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72 Asbestos: Medical and Legal Aspects

in individuals first exposed afterwards. While the latter could
have been unrelated to occupation in the regulated era, Smith
acknowledged that people starting their employment in the
1930s “are only now reaching the mean age at which tumors
might be expected to appear.”"™¥

In the published discussion of one of Smith’s papers, Dr. A.].
Lanza offered this incredible critique of Merewether’s data: "

[ think it is important to distinguish between cases of
clinically recognizable and fatal lung cancer, on one hand,
and cases in which the diagnosis of lung cancer has been
made as more or less of an incidental finding at autopsy, on
the other. The English claim for an association between
lung cancer and asbestosis has been based, it seems to me,
on data ubtained from lungs that a pathologist has
searched with a microscope. I wonder how many cases of
lung cancer would be found if lungs from any sort of
population were subjected to the same minute scrutiny?

Smith responded that the British Pneumoconiosis Board han-
dled silicosis cases the same wav as asbestosis cases, and so the
silicotics could serve as a ontrol group. In fact, the silicotics
had an almost identical incidence of lung cancer as the general
population, one tenth the incidence of lung cancer in asbesto-
tics. In addition, many of the pathologists reporting excess
lung cancer in asbestotics had done thousands of autopsies of
the general population, and cited them as a comparison or
“control” group. Further, no autopsy series ot asbestotics was
renorted as having a “normal” rate of lung cancer.

Another person who commented after Dr. William Smith’s
report on European research on occupational cancer was Dr.
Paul Cartier, of the Thetford Industriai Clinic in Quebec.”™
Cartier reported that his clinic had detected “eight cases of
primary cancer of the lung” among an asbestos mine and mill
working population of 4000. Other cases were suspected, but
only those cases confirmed bv an autopsv (or biopsy) were
included. Of the elght cases described. :wo were called

“pleural mesothelioma.” The degree of concomitant asbestosis
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1014 N. Broodway, Cincinnati 2, Ohio,

January 20, 1958

dystri A mtme Foundation of Amarl.ca, Inc.
FAfth Awonue
Pl.tubm!gh 13, Pennsylvania

Dear Dr. Bragms

Both Dr, Princl and I, having reviewed your paper, "An
Epidomiological Study of Lung Cancer in Asbestos Miners" are
pleased tp accept it for publication in the AMA Archives of
Industrial Health. We find the report not only of exceptional
i::nwt m E model of the epidemiologic method in diseases of

mr only criticism was that in pursuing the epidemiologic
detail the paper became a trifle long and ons got the impressica
toward tM ‘and that one had read this before.

I, gyself, was particularly pleased to lears ths main con-
clusion of the paper was against the association of lung cancer
with asbestosis, for I had coms to a similar conclusion on ob-
viously far less information but was afraid to say so for this ressocn.
I am-enclosing a review whicia contains a few sentences that I have
marked ip:thia connection that appears in the Annual Review nf Medicine,
Voluze 7, 1956. You will recall at this time evidence greatly favored
the positive correlation of lung cancer on exposure to asbestos,

Sincerely yours,

e

e M‘&tc \

e Herbert E. Stoxinger,. Ph.D. -
-—~A¢ting Editor,
AMA Archiwg of Industrial llsalth

Enclosure
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A revicw of what toxicologists and industrial hygienists are doing to
develop threshold limits for concentrations of substances in the air,

corresponding biological threshold limits, pretoxicosis tests, and pro-
phylactic and antidotal agents . . . and a discussion of recent de-
velopments in the techniques of air sampling and air analysis.

Standards for Safeguarding the Health:

Of the Industria] Worker

By HERBERT E. STOKINGER, Ph.D.

1E EPTTOMICAL STATEMENT made
some years ago by Dr. James A. Sterner,
now medical director of Eastman Kodak Co.
and past president of the American Industrial
Hygiene \ssociation, announced a change of
attitude among industrial hygienists which to-
day is the keynote of enlightened occupational
health practice: “No substance is so toxic that
it eannot be used if suflicient knowledge of its
action has been made available; similarly, no
substance is so nontoxic that it should be used
without regard to caution.”
Currently, several effective means by which
such a concept may be implemented are avail-
able: (#) threshold limits for concentrations of

Dr. Stol:inger is chief toxicologist, Occupational
Health Program of the Public Health Scrvice, Cin-
cinnati, OQhio. IHe is a member of the Subcom-
mittee on Toxicology, National Research Council;
the Committce on Threshold Limits, Amcrican Con-
ference of Governmental Industrial Hygienists; and
the board of directors, American Industrial Hygiene
Hssociation; and a liaison member of the American
Standards Association. Formerly, Dr. Stokinger
was chief of the Industrial 1lygiene Section, Atomic
Energy Project, Rochester, N. Y.
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injurious agents in the workroom air, (4)
threshold limits of concentrations of injurious
agents or their metabolic products in biological
fluids corresponding to the threshold limits for
air (biological threshold limits), (c) tests of
pretoxicosis to screen persons for early signs
of injury from exposure to hazardous agents,
and (d) prophylactic and antidotal agents.
Occupational hygiene standards in this coun-
try have been given various names, the most fa-
miliar of which is maximal allowable concen-
trations. Aunother designation “is threshold
Iimit values, the name used by the American
Conference of Governmental Industrinl Hy-
mienists, Still another term is industrial hy-
giene standards, o designation recently adopted
by the American Standards Association. Al
these terms refer essentinlly to the same con-
cept of permissible contamination of workroom
air by dusts, fumes, mists, vapors, or gnses,
although  the hases on which the limits
for certain substances are set. may  differ
somewhat in the different. lists,  The follow-
ing disenssion will be-confined chiefly to the
list of threshold limit values, «vith which the
author is most familinr.  This list is prepared
by the Ameriean Conference of Governmentul
Industrinl Jlygienists’ Committee on Thresh-
old Limits, which is composed of persons work-
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ing in State and loeal indnstrinl hy giene depart-
ments nnd in Federal industrial hygiene wnits,
and members of the armed serviees in the
United States and Canada,

Ouly the United States and Russin appear
to be currently developing snelr lists as the
threshold Jimits st other eountries proferring
touse those already developed.  Partly beeanse
of this, It more especially beennse the nb.
brevinted preface to the list only briefly yefers
to its applieation, the following paragmphs

- diseuss in some detail the nature of the Bist and

its purpose, methods by whieh {he vnlues are
developed, and interpretation and proper nsagre
of the values,

Noture and Purpose of the List

The threshold Timits list ineludes those nat-
nral minerals and oils and chemieal substances,
including economic poisons bt exeluding ra-
dinactive materials, in the form of dost, fume,
mist, vapor or gas, which are in sufliciently wide
uze indnstrially to warrant control of their
concentration in the breathing zone of the in-
dustrinl worker.  (Permissible levels of expo-
sure to radionctive materinle are independently
set by varions radintion protection commii-
tees throughont the world.  Values for many
radionctive substances may be found in the Nu-
tionnl Burean of Standards Handbook No. 52.)
Beennse of the rapid development and applica-

tion of certain chemical substaneces, often o

timelag ocenrs botween the industrial use of
a snbstance and the appearance of the thresh-
old Timit valne. This interval, however, i<
becoming shorter as a resull of increasing af-
tention of the chemieal industries to the de-
velopment of data on the toxicity and hanzards
of their products prior to use.  Limiting values
assigmed to each substance in the list represent
the waximal atmospheric concentration to
which workers may be exposed repeatedly day
after day without injury to health,

The purpose of the list is to provide a limit-
ing value of air concentration for injurions
substanees for use hy plant engineers, indus-
trial-hygienists, and others concerned with the
health and comfort of the workers, The Jist is
intended to e a euide for the control of work-
ing atmospheres and to provide manngement,

2

Tnbor unions, and the worker alike uan nxswr.
nnee of henlthful conditions on the job.

Development of Threshold Limits

A value for n toxie substance is nssigned on
the basis of duta seenmulated from nmmml
mbmlation toxicity studies mul on the basis of
industrinl experience.  Together, these repre-
sent, of course, ides] requirements not. alwaye
fulfitled for ench cubstanee in the list but ap-
proximated as far ns possible.  Of the two.
industrinl experience ix the test on which the

validity of a value must ultimately vest, B(‘~|
ente velinble information from industrinl ex-!
perience s fregquently diflicult to obtain, the
Conmmittes on Threshold Limiis i< often foreed -
to rely on opinion of industrial hygienists,
rather than on factual information, or some-
times, merely on animal data,  Such opinions,
however, are hased on specifie experience with
variots substanees and come from oceapationnl
hygienists throughowt the comtry. The e
rent ln\u-nlnwfvnl Aiternture s nlso seanned
umlnnmll\ for wsable informmtion.  Wien the
need for the assignment of a value seoms urgent,
it tentative value is assigned on the basis of the
hest information available at the time,

Originally, preventing impuivment of health
was virtually the only consideration in the selec-
tion of the proper limiting air concentration
of an injurions substanee,  Now, however, with
the increasing emphasis in ocenpational health’
on the “total man” more subtle “effects on
lealth, sueh ns the effects of annoying or irvi-
tating  neents, are also convidered,  Thus,
whereas o threshold Limit value of 5 or 4 ppan,
for chlorine would insure no impairment. of
workers” health, this value is vednced to 1 p.p.m.
in the interest of ereater freedom from irritant
effects. The Jevels of other guses and vapors
with irritant or other discomforting effects on
the workers have been similarly adjnsted.

The rapid growth in the number and diver-
sity of industrin]l substances to which workers
ave exposed and the inerensing attention being
given to oceupationn] health in this comtry
have given rise to a very real problem of main-
taining the threshold limits list enrrent. To
meet this problem, the Committee o1 Threshold -
Limite reviews the lists annually, considering

.- e
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chﬁf!l‘l)' ench vinlue and nny new information
wertnining to n change in level. When n value
ix changed, it is g0 desiegnnted.

In the threshold Timits Tist for 1954, 0 fur-
ther accommedation has heen mnde in nn nf-
tempt to keep pace with the ever-inereasing nse
of new industrial ehemicals, ‘This is the addi-
tion of u tenfative Jist_sepavated_from. the Jist
of established \'_lifl_l('_ﬁ. Heneoforth the tentn-
tive Jist. will inelude all substances not pre-
viously listed. Beeause of the lesser certainty
cometimes ascociated with these tentative val-
tes, they should provide only general giidanee
in the cantrol of exposure and shonld carry no
Jeeal weight. The tentative Jist is looked upon
ax providing levels under trial and fest, to he
revised when new information justifies,  Sub-
stances in the tentative Jist will not. be incorpo-
rated in the main list until the values have been
proved by exsperience to be aceeptable. It s
hoped that the tentative list will stimulate a
carenter number of yearly additions than in
the past. ns well as the eritienl evaluation of
these values by greater numbers of indastrial
hygienists,

- JU—

Overall Maximal Upper Limits

It is now considered desirnble by n majority
of the persons concerned with ocenpational
health to assign n maximal upper limit. of 1.000
p-pm. for most. although not all, of the gases
and vapors that ave apparently nontoxic or
nonhazardous, Such a limit has been et for
certain Freons and other apparently innoenons
substances. although it is known that neither
health nor safety are endangered by exposnre
to far higher levels under ordinary conditions.
In favor of this practice is the argument that
it will prevent excessive or wanton exposure
to air contaminants. It is recognized that. all
the facts needed to assure safety are seldom at
hand.  Physiologically inert substances, such
as certain Freons and sulfur hexaflnoride, in
unlimited concentration may suddenly become
hazardons, in the presence of welding or plumb-
ing operations, through decomposition by heat
to highly toxic produets.

A similar concept is developing with respect
to dusts that in the past have been considered
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essentinlly nonhazardons or not ineapacitating.
Numerous reports from varions countries mnke
it nll too apparent that many dusts formerly
considered inert. are enpable of producing pul-
monary changes that are oftentimes disabling
(71-7)., It would therefore scem that all in-
soluble dusts of whatever nature chould be
held suspeet until proved otherwise (4).  Un.
Tortimmtely, the assiment of n specific Jovel
for ench mineral dust is impossible at. present.
Minernl dusts are commonly of complex and
inconstant compoxition, often varying nccord-
ing to Joeality, and thus ave potentinlly eapnble
of cansing n variety of physiologicn] respbnses.
As n ense in point, pnlmonary carcinomn is
commmenly associnted with the Jong-term in-
halation of ashestos in England, but not in
Amerien (8),  Assienment of specific Jevels
i« also diffientt heenuse pulmenary changes de-
rived from the inhalation of mineral dusts
commonly require vears to assess, heennse sonnd
information relating exposure to response is
not, for the most part, available, because ex-
posnures are not uniform owing to changes in
the industrial process and job changes, and be-
eanse dnsts from operations involving the snme
materinls often differ in size and surface aven,

Therefore, it is helieved that the validity of
the present standards for dust should be re-
viewed and consideration given to the follow-
ing sugeestions,  In the nbsence of informa.
tion and in view of the poor prospeet of oh-
taining any in the near future, the conclnsion
seems ineseapable that if protection from dusts
1510 be grnided by hygienic standards, an overall
limit value should e selected,  Actually, two
vnlnes appear desirable, one for dusts contain.
ing free cilien, and another for nonsiliceons
dusts,

For siliea-bearing dusts, o Jimit of from &
to s million particles per eubic foot (nup.p.ce.f)
s stgrgrested, 10 wonld be applieable to those
stibstunees containing free sitlicn of any ap-
precinble pereentagre (100 pereent or anorve).
Such o Jevel appears justifinble on the hasis
of usage and experience, ax shown in table
1, and facitly assimes no other mineral is more
hazardous than siliea andZor any combination
of n minoral with silica.  Actually, this value
represents o rather low leve] of exposure when




expressed in termms of milligrams of substance

per cubic meter of air.  Depending upon par-
" ticle size, H mpped. silicon dioxide (Si(),)
with n density of 2.2 might range from 0.0
or 0.02 milligram to severnl milligrams por
cubic foot, nssiming the general size distribu-
tion of industrinl dusts thus far recorded by
optical methods (2); with dusts differing in
density from 8i0,, corresponding differences
in weight concentration, of course, would oceur.

The question then arises of how best. to express
the dustiness of an atmosphere. Although this
concerns matters too involved to be entered
into here, it would seemn that, with an absolute
method now available for the measurement. of
industrinl dusts, the liniting concentrations
should be expressed in terms of cither millions
of particles per cubic foot or milligrams per
cubic meter, or both, but within a definite size
range, this range to be 0-3 p diameter. Other-
wise, dust counts, as well as expressions based
on weight per volume of air, become meaning-
less. Particles of the size 3 x4 and below can

now be sampled and measured and are believed

to be the only ones of hygienic significance.
Whether the value approximating 5 m.p.p.c.f.
will be found to hold when the submicroscopic
particles are included is a very important proj-
ect for future investigation.

ve

Table 1. Recommended permissible limits of

some silica-bearing dusts ?

