
CHAPTER 7 

INDUSTRIAL TOXICOLOGY 
Mary 0. Amdur, PhD. 

INI1t0DUCI10N 

Toxicology is the study of the nature and 
action of poisons. The term is derived from a 
Greek word referring to the poison in which ar­
rows were dipped. Mythology, legend and history 
indicate the growth of toxicological knowledge. 
The early emphasis was on ways to poison people. 
The 19th century saw the development of tests for 
identification of various poisons, such as the Marsh 
test for arsenic. These found use in legal medicine 
and criminology, the area known as forensic toxi­
cology. Since about 1900, there has been increas­
ing social concern for the health of workers ex­
posed to a diversity of chemicals. This has led to 
intensive investigations of the toxicity of these 
materials in order that proper precautions may be 
taken in their use. This is the area of industrial 
toxicology which concerns us here. 

Some industrial hazards have been known for 
centuries. For example, clinical symptoms of lead 
poisoning were accurately described in the I st 
century A.D. The Romans used only slave labor 
in the great Spanish mercury mines at Almaden, 
and a sentence to work there was considered 
equivalent to a sentence of death. French hatters 
of the 17th century discovered that mercuric ni­
trate aided greatly in the felting of fur. Such use 
led to chronic mercury poisoning so widespread 
among members of that trade that the expression 
"mad as a hatter" entered our folk language. Ex­
posure to other hazardous substances is an out­
growth of modem technology. In addition to newly 
developed chemicals, many materials first synthe­
sized in the late 19th century have found wide­
spread industrial use. The hydrides of boron, for 
example, have been known since 1879, but the first 
report on their toxicity appeared in 1951 as a 
series of case histories of people, mostly young 
chemical engineers, who had been exposed to 
boron hydrides in the course of their work. 

Toxicological research now has its place in 
assessing the safety of new chemicals prior to the 
extension of their use beyond exploratory stages. 
Information on the qualitative and quantitative 
actions of a chemical in the body can be used to 
predict tentative safe levels of exposure as well as 
to predict the signs and symptoms to be watched 
for as indicative of excessive exposure. An eluci­
dation of the mechanism of action of the chemical 
can hopefully lead to rational rather than sympto­
matic therapy in the event of damage from exces­
sive exposure. Both in the application of newer 
refined research techniques of toxicology and in 
his communication of knowledge vital to the public 
health, the toxicologist considers old as well as new 
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hazardous substances. This point was well made 
by Henry Smyth' who said "Most people are care­
ful in handling a new chemical whether or not 
they have been warned specifically of its possible 
toxicity. Despite the potential hazards of hun­
dreds of new chemicals each year, most injuries 
from chemicals are due to those which have been 
familiar for a generation or more. It is important 
for the perspective of the toxicologist that he keep 
this fact well to the forefront of his mind. He must 
not neglect talking about the hazards of the old 
standbys, lead, benzene and chlorinated hydro­
carbons just because this week he discovered the 
horrifying action of something brand new. Part of 
bis responsibility is a continuing program of com­
munication aimed at informing everyone of the 
means required to handle safely any chemical 
whatsoever." 

DISCIPLINES INVOLVED IN 
INDUSTRIAL TOXICOLOGY 

In order to assess the potential hazard of a 
substance to the health of workers industrial toxi­
cology draws perforce on the expertise of many 
disciplines. 
Chemistry: The chemical properties of a com­
pound can often be one of the main factors in its 
toxicity. The vapor pressure indicates whether or 
not a given substance bas the potential to pose a 
hazard from inhalation. The solubility of a sub­
stance in aqueous and lipid media is a guiding 
factor in determining the rate of uptake and ex­
cretion of inhaled substances. The toxicologist 
needs to determine the concentration of toxic 
agents in air and in body organs and fluids. It is 
important to know if a substance is, for example, 
taken up by the liver, stored in the bones, or rap­
idly excreted. For this, analytical methods are 
needed which are both sensitive and specific. 

Biochemistry: The toxicologist needs knowledge 
of the pathways of metabolism of foreign com­
pounds in the body. Such information can serve 
as the basis for monitoring the exposure of work­
men, as for example the assessment of benzene 
exposure by the analysis of phenol in the urine. 
Differences in metabolic pathways among animal 
species form one basis for selective toxicity. Such 
knowledge is useful, for example, in developing 
compounds that will be maximally toxic to insects 
and minimally so to other species. Such knowl­
edge can also serve as a guide in the choice of a 
species of experimental animal with a metabolic 
pathway similar to that of man for studies which 
will be extrapolated to predict safe levels for 
human exposure. Rational therapy for injury from 



toxic cbemicals bas as its basis an understanding 
of the biochemical lesion they produce. One out­
standing ex.ample is the development of BAL. 
(British Anti-1..ewisite, 1,2-<limen:aptopropanol) 
which arose from studies of the inhibition of sulf­
hydryl enzymes and the manner of binding of 
arsenic to these enzymes. This led to the use of 
B.AL. in therapy for industrial poisons ( such as 
mercury) which interfere with sulfhydryl enzymes. 
Studies of the nature of the reaction of organic 
phosphorus ester.a with the enzyme acetylcholine 
esterase led to the development of 2-P AM (2-
pyridine aldoxime methiodide) which revenes the 
in!nllition of the enzyme. In conjunction with 
atropine, 2-P AM provides rational therapy for 
treatment of poisoning by these compounds. In 
the important area of joint toxic action, under­
standing comes from elucidation of biochemical 
action. If. for example, Compound A induces 
enzymes which serve to detoxify Compound B, 
the respouse to the combination may be less than 
additive. On the other hand, if Compound A 
should act to in!nllit the enzyme that serves to 
detoxify Compound B then the response may be 
more than additive. 
Physiology: 1be toxicologist obviously needs to 
know something ·of the normal functioning of 
organ systems. Modem toxicology is moving 
more and more towards the search for means to 
detect revenible physiological changes produced 
by concentrations of toxic substances too low to 
produce irrevenible histological damage or death 
in experimental animals. Measurement of in­
creases in pulmonary flow-resistance bas proved 
a sensitive tool for assessing the response to irri­
tant gases and aerosols. Tests of pulmonary func­
tion can be used to assess 1esponse of workmen to 
industrial environments. Renal clearance and 
other kidney function tests can serve to detect 
renal damage. The effects of exercise or non­
specific stress on the degree of response to toxic 
chemicals is another important research area in 
modem toxicology. 
Pathology: The toxicologist is concerned with 
gross and histological damage caused by toxic 
substances. Most toxicological studies include a 
thorough pathological examination which may in­
clude examination of subcellular structure by 
electron microscopy. 
Immunology and lmmunochemistry: It is recog­
nized that immunology and immunochemistry con­
stitute an important area for investigation in in­
dustrial toxicology. The response to many chem­
icals, especially inhaled products of biologic origin, 
bas as its basis the immune reaction. 
Physics and Enginuring: The toxicologist who is 
concerned with inhalation as the route of exposure 
needs some knowledge of physics and engineering 
in order to establish controlled concentrations of 
the substances he studies. If the toxic materials 
are to be administered as airborne particles, knowl­
edge is needed of methods of generation of aero­
sols and methods of sampling and sizing appro­
priate to the material studied. Without carefnl 
attention to these factor.a, toxicological studies are 
of limited value. An understanding of the factors 
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governing penetration. deposition, retention and 
clearance of particulate material from the respira­
tory tract requires knowledge of both the physical 
laws governing aerosol behavior and the anatomy 
and physiology of the respiratory tract. The grow­
ing interest in prolonged exposure to closed at­
mospheres encountered in manned space travel or 
deep sea exploration bas led to experimental 
studies involving round-the-clock exposures of. 
experimental animals for long periods. Such stud­
ies raise additional engineering problems above 
and beyond those of maintaining the more con­
ventional exposure chamber.a. 
Statistics: Statistics are used in the analysis of. 
data and in the establishing of an experimental 
design that will yield the maximum of desired 
information with the minimum of wasted effort. 
The toxicologist relies heavily on statistics, as the 
calculation of the LD,. (Lethal Dose - 50% 
probable) is a statistical calculation. Experi­
mental studies of joint toxicity are planned in 
accord with established statistical designs. 
Communication: The ultimate aim of the toxi­
cologist is ( or should be) the prevention of dam­
age to man and the environment by toxic agents. 
One important function is the distnllution of in­
formation in such terms that the people in need 
of the information will undentand iL 1be 
toxicologist's ,esponsibility does not end with the 
publication of his research results in a scientific 
journal for the erudition of his peen. He is called 
upon to make value judgments in extrapolation of. 
his findings in order to advise governmental agen­
cies and other.a faced with the problem of setting 
safe levels, be they air pollution standards or 
Threshold Limit Values for industrial exposure or 
tolerance levels of pesticide residues in food. 1n 
addition to this, when he makes such value judg­
ments, he should above all be honest with himself 
and with those he advises, that they are value 
judgments and as such should be subject to fre­
quent review as new knowledge and experience 
accumulate. 

