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4.

OUTLINE OF CCCUPATIONAL DISEASE PREVENTION
INTRODUCTION

It is difficult to estimate the total number of occupational health injuries that american workmen suffer
each year. The major reasons for this appear to be--

(n) Incomplete reporting due to limited occupational disease coveragz of many Workmen!s Compensation
Acts and to the lack of any coverage in many States.

(b) The fact that most of the compensation acts having complete occupational disease coverage are 50
recent that the experience under them does not yet furnish a dependable gawuge.

(c) iany danaging exposures either do not produce disablement or escape detection as the source of
disability, hence go unreported.

(d) Some physicians are umvilling to report cases as possible or probadbly occupational for fear of
invelving the employer in litigation.

(2) #any physicians are not sufficiently informed on occupational diseases to be ablz to recognize
them as such.

Compensation data from such States as wisconsin, Massachusetts, Ohio, and New York where occupational
diseases have been compensable for many years, do not show occupational health disabilities for industry
to be over three percent of total occupational disabilities. Data to permit a reasonably accurate es-
timate of the number of less than disabling health injuries is not available.

This numerical relationship between health injuries and accidental injuries should not, however, be taken
as an indication that occupational health hazards are of little impcrtance. The contrary is true, because

(a) Bvery three percant of the national occupational injury tool sums up to a large total of human
misery, droductive time loss and cost. Thrze percent of the 1943 occupational injury total would be
some 70,006 cases of disablement of one day or more each.

(d) 4 substantial proportion of health disablements persist over long pariods or may recur at any
time throughout life.

(c) The occupational conmection of many escades detaction.

(d) Some substances, for example lead, may "set the stage” for future illmesses or they may injure
health, but not to a degree that yields disablement.

(¢) #ew hazards are continually coming into being through the use of mew substances, "V uses for
old substances, new combinations of substances, process changes and the like.

It should be pointed out here that the more serious health hazards are not, in general, common to all
industry. In certain types of industry, however, health hazards are much more serious than accident
hazards. That is, while potential health hazards are found throughout industry, the more serious ex-
posures come from work with toxic substances whose use is for the most part concentrated in a limited
number of industries.

The human body is not only an exceedingly complex and delicate mechanism, but healthy 1ife depends upon
the continuous orderly operation of incompletely understood but highly intricate chemical and physical
processes. Anything that interferes with these processes or damages any part of the body is injurious

in some degree. The human system has many defenses against the health hazards that ordinary living pre-
sents, but it has less defense against the toxic substances used in industry. Also, industrial processes
often intensify familiar exposures, such as heat, radiant energy, non-toxic dusts, and tha like to such
a degree that the bodily defenses adequate to combat ordinary exposures of this nature are overcome and
injury results. we may therefore classify health hazards as—

(a) Chemical. For the most part these are substances that directly attack the bedy or certain
parts of it, such as poisons and corrosives. They may be gases, vapors, liquids, solids or dusts or
condinations of these.

(b) Biological. These include a long list of infections such as anthrax, tuberculesis, pneunonia
and typhoid fever, such fumgi as thosz causing athlztels foot, and parasites such as that causing
trichinosis. .

(¢) Harmful envirommental conditions or exposures, such as zxcessivz noise, radtant energy, ex<
cessive vibration, axtreme temperntures, and rapid temperature change,
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MANNER OF ATTACK

Injurious substances reach the body and cause damage by -

(a) Inhalation - drzathing.
(b) Skin contact - absorption through the szin; direct attack on the skin.
(¢) Ingastion - swallowing.

I nhalation

7.

10.

11.

12.

Inhalation is by far the most important of these means of entry by which injurious substances affect the
human system. The great majority of occupational poisonings result from breathing air that contains toxic
substances in the form of gases, vapors, mists, dusts, fumes or combinations of these. The lungs are re-
markably efficient devices whereby the red blood cells (red corpuscles) are enabled to absorb oxygen from
the air and carry it to all parts of the body. But this same mechanism will also draw into the lungs the
percentage of any gas or vapor contained in the air breathed. Some of these gases are more readily ab-
sorbed by the red blood cells than oxygen., Carbon monoxide, for instance, is taken up by the red blood
cells some 300 times as readily as oxygen.