Recome-

]((-por:u-d l mended

Industry or source p(}';‘;((_m L coneen-

0.3 | tration

i m.p.p.cf

Syvdney sandstone. ... .. a0 | 6

Silica bricke oo .. ..o ... 80 2
Gold mining (Union of South '

V] 7.7 DD R0 3
Granite__. ... .. 35 0-20
Pottery o e ee oL 30 4
Gold mining (Ontario, Canada): 2h-45 L )
PyrophVIlite oo oo ' 30-40 10
Anthracite (hasd rock) ... .. .. 30 d-10
Nonferrous mines. ... ........ 2040 5-10
Anthracite (haulageways).___. 1 10-15
Cement. oo oo, 6, 20

1 From a table prepared by Theodore . Hateh,
professor of industrial hygiene, University of Pitds-
burgh,

? Values arc approximate. |

3 Owens Counter,

¢ Konimeter.

A practical threshold limit value for non-
siliccons dusts would appear to be b mg./m?
This value has been in satisfuctory use for zome
vears for controlling hemmtite dust and fume
in ot lenst one Amerienn phint (70). 1t would
soem to represent a rensonable Jevel of dusti-
ness Tor all other presently vonsidered “inert”
nonsiliceons inorganic dusts,

More Specific Designations

With increasing industrinl hygiene knowl-
edge and experience, refinements in designnting
spevifie snbstances to which values are assigned
will assuredly follow. As yet, however, only
beginning hus been made in this respect.  For
chromium, the designation specifieally refers to
chromice acid or to chromates. The highly poi-
sonons arsine gns has a threshold limit value
of 0.05 p.pan., whereas the value for arsenic
and it componnds is 1.5 me./m.2 Differences in
toxic action of-uraninm compounds have been
recognized by individualizing the soluble and
insoluble compounds.

1t would appear that manganese dioxide
would be a desirable designation for manga-
nese, because manganese dioxide is the most
common industrial hazard of this element.
Merenry at 0.1 mg./m.’ should refer to mercury
vapor and its inorganic compounds and should
not. imply inclusion of the more toxic organit
merenrials,  Similarly, for flnorides the newer
organic fluorides which vary widely in toxicity
and hazard should be explicitly excluded, and
for selenium, the threshold limit should apply
only to selenium compounds which are highty
toxic, not to elemental selenium dust, which is
essentially nontoxic. The value of 0.1 mg./m.?
for cadminm should refer specifically to the
cadmium fume, for use of this limit for most
of the insoluble cadmium compounds imposes
far too severe a restriction.  Different Jevels for
Jead and its compounds should be specifically
defined according to information nccumulated
in the lead industries in this country over the
past 10 vears.  Data show that, whereas there
15 1o reason to alter the value of 0.15 mp./m.
for lead fume or for lead dust of subinicroscopic
size. this value is unrealistically severe when
applied to the more insoluble lead salts, and
probably too lenient if applied to certain or-
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compounds,  These and ather de-
girable refinements in the list. will undoubtedly
be made in the near future,

Biologice! Threshold Limits

One new Jeature of vm-(-nputinnul health
standurds that appears destined 1o play  use-
fu} role in evaluating personnel exposure in
industry is what might be called biological
threshold values, for want of a better term,
These values refer at the present time to the
greatest permissible content ({f an :lil" con-
taminant. or its metabolic derivatives in the
body fluids, usually in blood or urine, al-
though changes in other hodily constituents
mav in time serve also as mensures of exposure.
A list of biological threshold values, which cor-
respond to the threshold limits for concentra-
tions of the substances in air, is given in
table 2. The values given for some of the
substances are tentative, having been derived
from limited experience ; for others, such ns lead
and fluorine, the values are well founded. For
still others, such as arsenic and mercury, there
is considerable disagreement among  indus-
trinl hygienists as to the usefulness of urinary
determinations.

It is probable that the biological thresh-
old limits of only a few selected substances
will ultimately find an accepted place in
occupational hygiene standards, since all sub-
stances are not anienable to accurnte analysis
in body fluids (complex organic molecules) by
reason of wide individual variation in metabo.
lism, interferences from dietary sources
(arsenic), or simply the relutive absence of
constituents in easily obtainuble body {fluids
(chromium, manganese, silver, and probably
bervilium). For biological values to hie serv-
iceable, repeated determinations must be made
on each person exposed, and preexposure con-
trol determinations are desirable. When bio-
Jogical threshold limits are used. they should
supplement determinations of air concentra-
tions, not replace them. In effect, these biolog-
ical limits substitute diagnosis for the control
or prevention of injury provided by air
analysis,

(fllrr(’.nﬂ_\', in the Jead indust Yy considerable
enthusinsm is being expressed over the ap-
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Table 2. Biological threshold limits *

i Blood
Subsinnee Cofmged

Urine (ug./10)
1100 ml.)!

Inorgninie eonstituents

Arsenie .ol L f 17 (0.5 for arsine or
o lewisite),
Nervllivm ... .. e e . , 0.002. N
Codmivm, ... . . 0 L0
Copper_. .. .. R R { N B
Chromium_. . ._.._0 .0 . Any detectable amonm
) PEUTYG DR e V0K 02
Mereuryv... ..., AL | B R .
Manganese € i L] 0.001.
Thorimm.. .. ... .1 ... .l Not climinated in cheuis
' | ically messurable
\ fmotitite,
Vanndiom. . ... .. _.... 0.058
Uranitm. .. . PR X 1 I
Fluoride. . _ . U P X
Seleninm. .. ... P | X L
Tellurivm RS SR (X1 1 B
Organic constitaents
Revzone, oo 0 000 U015 pereent below normal
! sulfate ratio of inor-
: ganic to total sulfate,
Browide. ..o ... 00
Carbon disattide_ . . .. .. Q.15
Dinitroeo=cresol...... ... ... &
Maethyl ableobol o .0 _. Y TR
Methyl acetate. . ... " .. ... Analyzed as methy) al.
, cohol,
Toluene (as hippurie i..._ ... 3,000,
acidy, ‘
Trichloroethylene ... .. R
(as triehloraeetie
acid),

-

1 Many of the values given here are found in or bave
heets revised from Chemistry of Industrial Toxicology
by H. B. Elking, New York City, Wiley, 1950, and in
Aualyses of Biologicnl Materials as Indices of Exposure
to Organie Solvents by LFlking, A, M. A, Arch. Induost.
Byg and Oceup, M. 9 212-222, March 1054,

¢ H. H. Schrenk, in New Information on Arsenic
Trioxide, Ind. Eng. Chem. 45: 11A (1953), stales that
urinary arsenic values of 4-3 me./1. are commonly not
associated with signs of arsenic poisoning. Uxe of
urinary values is considered of doubtful worth beeavise
of great variation in nonnal values.  Dictary arsenic,
~uch as that obtained from seafoods, would greatly alter
the urinary arsenic picture; morcover, arsenie is excreted
chiefly in the feces,

3 Urinary values may not always be reliable in Jong-
tern exposires owing to possibility of development of
lower nephton nephrosis and for other reasons,

+ Inasmuch as manganese is climinated chicfly via
the intestinge, urinary determination is not a particulariy
valuable indicator of exposure.

.

* Tentative value,
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parently suceessful use of urinary lend values
with or without. prior sereening by urinary
coproporphyrin  determinations.  The argu.
mentin fuvor of the use of urinary values is that
in practice most industrinl exposures are neither
uniform nor simple, but ure mixed, and, there-
fore, that the body serves as a botter sampling
device and indientor of this type of exposure
than do air samples.  Biologien] determinantions
ulso offer a guide in the dingnosis of illness not
provided by air analysis.  Whether it is n wise
decision to nllow the individual to serve as his
own indicator of exposure ix debatable: De-
angement of metabolie function or excretion
for various causes is not uncommon among
waorking populations, especinlly in older age
groups, and concomitant exposure to other sub-
stances or other stresses mny deflect normal

. metabolie pathways. 1t would appear reason-

able, for the present at least, that biologieal
values should be accompanied by one other in-
dependent method of evaluating the working
environment,

Interpretation and Use

After the threshold limits have been nceepted,
it is most important. that they be properly in-
terpreted and used.  Because there is some lack
of agreement among industrial hygienists as to
the use of thevalues, it might be worthwhile to
consider what is aeant by threshold Jimit or
maximal allowable concentration.  Confusion
appears to center on the precise meaning of the
term “threshokl” or what constitutes “maximal
allowable.”  These are brief terms used to ex-
press o rather complex and abstract concept
which may be explained philosophically and
operationally.

Philosophically, the threshold limit repre-
sents a level to which a normal healthy worker
may be exposed for 8 hours each workday with-
out harm to his physical or mental well-being.
Because, in practice, most situations involve in-
termittent or varying exposures, the concept. of
the limit is that the summation of physiological
effects of such exposures shall not be greater
than the eflect of exposure to a constunt con-
centration at the level of the limit.

Operationally, the word limat refers to the
highest. permitted averaged values of an agent

6

in the workroom air that have been obtuined in

n complete eycle of operntions during the day,
Proper averaging of concentrations should take
into considerntion the duration of exposure at
ench concentration: this is referred to ns u

“weighted avernge.”  Concentrations far above
the Jimit for periods of 30 minutes or more and
prevailing sporadieally  throughout the day,
wlthough possibly eqpanling the threshold limit,
are not within the intended meaning of the term,
Such Jevels come under the classifieation of
neutey, high exposures, and suitable mensures
should be taken to bring such Jevels in line with
the necepted Iimit. Threshold limit values are
not based on high, aceute levels superimposed on
n persistent Jower level jrrespeetive of what
vitle their average is,

Threshold limit values should be used as
wuides in the control of health hmzords and
should pot be regarded as fine lines between safe
and dangerons concentrations, that is, a point

above which injury is bound to oceur and below

which complete safety may be expected for all
exposed persons.  Competent judgment. is ve-
quired here ns¢ in the interpretation of any
standard.

Misuse of Limits

The threshold limit values should be used
only for control of exposure atmospheres for
repeated 8-hour working days. They shonld
not be used in the following ways:

1. For brief acute exposures.  (The thresh-
old Timit values have been set on the basis of
chronie exposnres, not. on the basis of brief
NENHLE EXPOSUIES, )

2. For mixtures of substances,  (There is no
assurance that mixtures may not have potenti-
ated and enhanced effects greater than the sum-
mated effects of each component.)

S As Jevels for community air pollution or
for levels to be derived therefrom by simple
extrapolation.  (The threshold limits have
been set on the basis of an 8-hour exposure day
with the assumption that a subsequent 16-hour
perind of nonexposure will aid distribution
and elimination of the toxic agent. from the
body; therefore, they cannot apply to 24-honr
continuous exposures common in nir pollution
conditions,)
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B .
4. .As Jevels of permissible concentrations in
. comniupity water supplies or for substances in
(Appropriate levels hinve been fixed
ienlly for severnl toxic elements in potable

aolution.
specil
waters.)

o As the basis for selecting dangerous com-
pounds for Jabeling.  (Mazavds invelved in
handling chemiculs frequently arise from rontes
other than inhalation, which is the Imsis for
threshold limits.)

6. As safe limits for flight personnel in avin-
tion. (Iligher standards of safety and per-
formance are requirved, and degree and duration
of exposure at flight altitude differ from the
degree and duration at sea level,)

Pretoxicosis Tes!s

Closely related to the biological threshold
vaites are tests of pretoxicosis, the detection of
subtle metabolic changes in the body before in-
jury of serions proportions has developed.  The
iden is not new, the first reported test of this
~ort having been applied to the hematologic re-
aetinns of presaturnism by Heim de Balsac in
1005 (77). Although the determination of pre-
toxic reaction is unquestionably one of the
highly desirable gonls of the industrial toxicol-
agist, few such tests have been developed mainly
hecanse the mechanism of action of most toxic
agent: on which such tests are based is not gen-
erally known,

A pretoxicosis test for carbon disnlfide has
heen reported by Bourguignon (12). Thistest.is
hased on the change in chronaxie, which, in
turn. depends upon the knowledge of the vas-
cular and neurologic changes cansed by carbon
dizulfide during the early stages of injury.
Chronaxie, by definition. is the minimal time
that an electric current of standard strength is
requiredd for the excitation of the tissne.
Bomrguignon’s report. indicates that after men
had been exposed to earbon disultide for only 2
wonthz and before any clinieal signs of disense
were manifest, their chronuxic changed.  Ae-
cordingly, this test permitted early detection of
mtoxication by carbon disultide.

Another test of pretoxicosis that is promis-
ing although it is still in the developmental
stage 35 the Jowered cystine content. of finger-
nailx of individuals exposed to vanadins,  The
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lowered content oceurs in the nbsence of any ob-
jeetive or subjective signs or symptoms in the
workers, and it hus been experimentally demon-
strated in the hair of animnls ingesting vana-
divm componnds in nmounts that enused no
demonstrnble sigms of toxicity (75). When
used in combination with wrinary  vanadium
determinations, the test appenrs to be highly
sugrestive of enrly metubolie clinnges result-
img from exposure to viahnditn.

The well-known urinury coproporphyrin 111 -

sereening test for lead poisoning might well be
classed nx n pretoxicosis test,  Used in com-
hinntion with urinary lead values, it is now
considered a relinble guide to incipient. damage
by Jead (1)), At porentinlly harmful body
Jevels, lead is believed (14) to convert more of
the normally ocenrring colorjess precursor to
the chromogen while incveasing the total copro-
porphyrin of the wrine,

The relative pancity of such procedures at-
tests to the extreme difliculty of their develop-
ment.  Investigators should be encouraged to
develop this aspeet of preventive medicine,
however, because its value obviously transcends
that of diagnostic tests of established disease,

Prophylactic and Antidotal Agents

As the realization of the importance of toxi-
cology in the development and safe use of in-
dustrial chemicals has widened, more diversi-
fied groups of scientists have become attracted
to itz problems.  Sueh attraction has resnlted
in the development of n metal complexing
agent, the caleium sult of ethyvlene diamine
tetraacetic acid (CaEDTA), for the treatment
of Jead poisoning (76). This chelating ngent
huts been given good evidenee of eflectiveness
in numerouns clinieal trinls (77, 18), and it gives
pramise of considerable versatility, It has
heen found, for example, to be a satisfactory
antidote in experimental vanadinin poisoning
(79) and to give promise in the trentment of
essentin] hypertension (20). Further use of
CaEDTA for the more rapid elimination of
other toxic metals having the capacity to com-
plex firmly with thix chelating agent at body
pl conditions will undoubtedly be made. Since
the advent of BAL (2, 3-Dimercaptopro-
panol)  for combating arsenie poisoning. no
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other organic complexing ngent has proved of
sueh value, although others, such as awrin tri-
carhoxylic neid for the elimination of beryllium
(21), have been sugested from time to time,
Auingenious and novel use of n complexing
ngent for combating eyanide poisoning hns been
recently veported (:22).  Cyanideless vitamin
B (vitnmin B, hydroxo-cobnlamin) - is
cnpable of tightly coordinnting with the exanide
ion in experimentally poisoned animals and
thus preventing toxic symptoms and deatli,
Well-known reducing ngents, such as ascorbic
ncid, have been reported experimentally at Jeast
to be effective prophylactically against a variety
of toxic agents.  For example, vitamin € was
shown to function ax effectively as CakDTA
against vanadinm poisoning in animals (19),
and this vitamin s reported (23) to reduce
substantially fatal pulmonary edema and hem-
orrhage in animals inhaling ozone or nitrogen
dioxide.  Essentially  complete  protection
against fatal ozone exposures in animals was
afforded by n mixture of such reducing sub-
stances us glycuronate, cystine, and other sim-
ilar substances that include vitamin (.
Two-carbon - fragments  administered  as
ethanol, acetate, and propanol have been ve-
ported 1o be cnp.\blv of combating the highly
toxic fluorncetate (1080) in animals (24). and
they give promisé of successful therapy for this
poison. Cystine, methionine, und other sulfur-
containing amino acids have been sugoested
ax more general aids to the detoxifying eapacity
of the liver for protecting animals against the
toxicity of 1,2-dichlorocthane (25) and methyl-
chloride (260). :
Within the last few years, atropine has
proved an eflective antidote for parathion and
other closely related organie phosphorous insec-
ticides,

Air Sampling and Analysis

" The development of valid threshold Jimit
values goes hand in hand with the development
of accurate procedures for sampling and
analysis of the mdustrinl atmospheric con-
taminants.

