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CHAPTER 1

INDUSTRIAL HYGIENE AND INDUSTRIAL
POISONS

1. Introduction

The vast expansion of chemicals used both in industry and in the home
has made the study of these chemicals and their effect on our health of
immediate importance. One need only think of the greatly increased use
of refrigerants, fumigants, insecticides, fungicides, germicides, organic
solvents, diluents and plasticizers, plating solutions, and the possible use
of war gases to realize how widespread the use of chemieals is and how
closely they affect us both in commerce and at home.

The World War of 1914-1918 very likely was the greatest single factor
in the introduction of care in the manufacture of organic materials, for it
drew an impressive picture of the dangers of gases and vapors. It cer-
tainly stressed the need for protection against these hazards. The huge
increase in the production of organic chemicals to meet the needs of this
war as explosives, chemical agents and other war matériel made it neces-
#ary to learn how to protect both workers and soldiers using or subjected
to this matériel. ’

It has become increasingly evident that the control, regulation and pre-
vention of industria! hazards lies in the hands of the physician, sanitary
engineer or inspectcr, and the chemist or chemical engineer. Govern-
mental agencics must necessarily play their part. The earliest and un-
" Questionahly the most important progress of the past in recognizing,

treating and remedying industrial hazards was made by the medical pro-
fession. In more recent years the role of the sanitary engineer and the
chemist has become relatively more important. Though -he control and
regulation of industrial hygiene should, perhaps, remain :n the hands of
the physician, the prevention of industrial hazards is m-rly a function
of the engincer and chemist.

The chemist supplies the necessary analytical dev: .. :nd methods.
.Hls results indicate how much of a toxic, noxious, or R:zardous material
18 present. The ability to estimate quantitatively the a= :nt of a toxic
or otherwise hazardous mnten'ql is a most important fac.  n the lessen-
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2 INDUSTRIAL HYGIENE AND INDUSTRIAL POISONS

ing of any menace to the health of employecs. Based upon these quanti-
tative analytical results, the corrcctions and improvements needed to
alleviate a hazardous condition can be made. The knowledge. of the
amount and location of contamination is of inestimable value in design-
ing the means of prevention and elimination of the poison. In testing the.
air of a large garage, it was found that ten feet away from the uxhaust
of & running car, there were 1000 parts of carbon monoxide per million
parts of air [0.1 per cent by volume] present, whercas thirty feet away
from the same car it was impossible to get a positive test {or this poison-
ous gas.! The prevention of hazard in such an instance and in analogous
cases needs special design and trcatment that can more readily be ob-
tained with the aid of the analysis made by the chemist.

TWhere new materials or substances are developed or where well-known
substances are used for new procedures, the chemist can devise methods
for the estimation of these substances taking into consideration the
method of use.

2. Industrial Hygiene

Industrial hygiene is an applied science as distinguished from the
theoretical sciences, such as mathematies or physics. Its aim is to pro-
tect and improve the health of workers. As an applied science, it has a |
number of major subdivisions among shich may be mentioned:

Industrial Medicine which includes .
industrial medical care, prevention of industrial illness, hospitalization and medical

Industrial Mental Hygiene which includes
behavior of the wotker and the mental state and health of workers.

Industrial Mapagement which includes
hours of labor, rest periods, adequate food, supervision and the general economic

Industrial Sanitation which includes
environment of the worker, buildings, machinery, air conditions, ventilation, exhaust
and in general all engineering aspects.

Industrial Hazards which includes
detection and estimation of hazards; prevention, diminution and el::ination of
hazards, toxicity, ete. :

Our main study will be with the one section of industrial hazards that

!Sayers and Davenport, U. S. Pub. Health Service, Bull. No. 195 (1937).
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INDUSTRIAL HYGIENE 3

deals with the detection, estimation and determination of industrial
poisons and other harmful industrial substances.

a) Historical Background

Poisons were known and used from time imimemorial. The Bible and
ancient myths make reference to such use. But poisoning due to occu-
pation was not so clearly defined in the minds of ancient and medieval
men. Hippocrates [about 460-357 B. C.] described lead poisoning as an
occupational discase only in the smelting of metals. The poisonous quali-
" ties of sulfide ores and carbon monoxide were known to the Greeks and
- Romans. Avicenna [980-1036], the Arabian writer of the eleventh cen-
i. tury, recognized the poisonous properties of arsenic trioxide. In somewhat
> later medieval times, it was known that arsenic and lead compounds

l- S l“!.

were toxic. The first printed book (Morbi metallict) on industrial hazards g vt
. was written by Ulrich Ellenbog of Feldkirch about 1524 and discussed ALY
*  the hazards of lead and mercury. In the seventeenth century, Ramazzini ‘t*:—_;;
"~ [1633-1711, born in Carpi, died in Padua] regarded as the “father of AT
-t s

industrial hygiene,” wrote De Morbis Artificum?® (Diseases of Trades-
men). ' »