The lungs are made up of countless millions of air cells (alveoli sacculas) microscopic in size into and
out of which air is circulated at each breath by the rhythmical expansion and contraction of the lungs.
The sum of the absorbing surfaces of these saccules is very large, some 2,000 square feet for a man of
average size or roughly 200 times the area of his outer skin,

Soluble dusts may be partly or wholly dissolved by lung moisture and then absorbed. Corrosive dusts will
attack the linings of the respiratory passages. Dusts and fumes that will not dissolve or be absorbed may
cause injury through irritation of the delicate linings of the air passages, cr by clogging the minute air
cells and the still smaller passages to them, They may even carry harmful bacteria intc the lungs or
create a condition favorable to bacterizl attack. It is essential, thzrefore, to conclude that no dust
can be regarded as entirely harmless if its concentration is high.

In view of the facts, it is obvious that the prevention of air-contamination is the first principle in
safequarding work with substances that may, at any stage of the operations, become air-borne. This prin-
ciple should always be applied to the maximum practical degree. Wwholesome air is essential to health,

Substances that can be air-borne are classified as -

Gases - Substzances (as air) that at ordinary temperatures can exist at atmospheric pressurz only as gases,
for example carbon monoxide, hydrogen sulphide, and ordinary city gas (itself a mixture of gases.)

Vapors - The gaseous form of substances atle to exist in the open air at ordinary temperatures both as a
gas and as a liquid or a solid. A1l liquids and some solids (for example naphthalene-smoth ballsw)
evaporate, vaporize, (that is change to gas) more or less rapidly in contact with air. The higher
tha temperature the more rapid the vaporization. The distinction between gas and vapor is largely
a matter of usage. For exampls gasolene in the gaseous form above the surface of liguid gasolene
in a bucket is spoken of as gasolene vapor though it is truly a gas.

uist - very fine droplets of liguid suspended in the air are termed mists. They may ba produced by con-
densation from the gascous farm (example-fog &hove a pond on a cold morning) or through escaping
gas carrying droplets of liquid into the air (cxample-mist above a tank in which an electrolytic
plating operation is being carried on) or by breaking a liguid up into a mist {example-paint
spraying).
Dusts - particles of solid matter fine enough to float in the air. in industry dusts come mostly from
crushing, grinding, and handling operations.

Fumes and Smoke - solid particles formed by the cooling or chemical combination of substances in the gaseous
form. Examples-lead when sufficiently heated gives off vapor (gaseous lead) which is quickiy
oxidized (to lsad oxides) in the heated air above the molton lead and appears as a fume.

If an open vessel of muriatic (hydrochloric) acid is brought close to one containing or-
dinary ammonia, a cloud of white fumes of ammonium cnloride will appear,

The significant distinction between fumes and dusts is that of particle size. Ffumes when formed consist of
exceedingly fine particles (in theory, individual molecules) though these tend to unite (coalesce, agglomerate!
to form larger particles. Dusts are formed by the mechanical crushing or abrading of solids, hence their
size will depend upon the nature of ths material and of the treatment to which it is subjected. As compared
to fumes, however, cven the finest dust particles are relatively large. The importance of size lies in the
fact that the finer the particle, th= more easily and lastingly air borne it is, the more difficult its re-
moval from the air and the more readily it is takan into and absorbed by the lungs.

-
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Skin Contacts

13.

14,

15.

16,

The outer skin is surprisingly effective in protecting the tender tissues beneath it from dirt, bacteria
and other exposures of ordinary living., B8ut science has developed a large number of substances and types
of exposures whose power to damage or destroy is far boyond that which the unaided skin can resist. where
such substances are involved, skin contact should be eliminated as far as possible by positive means, such
as mechanical handling, arrangement of process, and good housekeeping. where this cannot be adequately
accomplished, additioral protection such as protective clothing and protective creams is neczssary. The
type of protection that will prove effective in each instance will depena upon the nature of the substance
or substances involved and the conditions surrounding the exposure.