The Millipore Filter

Unquestionably, the grentest boon in recent
veurs to sueh a development has been the in-
troduction into the field of industrinl hygiene
of the Millipare filter (27, 28), known also ax
the membrane filter or molecular filter. This
filter has an efliciency of sampling airborne
particulntes approaching 100 percent for all
particle sizes of hygienie significance.  The
150 @ thick paper of cellulose neetates and ni-
trates with 80 to & pereent voids possesses a
high dielectrie constant and effectively attracts
even noncharged particles of infinitely small
size Lo its surface despite n mean pove size of
0.8 pu. Thus, the paper possesses a collection
efliciency independent of the particle size of the
acrosol. .\ limitation of the paper is that oils
and tars clog the filter in a very short period
of time, making it. useless as a sampling medimn
for these materials,

Valuable use may be made of the property of
the membrune to become transparent upon the
addition of a limited amount of solvent (ace-
tone, acetates, alcohols).  This transparency
permits the collected air sample to be directly
counted under the optical microscope over a
cireumseribed, known uren of the filter; thus
providing a permanent dust mount. that may be
quantitatively analyzed.

Further ul\'mt.wc has been taken of the
solubility chmnctonctlu of the Millipore filter
by Fraser (29), who combined the high sam-
pling efliciency of the paper and its solubility
properties with electron microscopy to develop
for the first time an absolute method of sam-
pling and analyzing solid airborne particnlates,
In outling, the provedure consists of (a) col-
lecting a simple of airborne particulates on the
Millipore filter, (1) effecting transfer of the
particles to a prepared electron microscope spec-
imen sereen after solution of the paper, (c¢)
pholo"ruplmw the particles, and (d) deter-
mining the size distribution of the particles by
visual measurement. from their projection on 2
screen, -

1t is strongly urged that industrial hygienists
take advantage of this powerful technique to
explore the heretofore unsnmpled and finseen
particles of industrin) atmospheres and use such
information to nid in the determination of their
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industrinl health signiﬁcun'cc. The results of
such n study could well revise some of our con-
coptr of the effective munlmr.of‘ particles re-
quir('l] m ])rm]u('.('. PHCHINOCONTOSIS,

In the Jight of this and other yecent develop-
sments, the Engineering Seetion of the ()ccup:.n-
tionn] Health Field Headgnurters, Public
Health Serviee, has undertaken an extensive
reinvestigation of the (!nl.il:(‘. field of (.lnsl., sam-
pling and measurement. with the objective of
developing  improved  generally nceeptable
methods that incorporate the advantages of
these advances. Already the investigation hus
led to 4 promising use of the transparent prop-
ertiv= of the Millipore filter, referred to nhove,
as u dry, permanently fixed, dust. shmple for
an-the-site use in plant or factory.

An automatic instrument which continnously
records the mass concentration of dust in the
atmosphere has recently been introduced (30).
This instrument is based on the photoclectric
measurement. of forward-scattered light, from

solid or liquid aerosols and has a range from .

10-3 {0 10°2 pg./l. in terms of diocty]l phthalate
as 0.3 p diameter droplets. A further modifica-
tion of this device is being undertaken by Da-
vid Sinclair of the Johns-Manville Research
Center in the development of an instrument
which will indigate the size of the particulates
a« well as their concentration by eleetronically
computing the ratio of backward and forward
scattered light from the particles.

Another development in dust. analysis tech-
niques is the use of the electron microscope as
an electron diffracting instrument. This tech-
nigue i¢ capable of exploring the snrface of
particles to the depth of approximately 0.05 p
in respect to their ervstallinity or lack of it. In
conjunction with X-ray diffraction techniques
which determine similar properties within the
core of the particle, it may provide much useful
information concerning the relation hetween
the physical structure of dust and its physiolog-
ical effects. At the Occupational Health Field
Headguarters, such work is being done on the
various forms of diatomaceous enrths,.and in,
Scotland, on various types of silica (7). Ef-
forts along this line are expected to go far in
helping elucidate the etiology of various types
of pneumoconiosis,
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Vapors amd (fuss

Developments in snmpling and analysis m
the highly individualized field of vapors and
gases during recent. years hnve vielded no new
principle or deviee, but rather they have found
application for many of the methods Jong wsed
in other ficlds,  The study of nir pollution has
given a sudden 3mpetus in this direction.
Among the recent innovations usell in the air
pollution field sve the portable Venturi scrub-
ber (22), which has proved satisfuctory for
sampling ammonin, nitrogen oxides, aldehydes
and sulfur dioxide, freeze-out trains, larges
apaeity plastic bags, silica gel, and other solid
absorbents (),

For the analysis of organie pollutants, the in-
fraved analyzer and the muss spectrometer ave
being explored rather widely, Chromatographic
procedures have also aided in the confirmation
of many often closely related organic sub-
stances present in the air.

Antomationappears to be the only really new
hasie development in this field in recent years,
This principle has been most successfully ap-
plied to the measarement of sulfur dioxide in
the form of the Thomas Autonieter (34).
This instrument. i« especially useful in situ-
ations where round-the-clock measurements are
needed, or with further attachments for sig-
naling added, it may be used suceessfully for
control of gascous concentrations.  Automatic
analyzers have al=o been developed for halogen
analysis, for carbon monoxide (35), and for
other substances. 1t should be emphasized that
sich automatic recorders in their present. state
of developmerit require careful stundardization
and repeated attention and maintenance to

assure faithful recording of actual concentra-

tions.  Commercially available recorders vary
widely in thic respect.  If original design has
been good and the instrument carefully stand-
ardized and maintained, the saving to industry
over the years far outweighs the relatively high
initial cost.  Increasing automation is forescen
Tor the coming years in this and yelated fields of
analy=ie and control of air concentrations of
contaminants,

It may seem unfortunate that many of the
recent. developments in the industrial hygiene
field often involve the wse of equipment that is



expeisive and nonportable.  Immobitity, It
not expense, is fast being overcome when the
need demands, .\ mobile infraved sunlyzer hns
been designed (36) and a portable mnss spee-
trometer ax well (7). High cost, o factor
necessarily associated with inereased complesity
and sensitivity, will be slower to he overcome,

Copies of the American Conference of Gorvern-
mental Industrial 1 ygienists’ Tist of theeshold
limit valucs may be obtained from Allan 1.
Coleman, echairman  of the Comwmittee on
T'hreshold Limits, Conneeticut State Depart-
ment of Ilealth, Hartford G, Conn.
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. Community Heclth Week, March 21-27

-

Community Health Week programs are reconnnended for Mareh

91-2%, 1955, by the United States Junior Chamber of Conmmerce in -
cooperation with the National Health Couneil. -
Chapters of the Junior Chamber of Commerce have been asked
by their national oflicers to name program chairmen for Community
Health Week and to seek the aid of Joeal health Teaders, The pro-

aram theme is “Know Your Community Health: Resonrees.™

YVoluntary organizations are vecommending that their aflilintes pro-
vide the programs with cooperation and guidance.  Basic health
services will figure in programs where local public health units work
with interested members of the organization.

Interested chapters will obtain a kit of aids from the national office,
Suggested activities include health fairs and forums, special news.
paper coverage, television and_radio programs, exhibits, and school

liealth projects.

- Program Jeaders may wish to consult Guide to Iealth Organizations,
in the United States, 1951, hy Jogeph W. Mountin and Evelyn Flook.
Public Health Serviee Publication No. 196, Available from the Su-
perintendent of Documents, Washington 25, 10 C. 30 cents,
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TOXICOLOGIC ASPECTS OF OCCUPATIONAL
HAZARDS!

By HeaserT E. Stoxincer

Dcpomnml of Health, Education, and Weifare, Public Health Servics,
Cincinnati, Ohio

Within very recent years control of industrial hazards in the United
States has become an integral part of plant operation. If the common indus-
trial materials such as heavy metals and solveats still prove troublesome
here and there, certainly it is the fault of application rather than the means
of prevention, for these are now well defined in most instances. The accent
is.indeed on prevention; thoughts are being directed to tests of pretoxicosis
rather than of injury. Considerations of comfort, rather than merely health.
are being woven into the threshold limits of industrial exposure. The concept
that the “total” man should be considered has brought into the fold many
fields of study that have never gained consideration before. Toxicology has
played no small role in the broadening of these concepts. Serious attention
is being given to what were formerly fringe endeavors: psychology, psychia-
try,-efiects of radiations. heat, light, vibration, noise, fatigue. color. and the
design of machiaes fitted to the comfort of man. These enlarged and fore-
sighted concepts have been recognized in the recent change of name from
industrial health to occupational health, and have served to expand the

_realm of toxicologic activity. For the same reason, the number of fields that
might be included in a review of this type is so large as not to permit the in-
clysion of all. Prominent among the topics omitted are discussions on occu-
pational dermatoses, toxicology relating to pesticides, plastics, water quality,
food, drugs and cosmetics, and methods of sampling and analyzing air-borne
coumuenu

, ‘A few volumes (1a) bave been added to the toxicologic literature in the

i 7“3 two yeara: Toxicology of Industrial Organic Solwents, by E. Browning;

idmn Toxicology, by the Aero Medical Association; The Halogemated
"Hydrocarbons, Their Toxicity and Potential Dangers, by W. von Oettingen.

- Afew limited reviews on toucolog)' have appeaned within the year; the one
: by'ﬁoldbmt on “Research in Industrial Health in the Chemical Industry"
(1b): sxpresses & decidedly English point of view. Also in England there ap-
. d a critical review of expenmenul methods in determining chronic
mw by Barnes & Denz (2). An incisive address by Seevers titled *Per-
-8 mg,ivg vs. Captwe in Evaluating Toxicity of Chemicais in Man" (3) de-
. aeTvee attention. The Manufacturing Chemists’ Assn., long a leader in the
- field of labeling dangemua chemicals, has published a third revision of its
“maoual L-1, “\Warning Labels:" New Jersey has recently developed a state

code: for labeling based on these recommendations. The Subcommittee on

4 The survey of literature pertaining to this review was completed in July, 1985,
n
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Toxicology of the National Research Council is plunning to establish a toxi-
cologic center where information may be obtained; presently, limited toxi-
colngic information is obtainable from the Chemical Biological Coordination
Center. \Vashington, D. C. The Threshold Limits Committee of the Amer-
ican Cunference of Governmental Industrial Hygicnists has been active in
adding many new chemicals yearly to the vriginal list. A series of Hygicnic
Guides an Hazardous Industrial Chemicals, uscful for plant supervisors, is
being prepared by the American Industrial Hygiene Association, and an En-
evclopedia on Instrumentation for Industrial Hygiene has been cumpiled
jointly by the Occupational Health Field Headquarters and The Institute
of Industrial Health, University of Michigan,

Dust Diseases or TR LuNnG

Mthough during the last few years reports have appeared on more than
a score of rather unusual inorganic dusts that have caused pulmonary in.
jury in workmen, major rescarch emphasis has still becn centered on a rela-
tive few, chiefly, on silica in its various forins and associated substances, coal,
cement, slate, cte.; on ashestos, and, to a leaser degree, on beryllium and
vanadium. In the United States in 1952, 528 deaths were recorded (4) from
pulmonary tuberculosis associated with occupational diseases of the lung:
pacunuconivses, including silicosis, amounted to 1423; similar fgures for
England reported by Merewether (5) showed 1300 died of prneumoconioses
in 1951, Tuberculusiv was not the sole disease assnciated with pncumoco-
niosis for 16 per cont of 300 workers dead of ashestnsis over the years had
primary lung cancer also. It is of more than passing interest that the higher
rate of cancer in asbestos workers in England is not paralleled in the United
States or in Canada, according to lanza (6). The cause for this diflerence
may lic in the type of ashestos: asbestos is a fibrous form of scveral differ-
ent specics of minerals, a point often disregarded.

A symposium held in Buntaa in Qctabers 1953 wan devoted to occupational
discases of the lung. and laid chief emphasis on silicosis and asbestosis. The
pathology of asbestosis (7) was prescnted. roentgenolagic aspects of both
diseases (8). clinical ohservations on asbestos workers (9), its diffcrentiation
from other pneumoconinses (10) and the functional abnormalities of indus-
trial pulmnnary fibrosis (11).

~ Current study of the ibrotic diseases of the lung related to occupation
may be divided into three areas: (a) contributing factors; (b) mode of de-
velopment of the silicotic nodule; (c) treatment. Because the literature is so
voluminous, both here and abroad, on most of these areas, only the more gen-
erally informative reports have been selected.

In a review of factors now believed essential to the production of silicosis.
Dautrebande (12) discusscs, as important, particle size, amounts of free
crystalline silica. the presence of associated dusts and fumes, and breathing
patterns. Particles of 3 4 and below in diameter, with special attention to
those of 1 u size, are now generally considered the most injurious {rom evi-
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genace Dased on human autopsy material and dustesettling characteristicn.
The clectron microncope permits accurate visualization of particles below 1 4
a0t heretolore poasibile with light optical systems. Dautrebande, on review
uﬁ much evidenee, considers silicosis a probability if the number of particies
is greater than 1.7 mip cu. {t.:? in contrast 10 this opinion, the current limit
helirved sale in the United States is § mp/cu. ft. (13) as measured aptically,
Mu b evidence has now accumulated 1o indicate that the nature of the sub-
stancen asgociuted with silica and even estrancous substances may influence
mlb the vnet und nature of the cnsning silicosis, and espwcially the par-
n(uw crystalline structure of the silica itsell. King et al. (14) have presented
evidenve on intratracheally injected rats to indicate that, of the various
rmnmlllm- forms, tridymite was most rapid in producmg a tissue reaction,
(ullowed by cristubalite, quartz, and fused silica, in that order. The more
npld reaction of the crystalline forms has yet to be explained. In this con-
nection 3 limited French report (15) on possible preumoconiosis from silica
ol Jnml origin (umarphous) coaflirmed the findings of many previous authors
“whe M\e found no nodular silicosis from untreated diatomaceous earth. A
stydy of the United States diatomite industry by the Public Health Service
(16) in co-operatinon with state health departments of California, Nevada
ang: Qregon. imuolving five plants and 869 workers, showed, in agreement
with past findings. that only one of 25 cmployeces who had worked more than
fine years exclusively exposed to amorphous silica in the quarry had diato-
niite pacumoconiuais. hut 22 per ceat of 286 employed more than five vears
and workiag in mills capased to high temperature caleined, or fluxcaicined.
diatamite, showed Hndings consistent with pneumoconiosis. Calcining diato-
mite: with or without Hux (sodium carbonate) converts the far less active
vagiety 10 cristubalite. a crystalline form, which is believed responsible for
the increased response. [t was not possible to draw the conclusion that there
were any differences in the responsc to fresh and salt water forms of diato-
mite. .