Though some few books were written and sonie physicians were aware 35
of the problem, actually there was practically little known, done, or
thought about with respect to industrial hygiene until-recent times.® Dr.
Charles Turner Thackrah, a British physician, was one of the earliest
observers and commentators on industrial hazards and hygiene. He wrote
a short but significant book, published in 1831, which was entitled: “The
Effects of the Principal Arts, Trades, and Professions, and of Civic States
and Habits of Living on Health and Longevity, with a Particular Refer-
ence to the Trades and Manufactures of Leeds, and Suggestions for the
Removal of Many of the Agents which Produce Disease and Shorten the
Duration of Life."” * ' .

Had England listened to this pioneer for the betterment of working

" conditions, the caus~ of safe and adequate industrial care would have

been advanced at iust fifty years. It was not until much later that
interest in this major problem was again aroused. Dr. Thackrah un-
fortunately died young and many of his ideas died wit!: sim.

wlu-w‘-,wim.z;;(,:a “ A

Hermann Eulenberg wrote a text on the noxious and poisonous gases in 1865

(“Lehre von den schaedlichcn und giftigen Gasen”, Braunschw- - ei Vieweg) and -
————
:Goodman, Discascs of Tradesmen by Bernardino Ramazzi; ... York 1933,
Legge, J. Ind. Hyg., 1, 475 (1919-20). A

*Legge, J. Ind. Hyg., 1, 575 (1919-20).
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4 INDUSTRIAL HYGIENE AND INDUSTRIAL PO]SONS ‘

later followed this with a more general text on industrial hypiene (“Handbuch d
Gewerbe—Hygiene auf experimentelles Gmndlage Verlag von August Hirschwa
1876).

The United States in the past lagged behind o ¢ nations in 1
interest in industrial hygiene. But interest has fin+ly been arouse
matching that of any other country. Governmential ivgulation of indu:
trial hazards in the United States is nevertheless practically a recer
development. One need but recall that it was only in 1912 that the Esc
law was passed. This law prevented the use of white phosphorus (ycllo’
phosphorus) in matches by placing a prohibitive tax on its use for th’
purpose.® This substance is the cause of the horrible phossy jaw of mate
workers.

It has been known for centuries that workers in dusty atmosphers
were less healthy than those not exposed to dust. More particularly,
was known that atmospheric dust was a cause of pulmonary fibrosis b,
investigators interested in industrial hygiene and occupational disease:
The United States Public Health Service and Bureau of Mines, how
ever, did not interest themselves in this problem until 1914. Thes
agencies published the first report of their joint study made among th
hard-rock miners of the Joplin (Missouri) district in 1915.% Since tha
report much important work has been done by these agencies in the stud:
of this hazard and in developing devices and procedures {or its elimina
tion. The term “silicosis” that is applied to the illness brought about b;
exposure, generally over a period of years, to inhalation of silica dust, i
now a household word. To some medical authorities, this {erm is pref
erable to the term ‘‘miners’ phthisis,” because it indicates the chief caus

- of the disease and does not stress the wasting symptom which may no

always be present in a silicosis victim. The condition of pulmonar
silicosis, one of many types of pneumonokonioses, develops more rapidl,
the more intensive the exposure and the finer the particles of silica du=
encountered.

It is probable that organic dusts do not cause pnecumonokonioses bu
unquestionably silicosis is not limited to mines, quarries, and knife fac
tories. In almost every modern factory in which sir2l and iron are prin
cipal raw materials for the manufacture of other materials, there is th
possibility that some steps in the process of manuizcture will present a.
industrial hazard because of the silica dust produced.”

*Hamilton, J. Ind. Hyg., 1, §9 (1919-20).
.*Greenburg and Bloomfield. U. S. Pub. Health Scrivee, Reprint No. 1528 (1935).
J. Ind. Hyg., 6, 199 (1924).
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GOVERNMENTAL PROBLEM 5

An analogous type of pulmonary occupational disease is known as
“asbestosis’. It is caused by long exposure to ashestos dust.®?

3. Governmental Problem

That industrial hygiene and the prevention of industrial hazards in the

United States has at last become a recognized major problem is clear
from the following quotation from an address given by Dr. R. R. Sayers,

“Chief, U. S. Bureau of Mines, on “Industrial Hygiene Activities in the

United States."” 10 _ . _ :

“The United States Census for 1930 shows that, at that time, there were approyi-
mately 49 niillion persons gainfully employed in the United States. Of this number,
manufacturing, mechanical and migeral industries accounted for nearly 15 million

+ workers. If the term “Industrisl Hygiene” means the protection of the health of the

worker, it is at once apparent that it is a major problem in public heslth.