Relatively few toxic substances are readily absorbed through the skin in dangerous amounts; but it is al-
ways wise to treat all liquids, sludges, ¢tc., as though they were dangerous unless they are definitely
known to be harmless under the conditions involved. Fata) poisoning can occur from short exposure of large
skin areas to strong concentrations of a few substances as for example, aniline, tetraethyl lead, and
hydrocyanic acid. Chronic poisoning can occur from or be aggraveted by continued s)ight exposure of the
skin to such substances.

A very large number of substances are corrosive, i. e., will attack the skin directly. <Chief among these
are the commonly used strong acids (sulphuric, hydrochloric, muriatic, nitric, and hydrofiueric,) familiar
alkalies, (caustic soda, caustic potash and lime), the halogens (chlorine, bromine, fluorine), phenol
(carbolic acid), and various compounds or derivatives of these basic substances.

A great many substances used in industry can cause or promote skin disease (dermatosis). Corrosives too
weak or too dilute to destroy the outer skin directly, can often, through continued contact, reduce the
normal resistance of the skin against the attack of ever-present bacteria. Such solvents as gasoline
dissolve the fatty protective substance from the skin and thus promote drying and cracking and open the

way for bacterial attack. Many vegetzble and animal products furnich conditions particularly faverable

to bacteria and thus increcase the hazard. Available data from the reports of state compensation authorities
indicate that at least half of the total of disabling occupatlonal health injuries are due to various forms
of dermatoses.

Ingesticn

17.

18.

Ingastionas a factor in occupational disease is important chiefly in that even minuta amounts of the more
toxic substances swallowed daily in addition to the amounts breathed in, may add up to chronic poisoning.
when dealing with such highly toxic substances as many of the ccmpounds of lcad, arscnic or mercury, every
means must be taken to keep the poison out of the human system. Every possibility of swallowing any of
the substances in question must be guarded against in every practicable way.

some portion of practically every air contaminant breathed in through the mouth may bscome mixed with the
saliva and swallowed. Therefore, control of air contamination eliminates or greatly reduces ingestion from
this source. It is also necessary to guard against the possibility that toxic substances may reach the
mouth through contaminted food, drinks, smoking and chewing tobacco, and chewing gum. Food Should neither
be kept nor eaten in toxic surroundings. Drinking water should be furnished by the angle jet type of
sanitary fountain only. soft drink, candy, gum, cigarette dispensers, etc., offer a hazard if there is any
chance of toxic dust settling on them or their contents. Smoking on the job offers the extra hazard that
the cigarette or tobacco carried by the worker may become contaminated. Chewing tobacco is particularly
likely to become dangesrously contaminated. washing the hands thoroughly before eating is obviously es—
sential, 3efore leaving, workers should take a bath and change to street clothing, leaving their working
clothes on the premises. These should be laundered fregquently,

Harmful Environmental Exposures

19.

20.

while the great majority of the serious health disabilities in industry are due to the use of poisons or
otherwise injurious substances, a substantial total of health impairment is due to adverse environmental
conditions. For the most part, these are cumulatively damaging rather than disabling. Some, however,
can bring lingering disability or death; for example, X-rays may cause cancer or sterility, excessive
heat may cause vheat strokev: excessive exposure to ultra-violet light can cause visual impairment.

The environmental conditions that-when sufficiently unfavorable, can cause physical injury-include

Excessive fatigue fxcessive temperature

fxcessive noise Dampness inducing chill

Sustained vibration Uncontrolled radiant enerdy

Defective lighting Abnormal air pressure (work in compressed air)
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23.

24.

28

27.

Fatiguz. while overfatigue can seriously injure health, it cannot be accurately measured. General limits
of performance which it is not safe to exceed, cannot be set. However, unless a proper and fairly definite
relationship is maintained between sustained activity and rest, overfatigue will occur. f fatigue is con=
tinued long enough, it will injure the most rugged constitution. Fatigue can be both mental {or nervous)
and physical (or of the body). Other things being equal, disagreeable activities either mental or physical
are more repidly tiring than are enjoyable anes. Every one should seesk, as far as possible, to maintain a
retationship between his activity and his rest that brings him refreshed to each new day. Employers should
seek to arrange the work load on each employee at a level such that there is no appreciable carryover of
fatigue from one day to the next. work so exhausting that a reasonable night's rest is not sufficient to
restore well being, will, if continued long e¢nough, cause health injury, The hours may be too long, the
pace too swift, operative procedure too tedious, the intensity of effort too great, etc., but whatever

the details, once persistent over-fatigue has been demonstrated, some corrective action should be taken. Of
course, the employee must cooperate reasonably by so governing his non-work activities aus to maintain rea-
sonably adequate rest periods and avoid harmful excesses.