There is increasing cvidence thar the onset of silicosis can be hastened
by I{lw inhalation of ather substances along with silica. The alkalinity as-
:mm with sand in a scouring preparation was reported (17) to have
caused silicosis in from 20 to 26 months (“'galloping’ silicosis) in a small
group of exposed individuals; the silica dust concentration was trcmendously
high-as fac as can be gathered from the original report. Rapidly progressive
silicysis has been previnusly reported in this country (18) from the same
“cause, ‘Talcusis of unusually rapid development (16 to 24 months) was re-
poned (19) also under ciccumstaaces of excessively high tale concentrations.

‘Fluogide, in the form of Huorspar, in mixture with quariz has also been re- -

porind (20) experimentally to induce imore intense fibrosis than yuartz alone,
although the latter may be present in only minute amounts (1 per cent) in
the mixture.

® Milliou particles per cubic feet of air,

Hha .



lsolated reports continue to appear with increasing frequency to in-
criminate many dusts, formerly considered inert, in the production of pneu-
moconiosis, such as sepiolite (21), corundum (22), feldspar (23), graphite
(24), porcelain (25), barita (26), cement (27), mica (28), slate (29), kaolin
(30, 31), and a substance to which gas workers are exposed (32).

Several reports in the last few years from the U. S. and England (33,
34, 35) are in agreement that coal miners’ pneumoconiosis is an entity dis-
tinct from silicosis. Some unknown factor other than inhalation of coal dust,
probably an infectious agent, is believed necessary, however, for the develop-
ment of confluent lesions. The reports indicate a need for reinvestigation of
the entire problem of soft coal mining (36). A study of the emotional aspects
of respiratory diseases of coal miners has been made by Ross, Miller, Leet
and Princi (37); psychoneurosis was the most significant diagnosis in one-
third of 40 miners who had been referred to them for special study.

Meckanism.—~The solubility theory (38) as an explanation for the
formation of the silicotic nodule now appears to be weakening under more
critical study. Almost as soon as it was enunciated, much evidence was pro-
duccd that cast doubt that solubility alone could account for the develop-
ment of the silicotic reaction. Among the first were experiments contrast.
ing the reactions of the amorphous and crystal forms of silica, which show
that highly soluble amorphous varieties were responsible for the toxic reac-
tion. whereas the less soluble quartz produced the fibrogenic reaction (39).
It Is, of course, commonly known that the tissue reactions produced by
amorphous and crystalline forms differ markedly, although the product of
solution of each is the same, silicic acid. I silicic acid were solely responsible
for the silicotic reaction, then silicosis should develop equally weil from
amorphous as from crystalline forms. Certainly, if solution of silica occurs,
it must be either very limited in amount or localized in area, becayse no sig-
nificant differences could be detected, with especially sensitive chemical
* methods, in the blood oc in the urine of silicotics and of normals (40, 41,
~ 42). Values in the urine varied with the acidity: no exact relation between
. ‘blood and urine values was found, so that silica values could not be con-
~ sidered of ¢ither diagnostic or prognostic value. These facts have led to modi-
fied solubility theorics. Experiments with silicic acid and proteins by Holt
& Bowcott (43) showed, indeed, adsorption at the isoelectric poiats through
amino groups chiefly. It had already been shown by German workers (44)
that quartz particles become coated with serum constituents with no sign of
dissolution, and Scheel ¢ ol. (65) have shown that the rate of solution of
quarsz is depressed by protein in such a way as to make it improbable that
a nmple solution of silica can account for its toxicity as manifested by sili-
cosis. 1a a further study (46), these authors belicved.the toxicity may be due
wa lumgn protein reaction developed from the alteration caused by ad-
sorption on quartz of normal serum proteins as shown by immunologic reac-
tions. This important conclusion would sppear to render less significant the
opinions of Holt ¢s al. (47) that the action of silicic acid in silicosis is a process

e

R



ol aggregation and disaggregation, depending upon pH, which 3liters the
permeability of tissue membrancs. [{olzapfel (48) likewise inclines toward the
view of the combination of silica with tissue constituents, but has shown
‘specific adsorption with a galactose complex; a galactan, containing only
p-galactosc, has been isolated from beef lung (49). Similarly, Heflernan (50)
rejects the solubility theory, and propounds the surface-valency theory
whereby freshiy fractured silica surfaces fix large masses of organic material;
asbestos acts similarly.

Whatever the final answers to the niechanism may be, the most convine-
ing evidence now favors specific chemical combination of crystalline silica
particles with certain tissue constituents, with consequent structural altera-
tion from narmal to produce local disturbance and typical silicotic response.
Some crucial experiments are needed to confirm these views: (a) actual meas.
grement of crystalline silica particles after many moaths’ residence in the
lynge, to determine whether solution occurs, (b) the demonstration that
crystalline silica specifically combines with some pulmonary tissue com.
ponent and can then produce the typical silicotic nodule.

Treatment.—The value of aluminum treatment, and especially the pre-
vention of silicosis, after 10 vears of trial, chiefly in Canada, is still open to
S_all appraisal. Unfortunately, good control studies in man are almost non-
existent. Publications on the subject may be obtained irom the Mclntyre
Mrch Foundation, Toroato, Canada. Dautrebande has proposed a treat-
ment procedure, using a fine aerosol spray of sodium chloride to aggregate
the silics particles (51). Aniinal experiments with this aerosol have shown
excellent protective effects; whether field trials now in progress will prove the
method of prophylactic value is yet to be reported. In Germany a recent
form of treatment of silicosis (52) depends upon the use of electroaerosols
consisting of unipolar mists of a calcium-sodium salt solution charged nega-
tively and kept in suspension in an electric field before inhalation by the
msmm. Claims for cflective treatment also have been made for an electro.
mal produced from sea water ($3). Intermittent, positive-pressure breath-
{ag:4ppenns to be the most promising method of afiording relief and control
of sy pmm in the majority of cases of emphysema and fibrosis with dysp-
g8 acoording to Matley (54). Studies to assess the benefits of the method,
. er. were repasted (S5) to be comphcated by the use of bronchodilator
& When this factor was tested, it was coacluded that administration of

! *‘nd nebulized broachodilators with improved breathing technics
‘wE:i0:most cases, a3 good as intermittent positive-pressure breathing.

. Qrganic Dust.~The capacity of organic as well as inorganic dust to pro-
ducs lupg changes has been documented in several reports. p-Dichloro-
quuvm reported tohave produced pulmonary granulamatesis in a middle
aged woman (56). Examination of excised lung tissue by polarized light re-

Is believed to be p-DCB. The woman had been using p-DCB
pwq‘uuly fo: from 12 to 1S years on upholstery, carpets, and in clothes-cup-
bogrds as an insecticide. Caution has been voiced on the inhalation of resin
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dust by Child & Clancy (37); during grinding and powdcring of the synthetic
resin. dryness of the mouth and nasal mucosa, coughing and sneezing, and
other signs of respiratory irritation were in evidence. Experiments in ani-
mals produced wheezing, rales, blocking of major hrouchi with distended

. resin’ granules, and salivation and atelectasis; the most promineat effects

were caused from the lousely cruss-linked resins. Dust and powder of Teflon
(teteafluorocthylene polymer) have Leen known for several years to produce
8 respiratury condition akin to metal-fume fever (38); mnore recent investi-
gation of the inhalation hazards of heated Tetlon (59) showed the evolu-
tion of highly toxic tluurine-containing decempasition products. *Printers’

~suthma™ has been reported from England (60) to arise from inhaling a

sprayed fluid containing guin acacia. Although considerable study has been

_ giv,c_n to cotton dust in relation 1o byssinosis (61), it is not yet clear which
_of the two steucturally related components of cotton dust and associated
mold are responsible for the “carly® and *“late’’ reactions. In bagassusis the

endatoxin of derabacter cloacae had been proposed as a factor in its etiology
62). Pulmonary disability from the inhalation of grain dust is marked hv

dyspnea. chronic hronchitis, recurrent broachial obstruction leading to .

clinically apparent emphysema, and was reported to occur among those

-working with sceds and grains fur 10 or mnre years (63). This ali-too-bricf

review of lung diveases from inhaled particulates makes it difficult to escape
the conclusion that all dusts, irrespective of their nature, if breathed in
sufficicnt quantity and for sufficient time, may cause profound damage to
the lung, and emphasizes the desirability of the physician's obtaining an
accurate and thorough occupational history on individuals suspected of
pulmonary discase.

Beryllium.~A\ number of cases of both acute and chronic beryllium
poisoning cuntinue to appear, despite the {act that une of the major sources
of expusure, heryllium phosphor in uorescent lights, has beea eliminated.
In addition. an extremely low air standard of 2 ug.Be/m? for continued
daily exposure, and an higher than 25 ug. for brief exposurcs, has long
heen suggested by the Atomic Energy Commission. one of the greatest users

of bervllium. To our knowledge, no cases have appeared to date from the
rigid use of these standatds which have often heen designed into production

plants. Because of the peculiarly long latent period fur the onsct of beryllium
discase. vnly time can tell whether the recominended figure for chronic ex-
posure i» a reliable une. The cases that arise are partly from expusures long
post, ‘but also partly from beryllium put to new uscs such as glass, glazes.
and allnys, and a certain number from beryllium production. Partly on the
‘basis of the reeent eare incidence, Van Ordstrand (64), who was one of those
who originally called asteation to beryllium discase in the United States.
has written of beryiliosis as a real but preventable discase.

Diagnosia cuntinues to be a difficult and controversial matter, however.
Lieben & Jackson repurted (65) that at least one case of their six, formerly
diagansed as herylliosis, was silicosis. Three new cases, two positively identi-
Ged, one duubitful, have appeared in their factory since their earlier report
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ceeas paneisaing ey € DECH suspected, but
none conclunively dcmnnm.ncd acmrdmg to Shilen et ul, (66) in a study of
beryllium extraction, reduction, and alloy fabrication covering a period of
10 years; berylium concentration in the plant air through the ycars has
ranged from a few micrograms to 600 ug. ‘m. A summary survey of all
clinical types of berylliosis observed in a 12-year perind has been given by

DeNaedi et al. 167); 3 total of 431 paticats were observed aad teeated for

acute beryllium intication. Curtis (68) states that dermatitis due to
beryllivm s of an allergic-cczematous tvpe, with the beevilium jon belicved

ta be the senritizing allergen. The pateh test has been used with success in

aligited number of cases ax o diagnostic test of hervilium granuloma of the

lnn A positive test was always found with true beryllium involvement.

while negative reaulis were ultained in Boeck's sarcnid and in normal beryl-
lium workers, A eegistry (o cullect and correlate data on cases with beryllium
piwoning is being accumulated by Dr. Haeriet Haedy at the Massachusetts
General Huoopital, Buston. Work is coatinuing by Sebubert and co-workers
(69) on the mechanism of prutectivn of auria tricarbosylic acid in heryllium
poisoning; ACTIH treatment has peovided no lasting heneficial effects, hut
Hardy (70) bolieves that either adrenocnrtiuotrophin ur cortisone is of rval
nluc in controlling aymptoms though not in curing the discase.

Vanadium.—The study of vanadiin compounds in relation to respira-
tory dmw his lwen given serivus attention since 1952 fur two reasons:
Gres. the mining and milling of unprecedented quantitics of carnotite ore
“‘g” el dy« Vet )y 11,00 in this country in connection with securing uranium
for atamic encegy purposes has increased the number of expased individuals;
and sound, she tinding of respiratory illncss among workers producing
vanadivm crmpounds for high-grade steel and other purposcs, by Sjoberg
(71) and by Ruechin (72), an well 4s among workers cleaning boilers fired
with vanidium-learing oils, by Williams (73), Sjoberg (74), and by Fallen-
tine & Frome (75), and from gas turhines | Browne (76)]. Sjoberg has written
a mmmgchph 137) in Koglish ou the health hazards in the production. of
vagulwm peotoside, The responses to air-borne vanadium dust are: slight
ieritation of the conjunctivac: slight or copious rhinitis, with acute or chronic
hquﬂwnc chunges in the nasal mucusa; dryness or irritation of the throat,
wnh'chmnu atrophic, and sometinies also acute, changes: hoarsencss: only
ute chaages in the mucous membrane of the larynx, and a cough as
the: BOPL: wtstandmg symptom, often with many rhonchi, although bievn-
chqgnpw examination shows only mild bronchitis. Paeumonia has been

md in several cases and was considered to be of chemical-bacterial

mn (“vapadium pm-umomm *). The responses are thus acute, not chronic,
tcumnh' incapaciting, but not fatal. Dermatitis is not a common feature
of vanadium exposyre,

Experimental rescarch on the systemic effects of vanadium compounds
carried out in laboratories of the Occupational ticalth Program, United
States Public l{calth Service. has shown that vanadium is capable of in-
ducing at extremely low tissue concentrations (1 ug/g of tissue) derange-




ments of basic metabolic processes which are not manilest clinically or felt
by the worker. 1t has led to a highly sensitive test of pretoxicosis and to con-
clusions of practical value in the management of the health of vanadium
workers. The critical feature of the pretoxicosis test is that the cystine con-
tent of the nails is depressed following chronic low-grade expasures to va-
nadium (78). Amounts of urinary vanadium resulting (rom exposure may
amount to no more than 20 to 30 ug per I. when cystine depression occurs.
according to a sensitive analytic method developed in these laboratories
and reported by Talvitie & Wagner (79). Another important observation
was that diet plavs a deciding role in the toxic response. Complete, well-
fortified diets have been shown experimentally to counteract the potentially
toxic effects of vanadium, whereas borderline diets (ailed to do s0, suggesting
the value of nutritious and well-balanced diets for vanadium workers. The
basic cause of the dietary differences has not vet been determined; metal an-
tagonism, vitamins, or other factors may be responsible. Certainly vitamins
exert a beaeficial effect. for it has been shown (80) that ascorbic acid can
counteract the effect of lethal doses of vanadium compounds in animals, if
administered in small repeated doses withia a short period alter the fatal
vanadium dose. Vanadium has also been shown capable, at nontoxic vana-
dium levels, of reducing elevated plasma cholesterol in rabbits fed high
cholesteral diets (81). Reduction in arterial plague formation was associated
with this response. The significaace of the role of vanadium in atherosclerosis
requires further elaboration. Possibly the most interesting aspect of this
entire sesearch is that vanadium is merely one of 3 number of similar sub-
stances to which man is continually being exposed, through contaminated
air, water snd food, from which trivial amounts of materials may cause deep-
seated metabolic alterations in the body.