“More important than specific occupational diseases associated with the industrial
eavirooment is the fact that the incidence of other diseases as tuberculosis, poeu-
monia and degenerative conditions are greater among the industrial workers than

" the geperal population. It has also been.shown that the life expectancy of the

. Us

industrial worker is less than that of the noo-jndustrial worker.

“In recent years large industrial establishments have contributed much toward
the protection of the health of their workers. However, as pearly 90 percent of the
Plaats in the United States employ less than 100 persons, many establishments are

Bot prepared to handle eflectively the problem of industrial hygiene aloge. It would -

seem, therefore, that the protection of the health of our workers is indeed an impor-
tant health function and one which can be handled best through s governmental
4gency, such as a State or local department of health cooperating with the employ-
ers and workers. '

“Respousibility for safeguarding the health of industrial workers rests chiefly
'flh State and local goverameats. The Federal Government's agencies concerned
with industrial hycicoe are enguged in collection and dissemination of information,
ccaducting field studies, laboratory rezearch, and protection of the health of Fed-
eral employees.”

An added factoc in the furtherance of industrial health activities is the
Provision in the Federul “Wage and Hour” Act of 1938 which forbids
"he\eml’loymcnt of children under 16 or boys or girls of 16 or 17 at
hazardous or unhealthful work. This provision of the act will necessitate
tome determinution as to whether an accupation - - is not hazardous

* ar unhealthiyl.

' y ) )

'Ellmnn, J. lnd. Hyg., 15, 165 (1933). - -

_Slyeru snd Dreessen, Am. J. Pub. Health, 29, 205 (1935% . -
* “Sayers and Bloomficld, “Industrial Hygiene Activitc.
Pub. Hcalih Scruice, 1936, ’

the United States™
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4. Role of Chemist
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While all this has been realized by public spirited citizens and con-
cientious civil workers and much work has already been done, even more
actual work for protection needs to be accompliched beis.» one can {eel
that the problem has becn adequately attacked. In 1%, the chcrpiﬁ
ghould play a most important role. Chemists and chemical engincers
should be part of the personnel of every industrial hygiene division, be
it of a large industrial establishment, of a medical unit, or of a govern
mental arm. The plant chemist could well employ part of his time in work
that would lead to the diminution and elimination of hazards.

The employer should realize that adequate industrial hygiene, the pre-
vention, diminutidn and elimination of industrial hazards and industrial .
‘poisoning is of direct financial importance to him. He gains because of
better work obtained, for the prevalence of fatigue is diminished. Less
time is lost due to illness. Expenses caused by the need of medical care
and hospitalization are reduced to a minimum. The reduction in com-
pensation losses alone is enormous. Sappington?! notes that of the closed
cases in the State of Wisconsin for 1936, “noxious dusts” with 71 cases
accounted for only 6.6 per cent of the total number of cases of occupa-
tional disease disability indemnified during that year. However, the pay-

+ ment of compensation for these cases was §119,737.00 or 54 per cent of the
total indemnity paid to the entire group. : | .

Not only industry and commerce but every taxpayer, citizen and con-
sumer is affected by proper industrial hygiene, for in the last analysis,
the cost of every item and the governmental budget, itself, reflects the
cost of compensation and the cost of care of the ill and the disabled. Not
only does the individual worker gain from the adequate control of
hazards and baneful substances but industry and commerce also profit. °

The industrial hygiene chemist can aid in the diminution, elimination,
prevention and cure of hazards and poisoning by being able to detect
industrial poisons in concentrations far below any quantity that can
cause an injurious or toxic effect. The ability to do this implies, in gen-
eral, the ability to keep such concentrations down to harmless levels.

T
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a) Differentiation of Industrial Hygiene Chemist frori Toxicologist \

S f:‘ ‘ The role of the industrial hygiene chemist should be diﬁerentiate-d from
‘i ", that of the toxicologist. Toxicology is that department of pathology or
e ¥ .{3 n Sappingtop, Medicolegal Phases of Occupational Diseases. Chicago 1939,
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|
;roup types of

{J

analysis.

¢) Effects of Industrial Poisons

The effect produced in and on the human body by a specific industrial
poison will be discussed in the sections devoted to the methods for the

- analysis of that harmful substance. The damage arising from the inhala-

tion, swallowing or absorption of an industrial poison may be either local
or remote, and depends upon whether the material is a protoplasmic
poison, whether it is caustic in reaction, or whether it is absorbed into
the blood stream and carried to other centers which are in turn
affected. 02 . _

Briefly, the effects of industrial hazards may be summarized as fol-
lows:2?