Vibration and Physical Shock. Long continued intense vibration and physical shocks can cause nerve injury
with more or l2ss loss of muscle function. Long exposurc to the condition is required and the disability
usually yields to rest or change of work. &xample -~ finger or arm stiffness from air hammer operation.

Noisz. Repeated loud or sharp noises or intanse sustained noise can affect the nervous system unf .vorably,
producing a necrvous condition that in some cases amounts to hysteria. Noise exposure alse contributes to
fatigue. sSufficiently intense noise can in time produce deafness., 01d boiler shop workers are Tikely to

be partially deaf. The same is true of aviators. Fortunately, sound intensity is measurable and enough

is known about safe levels of scund to enable competent technicians to advise corrective measurss in specific
cases.

Lighting. The correct functioning of one's eyes is so important, and their connection with the central
nervous system is so intimate, that anything that affects the eyes adversely affects one's whole system.
Lighting should furnish a level of illumination adequate to allow the sseing task in question-provided
vision is normal-to be performed afficiently without any sense of eye strain. There should be no glare,
no shadows nor sharp differences in Vight intensities, no continuous or unduly frequent flickering or
flashing, An American standard lighting code® has been developed by a committee of highly qualified
technicians. it has received wide acceptance in industry.

Temperature, humidity and air motion. The human system functions best with comfort within a rather narrow
range of temperature and humidity**. For ordinary light work this range is from about 55° F with humidity
553 to 70° F with humidity 30%. This is called the comfort zone. As temperature increases above this zone
the factor of humidity becomes increasingly important. Heat stroke can probably occur with the tempzrature
as low as 80° if the humidity is high enough. The higher the humidity the slower the rate of evaporation
of perspiration. Evaporation uses up heat and that is why "sweating cools one" if the sweat can evaporzte
quickly. Pzrspiration is the device by which the body keeps its own temperature down. Air motion helps by
increasing evaporation. Some air motion is necessary for comfort even in the comfort zone. Too much air
motion (drafts) can chill the body; a condition favorable to colds and pneumonia. The same applies to too
Tow working temperature and too rapid temperature drops. Men exposad to high temperature or on work on
which they sweat heavily should bathe and change to dry clothing before being exposed to cold as on leaving
work in winter. Discomfort experienced by workerg on hot work is a useful but not an infallible guide as
to hazardous expcsure. However, maintaining a reasonably comfortable condition is always on the side of
efficiency.

Dampness. Continued exposure to wetness underfoot and the wearing of wet clothing lowers resistance to colds,
and respiratory diseases, and may promote certain types of dermatoses. There are few locations in industry
in which these conditions cannot be effectively controlled by such measures as the prevention of spillage,
floor drainage, floor racks or the provision of water resistant clothing.

Radiant Fnergy. various types of radiant energy can bs harmful. For example, the X-ray can prcduce cancer,
sterility or destruction of tissue (burns). The safe limits for the more serious of these¢ exposures have
been fairly well established, however, and should not be exceeded. Each X-ray installation should be checked
by a technician competent in this field., Radium exposures are similarly hazardous. Ultra violet light, the
cause of sunburn, if intense enough, will burn the skin and is particularly injurious tc the eyos.

*duailable from 4dmerican Standards 4ssociation, 70 E. 45th St., New York (ity,

**By hunidity is meant relative humidily that is the percent of air satwration; for exanple 55% humidity means
that the air has 55% of the moisture it couwld hold at the given temperature.

T
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Ultra violet rays from an electric arc will cause eye inflammation in a single intense flash, That is
why protective filter lenses must be worn in all electric welding., The ultra violet rays must be cut off
and the intensity of the light as a whole reduced. Gas (or flame) welding produces little ultra violet
but the welder must wear eye protection that will reduce the intensity cf the light.