DOSE-RESPONSE RELATIONSHIPS 
Experimental toxicology is in essence biolog­

ical assay with the concept of a dose-response 
relationship as its unifying theme. The potential 
toxicity (harmful action) inherent in a substance 
is manifest only when that substance comes in 
contact with a living biological system. A chem­
ical normally thought of as "harmless" will evoke 
a toxic response if added to a biological system in 
sufficient amounL For example, the inadvertent 
inclusion of large amounts of sodium chloride in 
feeding formulae in a hospital nunery led to infant 
mortality. Conversely, for a chemical normally 
thought of as "toxic" there is a minimal concen­
tration which will produce no toxic effect if added 
to a biological system. The toxic potency of a 
chemical is thus ultimately defined by the relation­
ship between the dose ( the amount) of the chem­
ical and the response that is produced in a bio­
logical system. 

1n preliminary toxicity testing, death of the 
animals is the response most commonly chosen. 
Given a compound with no known toxicity data. 



the initial step is one of range finding. A dose is 
administered and, depending on the outcome, is 
increased or decreased until a critical range is 
found over which, at the upper end, all animals 
die and, at the lower cod, all animals survive. 
Between these extremes is the range in which the 
toxicologist accumulates data which enable him to 
prepare a dose-response curve relating percent 
mortality to dose administered. 

From the dose-response curve, the dose that 
will produce death in 50 percent of the animals 
may be calculated. This value is commonly ab­
breviated as LO,.. It is a statistically obtained 
value representing the best estimation that can be 
made from the experimental data at hand. 1be 
LO,. value should always be accompanied by a 
statement of the error of the estimated value, such 
as the probability range or confidence limits. The 
dose is expressed as amount per unit of body 
weight. 1be value should be accompanied by an 
indication of the species of experimental animal 
used, the route of administration of the compound, 
the vehicle used to dissolve or suspend the ma­
terial if applicable, and the time period over 
which the animals were observed. For example, 
a publication might state "For rats, the 24 hr. ip 
LD,. for "X" in com oil was 66 mg/kg (95% 
confidence limits 59-74)." This would indicate to 
the reader that the material was given to rats as 
an intraperitoneal injection of compound X dis­
solved or suspended in com oil and that the in­
vestigator had limited his mortality count to 24 
hours after administering the compound. If the 
experiment has involved inhalation as the route 
of exposure, the dose to the animals is expressed 
as parts per million, mg/m', or some other ap­
propriate expression of concentration of the ma­
terial in the air of the exposure chamber, and the 
length of exposure time is specified. In this case 
the term LC.,, is used to designate the concentra­
tion in air that may be expected to kill 50 percent 
of the animals exposed for the specified length of 
time. Various procedures have been recommended 
for the estimation of the LO.,, or LC,.. For in­
formation on the more commonly used techniques. 
papers such as those of Bliss,' Miller and Tainter.' 
Litchfield and Wilcoxon• or Weil' may be con­
sulted. 

The simple determination of the LO,. for an 
unknown compound provides an initial compara­
tive index for the location of the compound in 
the overall spectrum of toxic potency. Table 7-1 
shows an attempt at utilizing LO,. and LC,. val­
ues to set up an approximate classification of 
toxic substances which was suggested by Hodge 
and Sterner.• 

Over and above the specific LO,,. value, the 
slope of the dose-response curve provides useful 
information. It suggests an index of the margin 
of safety. that is the magnitude of the range of 
doses involved in going from a non-effective dose 
to a lethal dose. It is obvious that if the dose­
response curve is very steep. this mar~ of safetv 
is slight. Another situation may arise in which 
one compound would be rated as "more toxic" 
than a second compound if the LO,,. values alone 
were compared but the reverse assessment of rel-
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ative toxicity would be reached if the comparison 
was made of the LO, values for the two com­
pounds because the dose-response curve for the 
second compound had a more gradual slope. It 
should thus be apparent that the slope of the dose­
response curves may be of considerable signifi­
cance with respect to establishing relative tox­
icities of compounds. For an excellent non-math­
ematical discussion of the underlying concepts of 
dose-response relationships, Chapter 2 of Loomis' 
is well worth reading. 

Toxicity 
Rating 

2 
3 

4 
s 

6 

TABLE 7-1 
Toxldty aass.s 

LO..-Wt/kg 
Descriptive Single oral dose 

Term Rats 

Extremely 
toxic 1 mg or less 

Highly toxic I-SO mg 
Moderately 

toxic SO-SOO mg 
Slightly toxic O.S-S g 
Practically 

non-toxic S-IS g 
Relatively 

harmless 15 g or more 

4 hr Inhalation 
LC.-PPM 

Rats 

<10 
10-100 

100-1,000 
1,000-10,000 

10,000-100,000 

>100,000 

By similar experiments dose-response curves 
may be obtained using a criterion other than mor­
tality as the response and an ED,. value is ob­
tained. This is the dose which produced the 
chosen response in 50 percent of the treated ani­
mals. When the study of a toxic substance pro­
gresses to the point at which its action on the 
organism may be studied as graded response in 
groups of animals, dose-response curves of a 
slightly different sort arc generally used. One 
might see for example, a dose-response curve 
relating the degree of depression of brain choline 
esterase to the dose of an organic phosphorus 
ester or a dose-response curve relating the in­
crease in pulmonary flow-resistance to the con­
centration of sulfur dioxide inhaled. 