1) Irritation of the mucous membranes—chlorine, nitrous fumes, sul-
fur dioxide, formaldehyde and others.

2) Alteration of the components of the blood—This effect is peculiarly
the property of nitro and amido derivatives of benzene, arsine and carbon
monoxide. Greenburg®® and his coworkers state that the glycols belong to
this group. )

3) Action on the brain and nervous system-—carbon disulfide and un-
saturated carbon compounds.

4) Remote action on the metabolism, by action on organs and tissues—
lead, phosphorus, tetrachloroethane, benzene, toluene and their nitro-
derivatives.

5) Action on the respiratory tract, such as action on the lungs—silica
8nd asbestos cust.

C.hemists are interested in the effects and symptoms of industrial poi-
foning because they are in immediate contact and control where poison-
18gs of this nuture are liable to oceur. A physician is unlikely to see a
ase until it is too late to remedy or alter the industrial condition.?*

] Sayers, DullaValle and Yant®™ summarize mer» fully the effects of
Industrial poisons on the body.

» .
-Enrhnll, J. Ind. Hyg. Tozicol., 18, 669 (1936).
wi3¥rs, U, S, Pub. Health Repts., 53, 217 (1938).
u —tgEe, J. Ind, Hyg., 2: 293 (1921).
124 Greenbueg, Muyers, Goldwater, Burke and Moskowitz. J. Ind. Hyg. Toxicol,, 20,
N (1935) N_ v, State Ind. Bull, 17, 269 (1938).
_Henderson and Huggard, Norious Gases. New York "7
Sayers, DallaValle, and Yant, Ind. Eng. Chem., 26, 12-. .934).
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12 INDU;T}IAL HYGIENE AND INDUSTRIAL POISONS ™

Action of Air-Borne Contaminants on the Body. The action of su
substances upon the body differ widely, but in general they may ha
the following effects:

(1) They may cause skin irritation or dermatosis, or affect the muco
membranes of the respiratory tract and eyes. This is true of acid vapc
and certain caustic compounds easily distributed intc Ge air.

(2) They may enter the lungs or be absorbed by t& “blood stream a.
produce systemic poisoning. Such substances as benzene vapors and le
fumes or dust are typical examples. Substances in this group may ha
their action on the blood, on the nervous sysiem, or on the other bor
tissues, and may produce deleterious effects when the exposure is seve
or pro]onged

(3) They may produce a<ph) xia direclly or mdlrectly as in the ca
1] of excessive amounts of hydrogen cyanide, hydrogen sulfide, or carb-
monoxide. The action of these gases is varied. They may affect t
respiratory center or the nerve endings in the lungs, causing a cessati
of breathing, or, as in the case of carbon monoxide, so combine with t
hemoglobin of the blood that oxygen cannot be furnished the tissues.
I} , (4) They may, as in the case of certain dusts such as silica, grani
! and asbestos, cause a fibrosis of the lung tissue which predisposes
tuberculosis.

(5) They may exhibit a combination of the above effects. Some su
stances, such as nitrobenzene, not only cause a dermatosis when in co
tact with the ckin but may also act as systemic poisons.

(6) They may produce no demonstrable effects on prolonged exposu
l This is particularly true of cotton and some wood dusts. 1

R R
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Skin Affections. Industrial skin affections according to available st
tistics account for the largest number of occupational disease claims
- e any one group of causes.?® Occupational dermatergo=es have been clas
1L fied by White*"?% and Schwartz s,

et ey P TN SR REL N A o m et e W
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! Acute and Chronic Poisoning. Industrial poisoning is of two mr:
1 i types, acute and chronic. The first is induced by large or relative
: massive doses of a poisonous or baneful substance. The latter is t

S Se, e,

— el

4
5. ] result of repeated small doses. Thus for instance, acute poisoning fr:
B j g carbon tetrachloride vapors does not result until ia exposure to a cc

o | ™ Sappington, Medicolegal Phascs of Occupational Discases. Chicago 1939.
t 4 . " White, J. Ind. Hyg., 8, 367 (1926).
' : * White, Dermatergoses. London 1934.
T4t = Schwartz U. S. Pub. Health Service, Bull. Nos. 215 (1934), 229 (1936) 249 (1<
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CHAPTER V

THE CHEMICAL AND MICROSCOPIC
ESTIMATION OF DUST

Dust is the greatest single industrial hazard. More workmen
capacitated for duty because of exposure to dust than for any othe
This incapacitation results from the damage to which the resp
tract, in particular, and the body, in general, is subjectéd by inh
of dust. It was explzined in Chapter I that silicosis is caused by
halation of dust which contains quartz. Silicosis is defined as a ¢
disease of the lungs in which there is a marked increase of fibrous «
tissue. Associated with diseases like silicosis and asbestosis, which
respectively, from the inhalation of silica and asbestos bearing dv
the increased morbidity and mortality rate from th¥ respiratory di
like tuberculosis, preumonia, chronic bronchitis and pleurisy. Tt
halation of metal bezring dusts, such as lead dusts or fumes of mang
and other metals causzes general systemic poisoning of industrial wo
It is important to realize that the silica bearing dust hazard is o
any means limited to mining in, or working with high silica content
or quarrying.