Air pressure. work under air pressure, such as in caissons or diving apparatus, puts the human system under
such a strain that only persons in excellent physica) condition should work in compressed air. Some nitroges
is always absorbed into the blocd through the Yungs to®ther with the oxygen. As the air pressure in- '
creases, the ability of the blood to absorb mitrogen increases. |f, after being under pressure

a while the pressure is reduced too quickly, some of the extra nitrogen which has been ab-
sorbed will form bubbleswhich are likely to obstruct the bYood flow and cause cramps, *the bendse, In
severe cases, paralysis, or even death, may result, Therefore, in all work in compressed air the pressure
must be reduced gradually enough to keep the bubbles from forming., Definite schedules of decompression
have been worked out for various pressures and should always be followed.

THE APPRAISAL OF HEALTH HAZARDS

. The factors that determine whether or not injury wil) probably result from any given exposure can be stated

quite simply, but the making of an anmalysis adequate to guide proper corrective action usually requires
the services of an experienced industrial hygienist engineer. However, any person reasonably familiar
with industrial processes can readily learn to recognize conditions likely to spel) dangar. He can im-
prove or correct many of these conditions byeapplication of well-established procedures or by the use of
devices of proved effectiveness or both. He can learn when it is advisable to call upon the specialist
and can also learn to maintain the affectiveness of the contro) measurcs prescrided by the latter. The
purpose of this part of this discussion is to present the briefest form the principles on which health
hazards appraisals are based and indicate the methods used in making them.

whether or not injury results and its nature and degree will be determined by-

(a) The nature of the substance or injurious influence involved.
(b) The intensity of the exposure.

(¢) The length of the exposure,

(d) The suseeptidbility of the person exposed.

Nature of Substance or Exposure.

30.

31.

obviously, the nature of the substance or substances involved is of first importance, A very large and
steadily increasing variety of substances capable of causing injury is being used in industry. The degrees
of hazard these offer vary from the mildest to the most acute, but adequate safeguards can be thrown about
the use of any or all of them. To do this, however, it is necessary to kmow the properties of the sub-
stance in question, and the manner of its attack on the human system. This brings up the next point, i.e.,
that befare any new substance is brought into use, its properties should be determined so that all neces-
sary safeguards can be applied. The responsibility here is twofold; namely:
(a) The eupioyer raking use of a dossibly hazardous substance mew to him should secwe full information
as to its »rcperties and set up all needed safeguards about its use by his employzes.
(b) The picducer of a new product should obtoin and supply to every purchaser the information necessary
to guiie its safe use.

If the possitly harmful exposure in question is environmental (nct due to o specific substance), the ap-
praiser must still consider the nature of the exposure. while there is no novelty in excessive noise or
hzat or light, etc., our continually changing and developing industry cccasionally introduces such infdu-
ences in new ways, thereby necessitating new or improved metheds of control. sore important is the fact
that recogaition of their adverse influence on health has been slow to develop. This is undoubtedly due

to the further fact that the injury producsd is seldom distinguishable from health damage of non-occupation-
al origin. For example, excessive noise tends tc injurs hearing, but it will not always do so. Furthermore
the level at which it is likely toc do damage has not, baen definitely determined., The oroper procedure for
such environmental exposures is to establish standards that will assure comfortable, healthful conditions
and avoid or correct considerable variations therefrom,

Severity of Zxposure

32.

The more intense the expcsure, the shorter the time needed for injury to result. This applies particularly
to air contamination. Practically every toxic substance can, and does, become air horne to some degree in
_5—



the form of dust, vapor, fume or gas. Therefore it is vitally important in working with the more tovic
substances at least, to maintain a close watch of their concentration (in the air of the work place) and
keep it at all times within Jimits that are known to be safe. The factor of severity of exposure applies
to the strength of many substances, particularly those in liguid form. In a very real sense also, it ap-
plies to such environme?tal influences as sound, heat, humidity, etc.