ROUTES OF EXPOSURE 
Toxic chemicals can enter the body by vari­

ous routes. The most important route of exposure 
in industry is inhalation. Next in importance is 
contact with skin and eyes. The response to a 
given dose of toxic agent may vary markedly de­
pending on the route of entry. A cardinal princi­
ple to remember is that the intensity of toxic ac­
tion is a function of the concentration of the toxic 
agent which reaches the site of action. The route 
of exposure can obviously have an influence upon 
the concentration reaching the site of action. 
Parenteral: Aside from the obvious use in admin­
istration of drugs, injection is considered mainly as 
a route of exposure of experimental animals. In 
the case of injection, the dose administered is 
known with accuracy. Intravenous (iv) injection 
introduces the material directly into the circula­
tion, hence comparison of the degree of response 
to iv injection with the response to the dose ad­
ministered by another route can provide informa­
tion on the rate of uptake of the material by the 
alternate route. When a material is administered 



by injection, the highest concentration of the toxic 
material in the body occnn at the time of en­
trance. The organism receives the initial impact 
at the maximal concentration without opportunity 
for a gradual reaction, whereas if the concentra­
tion is built up more gradually by some other 
route of exposure, the organism may have time 
to develop some resistance or physiological ad­
justment which could produce a modified re­
sponse. In experimental studies intraperitoneal 
(ip) injection of the material into the abdominal 
ftuid is a frequently used technique. The major 
venous blood circulation from the abdominal con­
tents proceeds via the portal circulation to the 
liver. A material administered by ip injection is 
subject to the special metabolic transformation 
mechanisms of the liver, as well as the possi­
bility of excretion via the bile before it reaches 
the general circulation. H the LD,. of a com­
pound given by ip injection was much higher (i.e., 
the toxicity is lower) than the LO,. by iv injec­
tion, this fact would suggest that the material was 
being detoxified by the liver or that the bile was a 
major route of excretion of the material. If the 
values for LD,. were very similar for ip and iv 
injection, it would suggest that neither of these 
factors played a major role in the handling of 
that particular compound by that particular spe­
cies of animal. 
Oral: Ingestion occnn as a route of exposure of 
workmen through eating or smoking with con­
taminated hands or in contaminated work areas. 
Ingestion of inhaled material also occurs. One 
mechanism for the clearance of particles from the 
respiratory tract is the carrying up of the particles 
by the action of the ciliated lining of the respira­
tory tract. These particles are then swallowed 
and absorption of the material may occur from 
the gastro-intestinal tract. This situation is most 
likely to occur with larger size particles (2,. and 
up ) although smaller particles deposited in the 
alveoli may be carried by phagocytes to the up­
ward moving mucous carpet and eventually be 
swallowed. 

In experimental work, compounds may be ad­
ministered orally as either a single or multiple 
dose given by stomach tube or the material may 
be incorporated in the diet or drinking water for 
periods varying from several weeks or months up 
to several years or the lifetime of the animals. In 
either case, the dose the animals actually receive 
may be ascertained with considerable accuracy. 
Except in the case of a substance which bas a 
corrosive action or in some way damages the lin­
ing of the gastro-intestinal tract, the response to 
a substance administered orally will depend upon 
how readily it is absorbed from the gut. Uranium, 
for example, is capable of producing kidney dam­
age, but is poorly absorbed from the gut and so 
oral administration produces only low concentra­
tions at the site of action. On the. other hand, 
ethyl alcohol, which has as a target organ the 
central nervous system, is very rapidly absorbed 
and within an hour 90 percent of an ingested dose 
has been absorbed. 

The epithelium of the gastro-intestinal tract 
is poorly permeable to the ionized form of or-
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ganic compounds. Absorption of such materials 
generally occnn by diffusion of the lipid-5oluble 
non-ionized form. Weak acids which are pre­
dominately nonionized in the high acidity (pH 
1.4) of gastric juice are absorbed from the stom­
ach. The surface of the intestinal mucosa has a 
pH of 5.3. At this higher pH weak bases are Jess 
ionized and more readily absorbed. The pK of a 
compound ( see Oiapter 5) thus becomes an im­
portant factor in predicting absorption from the 
gastro-intestinal tract. 
I nhalalion: Inhalation exposures are of prime im­
portance to the industrial toxicologist. The dose 
actually received and retained by the animals is 
not known with the same accuracy as when a com­
pound is given by the routes previously discussed. 
This depends upon the ventilation rate of the indi­
vidual. In the case of a gas, it is influenced by 
solubility and in the case of an aerosol by par­
ticle size. The factors that influence the dose of 
a substance retained in an inhalation exposure 
will be discussed later. For the moment, suffice 
it to say that the concentration and time of ex­
posure can be measured accurately and this gives 
a working estimate of the exposure. Two tech­
niques are sometimes utilized in an attempt to 
determine the dose with precision and still admin­
ister the compound via the lung. One is intra­
tracheal injection which may be used in some ex­
periments in which it is desirable to deliver a 
known amount of particulate material into the 
lung. The other is so called "precision gassing." 
In this technique the animal or experimental sub­
ject breathes through a valve system and the vol­
ume of exhaled air and the concentration of toxic 
material in it are determined. A comparison of 
these data with the concentration in the atmos­
phere of the exposure chamber gives an indica­
tion of the dose retained. 
Cutaneous: Cutaneous exposure ranks first in the 
production of occupational disease, but not neces­
sarily first in severity. The skin and its associated 
film of lipids and sweat may act as an effective 
barrier. The chemical may react with the skin 
surface and cause primary irritation. The agent 
may penetrate the skin and cause sensitization to 
repeated exposure. The material may penetrate 
the skin in an amount sufficient to cause systemic 
poisoning. In assessing the toxicity of a compound 
by skin application, a known amount of the ma­
terial to be studied is placed on the clipped skin 
of the animal and held in place with a rubber coif. 
Some materials such as acids, alkalis and many 
organic solvents are primary skin irritants and pro­
duce skin damage on initial contact. Other ma­
terials are sensitizing agents. The initial contact 
produces no irritant response, but may render the 
individual sensitive and dermatitis results from 
future contact. Ethyleoeamines and the catechols 
in the well known members of the Rhus family 
(poison ivy and poison oak) are examples of such 
agents. Chapter 34 is devoted to the damaging 
effects of industrial chemicals on the skin. The 
physiochemical properties of a material are the 
main determinant of whether or not a material 
will be absorbed through the skin. Among the 
important factors are pH, extent of ionization, 



water and lipid solubility and molecular siz.e. Some 
compounds such as phenol and phenolic deriva­
tives can readily penetrate the skin in amounts 
sufficient to produce systemic intoxication. If the 
skin is damaged, the normal protective barrier to 
absorption of chemicals is lessened and penetra­
tion may occur. An example of this is a descrip­
tion of cases of mild lead intoxication that oc­
curred in an operation which involved an inor­
ganic lead salt and also a cutting oil. .Inorganic 
lead salts would not be absorbed through intact 
skin, but the dermatitis produced by the cutting 
oil permitted increased absorption. 
Ocular: The assessment of possible damage result­
ing from the exposure of the eyes to toxic chemi­
cals should also be considered. The effects of acci­
dental contamination of the eye can vary from 
minor irritation to complete loss of vision. In ad­
dition to the accidental splashing of substances 
into the eyes, some mists, vapors and gases pro­
duce varying degrees of eye irritation, either acute 
or chronic. In some instances a chemical which 
does no damage to the eye can be absorbed in 
sufficient amount to cause systemic poisoning. The 
extreme toxicity of fluoroacetate was discovered 
accidentally in this manner by a group of Polish 
chemists who tested it for lachrymatory action in 
a rabbit. They had hoped that fluoroacetate would 
be as irritating to the eyes as iodoacetic acid. The 
latter had proved unsuitable for warfare purposes 
because of the purple cloud of iodine vapor that 
betrayed its preseoce when it was exploded in a 
bomb. Their rabbit showed no signs of eye irrita­
tion, but alerted their interest when it had con­
vulsions and died. An excellent reference on ocu­
lar effects of toxic chemicals is "Toxicology of the 
Eye" by Grant.• 