As an example of other industries in which this hazard exists we
take that of foundry workers. In a report® of a study on the dust he
in foundries of New York State, it was found that 2.7 per cent of 1
workers had silicosis 2nd that 4.5 per cent had fbrosis. Hatch? shows
in foundries this hazzrd is due to the dispersion of silica dust fronm

- sand used in the molds and cores for metal castings. The steps of r

pouring, of shakeout (that is, the removal of castings from molds,
the core from the casting), and of sand reconditioning for further
provide the opporturity, if not sufficiently guarded against to digj
large quantities of silica bearing dust.

Fairhall® lists as the most important inorganic dusts and fume
addition to silica bearing and asbestos bearing dusts, those of ars

*N. Y. State Ind. Bull, 17, 61 (1938).
*Hatch, N. Y. State InZ2. Bull, 17, 114 (1938).
* Fairhall, J. Ind. Hyg. Toxicol., 18, 669 (1936). ' :

90
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DUSTS 91

lead, phosphorus, manganese, zinc, hexavalent chromium compounds,
fuorides, silicofuorides and the basic salts of calcium and barium hy-
droxides. Among the more important organic chemical dusts he lists
p-nitroaniline, dinitrobenzeneg, chloronitrobenzenes, picric acid, nitro-
naphthalene, p-phenylenediamine and tar dust.

There can be no question that the diminution of the dust hazard in
all trades will result in a corresponding diminution of morbidity and
mortality from tuberculosis and other respiratory diseases.

A, Deﬁnigion of Dusts, Fumes, Smokes, Mists and Fogs, and Vapors

Particles dispersed in the atmosphere both of the outside and of the
workshop may be classified into a number of groups based on particle
size, degree of dispersion, and whether they are accidentally present in
the atmosphere due to some mechanical or chemical process of dispersion
or whether they are normally present. The particles normally present in
the atmosphere are due to the action of the winds, rain, tides, variation
in weather, volcanoes, meteoric dust and from the decomposition of
.vegetation and animal matter. The particles accidentally present in the
atmosphere are those which have come about through the development of
civilization. Every fire, whether for the production of heat or of power,
every grinding or rubbing action, and in general all mechanical friction,
industrial and constructional activity creates dust. For the purposes of

* the study of industrial dusts and air pollution, atmospheric components,
other than the normal gascous components, can be classified as particu-
late and non-particulate matter. The particulate matter consists of
Dusts, Fumes. Smokes, Mists and Fogs. The non- p.1r(1cu1ate matter con-
sists of Vapors and Gases.

1. Dusts

Ducts may. he dcﬁned as aero<ol= of a particular type, that is they are
disperse syctcms in which air is the continuous phase or the dispersion
medium and some selid material is the dispersed r..:sc or the dispersoid.

Dusts arc sometimes called colloidal systems but such a definition is too *

strict, for in the main dusts are not true colloi! * <ystems even though
they are disperse systctus. They .settle out, whe: true colloid will not
scttle. -

Broadh speaking atmospheric dusts are (I1~;~- ~nns of solid materials
in air, The particles of which they are compose  ary in size from the
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ABSORPTION 89

In the analysis of the gross components of air or of mine gas or fuels,

such as natural gas and producer gas there are but a few well known
components of these gas mixtures for the absorption of which but few
absorbents are used. For complete details concerning the analysis of gas,
the reader is referred to the bibliography at the end of Chapter XI, page
357, .
, The principal absorbing solutions used in the analysis of gross com-
ponents of gas mixtures are: sulfuric acid, potassium hydroxide, silver
nitrate, pyrogallol, cuprous chloride, acid ferrous sulfate, nitric acid and
bromire.