Length of Exposure

33, The third governing factor, length of exposure, is significant in two ways, that is, for a single exposure
and for repzated exposures. Some substances (for example, carbon monoxide in non-lathal concentrations)
produce Vittle or no continuing injury; with such substanczs, therefore, the shortest exposure that may in-
jure for any given concentration, furnishes a fairly satisfactory guidepost for safety. This, of course,
assumes in addition a reasonable allowance on the side of safety to guard against errors of measurement.

The majortty of toxic substances are more or less cumulative in their action; that is, part at least of the
substance taken into the body will remain for a time and successive daily or frequent exposufes may ultimate—
1y result in definite injury, usually permanent. Therefore, with substances of this type both the single
exposure and the sum of a series of exposures must be considerad in appraising the hazard.

Personal Susceptidilitly

34, The resistance that the body offers to specific substances or harmful influences varies as among individuzals.
aAlso, for any given individual, resistance may vary from time to time. This variation is spoken of zs per-
sonal susceptibility and is of particular Importance in the field of dermatoses, Some few individuals are
particularly susceptible to certain substances or to extended axposure. Ssometimes a single Severe exposure
may produce sensitivity in persons previously showing normal resistance.

reasuring Air Contamination

35, It is obvious that the damage done by =z given toxic substance wil) depend chiefly upon the ameount taken in-
to the system. Therefore, the amount (weight) of it in a given volume (cubic feet) of air will give z mea-
sure of the hazard involved in breathing air containing it. But for somz substances--notably silica and
asbestos——thz hazard may best be julged by determining the number of particles that can get into the tiny
air cells in the Jungs. For that reason, the hazard of such dusts is measured by counting the numbar of
particles smaller than 10 microns (1/2500 in.) in size, becausez particles larger than this zre relatively
few; they settle quickly and if breathed in are for the most part caught by the tiny hairs (cilia) that line
the lung passages and are finally coughed out. Dust detzrmination by either the weight or counting methed
requires the use of special equipment and highly specialized knowledge and skill. {n most of the States,
industrial hygiene units in the health or labor departmznts offer this service. Some commzrcial research
laboratories render such services for a fee. A few large industrial firms are staffed and equipped for this
work in their own plants.

36, Dust counts are given in terms of millions of particlzs per cubic foot of air. Large numbers of dust particle
arec present in even the purest air. Counts of one-half million or more zre normzlly found in homes and in
buildings of ordinary occupancy; 100 millions and more are not uncommon ir. industry. Anything above 50 mil-
lion particles per cubic foot of zir has become generally accepted as unsafe for even the most innocusus dusts.
Some authorities would set this limiting figure substantially lowar. Five million particles per cubic foct
is considered the maximum allowable for continuous exposure to dust containing over ugz of free silica. Some
authorities prefer a figure of three million particles cof fres silica as the maximurm.

37, Dust that is visible in the absence of a beam of sunlight (or similarly intense light ray) usually indicates
a high dust concentration,hercethe common saying pif you can see the dust, thers is too much of it.» This is
not an infallidble guide, but safety is definitely on the side of ¢liminating visible dust.

38. Gas and vapor concentrations are measured by means suited to the nature of the substance in question. In
some cases, satisfactory methods have not yet been worked out, but the substances of cocmmon occurrsnce can be
adequately measured, Instruments are available that measure the concentration of combustible gases and give
direct readings--these depend upon the heat produced by the combustion of the qas in question and, therefore,
must be calibrated for any given gas. They will measure exceedingly small concentrations and can be made to
ring an alarm, start exhaust fans, oparate furnace contrels, otc. Example-=carbon monoxida control systems
in garages and highway tunnels which cause the carbon monoxide tc annaunce its presenc2 at a given concen-
tration and to keep itself under control by operating the fans as they are needed,
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The Health Hazard Survey

39, The first step in appraising health hazards is to find the hazards, The survey should be made by technically
gualified persons and normaily involves the following steps:

(a}) Sscuring a complete list of the materials used.

(b) Making a study of the processes involved to find hazard points.

(c) Determination of the nature of the products, bybroducts and wastes produced.

(1) Analysis of the possibilities of explosion, fire breakout, or c‘'her untoward occwrences.