Eparaauiy 1N MxztaL PolsoNiNG

Poisonings from a variety of metals are still being reported, although
the proportion of cases occurring in the United States in relation to worker
exposure is decreasing; this does not appear to be the case in foreign coun-
tries. Of the metals, lead is now receiving renewed interest. The surge of in-
terest arises for three reasons: (3) several cases of lead poisoning, some fatal,
among children eating painted lead surfaces have been recognized in many
of our larger United Staces cities; (3) a new and effective method of treat-
ment has been found in a chelating agent, ethylene diamine tetraacetate,
- (EDTA) which has been given the generic name of Edathamil, by the Coun-
cil on Pharmacy of the American Medical Association; (¢) case of lead in-
toxication are atill being seen in some smelting operations, brass fouadries,
suto-body shops, lead storage-battery plants, and printing establishments.

Reported cases of infant mortality from lead are as high as 30 per cent,
increasing to 65 per cent when complicated by encephalopathy (82). Stim-
ulated by facts like these, the American Standards Association has drawn
up specifications to minimize hazards to children from residual surface-



coating materials; this activity was sponsored by the American Academy of
Rediatrics. It is small wonder, therefore, that early reports of the effective-
acss of EDTA in children (83, 84, 85) were recieved enthusiastically. The
more recent excellent report of ity use in adults by Sidbury (86) would seem
to leave littlc doubt of the valuc of EDTA in lead poisoning. This report
presents a review of the action of EDTA with reference to papers showing
its distribution and excretion in man and in animals, dosage-schedules, and
case reports with lcad-cexcretion curves following therapy. The value of a
chelating agent such as EDTA is its capacity to combine with metals so as
tn render them un-jonized. The combination often has reduced toxicity and
allows un increased rate of excretion via the kidneys. EDTA is used as the
calcium salt because this {orm eliminates the development of low-serum-
calclum tetany. As with mast drugs, there may be obvious dangers from
prolonged, waaton or excessive use. Dudley et al. (87) have already described
tuxicologic changes associated with the use of EDTA in treating hyper.
calcemia: “At autopsy, unexpectedly severe damage occurred to the renal
tubules with engnrgement of the reticuloendothelial cells with gross ensino-
philic granules and hemorrhagic manilestations.” Kehoe (88) has con-
sidered as unwarranted the continued use of EDTA as a prophylactic meas-.
ure for lead workers as a substitute for reduced lead air levels in the work-
room. Preparations for such usc would be orally administered where ab-
sorption has been shown to be minimal (89); hypotheses, and not proof, have
becn offered to eaplain EDTA's action by the oral route.

Edathamil has been experimentally tested in mice for its effectivencss
in mangancse poisoning (90): it prevented the disease from progressing, Lut
did put reverse the serious eficcts of manganese on the nervous system. Lda-
thamil has Leen reported (91) to accelerate the excretion of plutonium in
man, especially divectly after plutonium intake and “ofiers promise in a
situation formerly considered hopeless.”” CaEDTA was reported (92) to
decreaserthe excretion of mercury in a single case of combined mercury and
Iead exposure in which the patient was successively treated with dimercapenl
and. EDTA. Fatal duscs of vanadium administered to experimental animals
were successfully counteracted by later treatment with CaEDTA (93).
Edathamil has also been shown experimentally to increase excrction of
yiteipm and americium (94) and zinc (95). CaEDTA. combined in an vint-
ment, bas. been reporied by Malnof (96) to Le of value in the treatment of
chrame ulcers; EDTA loosens and permits easier removal of the ulcer base
in Q( must two or theee applications. EDTA has also been recommended in
tha (.tatment of lime burus of the eye (97).

SoLVENTS

The last few years have witnessed a gratifying trend generally in the ap-
proach to the development, marketing, and use of the safer solvent. The
contact of industrial workers with solvents is probably the greatest of any
single group of substances; their injurious effects range from extreme hazards
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awareness ol the hazarda of solvent use has greatly increased in recont years
because of the increase in toxicologic information and education on the risks
involved. This knowledge has served to curtail the use of many of the more
hazardous solvents: the highly flammable solvent is now less commoniy
uscd without admixture with a nonflammable component: the seriously tnic
benzene is restricted to limited and controlled uses, and the less hazardnus
toluene or xylene substituted for it; several safer chlorinated hydrocarbon
solvents are now substituted for carbon tetrachloride. The hazards of carbon
tetrachloride are considered so great that some companics have forbidden its
use, or, if permitted, require experienced supervision, or usage limited to
amall quantities. Unauthorized or flagrant use still persists, however. as two
recent excellent reviews testify (98, 99). Supportive treatment of severe
CCl, intoxication now emphasizes, in addition to attention to the liver in-

" jury, the management of renal tubular damage with its possibilities of pul-

monary cdema and potassium intoxication. Death frequently results from
the last. It is now clcar also that many of the severe and fatal cases of poison.
ing involve chronic alcoholics or individuals who have ingested alcohol prinr
to. during, or after CCl, exposure. Despite the known potentiation of toxicity
of halogenated hydrocarbons by alcoho!l, the chief approach to safer sol-
vents is the use of chlorinated hydrocarbons of lesser toxicity than CCl,,
namely, trichloroethviene (TCE) (100), perchloroethylene (101) and, more
secently, methyl chloroform (102); the threshold limit values for these agents
are, respectively, 200, 200 and 500 p.p.m. in comparison with 2§ p.p.m. for
CCl.. These threshold limits provide a rough indication that some hazard
remaina even with the usc of these substitutes; indeed, cases of fatal ex-
posure to TCE have been reported (103), but exposures were far in excess
of the threshold limit, presumably several thousand p.p.m. Study is being
given the excretion products of TCE, especially trichioroacetic acid (TCA)
(104) as a mcasure of expusure, but the results and interpretations are com.
plicated by the variability of the liver's capacity to metabolize the TCE,
Some authors conclude that TCA cannot Le used as a simple test of exposure
to TCE (103). Another solvent, methylal (dimethoxymethane), of relatively
low toxicity with a threshold limit approximating 1000 p.p.m. (106), ap-.
pears to have received less attention and use, possibly because of its high
volatility and flammability.

Other approaches have bren made toward su-cailed "safety™ solvents.
Oune such approach is the usc of the azeotropic mixture (107) whereby a con-
stant b.p. for all components is achieved., This has the practical advantage
that the vapor {rom the mixture has the same compositivn as the original
mixture, thus permitting a2 wore exact knowledge of the composition of the
exposure vapors and preventing the disproportionate build-up of vapor con-
centrations of the more volatile substances, The use of solvent niixtures as a
sulntitute for the single solvent is now common with all producers, the com-
ponents of the mixture being selected for their nonflammability and lowered
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toxicity. A typical solvent mixture now on the market is methylene chloride
25 per cent, perchloroethylene § per cent, and Stoddard Solvent 70 per cent,
having a threshaold limit approsimating 500 p.p.m. Associated with the use
of solvent miatures is the question of the synergistic effect of the combi.
nation wherein the total tosicity may be greater than the sum of that of
cach compunent. Such effect is believed to occur from mixed exposures to
methy! alcohol and methylene chloride, or carbon monoxide and many ol
the halugenated hydrocarbons, and there are others. LaBelle (108) has
shown that particulate substances may enhance, decrease, or have no effect
on the toxicity of a vapor, depending on its nature. The same worker (109)
showed also that the toxicity of a sulvent mixture of eight components was
eslemu\ll)' that of its chief (55 per cent) component, methyl ethyl ketone.
Likewise. McCollister (110), working with various fumigant mixtures of
ethylene dichloride and dibromide and CCly, showed that the toxicity of the
mumm cauld be mathematically predicted from the composition, i.e. no
syaergistic cffect. Thus, whereas one shouid always he mindful of the possi-
bility of synergistic cifcots of mixtures, synergism is by no means a necessary
consequence of mixtures.

"A new group of “0X0" solvents is now being marketed, so-called from
the process that adds oxygen to unsaturated olefins to make a series of un-
satyrated aidehydes and alcohols that will have large application as paint
tnd varnish solvents, components in safety glass, vitamin intermediates,
lad many-other uses. Price margins in this field being small. and punﬁmuon
being: cpstl}. mixtures of these “OXO" solvents may be customary in the
coening years,

A aumber of solvents are used as vaporizing liquids for fire extinguishers,
CCly is by far the must common and important; however, other halogenated
hydrocarbons are bring introduced as replacement for, or in combination
with, CCly (111). Of the newer agents chlorobromomethane has received
the widest usage; the hazards of this liquid arc somewhat less than that of
Cely (132), the main advantage in ﬁrcﬁghung being that CHyCIBr can be
.Mﬂ lower temperatures and is not as corrosive on metal extinguishers.

Alx PorLoTioN

The increasing importance of this subject to occupational health would
appear 1o justily greater space than has been heretofore allotted it (113).
Sgg. after six yvars of research and study and an overabundance of discus-
siups and symposia, three major arcas of accomplishment appear to have
emgrged. Much is now kinown of the nature and amounts of solid particulates
qmmbunng to the air pollutivn of many citics, both in the United States
{134~118) and abroad (119). The total particulate load in the air over many
L'niud States cities ranged {rom 200 ug/m? in residential arcas to $00 ug/m?
in l.lle air over industrial arcas, of which identifiable metallic constituents
aconunted for from § to 10 per cent; the bulk of the remainder was carbo-
naceous material. Considerable uniformity of the particulate matter in the
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wis shvii Cab) WU LILY WaBIOUNQA, and the more tuxic clements, such as I'h, Ma,
Cr, As, Be, etc. were invariably less than | ug/m? on the average. and al-
though onquestionably contributing to over-all body burden, these levels
were well below those usually considered hazardous. Recently, however,
new importance has been attached to the water-soluble [raction of these par-
ticulates by lemeon (120), to which he ascribes the capacity of respiratory
irritation. In this connection, it should be noted that the particulates over
cities with litrtle ur no industry were similar in nature and only somewhat
smaller in amount than over areaa with high industrialization (121). This is
expected, as many clements (Ti. Mg, Si, Al, Fe, Ca, Pb. etc.) are comman to
soil, rock, cement, and paint that find their way into the air by attrition.
In the continuing search for evidence, that still proves elusive. of the
luag term effects of air poliutants on human heaith, a second possibly im-
portant srea was developed in the demonstration, first in England (122,
123), and later in the United States (124), of atmospheric carcinogens; a
large number of the commonly recognized polycyclic aromatic carcinogens
bave been identified in the atmnsphere and in gasoline engine exhausts.
Whether the amounts found in the general atmosphere (lcss than 1 ug/m?)
are sufficient to induce lung cancer in man is still to be demonstrated. They
have been shuwn, however, capable of causing skin cancer in mice (124).
Other types of air-horne carcinogens such as printing inks (125) have also
been implicated as causing bronchial carcinoma (Stockhoim): and rubber
tire dust, alsv carcinogen-containing, has been found in appreciable quanti-
ties in the air of our largest city. Rather detailed inventories of automobile
gases have been macle (126), and the distribution of these gases in city air
estimated (127). It is estimated that of the more than 2000 tons of total
hydrocarbous evaporated intn the air of Los Angceles each day, 440 tons are
unsaturated hydrocarbons, of which 220 tons arise from autos and service
stations, and the remainder from gasoline production: smoke particulates
from auto exhausts are estimated at SO tons per day.
©  The third major coatribution to the understanding of air pollution is the
demonstration of certain basic reactions of aerosols. by Haagen-Smit and
co-workers (128), for Las Angeles air, namely that oxidants are the chief con-
tributors to cye irritation and crop damage. Potential oxidants arise in the
air from natural and man.made sources through a complex set of chemicaily
and photochemically catalyzed reactions involving oxygen, nitrogen oxides,
and hydrocarbons. Among the products detected, and they are aumerous,
ozone and oxygenated hydrocarbons (peroxides) are considered to be the
sesious offenders. More recently Haagen-Smit has demonstrated that ozone
inay be photochemically generated from auto exhaust geses (129). It has
long been kaown (130) that combustion engines are capable of forming ni-
trogen oxides by fixing the nitrogen in the air and, like unburned hydrq-
carbons and ozone, the quantities formed depend upon operating variables
-(131). This, and related information (132), has provided speculation on the
posaibility of either better engine design for more complete burning of fuel,



or the use of selccted types of fuel that will not yield oxidizable, potentially
eye-amuung hydrocarbon derivatives in the exhaust.

It is hoped that a greater proportion of future research on air pollution
will consist of the study of the basic reactions of acrosols (synthetic ap-
proach). for it is wholly possible that the conventional methods of sampling
and analysis of the atmosphere will completely (ail to detect or identify the
more highly reactive and transitory types of pollutants that will prove ulti-
mately to be the worst officaders. [t is probable also that still more potent,
elusive, aud unusual types of air poliutants are yet to be discovered (133).
By a combination of both appruaches, however, greater assurance of ob-
uming the objectives will be had.

The question of the chronic eflects on healith is still awaiting develop-
ment of tissue function testa specific enough to differentiate between the
effects of air pollutants and those of tobacco smoke, infectious processes,
aging, etc. Epldemoloznc surveys ate suitable for mdncaung the areas for in-
wastigation, but final prool that air pollutants cause injury to organ systems
must rest on direct objective e\ndenee from tests of functlomng of the af-
fected organ.

0zoxk AND OXIDES OF NITROGEN

Because orone has an essentially “clean” odor, ozonizers are periodically
recommended for their air-cleansing value in bospitals, homes, offices, and
garages. Ozouae also is found associated with many industrial activities, such
as welding. electrostatic precipitators, or other electric-generating devices.
Because of ozone’s powerful oxidizing action it is now Lelag used in the fine
organic ciemical industry, in water purification, and in cheese storage rooms.
These uses have led 10 an increased aumber of potentially scrious exposures
to a substance long known for its toxicity. Moreover, the role of ozonc in Los
Angeles smog has lately assumed major proportions. Recently, however, a

-new nute in the toxicity pscture of ozone was injected by Thorp (134), who
dmucd that the oxides of nitrogen associated with ozone productiva were

: ¢ for the observed toxicity. Refuting evidence was recorded by
Weaver (135) in a brief review on ozane toxicity. Because of the danget

that Thorp's statement could be misinterpreted and misapplied (and. in-

deed, such statements have found their way into recent toxicology texts

(136), the present author undertook a review aad study of the problem of

the selation of oxides of nitrogen to ozone toxicity. The review (137) showed

ap 'convincing evidence to support the contention that the oxides of nitro-

gen would account fur azone toxicity, chicly because, under usual circum-

.of ozone generatinn, only small amounts (usually 1 or 2 per cent.or

lqo) of nitrogen oxides are produced. Animal studies (138) further showed

that addition of oxides of nitrogen to ozone up to S0 per cent failed to alter

the soxigity of ozone, the LDy of which for mice approximated 4 p.p.m. for

6 br. exposures. fu support of these findings, Gray, in a serics of studies

(139) oo the oxides of nitrogea (chiefly NO.) produced [rom red fuming



Hiiee mesan seiiin AU L3240 LOF FALS to be approximately 75 pop.n, and sug-
gested the safe level for daily exposure for man to be 3 p.p.m.; this latter
value has Leen incorporated into the threshold limits of the American Con-
ference of Governmneatal Industrial Hygicnists. The matter, however, ap-
pears still unaettled, for reports from England Ly Diggle & Gage (140) claim
a toxicity for nitrogen pentoxide somewhat greater than that of ozone: the
importance of NgO, is that it is the product reaulting from NOy in the pres-
ence of excess ozone. The experiments of Diggle & Gage were complicated
by a variety uf {actors, and scem tu this reviewer not to support the con-
clusions of the authors; certainiy. mure work must be done to attempt to re.
resulve this controversial and diflicult problem. Part of the difficuity has
undoubtedly lain in the inadequate sampling and analysis procedures. To
overcome these difficultics Byers ¢f al. have eritically evaluated and modi.