In the analysis of industrial hazards the number of substances used as
absorbents is very much greater. Each determination notes the absorbent
to use and the concentration that will give a relatively high efficiency.
Table 4 lists the device, absorbing reagent and the efficiency of absorp-
tion for some of the gases and vapors commonly sampled.
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92 L fIEMICAL AND MICROSCOPIC ESTIMATION OF DUST

submicroscopic {o the visible. Drinker and Thomson! define dusts gg
particles or aggregates of particles, 150 [150 u] to 1 micron [1 y] in
diameter, that are thrown into the air by mcchanical agencies during the
processes of grinding, crushing, blasting, drilling, and other industria}
and constructional proccsses. One micron is equivalent to ! . that is one-
;L thousandth of a millimeter [0.001 mm.]. Expressed in otl:2r units, one

micron is equivalent to 1 x 10~* cm., that is one-ten thousandth of g
centimeter and to 10,000 A, ten thousand Angstrom units.

For the industrial hazard aspect, dusts may be considered as particles
or aggregates of particles suspended in the atmosphere, of some size that
is capable of being inhaled.* This restricts the particle size to the range
of 0.5 to 10 p. :

The particle size of true colloidal systems is arbitrarily set as that of
particles having dinmmcters between 0.001 ¢ and 1 . Those disperse sys-
tems having particles smaller in size are generally considered true solu-
tions and those having particle sizes larger than 1 p are generally con-
sidered ordinary matter. Thus we see that only in the lower limits of.
particle size do dusts fall within the definition of colloidal systems:
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2._ Fumes

Fumes are colloidal systems which are formed from chemical reactions
or by processes like combustion, distillation, sublimation, calcination and
condensation. The particle size varies from 0.2 to 1 ¢. Examples of fumes
are the disperse systems formed from burning zinc or magnesium with )
the formation of zine and magnesium oxides; the formation in air of
ammonium chloride from the reaction of ammonia and hydrogen chlo-
ride; the reaction and condensation of water with titanium tetrachloride

and burning phosphorus.

3. Smokes

Smokes are colloidal systems which are generally formed by the in-
complete combustion of carbonaceous and other material. Particles of &
smoke are generally less than 0.3 to 0.5 u in diameter. Drinker and d
Hatch® use the word with particular reference to the disjirse systems #
that are organic in origin, such as the smoke from burning tobacco, waood,

‘Drinker and Thomson. J. Ind. Hyg., 7, 261 (1925).
* Bloomfield and DallaValle, U. S. Pub. Health Service, Bull. No. 217, (1938).
*Drinker and Hatch, /ndustrial Dust. New York 1936. -,
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SMOKES

*
-iew, a prerequisite of smoke is that it have a definite degree of!
lensity.
4. Mists and Fogs

) 1]
Mists and fogs are disperse systems in which the p;article size varies

jreatly. They are akin to fumes rather than to smokes. They carry the
.mplication of a liquid rather than that of a solid dxsperced in the atmos-
nhere. They are generally formed by the condensation of water vapor on
ouclei such as submicroscopic particles of dust or gaseous ions, or by the

atomization of liquids.
N 5. Vapors ‘
Vapors are gaseous bodies which are formed from liquids by increase of
_temperature but which readily resume their fluid form because of de-
crease in temperature.” Obviously, as true vapors they form true solu-
tions with the atmosphere. Our interest in them lies in the fact that while
they do form true solutions with air in their vapor state, as soon as they ~
regain their liquid state they form mists, fogs and fumes. ‘

B. Classification and Physiologicai Action of Dusts

It is, as has been explained, possible to classify dusts =ccording to
particle size, according to origin and to place them into two main groups
according to phy-iological action, namely, those which canse respiratory
disorders and those which cause systemic poisoning. It is of value, how-

_ever, to classify dusts with respect to physiological action on a broader
bLasis. Thus Oliver3 ® divides dusts info those which have a mechanical
and irritant action, and tho sc of the chemical and toxic, or caustic types.

Thompson!® divides e phy ~xolomcal action of dust on human beings

. into four tvpes:
1) Mechanical obstruction of air pussages.

2) Lacceration of mucous membranes,
3) Couveyance of toxic material into the system.

4) Conveyance of germs into the systen.

‘ 'Flury and Zernik, Schacdliche Gase. Berlin 1931, =z
: Coldl:ug Occuputionul Disrases. New York 1931, T

) Oh\er Discascs of Occupation. New York 1916. ’

, Thompxou Occupational Diseases. New York 1914, -
r
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Actually dusts cannot be placed into groups which show a specific type
of physio]ogical action because no dust is comiposed of a single variely of
material.

The physiological response to dusts is grouped as follows by Drinker:13

1) Specific lung diseases such as silicosis and asbestosis.

2) Toxic systemic effects caused, for example, by breati..n7 of such
{oxic dusts as lead, cadmium and radium. -

3) Mectal-fume fever which follows the inhalation of fireiy divided
: particles such as zinc oxide.
E 4) Allergic manifestations which result from breathing dusts such as

5) Obstructive and irritating dusts such as soot, coal, flour and starch.