CRITERIA OF RF.sPONSE 
After the toxic material has been administered 

by one of the routes of exposure discussed above, 
there are various criteria the toxicologist uses to 
evaluate the response. In modem toxicological 
research, these criteria are oriented whenever pos­
sible towards elucidating the mechanisms of ac­
tion of the material. 
Mortality: As has been indicated, the LD~ of a 
substance serves as an initial test to place the 
compound appropriately in the spectrum of toxic 
agents. Mortality is also a criterion of response in 
long term chronic studies. In such studies, the 
investigator must be certain that the mortality ob­
served was due to the chronic low level of the ma­
terial he is studying; hence an adequate control 
group of untreated animals subject to otherwise 
identical conditions is maintained for the duration 
of the experiment. 
Pa1hology: By examination of both gross and 
microscopic pathology of the organs of animals 
exposed, it is possible to get an idea of the site 
of action of the toxic agent, the mode of action 
and the cause of death. Pathological changes are 
usually observed at dose levels which are below 
those needed to produce the death of animals. The 
liver and the kidney are organs particularly sensi­
tive to the action of a variety of toxic agents. 
In some instances the pathological lesion is typical 
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of the specific toxic agents, for example, the sili­
cotic nodules in the lungs produced by inhalation 
of free silica or the pattern of liver damage re­
sulting from exposure to carbon tetrachloride and 
some other hepatotoxins. In other cases the dam­
age may be more diffuse and less specific in nature. 
Growth: In chronic studies the effect of the toxic 
agent on the growth rate of the animals is another 
criterion of response. Levels of the compound 
which do not produce death or overt pathology 
may result in a diminished rate of growth. A 
record is also made of the food intake. This will 
indicate whether diminished growth results from 
lessened food intake or from less efficient use of 
food ingested. It sometimes happens that when 
an agent is administered by incorporation into the 
diet, especially at high levels, the food is unpalat­
able to the animals and they simply refuse to eat it. 
Organ Weight: The weight of various organs, or 
more specifically the ratio of organ weight to 
body weight may be used as a criterion of re­
sponse. In some instances such alterations are 
specific and explicable, as for example the increase 
of lung weight to body weight ratio as a measure 
of the edema produced by irritants such as ozone 
or oxides of nitrogen. In other instances the in­
crease is a less specific general hypertrophy of the 
organ, especially of the liver and kidney. In a 
summary of data from two major industrial tox­
icology laboratories where a wide variety of com­
pounds had been screened for toxicity,• it was 
pointed out that in using body growth, liver weight 
and kidney weight as criteria of response, a change 
in one or more of these was observed at the lowest 
dose at which any effect was seen in 80 percent 
of 364 studies. If liver and kidney pathology were 
included in the list, theo a change in one or more 
criteria was observed at the lowest dose at which 
any effect was seen in 96 percent of these studies. 
The other 4 percent included materials with very 
specific action such as the organophosphorus in­
secticides which will produce alterations in acetyl­
choline esterase at very low levels. Such non­
specific increases in organ weight are difficult to 
interpret and may not of necessity represent a 
harmful change, but they lower the threshold at 
which a dose may be termed "no effect." 
Phy.rio/ogical Function Tests: Physiological func­
tion tests are useful criteria of response both in 
experimental studies and in assessing the response 
of exposed workmen. They can be especially use­
ful in chronic studies in that they do not necessi­
tate the killing of the animal and can, if desired, 
be done at regular intervals throughout the period 
of study. Tests in common clinical use such as 
bromsulphalein retention, thymol turbidity, or 
serum alkaline phosphatase may be used to assess 
the effect of an agent on liver function. The ex­
amination of the renal clearance of various sub­
stances helps give an indication of localization of 
kidney damage. The ability of the kidney ( especi­
ally in the rat) to produce a concentrated urine 
may be measured by the osmolality of the urine 
produced. This has been suggested for the evalua­
tion of alterations in kidney function.'• Alterations 
may be detected following inhalation of materials 
such as chlorotrifluoroethylene at levels of reversi-



hie response. In some instances measurement of 
blood pressure bas proved a sensitive means of 
evaluating response." Various tests of pulmonary 
function have been used to evaluate the response 
of both experimental animals and exposed work­
men. These tests include relatively simple tests 
which are suitable for use in field surveys as well 
as more complex methods possible only under 
laboratory conditions. Simple tests include such 
measurements as peak expiratory flowrate 
(PEFR), forced vital capacity (FVC), and I­
second forced expiratory volume (FEV , .• ) . More 
complex procedures include the measurement of 
pulmonary mechanics ( flow-resistance and com­
pliance) and their application in epidemiologic 
surveys. Information on the effects of various 
agents on the lungs is discussed in Chapter 33. 
Biochemical Studies: The study of biochemical 
response to toxic agents leads in many instances 
to an understanding of the mechanism of action. 
Tests of toxicity developed in animals should be 
oriented to determination of early response from 
exposures that are applicable to the industrial 
scene. Many toxic agents act by inhibiting the 
action of specific enzymes. This action may be 
studied in vitro and in vivo. In the first case, the 
toxic agent is added to tissue slices or tissue hom0-
genate from normal animals and the degree of in­
hibition of enzymatic activity is measured by an 
appropriate technique. In the second case, the 
toxic agent is administered to the animals; after 
the desired interval the animals are killed and the 
degree of enzyme inlnoition is measured in the 
appropriate tissues. A judicious combination of 
in vivo and in vitro studies is especially useful 
when biotransformation to a toxic compound is 
involved. The classic example of this is the work 
of Peters " on the toxicity of fluoroacetate. This 
material, which was extremely toxic when admin­
istered to animals of various species, did not in­
lu"bit any known enzymes in vitro. Peters' work 
demonstrated that fluoroacetate entered the car­
boxylic acid cycle of metabolism as if it were 
acetic acid. The product formed was lluorocitrate 
which was a potent inhibitor of the enzyme aconi­
tase. Biological conversion in the living animal 
had resulted in the formation of a highly toxic 
compound. He coined the term "lethal synthesis" 
to describe such a transformation. An elegant 
paper by Cremer" on the ethyl lead compounds 
is worth discussing as an example of research tech­
niques in this area. Sbe injected rats with tetra-, 
tri-, and di-ethyl lead and with lead acetate. Symp­
toms of excitability, tremors and convulsions were 
observed in the animals injected with the tetra­
ethyl and triethyl lead but not in the animals in­
jected with diethyl lead or the inorganic lead. The 
triethyl lead was more potent than the tetraethyl 
lead, which suggested that perhaps the toxic re­
sponse resulted from biologically formed triethyl 
lead By analytic methods, she was able to dem­
onstrate the presence of triethyl lead in the tissues 
of animals poisoned with tetraethyl lead. Sbe 
found in vitro that liver preparations were capable 
of converting tetraethyl lead to triethyl lead Sbe 
measured the metabolism of brain slices from ani­
mals treated in vivo and found that the oxygen 
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consumption was lowered in animals recemng 
tetraethyl or triethyl lead but not in animals treated 
with diethyl lead or lead acetate. Turning again 
to in vitro experiments, she measured the oxygen 
consumption of brain cortex slices from normal 
animals to which the ethyl lead compounds were 
added. These experiments showed that tetraethyl 
lead is without effect and that triethyl lead is the 
active component. 

The fundamentals of the metabolism of toxic 
compounds are discussed in Chapter 5. The clas­
sic reference in the field is Detoxification M echa­
nisms by Williams.,. The term "biotransformation" 
is in many ways preferable to "detoxication" for 
in many instances the toxic moiety may be the 
metabolic product rather than the compound ad­
ministered There are some instances, of course, 
such as the conversion of cyanide to thiocyanate, 
which are truly "detoxication" in the strict sense. 

Tests for the level of metabolites of toxic 
agents in the urine have found wide use in indus­
trial toxicology as a means of evaluating exposure 
of workmen. These are commonly referred to as 
biologic threshold limits which serve as biologic 
counterparts to the TL V's. The presence of the 
metabolic product does not of necessity imply 
poisoning; indeed the opposite is more commonly 
the case. Normal values have been established 
and an increase above these levels indicates that 
exposure has occurred and thus provides a val­
uable screening mechanism for the prevention of 
injury from continued or excessive exposure. Ta­
ble 7-2 lists some of these metabolic products 
which have been used to evaluate exposure as well 
as the agents for which they may be used. 