. fied the mcthod of Smith and Diamond (142) for ozone, and Saltzaman (141)
has developed a highiv sensitive and accurate method of sampling and ana-
lyzing nitrogen dioxide. Other difliculties may also stem, as suggested else-
where in this review, from varying conditions of humidity, or the presence
of as yet undemounsirated free radicals of a highly toxic nature, and these
may prove respoasible for the differences in the present experimental con-
"clusions.
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: . Thers are many diverse forms of neoplastic growths constituting a group tion.
{1 of disorders r:ther than a specific diseasc enzity. Ewing, years ago, defined 2 neo- Ins
g { plasm as an a sronomous new growth of tissue. Cowdry offers this definition of tional ¢
! cancer: "Cancer is 2 condition manifested by a wide varicty of cells of the body is not as
; ' from before birth o the point of death in more or less remare tesponse co the In 1954,
5 action of hundreds of influences. . . .” The aver-all incidence of cancer has been tional ca
E iR increasing steadily for more than a century. Despite sremendous amounts of study £xpasur
: ' and research, the ctiology of cancer remaing o mys:ery. Such diverse agents as cancers,
! the various ferms of ionizing radiations, ultraviolet light and 2 few chemicals skin can

ranging from romplex ocgunic structuces to metallic ales can inirire the dcvclorb-
ment of cancer' in man. .

Exposures to cancer-producing agents occur in muny occupations and are not Hastory
limited to manufactusing industries. The furmer, sailor and outdour worker suffer

i
i : a high inciderce of skin cancer from exposure to the ultravioler portion of sun- Aldl
i lighe. Within industcy, there is exposure to chemizal cancer-producing agents :m09g ‘;
H and o some /pes of 1wnizing radiaeions. Cancer-producing ugents are calied car- Srery:
§ cinogens. Mus: occupational canvers oceur in the skin and the respiratory system, cancer. I
i since they are directly exposed to the various carcinogenic agentes (oils, waxes, phasized
-tH coal tar, pitch. soot and asphalt). Inhalation of chromium duse, nickel dust and avvemble
o nickel carbonyl, coal tar fume, “isopropyl o:1" vapors, and radioactive dusts and dm‘ik’i
i:' gascs muay cause cancer of the tespitatory vact. In addition, inhalation and ab- ‘
0y, sorption of B naphcthylamine or benzidine dust or vapors cause cancers of the mt}ch la
g urinary bladder, the tissues affecied being those undergoing the greacest intensity skin can
:‘;, , of exposure to the carcinagenie marerial. 35 adiqu
Ay Cancer dues not appear 4t dnce upon exposure to a carcinogen nor among carcinog:
, all individuals cxposcd, In gencral, it is belicved ¢ha the grearer she intensicy of the ::::
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OCCUPATIONAL CANCER * 323

the exposure and the more porent the cazcinogen, the sooner cancer will develop.
Apparcntly, once sufficient exposure has been incurred in a susceprible individual,
discontinuing the exposure does not prevem the develuprucin uf v, Wahes
who have been exposed a few or a number of years to a carcinogen and then changed
jobs, hi.ve been known to devclop cancer many ycars lacr. In the intervening years,
NO 81grs or symptoms appeared. Pechaps a microscopic cancer In situ existed for
svmic Lane prior to the developmunt of overt cances, but such lesions never have
been dunvusuaind in connection with an oscupasional exposure to a carcinogen.

As with all occupational diseases, occuparional cancer is poorly reported. Or-
dinarily, the establishmenr of a specific case of cancer as occupational in origin
is impossible unril a carcinogenic suidstance has been identified in the work en-
vironmenr. Marcaver, the aceupstional cancer has no apecific idenclfying charac-
teristicti. The problem of skin cancer is particularly difficulc because of its prev-
alence in the gencral population. Scrotal cancer and bladder cancer, developing
in an employee who has baen exposed 1o a carcinogen, readily are recorded as
occupa:ional because of the Jow inidente of these cancers n the gensud pupula
tion. :

In view of the inherent diffivulties in establishing a diagnosis of an occupa-
tional sancer and the paucicy of marerials estublished a3 carcinogenic to men, ic
Is nor ssronishing chat slic wial securded cases of occupasional cancers is small
in 1954, Hueper collected all such cases. He has recorded 750 cases of occupa-
tional cancer in the United States. About haif of these arc bladder cancers from

exporuie we .l.““‘n. waesteuets, 4snriena reel 1.1 ninl l,h.-ln svennred fae 110 Jein
cancers, chromaces for 73 ling cancers and 2 few heavier petroleum oils for 70
skin caicers.

History

Although in 1531 Paracelsus noted the prevalence of a deadly lung disease

nemeng cha Bchmanherg malmuer, fr fe contibuly shiae dum s oggeriommd S0 e e @
Percivel Pore, in 177, identified and described the first recorded occupational
cancer. His description cf scroral cancer from soot among chimney sweeps em-
phasized both severe prolanged expusure and the latent period. Eckarde (1939) has

assembled the historical data on a wortd-wide basis in an Interesting table incuding

dates, reported ugent, siew and number of cases reported (Table 15.1).

Eckarde properly points out that the actusl number of cases is undoubredly
much larger due to inadequate eeporting and lack of recognition. Particularly in
skin cancers is this truc. We have not accepted arsenic, saltpeter, and asbestos
us wdscwarcly puud carzinegens and helicvr thar ¢hey probably ace anly as co
carcinogens.

Sheephaders in e BDulkans and ourdocs workers in Kashmir, who dusing

the winter cary benesth theis chothing, nexs to the skin, pots of coals to keep
.

T0 13014521639 P.83
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324 THE OCCUPATIANAL DIKEASES

Talde 15.1 Historiad Data on Occupational Cuncer®

PROBABLE TUTAL

PIRST REPORTED NUMBER OF CASES
YRAR REPORTED BY AGENT OR PROCESS SITE REPORTED *’O DATE
1775  Pout Sont Scrotum 190
1822  Faris HNrxnie Skin cleo
1879  Volkmann Crude Wax from Coal  Skin 254
1876  Volkmann Coal Tar Skin >3000
187¢ Bell Shale Oil Skin 200
1879  Harting & Hesse  lonizing Radiation Lung >300
1894 Unna Ulttaviolet Radiation .. Skin Unkncwn
1895 Rebn Aromatic Amines Bladder >1200
1898 Mackenzie Creosore Skin 20
1906  Frichen X-rays skin >125
M0 Wilson Shale Qil and - Skin 2000
Maneral Q) Lubricancs .
1911 Pfeil Cheomnate Producing  Lung 140
1917  Leymann Crude Anthracene Skin 20
(coal war?)
1926  Prunes Salrpoter Skin 17
1929 Matcland Radium : Rone 9
1932 Grenfell Nickel Refining Lung & 135
Sinuses
1935 Lynch & Smith  Asbestos Production Lung 59
with Asbestosis
1952 Weletal Isopropy! Alrohal Sinuses 10
Manufacrure

* 3y permission. From Incuscrial Carcinogens. Moneen Munopiuplo in Imdustrial Medicine.
Grune & Stration, New York, 1939,

warer . cuffer chronic burns. and squamous cell carcinomas have developid in the

skin of the abdomen and thighs. Whether the radiant hext and chronic bumns
alune we thie evivlogic factoe, or whethiew mwecials, pechaps tars, from the smoldwe.
ing ¢aule, charcual, or leaves moy he rhe specitic exciting factor is not known. In
Kashmir, these are known as Kangri cancers, Kangri being the name given the
pot vsed for careying che coals, Radiant heat also is probably a cocarcinogen,

Experimental Work

Despite knowledge of the carcinogenic action of cersain agents, the precise
nstwe uf uccupatiohal cancer ramains as elucive os that of other cancers. Experic
mental work 10 derermine the carcinogenic ability or potency of 2 macerial uti-

—_ e A N e e
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PROBABLE TOTAL
PNUMBER OF CASES
REPORTED TO DATE

190
<25
254
>>3000
>200
>300
Unknown
>+1200
20
=12
2000

140
20

17
9
133

59

10

Industrial Medicine,
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OCCUPATIONAL CANCER 325
lizes animals thae are kaawn o he suscepeible to cances. The wmcinugenic po-
tency of a material ordinasily is greater with increased concentration.-Certain sol-
vents and other muterinls have been shown to Lusicn the action or increase the
potency of carcinogens; these are called covaicinugens.

It is not clearly understood just how carcinogens act upon cells to aleer cheir
type of growth to 3 malignant pattern. Atcemprs have been made to explain this
change in teems of cellular metadolism, Moreover, it was hoped that a telationship
between chemical structure and carcinagenic activity could be found, Neither of
th.ese thearies hag beer praved. Qaecinuyenesiy muy be described as the process of
conversion of 2 nnemal cell to a maligrant one and its subsequent groweh tw a
decectable tumor. However, whether tumors develop from a single 2ell oe 2 num.
bur of cells that have undergone malignane teunsformarion due co a commun wiuse
is unknown.

Of the thousands nf cherniculs rested in varion< animals, hundeeds have proved
to be carcinogenic. However, only & fw of tivss we used in industry thus serving
as possible occupational carcinogens. The experimenral work has emphasized the
neccssicy of repeated eapusurey und the relatively long latent period. Moreover, ex-
perimenes have subsconciased the beliof that the rissue priviaily sffccicd is the one

wilich has suffe ed ‘he maxt prolonged contact with the mrrinnosne
Materials absorbed into che body may be metabolized and a fow mecabolites

have been demunsutaced 10 be carcinogenic. Thus, S-naphthylamine is metabo-
lized to 2-amino-1-naphthol that is eliminated rapidly by the kidneys, After ad-
ministering B-naphthylamine, the ratio of 2-amino-1-naphthol found in the urine
to that found in the bload serum is about 200:1. Dogs who readily develop blad-
de. rwmors from £ nupbehylamlac uicwaladice 70 por wene of such material © 2-
arr ino-1-naphthol. while rats who ordinarily do not develep bladder camors fivm
this chemical only merabolize 13 per cent of the marerial to the carcinogenic
merabolite. From this and other warle, vhie 204 m;m.--i-nu,.vlnhv‘ metabolice hao
been established ax the carcinogenic agent. It produces cancer in the urinary uut
because it is in contact with rhese tissucs in the highest concentration for the
tor gest period ot ame, These research findings have added significance because
of :he possibility of the body forming this mewbulite from relared rhamicals.

Epidemiology

Cancer is more difficult w estublish 35 occupational in origin than any other
occupational disease. Silicosis, for example, does not occur in the adult popula-
tion from non-work connected causes, All forms of cancer resulting from the oc-
cugational environmznt appear in the general adule population. In addition, as
the average age of the working populatinn increases, the incidence of “natuslly
occarring” cancer siscs. A second factor which makes recognition of occupational

canzess difficult is the Jong latent period or interval between exposure and the
. ' °
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development of overt cancer. In che intervening period of years, the worker may
have chinged jobs or the Industrial processes uiay huve been aliercd changing the
expasre completely. The latent period in mule.spinner's cancer of the scrotum
is exceptionally long. A study of 300 cases in Greu Brivain indicared chae the in-
terval between a mule-spianer’s firse day in a texrile factory and the development
of serntal rancer varied herween 16 20d 63 yeurs. Of these patients, 67 per cent
were between 35 and 34 years of age. Because of luw incidence in che general
population, two types of canccr—scrctal and bladder and possihly a third, nasal
sinus cancer—should be considered occupational in an industrial employce until
proved stherwise,

Beuause of the difficulties in esrablishing the diagnosis of occupational can-
a1 iu 4 single casc, group studics sceking an incrensed incidence of cancer in the
work group constitute a fruitful approach. Unless it is excessive, an increased
number of cancers in a population group ordinarily is noc self-evideut, Puinsvak.
ing statistical studies of morralicy by vecupation usually are requised to cszablish
a specif.c type of cancer as oscupational in origin. Hueper has expressed this well,
“The dmonstration of an vccuprivnal wiigin of cancees depends mainly on sea-

tistical evidence which often shows an excessive incidence of a certain type or
types of cancer in a rescricted group of warkers . . At present only the most
potent and obvious cancers and carcinogens have been discoveced while those of
low incidence rate caused by carcinogens of low paency have nor yer beo towoy
nizecl" ’

In the epidemiological methad of study, the amount of cancer in the popu-
lation under study is deterrnined, and expresscd as an incidence, prevaleace, or
mortality cate. Basic material for such statisiial studies is obrained chicfly from
public health or insutance company tecords. Such studics may indicace an inci-
dence of cancer higher than expected in 2 population. Physicians may discover
that an unusual amount of cancer prevails among a certain work group. Once
this suspicion arnses, immediate study of the medical records of thar woik gioup
is imporative. Here is where goad industrial medical records are mose helpful
while poor records, lacking in follow-up or final diagnoses, are practically useless.

For details of the structure of epideminlngical srudies. the rcader is referred 10
Eckard''s monogeaph, “ladustrial Larctnogens, * or 2 publicarion hy rhe Council

on Industrial Health of tiae American Medical Association entitled “Occupational
Cuinms " JLAMA., 166:2171, 1086, Koeh puklirarionn prenent excellent muaterial
on hovr to conduct epidemiological studies.

In this conncction, Cramer’s hypothesis makes interesting speculation. Cra-
mer suggested that the susceptibility to cancer mighe be determined by intrinsic
facrors. perbiaps geuetic, The cficet of environmentul carcinogenic agents might
be only to determine the site at which cancer would appear. However, the mate-
rial collected in occupational cancer studies docs not bear this out for, with an in-
creasc of occupationdl cancer occurring at 2 particular sig, thicie should be less
cancer of other sites and chis does not appear o be the case.
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QCCUPATIONAL CANCER . 327
Ocmpational Carcinegens

There are theee categories of carcinogenic murerials to consider. Fiest, the
established occupational carcinogens thar have been proved beyond doubr as caus-
ing oieupacional cancer. Second, materials thar are suspected of causing occupa-
tioral cancer bur not proved. Third, materials in wsc in indusuy thar have been
extablished 2 rarcinogens for come types of animal i Jic laburatory but which
hav: not been implicited as producing occupational cancer in man. Agents fall-
ing into the first two categories are presented in Tables 15.2 and 15.3. Table 15.2
presents the generally accepted and established carcinogens and the sites characrer-
iscically affected.