It is readily seen that this classification also falls into the grouping
of physical action (mechanical and irritating) namely 1, 2, and 5, and
the chemical action, 3 and 4. It must be borne in mind, however, that
dusts act both physically and chemically in some weasure on the body.

A more comprehensive classification of dusts according to physical,
chemical and physiological effects is that of Sayers.?®

>

I

i i ; pollen and certain types of pulverized wood and flour.
< Y The physical, chemical and physiological actions of dusts may also be
X k h grouped as in the following classification:!2 )
X i k 1} Cutting dusts. These are in the main composed of minute crystal-
‘- ?; line or amorphous particles which have sharp cutting edges such as sand,
b 1)L stone, lime, steel, asbestos, glass, minerals, etc.
REL Y 2) Irritant dusts. This group is composed of vegetable and animal
% 1K matter such as wood, ivory, hair, and fibers such as wool, silk, cotton,
... . '} Ll i flax, hemp, and the fabrics and cordage made from them.
° . f 3) Inorganic poisons and compounds of mercury, copper, arsenic, lead
' %F 3 and even soluble compounds such as the sulfates of iron, copper and
-_,x ¥ sodium. :
’§ ‘ { P 4) Organic poisons such as tobacco, and in general, organic compounds 3
i { i ‘ 1 and drugs. ’ .
¥
|

LY

e N b B

g

A) Organic dusts

3
by~
ok . oot Bben St

»
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Organic dusts are those which contain carbon, and were originally supposed to
come from organized substances derived from animal or plant life. Thousands of
organic substances, are made synthétically by chemical processes, such ss dyestufis,
explosives, drigs and similar substances. - J
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¥ Drinker, J. Ind. Hyg. Toxicol,, 18, 524 (1936).
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1[§¢ .. ®N.Y. State Soc. Bull. No. %0, 1918,
H Y Sayers, U. S. ?ublic Health Repts., 53, 217 (1938).
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SUBJECT INDEX

Abeorbents, 68, 69, 70
efficiency, 69

Absorbers, see trapping devices, 68, 69, 70,

71, 72, 83, 88
all-glass, 77, 78
efficiency of, 69
Lift pump, 81
multifold, 80
multiple, 70, 80
testiog of, 50
Absorbiag ageat, 21, 22, 44, 68, 88, 189
Absorption, 21, 22, 35, 41, §7-89
bulbs, 70, 71
methods, 100-102
collection of dust, 100
Palmer device, 100-101
rapid method, 101-102
of radiant energy, 364, 374-376
R & H Tri-Per-Analyzer, 375376
Accuracy, 14
Acetaldehyde, 528-530, 533, 618
Acetic acid, 84, 88, 506-307, 618
Acetic anhydride, 507

Acetone, B4, 358, 362, 363, 376, 452, 485,

533-537, 618, 621, 626
pbyaiological response, 534, $35
detection, 535
Messinger's method, 535
Morasco method, 536

Acetylene, 330, 360, 379, 396-397, 618, 621
! dichloride, 453
Ilosvoy test, 397
Acetyl value, 364, 186
Acid, 361, 506
digestion, 195-196
fumes, 243, 244
gases, 243
mists, 79
vapors, 79
Acids, 506
mincral, 243
organic, £06-509
Acrolein, 84, 3u1, 531-533, 577, 580, 621, 626,

631, 632, 634, 633
benzidine method, 532
detection, 532

* iodametric estimation, 533
permonganote estismation, 5373
physwelugicul response, 531

Acrylic aldehyde, 531

Acute puisoning, 12, 13, 620

Acute physiological response, 820-623
Adsorbent, 69, 86
efficiency, 69
Adsorption, 21, 22, 35, 41, 84, 364
methods, 369-373
by activated charcoal, 371-373
by silica gel, 369-371
value, 86
standard method for Riling tubes, §6, 87
Aerosols, 91
Air
analysis, 13
borae contaminants, 12
displacement, 38
pollution, 13, 14, 91, 97,
pump, 113, 114
sampling, 21
basic methods, 21

105, 248

anitation, 13
* I Aitken nuclei counter, 30, 97, 98

Alcohol, 330, 366
Alcohol-ethers, 361, 477, 492, 497499
Alcohols, 79, 358, 359, 360, 362, 364, 477,
492 .
Aldehydes, 79, 359, 361, 506, 524-533
Ripper's aiethod, 527
Alkalies, 240
Allowable concentrations, 624-630
Allyl chloride, 460
Allylisothiocyanate, 631
Aloxite, 70, 78, 79
distnibutor, 70
Alumina, activated, 233
Amidol, 564
Amiocs, 552
Amino compounds, 560-573
p-Aminodiphenylamine, 566, 567
p-Aminopheuol, 561, 564, 566, 567
Ammorma, 14, 79, 84, 83, 252, 283%.290, 330,
368, 618,621, 624. 631
estimuation, 259-290
by titration, 259
Nesaler's method, 289.290
physiological resc~-:e, 288
Amyl acctate, 84, 5.0 513-515, 618, 621, 628
alcohol, 3C0D, 364, 376, 486, 488-490, 515,
818, 626
detection, 45
Allen-Marq., - cthond, 459
colorimetri . .. 4, 490
formate, 517, 31>
Apemometer, 44. 37 61
Anhydrone, 71