TABLE 7-2 
Mdabolicl'rodadl!Usefa!AllladittsOf~ 

Product in 
Urine 

Orgacic SuHate 

Hippuric Acid 

Thiocyanate 

Glucuronates 

Formic Acid 
2. 6, dinitro-4-
amino toluene 
p-nitropbenol 
p-aminophcool 

Toxic 
Agents 

Benzene 
Phenol 
Aniline 
Toluene 
Ethyl benzene 
Cyanate 
Nitriles 
Phenol 
Benzene 
Tcrpenes 
Methyl alcohol 
TNT 

Panthion 
Aniline 

There are other instances in which a biochem­
ical alteration produced by the toxic agent is useful 
as a criterion of evaluating exposure. Lead, for ex­
ample, interferes in porphyrin metabolism and in­
creased levels of delta-aminolevulinic acid may 
be detected in the urine following lead exposure. 
Levels of plasma choline esterase may be used 
to evaluate exposure to organic phosphorus insec­
ticides. Levels of carboxyhemoglobin provide a 
means of assessing exposure to carbon monoxide. 
Levels of methemoglobin can be used to evaluate 
exposure to nitrobenzene or aniline. Hemolysis 



of red cells is observed in exposure to arsine. 
Analysis of blood, urine, hair, or nails for various 
metals is also used to evaluate exposure, though 
whether these would be termed "biochemical tests" 
depends somewhat on whether you an: speaking 
with an engineer or a biochemist. 

The use of biologic threshold limit values pro­
vides a valuable adjunct to the TL V's which are 
based on air analysis. The analysis of blood, 
urine, hair, or exhaled air for a toxic material 
~r se (e.g., Pb, As) or for a metabolite of the 
toxic agent ( e.g., thiocyanate, phenol) gives an 
indication of the exposure of an individual worker. 
These tests represent a very practical application 
of data from experimental toxicology. Research 
in industrial toxicology is often oriented towards 
the search for a test suitable for use as a biologic 
threshold which will indicate exposure at a level 
below which damage occurs. 
Behavioral Studie,: When any toxic agent is ad­
ministered to experimental animals, the experi­
enced investigator is alert for any signs of abnor­
mal behavior. Such things as altered gait, bizarre 
positions, aggressive behavior, increased or de­
creased activity, tremors or convulsions can sug­
gest possible sites of action or mechanisms of 
action. The ability of an animal to maintain its 
balance on a rolling bar is a frequently used test 
of coordination. The Joss of learned conditioned 
reflexes has also been used and by judicious com­
bination of these tests it is possible to determine, 
for example, that the neurological response to 
methyl cellosolve differs from the response to 
ethyl alcohol." Ability to solve problems or make 
perceptual distinctions has been used on human 
subjects, especially in an effort to determine the 
possible effects of low levels of carbon monoxide 
and other agents which might be expected to in­
terfere with efficient performance of necessary 
tasks, thus creating a subtle hazard. Effects on 
neurological variables such as dark adaptation of 
the eye are much used by Russian investigators in 
determining threshold limit values. 
Reproductive EUt:cts: It is possible that a level of 
a toxic material can have an effect on either male 
or female animals which will result in decreased 
fertility. In fertility studies the chemical is given 
to males and females in daily doses for the full 
cycle of oogenesis and spermatogenesis prior to 
mating. If gestation is established. the fetuses arc 
removed by caesarean section one day prior to 
delivery. The litter size and viability are com­
pared with untreated groups. The young are then 
studied to determine possible effects on survival, 
growth rate and maturation. The tests may be 
repeated through a second and third litter of the 
treated animals. If it is considered necessary the 
test may be extended through the second and 
third generation. 
Teratogenic Effects: Chemicals administered to the 
pregnant animal may, under certain conditions. 
produce malformations of the fetus without induc­
ing damage to the mother or killing the fetus. The 
experience with the birth of many infants with 
limb anomalies resulting from the use of thalido­
mide by the mothers during pregnancy alerted the 
toxicologists to the need for more rigid testing in 
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this difficult area. Another example of human ex­
perience in recent times was the teratogenic effect 
of methyl mercury as demonstrated in the inci­
dents of poisoning in Minamata Bay, Japan. The 
study of the teratogenic potential poses a very 
complex toxicological problem. The suscepll"bility 
of various species of animal varies greatly in the 
area of teratogenic effects. The timing of the dose 
is very critical as a chemical may produce severe 
malformations of one sort if it reaches the embryo 
at one period of development and either no mal­
formations or malformations of a completely dif­
ferent character if it is administered at a later or 
earlier period of embryogenesis. For a discussion 
of a recommended method of teratogenic testing 
and a summary of the literature in this area, the 
paper by Cahen" may be consulted. 
Carcinogenicity: The study of the carcinogenic 
effects of a toxic chemical is a complex experi­
mental problem. Such testing involves the use of 
sizeable groups of animals observed over a period 
of two years in rats or four to five years in dogs 
because of the long latent period required for the 
development of cancer. Efforts to shorten the 
time lag have led to the use of aging animals. This 
may reduce the lag period one third to one 
fourth. Various strains of inbred mice or hamsters 
are frequently used in such experiments. Quite 
frequently materials an: screened by painting on 
the skin of experimental animals, especially mice. 
Industrial experience down through the years has 
made plain the hazard of cancer from exposure 
to various chemicals. Among these an: many of 
the polynuclear hydrocarbons, beta-naphylamine 
which produces bladder cancer. chromates and 
nickel carbonyl which produce lung cancer. An 
excellent summary of recent experimental work in 
the area of the production of lung cancer in experi­
mental animals is given by Kuschner." 

The FDA Advisory Committee on Protocols 
for Safety Evaluation Panel on Carcinogenesis has 
recently published in the literature their Report 
on Cancer Tating in the Safety Evaluation of 
Food Additives and Pesticides.'• The particular 
emphasis is on testing materials which would come 
into contact with man principally through the diet, 
either as food additives or as contaminating resi­
dues on food products as in the case of pesticides; 
however. many fundamental points pertinent to 
the overall area of experimental testing for carcin­
ogenesis by the toxicologist are raised and 
thoughtfully discussed. This reference is highly 
recommended reading. For ubiquitous substances 
air quality standards must consider contributions 
from all sources, food and beverages, water, am­
bient air. and smoking. as well as those from the 
industrial environment, e.g., asbestos and lead. 

FACTORS INFLUENCING 
INTENSITY OF TOXIC ACDON 

Rate of Entry and Routt: of Ezposurt:: The de­
gree to which a biological system responds to the 
action of a toxic agent is in many cases markedly 
influenced by the rate and route of exposure. It 
has already been indicated that when a substance 
is administered as an iv injection, the material has 
maximum opportunity to be carried by the blood 



stream throughout the body, whereas other routes 
of exposure interpose a barrier to distribution of 
the material. The effectiveness of this barrier will 
govern the intensity of toxic action of a given 
amount of toxic agent administered by various 
routes. Lead, for example, is toxic both by in­
gestion and by inhalation. An equivalent dose, 
however, is more readily absorbed from the res­
piratory tract than from the gastro-intestinal tract 
and hence produces a greater response. 