Table 15.2.  Established (ccupational Cancer Producing Agents, with Sites®
— o AGENT TISSUE
4-Arainodiphenyl (xenylamine) Dladder
Anthiracene, crude Skin -

Asphalt Skin
Bensidine and desivatives Bladder, urerer, kidney
Chre maies Respiratory system
Creosote Skin
Lip
Ionising radiation (all types) Skin
Lungs
Rlood forming organs
Bone
Eye
Isoprapyl oil Larynx and sinuses
Mineral ofl, crude Skin
Napk thylamine-bera Bladder, wicicr, kidney
Nickel and nickel cacbony: Respiratory tract
Paraflin, crude Skin
Pitch , $Skin
Shale oil Skin
Soot ) Skin
Spindle oils, aromatic Skin
Tar, ¢val Lip
Skin
Ultraviolet rays Skin
Eye
Wax, crude from coal Skin

* Modified from Occupational Cancer, a Challenge to the Physician, New York Stars Occupa-

tional Cancer Commircee. .
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Tuble 15.3.  Swpected Occupasional Cancer Producing rgents, with Sites*

THE OCCUPATIONAL DISEASES
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despite rep

AGENT TISSUE arc brobab
ume
Aromatic organic chcmicals Liver ter
Arsenic Skin - ent:
: Lwct' P
: Respiracory system v
' Asbestos Lung po-
; Benzol Blood forming organs The U
g Beryllium Lung tecials test:
} Carbon black Skin P.H.S. Put
i Chlorinated hydrccatbons Liver referred to
| Estrogens Breast (male)
. Isopropy! oil Lung s
f 1f Mineral oil, crude Respiratory syscem C}”‘f Site
i Lip :
- 1 Naphthylamine-aloha Riadder, ureter, kidney . Af ind
] Pitch Lip tissue 1t rea
! Blfddcr words. i
; Radiant heat Skin that, of the
' Sodium nitrate, enide Skin fory tract—:
Tar, caal Respiratory system tract, partic
il Rlaclder carcinogenic
Rluod ‘omu'-ﬁur“una The G"‘"'"
R , . leukemia w.
* Modified from Ciccupational Cancer, 2 Callenge 0 the Physician. New Yurk State Ociupa: Rloin
tional Cancer Commitice. e
the skin, wil
¥ Table 13.3 prexents those matcrials chat have been suspecied of producing oceu- cancer lesior
. 5, pational cancer bue are in dispure up Linves nor bevem proved us o specitic carcinogen. cancer of o«¢
R Several points should be nored concerning Tables 15.2 and 13,3, In Table cases ogcuri
3! 15.2, the potency of the established carcinogens is nor indicated. Particularly-among arc sreaced t
the oils is this impe reant. For examplee, shale oil is « mich more potent carcinogen arv predumis
X than ctude mineral il. Also, despite the high incidence of mule-spinner’s cancer of istics from o
sl the serotum in the texcile mdum-y in Guead Briwin, none has occurred in the United tions of the
! ' Rtarre Tha Aiffceon ju in cthe sarsin. gy i frasepeevy wf sl il i ust 1y Ty Dt San results from
| planation. In the United Sutes, particularly since the stud:cs of Braun and Truan, vapors direct
1 there is considerable conviction that ashestosis docs not pridispose to the develop- Pigmen
g ment of lung cancer. Uncil further evidence i3 fortheoming, we huve arbitrarily cinogenic oil
3 placed asbestos in the unproved or doubtful giwup and arsenic in the suspected arcas bf skin

aA550<
¢ con
skin <
ic m:

group. Finally, some substances appear on both lists. This comes aboue becausc a
substance may be a proved carcinogen for one site, skin for example, but not he
established as a carcinngen for another site, such as the Jung, Analine toes ot
appear on cither list since it now has bren established that it is non-cascinogenic
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7 Sites® despite reports to the conurary i she older ltwrasure. Sumc cutiies in Table 15.3
arc probably only cocarcinogens.

———— Numerous materials have been established in the laboratory as carcinogens.
Even potent ones in the luboratory, although appearing in some occupational ¢i-
vironments have not been incriminat=d s causing occupacional cancer in man;
3, 4-benepyrenc is one exemple. It is known to be present in the exhaust vapors
of matar vehicles, yet no increased incidence of cancer among garage workers or -
other exposed groups has been demonstrated.

The U.S, Public Health Service hias coupiled and published a survey of ma-
terials tosted for carcinogenic activity. The second edition appeared in 1931,
P.H.8. Publication 149, The student desiring to look up any specific macerial is
refeered ro this voluminous publication.
Claief Sites
As indicated carlicr, the site of actlon of an accuparional carcinogen i the
tissue ic reaches in greatest concenceacion for tiae longest period of time. In other
words, it is the tissuc suffering the geeatest exposure. Thus it i3 not asronishing
that, of the four major sites of occupational cancer, two—the skin and respira-
tory tract-are tissues of primary contace by carcinogens. The thicd site, the veinary
' tract, parricuiarly the urinury bladder, by dic budy tissue mus capusad when a
carcinogenic material rapidly 18 removed from the blood by action of the kidneys,
The fourch and last chief site, the hematopoictic system, is che sice of origin of
leukemia which is caused by various formu of iunising radistions and benssl.

Stare Occupa- , ‘ .

Skin.  Eckardr staces that over 75 per conr of occupational cancers ace of

the skin, with coal e and shale oil being the chicf carcinogens. Fortunately, skin

ucing occu- cuncer Jovions we seudily wppurent and thereore cures are more casily effecterl Skin
arcinogen. cancer of occupational prigin is particularly poorly seported. It is belicved chat

3. in “Lable raves ewrnring amnng farmers and aurdoor workers due w uluaviolet paciation

sy mssoiag are eeeared by busy pracucioners biut selibarm reponied Ocupiionm! ahin cancers

cinugen are rudomin‘ndz squamnaus sell carcinuman having no divesnguizhing charseser

*'s cancer of Istics frem non-occupatdonad skin Gancas. As mipht by expend, the exposed por

the Uniced tions of the body —the hesd, neck. hunds aned arms—incur munr aich cancers. This

‘he best ex- 1csults from direce contac: with the carcinogenic materals ur deposition of such

and ‘Truan, vapors ditestly upon cxposed skin surfuces,

he develop- Pigmentary changes in the skin have been reported from exposure ro car-

: arbitrarily cinogen:c oils but are not believed to be a precancerous skin response. However,

¢ suspected areas of skin hyperirophy and atrephy occurirg on skin expowd o carcinngenic

st becouse o ails are assaciared with skin rancere Skin cancers developing under such condi-
but not be tions ar~ cansidered accupational. Unexposed portions of the body also are sub-
1e does not ject ro «kin cancer, particulaely If the clothing becomes saturated with the car-
wpgcuin cinogenic masterial. THus, oil socked trouewss convey the wil to the serotum
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provohing mule-spinner's type scrotal cancer. Generally the latenc period in skin

cancer is long. 2040 years of longer, thus years of exposure crdinarily are requi- 2
site for the development of such cancers. In this connection. regular clearsing of
the skin certainly must play 2 part in delaying or pfeventing the occurrence of li
skin cancer. iz
Several marerials preduce skin cancer and thure wre prubably wihiers dias bave ar
not boin identificd. The presenddy acoepred slun cancer agents include uleraviolet la
light: ioniking radiations. alpha. beta and gannna, coul sur, snne, pirch, crenenme, w
crude snthracene, and crude waxes; shale oils and crude shale paraffin oils, petro- is
leum produce, lubricating vile, eruds parnflin vily, fudl uils, wara, soplials, pinlds, i<
and carbon black. The chicf groups cxpused w tiexe agems are: 5
ULTRAVIOLET LIGHT.  Farmers, ranchers, construction workers and cspe-
cially outdoor workers are exposed, with greater risk in the south and at high b
elevations where the intensicy of light is greater. b
IonMizING RanIATIONG Thete agencs affect radinlogicss, dencises, vetcri- st
narians, chiropracrors, x-ray technicians, and scientists and technicians in various P
nuclear energy induscries, o
Coal Propucrs, Work groups expused to coal tar, pitch, 5008, creosote fu
or crude anthracene include workers engaged in handling these marerials ine* ar
S
Gus works Briquetee works ti
Coke ovens Road building and repairing . Ci
Rlr furnaces Coal-tar-pitch pipe making
Ta: distillerics Datiery wmaking (s
Paient fuel manufictories Cotd making
Lens industry during polishing Paint making or
-y Building and allied trades Elecerical equipment works, makingg w
¥ ‘ Roofing felt preparation and cables, carbon brushes, carbon elec al:
. handling erovics and insulativm
!i," Flooring matcrials Work of samen and fishermen w
: '.‘: Wizratherproofing matcrials Creasore or rar preservarion of weed
. Sweping roads Working with impermeable paper
; 3 Making of telt and cardboard
‘é( Caulking of ships Icl
¥ ac
§ SHALE ProDucts.  Work groups engaged in the production of shale oils
£ and sha ¢ paraffin oils, Europcan mulc-spinucts, mschinises 2nd others who worked ot
continuously with shale oils, Little or no shale oil presently is being produced li}
di in this ounuy amd it appears rhar lirrle i< heing used in American indusery. ra.
, 3’ PeroLEUM PrODUCTS.  Those exposed to thesc agents are workets en- th
S gaged i the primary production and refining of petrolcum products. as well as
3' * Table modified trom Coal Tar andé Curancous Carcinogenesis in Indusiry, F. €. Combes, in.
4l Charles C Thomas, 1934, ' W
L
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period in skin mul :-spinners, gunsmiths, paraffin pressmen, and a large number of visied metal
arily are requi- and cool industrial workers,
ar cleaansing of THr CARCINOGENIC FACTORS. The precise mode of action of ultravioler
occurrence of light in the production of cutaneous cancer is unknown. The same is tru¢ of ion-
ieingt radiation. However, in borh instances, intensity and durasion of cXposuic
‘hers that have arc imporrant. Alw, absorprion of these forms of energy by the basal proliferating
ude uleraviolet - layer of the skin cells uppears w0 be necessary. In cval products, carcinogenic prop- i
sitch, creosore, erties are found chicfly in the heavy oils and anthracene oil. Pure anthracene itself r:
fin oils; petro- is nct carcinogenic but 1, 2-benzanthracene and 3, 4-benzpyrenc are among several l ;
asphalc, pitch, ideniified carcinogens in coal-tar and coal heavy oils. Coal products are the richest |
sources of carcinogenic agents yet discaveted. '
kers and espe- The carcinogens in perroleum products are closely related carcinogens to the ‘.
h and at high benzanthracenc and benzpyiene found in coal products, the beneeneid ydiocar- e
bons. Perroleum oils viry gecatly in rheir carcinogenic ability depending upun dic
ientists, vereri- source, with shale oils being the more potent. Arranged in wider of carcinogenic ,l
ans in various porer.cy, depending upon their souree arc oils hua: Venezuela, Bomeo, Rumania, Y
Persia, California, Mexice, Mid-continent, Texas, Pennsylvania and Russia Re- 1
s00f, Crcosote fined oils are the least carcinogenic and the sulfonated vils used as detergents .
terials in:* are harmless, Pure mineral oil and vegetable oils are innocuous. In the United
States, carcinogens are not found in the mireral oil traction of lubricating or cur ¥
ting oils. The chlorinatzd hydracarhon presene in lubricating and cutting vils wan !
3 ‘ cause a folliculitis but never produces cancer., 1
SusPECTED SKIN CARCINOGENS.  Taese include arscnic, sodium nitrate i1
(saltprrer), radiant heat, chemical and physical erauma, 11

4.mong those cxposed 10 arsenic are workers engaged in mining and refining
ores containing arsenic and workers enpaged in the producrion of and wuorking

making with arsenic alloys, Nuesery and agriculture workers using arsenival insscticides ; .

bon elec- also ac cxposed. I
Arsenical skin cancers are exceedingly rare, if they exist. Such a diagnosis '

nen would depend upon: i

of wood 1, History of prolonged expoure :

¢ paper 2, Characteristic arsenical skin manifestations.

3. Demonsteation of arxenic in thie skin, hair and urine.
I is the firm helief of those who have studivd the cvidenee carctully that arsenic
acts essentially as a cocarcinogen but is not in itedf carcinogenic.

1 of shale oils A excesive ratc of skin cuncer hus been reported among the sudium pitrate

i who worked or salrpeter workers in Chile. However, it is belicved by many that this high rate :

ng produced likely is due to some factor other than the sodium nitrate, possibly ult-aviolet
industry. radiation. Radiation hea: chemical and physical traumas are not carcinogens, at s
- workers en- the most they act only as cocurcinogens. f E .
15, as well as Respiratory Tract Cancers.  Soluble gases and particulate mareer trom e
F. C Combes, inhalec! air are deposited in the thin film of fluid covering the respiratory crace.