647
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Aniline, 72, E\ , 30|, 376, 553. 555-560, 621,

626
detection, 5 .
hypochlorite piethod. 556-558
hypochlorit&phenol method, 555-559
physiological response, 555.556
tumors, 7
volumetric estimation, 559-560
Antimoay, &3, 160, 196, 205, 205-212
bromate method, 211-212
by potassium permanganate titration, 210
pentachloride, 209
sulfide 1oethod, 210
separation {rom interfcrences, 210-211
trichloride, 209
Arsenic, 3, 16, 83, 84, 90, 95, 160, 193-202,
582
compounds, 604611
detection, 196
Reinsch test, 196
determination, 196-202
bromate method, 200-202
Gutzeit method, 196-198
iodometric method, 202
molybdenum blue method, 198-200
poisoning, 193
role as ap industrial poison, 193
sampling, 194
trichloride, 631, 633, 634, 635, 636
war gases, 60H-611
Arsine, 7, 11, 197, 196, 199, 202-204, 244,
621, 624
Arsines, 551, 604-611
Aromatic bydrocarbons, sce hyvdrocarbons,
aromatic
Asbestos, 11, 12, 90, 96, 99, 158, 139, 630
Ausbestosis, 5, 94
Ascarite, 70, 71, 369
Asphxyiants, 360, 380
Aspirating devices, 28—31
dry type, 29-31
aspiratdr bulb, 29
electric vacuum pump, 31
filter pump, 31
foot pump, 30
hand pump, 29-30
water aspirator, 31
wet type, 31-34 _
aspirator bottles, 31-33
liquid displacement gas collectors, 33-34
Aspirator
bottles, 31, 32, 33, 34
bulb, 29
metsl, 33
water, 31

Bacteria, 95

Bag test, 108

Barium, 240
hydroxide, 91, 240
oxide, 240

INDEX

Beor's law, 374, 375
Benzene, 11, 12, 15, 16, 21, 71, 73, 52, gq RS
205, 358, 359, 360, 363, 305, 37,
375, 309415, 420, 618, 621, gag
combustible gas indicator, 367 -
detection, 401405 -l
levulose test, 402
a-naphthol test, 402
sulfuric acid-formaldezde me 1
04 thod, 402
determination, 405415
butanone method, 405407
modified method, 407408
m-dinitrotenzene metbod. 408413
oxidation method, 413415
nitro and amido derivatives of, 11, 555573
physiological respoase, 400, 401
properties, 400
toxicity, 400, 401
Benzine, 330, 358, 339, 360, 366, 391, 393
394, 621, 626 *
Benzol, see benzene
Benzioyl chloride, 631
Benzyl bromude, 577, 581, 583, 554, 595-599,
631, 632, 634. 635 .
Benzyl iodide, 577, 584, 631, 632, 634, 635
Bismuth, 170, 186
Blast furnace gas, 366
Boyle-Charles law, 63 .
Boyle's law, 60 ot
Bromide-bromate method, 552, 559, 570
Bromides, 308-310
Kolthoff-Yutzy procedure, 469
Volhard procedure, 468 .-
Bromine, 84, §8 305-310, 583, 621, 624, 633
Bromoacetic acid esters, 634
Bromoacetone, 576, 577, 551, 584, 595-597, -
631, 632, 634
Bromoacetophenone, 582
Bromobenzyl cyanide, 576, 577, 579, 582,
583, 584, 599-600, 632, 634
Bromoform, 439
Bromomethylethy!l ketome, 577, 584, 507,
632, 634, 635
Bromopicria, 584
Bubblers, 74, 75, 76 sor
Bulbs, 70, 71, 72, 81, 82 T
absorption, 70, 71
potash, 81 ’
washing, 72 .
Burns, 243 -
Burrell combustion detector, 366, 385 C s
Butane, 360, 379, 380, 331, 388, 389, 390,
391, 618 .
n-Butanol, 456-458, 626
Butanone, 537-538
method, 405408, 416-420
n-Butenes, 396
Butyl scetate, 584, 509, 512, 514, 815,
621, 626
alcohol, 360, 364, 486488, 515, 618
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