There is frequently a difference in intensity 
of response and sometimes a difference even in 
the nature of the response between the acute and 
chronic toxicity of a material. If a material is 
taken into the body at a rate sufficiently slow that 
the rate of excretion and/ or detoxification keeps 
pace with the intake, it is possible that no toxic 
response will result even though the same total 
amount of material taken in at a faster rate would 
result in a concentration of the agent at the site 
of action sufficient to produce a toxic response. 
Information of this sort enters into the concept 
of a threshold limit for safe exposure. Hydrogen 
sulfide is a good example of a substance which is 
rapidly lethal at high concentrations as evidenced 
by the many accidental deaths it has caused. It has 
an acute action on the nervous system with rapid 
production of respiratory paralysis unless the vic­
tim is promptly removed to fresh air and re­
vived with appropriate artificial respiration. On 
the other hand, hydrogen sulfide is rapidly oxi­
dized in the plasma to non-toxic substances and 
many times the lethal dose produces relatively lit­
tle effect if administered slowly. Bem.ene is a 
good example of a material which differs in the 
nature of response depending on whether the ex­
posure is an acute one to a high concentration or 
a chronic exposure to a lower level. If one used 
as criteria the 4 hr LC.. for rats of 16,000 ppm 
which has been reported for benzene, one would 
conclude (from Table 7-1) that this material 
would be "practically non-toxic" which, of course, 
is contrary to fact. The mechanism of acute death 
is narcosis. Chronic exposure to low levels of 
benzene on the other hand produces damage to 
the blood-forming tissue of the bone marrow and 
chronic benzene intoxication may appear even 
many years after the actual exposure to benzene 
has ceased. 
Age: It is well known that, in general, infants and 
the newborn are more sensitive to many toxic 
agents than are adults of the same species, but 
this has relatively little bearing on a discussion of 
industrial toxicology. Older persons or older ani­
mals are also often more sensitive to toxic action 
than are younger adults. With aging comes a di­
minished reserve capacity in the face of toxic 
stress. This reserve capacity may be either func­
tional or anatomical. The excess mortality in the 
older age groups during and immediately following 
the well known acute air pollution incidents is a 
case in point. There is experimental evidence from 
electron microscope studies that younger animals 
exposed to pollutants have a capacity to repair 
Jung damage which was lost in older animals.'• 
State of Health: Pre-existing disease can result in 
greater sensitivity to toxic agents. In the case of 
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specific diseases which would contraindicate ex­
posure to specific toxic agents, pre-placement med­
ical examination can prevent possible hazardous 
exposure. For example, an individual with some 
degree of pre-existing methemoglobinemia would 
not be placed in a work situation involving expos­
ure to nitrobenzene. Since it is known that the 
uptake of manganese parallels the uptake of iron, 
it would be unwise to employ a person with known 
iron deficiency anemia as a manganese miner. It 
has been shown that viral agents will increase the 
sensitivity of animals to exposure to oxidizing type 
air pollutants. Nutritional status also affects re­
sponse to toxic agents. 
Previous Exposure: Previous exposure to a toxic 
agent can lead to either tolerance, increased sensi­
tivity or make no difference in the degree of re­
sponse. Some toxic agents function by sensitiza­
tion and the initial exposures produce no observ­
able response, but subsequent exposures will do 
so. In these cases the individuals who are thus 
sensitized must be removed from exposure. In 
other instances if an individual is re-exposed to a 
substance before complete reversal of the change 
produced by a previous exposure, the effect may 
be more dangerous. A case in point would be an 
exposure to an organophosphorus insecticide 
which would lower the level of acetylcholine ester­
ase. Given time, the level will be restored to nor­
mal. If another exposure occurs prior to this, 
the enzyme activity may be further reduced to 
dangerous levels. Previous exposure to low levels 
of a substance may in some cases protect against 
subsequent exposure to levels of a toxic agent 
which would be damaging if given initially. This 
may come about through the induction of en­
zymes which detoxify the compound or by other 
mechanisms often not completely understood. It 
has been shown, for example, that exposure of 
mice to low levels of ozone will prevent death 
from pulmonary edema in subsequent high ex­
posures_. 00 There is also a considerable "cross 
tolerance" among the oxidizing irritants such as 
omne and hydrogen peroxide, an exposure to low 
levels of the one protecting against high levels of 
the other. 
Environmental Factors: Physical factors can also 
affect the response to toxic agents. In industries 
such as smelting or steel making, high tempera­
tures are encountered. Pressures different than 
normal ambient atmospheric pressure can be en­
countered in caissons or tunnel construction. 
Host Factors: For many toxic agents the response 
varies with the species of animal. There are often 
differences in the response of males and females 
to the same agent. Hereditary factors also can 
be of importance. Genetic defects in metabolism 
may render certain individuals more sensitive to 
a given toxic agent. 

CLASSIFICATION OF TOXIC MATERIALS 
Within the scope of this chapter it is not possi­

ble to discuss the specific toxic action of a variety 
of materials, although where possible specific in­
formation has been used to illustrate the principles 
discussed. It might, however, be useful to con­
sider several ways in which toxic agents may be 



classified. No one of these is of itself completely 
satisfactory. A toxic agent may have its action on 
the organ with which it comes into first contact. 
Let us assume for the moment that the agent is 
inhaled. Materials such as irritant gases or acid 
mists produce a more or less rapid response from 
the respiratory tract when present in sufficient 
concentration. Other agents, such as silica or 
asbestos, also damage the lungs but the response 
is seen only after lengthy exposure. Other toxic 
agents may have no effect upon the organ through 
which they enter the body, but exert what is called 
systemic toxic action when they have been ab­
sorbed and translocated to the site of biological 
action. Examples of such agents would be mer­
cury vapor, manganese, lead, chlorinated hydro­
carbons and many others which are readily ab­
sorbed through the lungs, but produce typical 
toxic symptoms only in other organ systems. 
Physical Classifications: This type of classification 
is an attempt to base the discussion of toxic agents 
on the form in which they are present in the air. 
These are discussed as gases and vapor.; or as 
aerosols. 
Gases and Vapors: In common industrial hygiene 
usage the term "gasn is usually applied to a sub­
stance which is in the gaseous state at room tem­
perature and pressure and the term "vaporn is 
applied to the gaseous phase of a material which 
is ordinarily a solid or a liquid at room tempera­
ture and pressure. In considering the toxicity of 
a gas or vapor, the solubility of the material is of 
the utmost importance. H the material is an irri­
tant gas, solubility in aqueous media will deter­
mine the amount of material that reaches the lung 
and hence its site of action. A highly soluble gas. 
such as ammonia. is taken up readily by the mu­
cous membranes of the nose and upper respira­
tory tract. Sensory response to irritation in these 
areas provides the individual with warning of the 
presence of an irritant gas. On the other hand. a 
relatively insoluble gas such as nitrogen dioxide is 
not scrubbed out by the upper respiratory tract. 
but penetrates readily to the lung. Amounts suf­
ficient to lead to pulmonary edema and death may 
be inhaled by an individual who is not at the time 
aware of the hazard. The solubility coefficient of 
a gas or vapor in blood is one of the factors de­
termining rate of uptake and saturation of the 
body. With a very soluble gas, saturation of the 
body is slow, is largely dependent upon ventilation 
of the lungs and is only slightly influenced by 
changes in circulation. Io the case of a slightly 
soluble gas, saturation is rapid, depends chiefly 
on the rate of circulation and is little influenced 
by the rate of breathing. If the vapor has a high 
fat solubility, it tends to accumulate in the fatty 
tissues which it reaches carried in the blood. Since 
fatty tissue often has a meager blood supply, com­
plete saturation of the fatty tissue may take a 
longer period. It is also of importance whether 
the vapor or gas is one which is readily metabo­
li7.ed. Conversion to a metabolite would tend to 
lower the concentration in the blood and shift 
the equilibrium towards increased uptake. It is 
also of importance whether such metabolic prod­
ucts are toxic. For a discussion of the interplay 
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of factors relating to the uptake of gases and va­
pors, Chapter 5 of Henderson and Haggard" or 
Chapter 6 of Patty" should be consulted. 
Aerosols: An aerosol is composed of solid or li­
quid particles of microscopic size dispersed in a 
gaseous medium ( for our purposes, air). Special 
terms are used for indicating certain types of par­
ticles. Some of these are: "dusC, a dispersion of 
solid particles usually resulting from the fracture 
of larger masses of material such as in drilling, 
crushing or grinding operations; "mistn, a disper­
sion of liquid particles, many of which are vis­
ible; "fogn, visible aerosols of a liquid formed by 
condensation; "lumen, an aerosol of solid particles 
formed by condensation of vapori7.Cd materials; 
"smoke", aerosols resulting from incomplete com­
bustion which consist mainly of carbon and other 
combus!Jl>le materials. The toxic response to an 
aerosol depends obviously on the nature of the 
material, which may have as a target organ the 
respiratory system or may be a systemic toxic 
agent acting elsewhere in the body. In either case, 
the toxic potential of a given material dispersed 
as an aerosol is only partially described by a state­
ment of the concentration of the material in terms 
of weight per unit volume or number of particles 
per unit volume. For a proper assessment of the 
toxic hazard, it is necessary to have information 
also on the particle size distribution of the ma­
terial. Understanding of this fact has led to the 
development of instruments which sample only 
particles in the respirable size range. Chapter.; 13 
and 14 discuss analytical methods for obtaining 
the needed data. The particle size of an aerosol 
is the key factor in determining its site of deposi­
tion in the respiratory tract and, as a sequel to 
this, the clearance mechanisms which will be avail­
able for its subsequent removal. The deposition 
of an aerosol in the respiratory tract depends upon 
the physical forces of impaction, settling, and 
diffusion or Brownian movement which apply to 
the removal of any aerosol from the atJnosphere, 
as well as upon anatomical and physiological fac­
tors such as the geometry of the lungs and the 
air-flow rates and patterns occurring during the 
respiratory cycle. The interrelationship of these 
factors has been examined both theoretically and 
experimentally. The monograph by Hatch and 
Gross, "Pulmonary Deposition and Retention of 
Inhaled Aerosols"" gives an excellent discussion 
of the subject and should be required reading for 
anyone entering the field of environmental toxi­
cology. The most recent theoretical trea!Jnent is 
that of the Task Force on Lung Dynamics" which 
also gives an excellent summary of past work. 

