazard Paling:

Acuze Local: Irsizant !
gen l

Acute Systemic: Iagestisa 2
Chronic Local: Allergen |
Chronic Systemic: U

Fire Hazard: Slight: when heated,
it ermits acrid fumes (Sec=on 5).

Personal Hygieae: Secticn 3

Storage and Hanclizg: Seciion ?

Aller-

ASPIRIN, See Ace?ol.
ATABRINE DIEYDROCELCRTE.

See "Atabrize'" Hydrockhlaride,

"ATABRINE" HYDCROCHELCRITE
Synonyrn: Quinacrine hydrochloside,
Description: Bright yellow crys:ls,
Formula: Cp,H,ClLN,0 - 2HCLl - 2H,0
Constants:

Mol. We, 508.9

M., P, Decomposes 248 - 250°C
Toxic Hazard Ratiag:

Acute Local: Aliergen |

Acute Systemic: Iagestion 2

Chronic Local: Allergen !

Chronic Systemic: Iagestion 2
Disaster Control: Dangerous: when

heated to decomposition, it emits

highly toxic fumes of chlorine.
Personal Hygiene: Sec2ion 3
Starage and Handling: Seczion 7

ATROPINE

Symonym: Daturine,

Descripton: Colorless, erystalline
alkaloid.

Formula: C;H;NO,

Constants:
Mol. We, 289.4

M., P, 115.5°C; sublimes at 118°C
Toxic Hazard Rating:

Acute Local: Allergen ]

Acute Systemic: lngestion J3;

Inhalation 3

Chronic Local: Allergen l

Chronic Systemic: Ingestion 2
Fire Hazard: Slight: on decomposi-

don it emits toxic fumes.
.Yeatilation Contrel (use moderate

rate): Section 2
Personal Hygiene: Section 3

First Aid: Section ]
Storage and Handling: Section 7

ATROPINE METEYL BROMUDE.

See Atropine.

For detailed discussion oI.‘I‘oxicology, see Sectionl

- e— — ——
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