With <ontinuous sespiration, these materials accumulate on the walls of the re-
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spiratury waet fivin i 103 to the terminal alveoli. $hould carcinagenic ma. i
terial be present in che air, it is easy ro sz¢ how the respiratoty tract tissucs would come
suffer the greatest exposure budh in duration and intensity. cinog
IONIZING RADIATION.  The fitst occupational fespiratory tract cancers : :m“s
occusred smong miners in the now famaus Schneeberg and Joachimsthal mines. hung
Kirst arsenic, then cobait, were blamied ron e cavsasive hucidvin, of lung sancer ‘1’ N
bur now it is agreed that jonizing radiation from both radicactive: dust and gases o
(radon) veere the carcinogenic agents. Tt ix of irterest that these mines provided upon
the ore from which the Curics isolated radium. It is belicved that between 40 supp
and 70 per cent of che miners died of lung cancer. Neither the daily nor the total in th
dosage of ionizing radiation received by these miners can be calculated at this time carey
because of the great change in working conditions and ventilation of che mines. smal
Radon gas is short lived but its daughters are radioactive. The amounts of radio- proc
active gates and dusts presen: in these mines over the centuries are unknown. ﬁ““?
Mines producing mdioactive ofes in the Unired States usually have some radon of o
gas and curiously enough tome mines producing non-tadioactive ores also have arole
been found to have radon gas. As yet, uranivm miners in this country, Canada
. and Africa have not shown any evidence of increased incidence of lung cancer. cent
' Nevertheless, a lung (erm seudy of che uranium miners in western Unired States toroy
i and dic levels of ionizing radiacion in the mines is being conducred by the Pub- otie
it lic Health Scrvice. Wit
i In the production of lung cancer from fonleing radiasivua, gicac hazard from m‘
X inhalarion: of radiouctive dust is possible because of the accumulation, deposition,
2 storage and long retention of dust particles in the lung. ble «
8 { CHROMATES.  Machle and Gregorius, by an cpidemiological swudy in 1948, cons
3 first escatdished the increased incidunce of lung e asuung workers engaged poly
a0 in the m; nufacture of chromates, The Public Health Service study of seven chro- scco

%1 mate planes indicated rhar’ubeanr 32 pev cend uff the duaths among chromare viork-

! , ers were saused by cancer of the lung, The moalicy from other types of cuncer v
'! was about the expeered amount, It is estimated that the number of lung cincer : ploy
z.’ deachs among the chromate workers was about 30 times that expected in rhe gen- md,

P cral popu lation. Derailed study of the work environment in the chromare plants su“f

: has not identified a specific form of chromium a< the agent. Dr. Anna Baetjer h?“

- has engaged in much Juborutory experimental work with animals using chromuatcs, witk

Lt . - tle t
5, but has failed to produce hung cancer. Hueper has produced bone sarcomas in rars
by intrafemoral injection of culcium chnvtime, Pulluwing analysis of the environ

tinvssca] siudics in the chremate planve, the carcinngsnir frrm of rheaminm rans. mus

ing lung cancer is believed to be an acid soluble, water insoluble compound and - ‘l):ri:

probably trivalent. The carcinogenic form of chrumiun ducs not appear to exist
in the original orc so the mining of chromium and its handling until the refining Eo sl‘
proccss in scarced bears nb xnown risk of lung cancer. Also, machining and work- o
ing with the finished elemental chromium are not attended by a risk of lung can-

cer, fur pute meallic chromium is non-carcinogenic. fepe

SRS A N S



APR-17-1992 10:38 FROM TO

13814521039

P.13

BASES

cluuyciic ssas

: tissues would

Yy et Cakers
imsthal mines.
of lung cancer
dust and gases
aines provided
at berween 40

y nor the total
‘ed at this ume

« of the mines.
sunts of radio-
are unknown.
vc som¢ radon
otes also have
untry, Lanads
of lung cancer.

. United States
«d by the Pub-

at hazard trom
on, deposition,

study in 1948,
wkers engaged
of seven chro-
hromate work.
cypes of vancer
of lung rancer
ted in che gen-
hromate plants
. Anna Bacrjer
ing chromates,
AILULIIAY 111 T4
of the environ
Lsonsiui Cauy-
<ompound and
appear (o exist
til the sefining

vinyyg uned work-
sk of lung can-

OCCUPATIONAL CANCER ' 233

INICKEL. First from Cireat Brirain, and more racently fenm Nerway, have
coine reports and convincing studies implicating nickel as a respiratory tract car-
sinogen. The evidence for its being che agunt respuisible fon cances of dic nwsal
sinuscs is overwhelming. Also, the evidete undwares with certaingy thut s o
lurg cancer carcinogen. Study of the woik pupulation in 2 Mond process plant
has shown that the groups suffering the greatese exposure ure those engaged in
caluining the ore and those engaged in the extraction process using sulfusic acid
upon the calcined macerial. In yeurs pust, much duse was produced and good dust
suppressive measures were not used. However, the gas nickel carbonyl produced
in the Mond process of refining nickel originally was believed to te the only
ear-inngenic agent. Recently five vuser of lung vuscer have boen reporsed from a
small Norwegian nickel refinery utilizing an clectrolytic process, not the Mond
precess. and so not poducing nickel carbonyl. Thus the risk of eancer is not con-
fined to nickel carbonyl but is probably irherent in both solid and gaseous forms
of 1ickel. Prolonged inhalation enperiments with animals have produced adenom-
atoid changes in the lungs of rats and guinea pigs but no carcinomas.

"lsornorve Ou." In the manufacture of bopropyl slculivl using e
centrated sulfuric acid, small amounts of impunities calied “isopropyl oil” are
formed. As this process was used originally. four cases of cancer of the sinuses,
vin L Wl e Tatyna @il ule Laer Of 1 lung occureed In e work group.
With a change in process, "isopropyl 0il"” is not furmed and no furtker cases of
vancer have oveuwsiids Eapatimcinally, “isupropyl oil* bas produced skin cancers
and there is no doubt that it produces sinus and larynx cancer. Perhaps it is capa-
ble of producing lung; cancer bur chis remains to be established. Among the chief
canseituenes of “isopropyl oil" are isopropyl sulfates, isopropy! ethers, and some
polypropylenes. Precise chemical ideatification of the carcinogen hias not been
accomplished.

CoaL TAR.  Lung cancer urising from industrial contact with coal tar has
ocerrred with certainty only among coul srus workers Geneelly, anly warkers am.
ploved in the recort house, having exrensive prolonged exposure to the vapors
and fume, have developed lung cancer. These cases have occurred when workers
suffzied diten exposure 1 the fume while working over or about the old style
horizontal recorts. Operation of the modem type retorts may or may not ke attended
with some risk of lung cancer. It will take time and detailed investigations to set-
tle this problem

SUSPECTED' RESPIRATORY TKACT CARCINOGENS.  As with skin, arsenic
musr he listed 2¢ 2 prasible carcinogen. However, from the evidence, this is true
only when the individual has been grossly overesposed to inorganic arsenic for a
lony; period of time and exhibits gross chronic arscnicism. Probably such an ex-
posure could occur only when working with inorganic arsenical materials with
lirtls nr no eflore to canteol the arvenical duse in the work stmosphere.

Three casces of lung cancer associated with pulmonary berylliosis have been
seperted. Also, Vortwald has produced cascinomas in rats following the inbalation
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of beryllium. Although beryllium may be a carcinogen, evidence that it is the L
aya producing lung cancer in man 5 lacking. As 2 precautivniny uneswic beryl ie dic
lium dust should be carcfully removed from the work atmosphere. to ga
Urinary Bladder Cancer. Ay previously pointed out, beta-naphthylamine clinic
and benzicine produce cancer of the bladder. Alpha-naphthylaminc is suspected 15 Ls¢
of this, but it has not been proved. Aniiine definitely does not produce bladder terial:
wmors and should be cleated of this smplication. Beta-naphthylamine is e- not b
tabolized in ¢he body 0 2-smino-1-maphihol and has been indicted as the car. the «
cinogen. Loss clear is the carcinogenicity of the ricrabalite of benzidine, but per- - noth
; haps 4, 4«liamino-3-dipheny] hydrogen sulphate is the culprit. The uncertainty B
- arises beciuse benzidine is 4 much less potent caucer producing agent, and the there
! carcinoger ic merabolite probably produced in muach smaller quantity. One other ducec
H. compounc, xenylamine, or ‘l-ammodlpm:uyl, s proved w Lo o pusesn aguae i ,epw
‘5 producing bladder cancer. Studies ot its metabolite excreted in the urine inar ’
I cates the presence of 4-aminodiphenyl and 4-amino-3-diphenyl hydrogen sulphate, Coba
X which later increases in yuarutity and hydrolyzes to 3-hydroxy-d-aminodiphenyl. place
. Thus the orthohydroxy amine cunjugaces have been isoluted in high concertra. forgi
] tions as urinary metabolites from bladder cancer agenes beta-naphthylamine and arc w
i3 4-aminodishenyl. A much wesker hladder cancer agent, the orthohydroxy me- indu:
k: tabolite of benzidine, is present in the urine in a lower concentration. shori
Work Groups ExposeD.  In places where the primary sromanc amincs with
bera-naph hylamine, benzidine, aenylamine, and perhaps alpha-naphthylamine are : becn
uscd, wiarheras cun s risk of developing bladder cumarsy The men acrually en.
gaged in handling tliese matcrials are tnost evposed when scraping or cleaning discu
filtves, or ‘when marerials being workad r.fcvlun- chsers, or vapors. In modern plants em
i with buil:-in protection, perhaps the maintenance men constitute the mast ex- tion
IH posed group. kocy
; Worsers employed in the manufacture of basic dyes, the manutacture of some intoy
E rubber anti-oxidants where alpha-nuphrhylamine or xenylamine are used in the refen
1 process, a W wheac benziding is used to hacden rabber, may be exposed r bludder marr
™ cancer agents, Adequate protection should be provided for textile workers and apla:
,i.f employces in the pnnting tadustry where alpha-nuplithylaniue wind Lassiding are and
‘ used. Beta-naphchylamine also hus been demorstrated in small amounts in coal obse:
[ tar from gas works, and su workers in this industry should be adequately pro- or sL
s " tected. that
L PREVENTION.  Good engineering control of dusts and vapors, the use of
i closed syitems, and observance of racticulous personal hygiene are required. Es. of lc
: H’ timacions of the amnannr of frer winine in the urine have been reported as useful sure
i in checking the adequacy of protective measures. velo:
; f",-,' The Hematopoietic System.  lonizing radiations, particulacly gamma or
: ’y, x-rays and benzol, are the agents most incriminared in the production of ocupa- SU
i ,( : donul leikeuias, Whuylics shesc agents are tsue carcinogens or merely ort 1¢ m.
3. carcinogens is unknown. and
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it it is the JONIZING RADIATION.  The action of various forms of ionizing radiztion B
surc beryl  is discussed in Chaprer 20, It is sufficient to statz here that occupational expesure : k :
to gamma and x-r2ys occurs in the nuclear energy industry, hospitals, meédical e
ithylamine clinics, pl.ysicians’ offices, research laboratories, and in some industries where %-ray i \ .
suspected is used to detect flaws in meral castings or to examine a varicty of other ma- 1 e
ce bladder terials. A1 workers with these agents thould observe adequate precautions and '
pe is me- not be ca-cless or indifferent conceening personal exposure. In many industrics,
is the car- the equipinent is installed in such a marner that when in operation a wotker can- i
:, but per- not be ex>osed. " : ‘
ncercainty The incidence of leukernia among radiologists has been reported as high and ', |
t, and the there is experimental evidence to suppore such repores. Leukemiu has been pro- dfl ‘
“ne othet duced in mice by x-rays, wich stall repeated dosey being more effective than lacger ‘: i i
r agent in exposures over 2 shorter petiod. g
rine indi- The v3¢ of radivactive isvwopes emitting gamma rays 10 nduscry (particulasly e
sulphate, Cobalt®, (ridium'®?, Ceriura’®’, and Thulium'*®) has been increasing. In some ML |
wliphenyl. places, garama cadiography is replaciug x-rays as 2 means of examining castings, 4 i e
-oncentra- forgings, ctc., and no doubt will find increased uses in indusery. Such macerials 11
umine and are well guarded and shielded and so far no cases of leukemia asscciated with the 11 \
lroxy me- industrial sses of radioactive isotopes have been reported. Although radium and E
thorium have consideruble use in industey, cases of leukemia in those working !
d¢ amines with these substances have nor been reported. As yer, these materials have not ! \
amine afe . been indicied as the causative agents of occupational leukemia. f |
cually ¢n- BonmoL (bpizEive), ‘The many industrial uscs ot benzol us a solvent are ‘ j {
: cleaning discussed i Chapter 11. There its depressant effects upon the hematopoietic sys. ! L
ern plants tem are puoyented, but not Iis production of leulkemia, The gradual ransforma. i ;;‘;
most ex- tion of the bone marrow fror aplasia to hyperplasia has been reporred. Also, leus M
kocytosis tas been reported as 2 transitory finding in rhe carly stages of benzol bt |-
¢ of ome intoxication. The varied petipheral blood findings in benzene workers have been 3E 1;
«d in the referred o a5 the "leukemoid condition.” This reaction is unly one of many bone i \ ;
o bladder masrow teactions to benzol.intoxication. Among such reactions are complete aplasia, a
rkers and aplasia with leukemoid reaction, acute lewkosis without periphicial leukocyrosts, .t |
zidine arc : and finally acute leukemia, All torms of arnee and chronic leukemia have buen o
ts in coal observed ariong warkers suffering from benzol irtoxication. However, the acute '
ely pro- or subacute myeloid types of ‘cukemia appout w dominate, Vigliani has suggested i
that perhap; many cascs of aplastic anemia actually were aleukemic leukemias. . %
he use of As starzd in Chapter 11, we are not inclined to give credence to the reposts ,
uired. Es- of long delayed cases of benzol incoxication developing even years after the expo- !
at useful sure ta bencol has ceused. Huwever, it seems posmbic that leukernia might de- 1B
valap at sarae timg after a prolonged oxpuaaic w benucol had ceased, (e
f ooupr SUMMARY ; k |
act 3s co- Thousaads of chemicals have beer: examined us ro their carcinogenic powers - I t
and rhis information i conwmined in the previously wentioned Public Health . ,
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Service publication. Numerous materials established as, or suspected of being, car-
cinogenic agents are used in industry, yet roday it is astonishing how seldom we
sec a true occupational cancer. ‘This can be attributed to the institution of strict
controls, chiefly engineering, through closed systems, ventilation, personal protec-
tive devices, and others, which serve to prevent cxposure. As more workers in the

*ulder age groups continus to work ir. industry, more cases of so-culled “"naturally”
occurring cancer will be found amorg these older employees.

At this time it is believed that we have established as caranogens only the
more porent of thiese agents. Moreover, it is known thar marked variation exists
berween individuals as to cancer suscepribilicy. Theoretically, the weaker careino.
gens should be able 1o produce canver wnly in the morc susecptible individuals,
Awarencess of ali these faces makes it clear that detecring the weak carcinogens is
next to impossible solely upon 4 ¢lnical basis. Studies to establish a weak car-
cinogen of necessity must be of the epidemiological-statistical type embracing
lasge groups of peuple who have been exposed for long periods of time, Alchough
these studies are arduvus, they are nicded ro clarity tiac status of doubtful or dis
puted cancer-causing ugeins, and w winuver presencly unknown cnvironmental
carcinogens.

We should recognize the woefully weak and inadequate status of our present
knowledge of cuncer edology and the means by which carcinogens produce can.
cer, It appears certain that some or many materials we now accept as carcinogens
are in reslity only cocurcinogens. However, this mukes liesle difference. If, as 2
result of its presence in the work eovironment, workers develop cancer, such a
material must be enticely eliminared from the work environment. If ic is con-
tinued in use, it must be so completely contrulled that no worker miuy be capected
to develop cancer.

The possibility of 2 non-carcinogenic materizl being metabolized in the body
and a carcinogenic merabolite being produced always muse be recognized. Also,
the long latept puriod is chatacteristic of weak carvinogens. Parricularly in cancer
of the internal organs are these facwns of impuitaice. Evesy physician should be
alert to the posaibility of oecupational cancer arising from new waterials nor now
suspected of being carcinogenie, ‘

Finally, we would be remiss in closing this chapter withoue making a plea
for the keeping of full medical records on all employees, not only as to discases
diagnosed within the industrial clinic, but on all cases diagnosed and treated our.
side, thus making wmplewe medicul 1cconds available for all employees, Such rec-
ards are indispenuible when work groupe are under study for an occupational dis-
ease, particularly cancer,

A s - e 19 -asieie N
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