In the limited space available only one point 
will be emphasized here, namely, the toxicological 
importance of particles below I p.m in size. Aero­
sols in the range of 0.2-0.4 ,.m tend to be fairly 
stable in the a!Inosphere. This comes about be­
cause they are too small to be effectively removed 
by forces of settling or impaction and too big to be 
effectively removed by diffusion. Since these are 
the forces that lead to deposition in the respiratory 
tract, it has been predicted theoretically and con­
firmed experimentally that a lesser percentage of 
these particles is deposited in the respiratory tract. 



On the other hand, since they are stable in the 
atmo5pherc, there are large numbers of them 
present to be inhaled, and to dismiss this size 
range as of minimal importance D an error in 
toxicological thinking which should be corrected 
whenever it is encountered. Aerosols in the size 
range below 0.1,.m are also of major toxicological 
importance. The percentage deposition of these 
extremely small particles is as great as for l ,.m 
particles and this deposition is alveolar. This fact 
was predicted theoretically by Fmdeisen as far 
back as 1935" and has been confirmed experi­
mentally.• Particles in the sub-micron range also 
appear to have greater potential for interaction 
with irritant gases, a fact which is of importance 
in air pollution toxicology. 
Chemical Classification: Toxic compounds may be 
classified according to their chemical nature. Vol­
ume II of Patty" is so structured and is an excel­
lent practical reference. Industrial Toxicowgy by 
Hamilton and Hardy" is also arranged more or 
less according to the chemical classification. Since 
both of the authors were distinguished as indus­
trial physicians (the late Dr. Alice Hamilton being 
one of the pioneers in that area), the boot is more 
oriented to medical signs and symptoms than to­
wards experimental toxicology. Several more spe­
cialized worts deal with certain types of chem­
ical compounds. Among these may be included 
Browning's Toxicity of Industrial Metals'" and 
Toxicity and Metabolism of lndu.strial Solvenu" 
and Gerarde's Toxicowgy and Biochemistry of 
Aromatic Hydrocarbons. 00 

Physiological Classification: Such classification at­
tempts to frame the discussion of toxic materials 
according to their biological action. Most such 
systems (including the present one) have as their 
basis the now classic scheme proposed by Hender­
son and Haggard. n 
lrritanU: The basis of classifying these materials 
is their ability to cause inflammation of mucous 
membranes with which they come in contact. 
While many irritants are strong acids or aitalis 
familiar as corrosive to non-living things such as 
lab coats or bench tops, bear in mind that inflam­
mation is the reaction of a living tissue and is dis­
tinct from chemical corrosion. The inflammation 
of tissue results from concentrations far below 
those needed to produce corrosion. As was indi­
cated earlier in discussing gases and vapors, solu­
bility is an important factor in determining the 
site of irritant action in the respiratory tract. 
Highly soluble materials such as ammonia, alka­
line dusts and mists, hydrogen chloride and hydro­
gen fluoride affect mainly the upper respiratory 
tract. Other materials of intermediate solubility 
such as the halogens, ozone, diethyl or dimethyl 
sulfate and phosphorus chlorides affect both the 
upper respiratory tract and the pulmonary tissue. 
Insoluble materials such as nitrogen dioxide, ar­
senic trichloride, or phosgene affect primarily the 
lung. There are exceptions to the statement that 
solubility serves to indicate site of action. One 
such is ethyl ether and other insoluble compounds 
that are readily absorbed nnaltered from the alve­
oli and hence do not accumulate in that area. In 
the upper respiratory passages and bronchi where 
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the material is not readily absorbed, it can accum­
ulate in concentrations sufficient to produce irrita­
tion. Another exception is in materials such as 
bromobcnzyl cyanide which is a vapor from a 
liquid boiling well above room temperature. It is 
taken up by the eyes and skin as a mist. In initial 
action, then, it is a powerful lachrymator and up­
per respiratory irritant, rather than producing a 
primarily alveolar reaction as would be predicted 
from its low solubility. 

Irritants can also cause changes in the me­
chanics of respiration such as increased pulmon­
ary flow-resistance or decreased compliance ( a 
measure of elastic behavior of the lungs). One 
group of irritants among which are sulfur dioxide, 
acetic acid, formaldehyde, formic acid, sulfuric 
acid, acrolein and iodine produce a pattern in 
which the flow-resistance is increased, the compli­
ance is decreased only slightly and at higher con­
centrations the frequency of breathing is de­
creased. Another group among which are ozone 
and oxides of nitrogen have little effect on resis­
tance, produce a decrease in compliance and an 
increase in respiratory rate. There is evidence 
that in the case of irritant aerosol, the irritant po­
tency of a given material tends to increase with 
decreasing particle sizen as assessed by the in­
crease in flow-resistance. Following respiratory 
mechanics measurements in cats exposed to irri­
tant aerosols, the histologic sections prepared after 
rapid freezing of the lungs showed the anatomical 
sites of constriction."' Long term chronic lung 
impairment may be caused by irritants either as 
sequelae to a single very severe exposure or as 
the result of chronic exposure to low concentra­
tions of the irritanL There is evidence in experi­
mental animals that long term exposure to respir­
atory irritants can lead to increased mucous secre­
tion and a condition resembling the pathology of 
human chronic bronchitis without the intermediary 
of infection."· " The epidemiological assessment 
of this factor in the health of residents of polluted 
urban atmospheres is currently a vital area of 
research. 

Irritants are usually further subdivided into 
primary and secondary irritants. A primary irri­
tant is a material which for all practical purposes 
exerts no systemic toxic action either because the 
products formed on the tissues of the respiratory 
tract are nontoxic or because the irritant action 
is far in excess of any systemic toxic action. Ex­
amples of the first type would be hydrochloric 
acid or sulfuric acid. Examples of the second type 
would be materials such as Lewisite or mustard 
gas, which would be quite toxic on absorption 
but death from the irritation would result before 
sufficient amounts to produce systemic poisoning 
would be absorbed. Secondary irritants are ma­
terials which do produce irritant action on mucous 
membranes, but this effect is overshadowed by 
systemic effects resulting from absorption. Exam­
ples of materials in this category are hydrogen 
sulfide and many of the aromatic hydrocart>ons 
and other organic componnds. The direct con­
tact of liquid aromatic hydrocart>ons with the lung 
can cause chemical pneumonitis with pulmonary 
edema, hemorrhage and tissue necrosis. It is for 



this reason that in the case of accidental inges­
tion of these materials the induction of vomiting 
is contraindicated because of possible aspiration 
of the hydrocarbon into the lungs. 
AsphyxianJs: The basis of classifying these ma­
terials is their ability to_ deprive the tissue of oxy­
gen. In the case of severe pulmonary edema caused 
by an irritant such as nitrogen dioxide or laryngeal 
spasm caused by a sudden severe exposure to 
sulfuric acid mist, the death is from asphyxia, 
but this results from the primary irritant action. 
The materials we classify here as asphyxiants do 
not dantage the lung. Simple asphyxiants are 
physiologically inert gases which act when they 
are present in the atmosphere in sufficient quan­
tity to exclude an adequate oxygen supply. Among 
these are such substances as nitrogen, nitrous 
oxide, carbon dioxide, hydrogen, helium and the 
aliphatic hydrocarbons such as methane and 
ethane. All of these gases are not chemically 
unreactive and among them are many materials 
which pose a major hazard of fire and explosion. 
Oiemical asphyxiants are materials which have as 
their specific toxic action rendering the body in­
capable of utilizing an adequate oxygen supply. 
They are thus active in concentrations far below 
the level needed for damage from the simple as­
phyxiants. The two classic examples of chemical 
asphyxiants are carbon monoxide and cyanides. 
Carbon monoxide interferes with the transport of 
oxygen to the tissues by its affinity for hemoglobin. 
The carboxy-hemoglobin thus formed is unavail­
able for the transport of oxygen. All aspects of 
current research on carbon monoxide were the 
subject of a recent conference of the New York 
Academy of Sciences and the monograph result­
ing from this meeting is an excellent reference. ss 
Over and above the familiar lethal effects, there 
is concern about how low level exposures will 
affect performance of such tasks .as automobile 
driving, etc. In the case of cyanide, there is no 
interference with the transport of oxygen to the 
tissues. Cyanide transported to the tissues forms 
a stable complex with the ferric iron of ferric 
cytochrome oxidase resulting in inluoition of en­
zyme action. Since aerobic metabolism is de­
pendent upon this enzyme system, the tissues are 
unable to utilize the supply of oxygen, and tissue 
"hypoxia" results. Therapy is directed towards 
the formation of an inactive complex before the 
cyanide has a chance to react with the cytochrome. 
Cyanide will complex with methemoglobin so ni­
trite is injected to promote the formation of mcth­
emoglobin. Thiosulfate is also given as this pro­
vides the sulfate needed to promote the enzymatic 
conversion of cyanide to the less toxic thiocyanate. 
Primary Anestherics: The main toxic action of 
these materials is their depressant effect upon the 
central nervous system, particularly the brain. The 
degree of anesthetic effect depends upon the ef­
fective concentration in the brain as well as upon 
the specific pharmacologic action. Thus, the ef­
fectiveness is a balance between solubility ( which 
decreases) and pharmacological potency ( which 
increases) as one moves up a homologous series 
of compounds of increasing chain length. The 
anesthetic potency of the simple alcohols also rises 
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with increasing number of carbon atoms through 
amyl alcohol which is the most powerful of the 
series. The presence of multiple hydroxyl groups 
diminishes potency. The presence of carboxyl 
groups tends to prevent anesthetic activity which 
is slightly restored in the case of an ester. Thus 
acetic acid is not anesthetic, ethyl acetate is 
mildly so. The substitution of a halogen for a 
hydrogen of the fatty hydrocarbons greatly in­
creases the anesthetic action, but confers toxicity 
to other organ systems which outweighs the anes­
thetic action. 
Hepalotoxic Agents: These are materials which 
have as their main toxic action the production of 
liver damage. Carbon tetrachloride produces se­
vere diffuse central necrosis of the liver. Tetra­
chloroethane is probably the most toxic of the 
chlorinated hydrocarbons and produces acute yel­
low atrophy of the liver. Nitrosamines are cap­
able of producing severe liver damage. There are 
many compounds of plant origin such as some of 
the toxic components of the mushroom Amanita 
phalloides, alkaloids from Senccio, and aflatoxins 
which are capable of producing severe liver dam­
age and in some instances are powerful hepato­
carcinogens. 
Nephrotoxic A~nts: These are materials which 
have as their main toxic action the production of 
kidney damage. Some of the halogenated hydro­
carbons produce damage to the kidney as well 
as to the liver. Uranium produces kidney damage, 
mostly limited to the distal third of the proximal 
convoluted tubule. 
Neurotoxic Agents: These are materials which in 
one way or another produce their main toxic 
symptoms on the nervous system. Among them 
are metals such as manganese, mercury and thal­
lium. The central nervous system seems partic­
ularly sensitive to organometallic compounds, and 
neurological damage results from such materials 
as methylroercury and tetraethyl lead. Trialkyl 
tin compounds may cause edema of the central 
nervous system. Carbon disulfide acts mainly on 
the nervous system. The organic phosphorus in­
secticides lead to an accumulation of acetyl cho­
line because of the inhibition of the enzyme which 
would normally remove it and hence cause their 
main symptoms in the nervous system. 
A.gems which act on the blood or hematopoietic 
system: Some toxic agents such as nitrites, aniline 
and toluidine convert hemoglobin to methemoglo­
bin. Nitrobenzene forms methemoglobin and also 
lowers the blood pressure. Arsine produces hemo­
lysis of the red blood cells. Benzene damages the 
hematopoietic cells of the bone marrow. 
Agents which damage the lung: In this category 
are materials which produce dantage of the pul­
monary tissue but not by immediate irritant ac­
tion. Fibrotic changes are produced by materials 
such as free silica which produces the typical sili­
cotic nodule. Asbestos also produces a typical 
damage to lung tissue and there is newly aroused 
interest in this subject from the point of view of 
possible effects of low level exposure of individuals 
who are not asbestos workers. Asbestosis was the 
subject of a recent conference of the New York 
Academy of Sciences and the papers in the re-



suiting monograph present the various aspects of 
current research in the area.• Other dusts, such 
as coal dust. can produce pneumocooiosis which, 
with or without tuberculosis super-imposed. has 
been of long concern in mining. Drinker and 
Hatch" is a classic reference in this area and 
Hunter" discusses at length occupational expo­
sures to dusts. Many dusts of organic origin such 
as those arising in the processing of cotton or 
wood can cause pathology of the lungs and/ or 
alterations in lung function. The proteolytic en­
zymes added to laundry products are an occupa­
tional hazard of current interest. Toluenediisocya­
llllte (1DI) is another material which can cause 
impaired lung function at very low concentra­
tions and there is evidence of chronic as well as 
acute effects.• Chapter 33 discusses materials 
in this category. 
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