Purchasing department and stock room lists will, in the well-managed plant, include all materizls and pro-
ducts brought in from outside., Sometimes, however, such lists are not complete due to the retail buying cf
certain supplies. Such purchases are likely to include paints, cleaners, solvents, and the Tike for oc-
casional use. The hazard possibilities involved may be considerable and should not be cveriooked.

10, The content of products sold under trade names often offers a problem. Frequently the list of ingredients
is obtainable only from the manufacturer. It is important to secure this information, howcver, especially
in the case of such substances as paints, solvents, cleaners- inks, and pigments, whose use may expose
workers, to toxic, corrosive or irritating substances.

41. Full knowledge of the materials used having been obtained, the next step is to examine the processes and
procedures for possible harmful exposures. wherever dusts, gases, vapors, mists or fumes are produced,
injury is always possible if air contamination is not kept within safe limits for the substances involved.
The handling and production of liqhids involves the danger of spills, splashing, fuming, and vaporizing.
Manual handling of toxic, corrosive, or irritating substances offers specific hazards. The investigator
should set down in suitable detail each hazardpoint found., With these located, the means of appraisal cf
the extent of the hazard and determination of the need for correction will depend upon the nature of the
substance or type of detrimental exposure,

42, No analysis would be complete without conslideration of all the byproducts and wastes involved. Particularly
in the chemical industries, these may introduce hazards other than those connected with the source materials;
or thzir toxicity may be greater,

43, The possibilities of failure to maintain good control of processes and operations should always be considered
This will inctude overheating, explosions, fire breakouts, failure of controt devices, failure or reduced
effectiveness of exhaust equipment, interrupted power supply, contamination of water supply, and any other
factor which might unexpectedly render a normally safe situation hazardous.

METHODS OF PREVENTION

4y, There zre eight principal methods used for the eliminaticn or control of industrial health hazards, namely;

(a) Substitution of lass toxic material.

(b) Enclosure of the harmful procass (with automatic operation)

(c) Isolation of the haraful dProcess from the remaindzr of the dlant with sdecial protection
for workers mecessarily included in the arca isclated.

(d) Local exhaust ventilation.

(e) Gemeral ventilation.

(f) The use of wet methods,

(¢} The use of personal protective devices, particularly respiratory protaction.

(h) Decreasing the daily exposure through short work periods.

45. It is usually unwise to rely wholly on any one of thesz methods. Several should usually be used in com-
bination. The specific measures used in each case should be determined by an industrial hygienist, he should
supervise their installation and make periodical check ups to insure their continued effectiveness,

Substitution

46. The plant materials survey should have yielded z complste Vist of the toxic materials used, In each case,
the possibility of substitution of a less hazardcus substance should be considersred Many examples could be
cited, such as the elimination of toxic white phosphorus in match heads, the substitution of titanium oxidc
or zinc oxide and sulfide for lead in white paints, or the use of solvents of relatively low toxicity in
place of benzene (benzol).

-7-






56. The manufacturers of exhaust equipment have made great progress in daveloping devices to meet the commoner
situations and they maintain technicians to aid in the solution of special problems. For instance, highly
effective spray booths are available. Specialized exheaust devices have been developed which will, if proper-—
1y applied and maintained, 2liminate most of the hazard from granite cutting and rock drilling. The safe-
guarding of welding is a current problem whose fully satisfactory solution will raquire further research into
the nature and extent of the air contaminants produced. However, it is now certain that existing exhaust
devices and existing knowledge if properly applied will eliminate most of the hazard here also.”

57. while the design of exhaust equipment requires a high degree of technici) competence, and should be handled
only by gualified engineers, certain principles are so generally applicable as to justify their mention here:

(a) To be effective, the air flow to the exhaust duct must include the entire arza liberating the
contaminating substance.

(b) The skapz and size of the hood (and bafflzs), its position in relation to the work and the air
velocity used, should be such as to trap all the contaninants produced and carry them into the
exhaust duct and away.

(c) The air velocity over the area where the contaminant must be picked up is the significant velocity.
In the case of dusts or other solids, the minimum velocity in the ducts must bz sufficient to
prevent scttling-out. Sharp cormers, irregularities or other conditions that cause air turbulence
reduce efficiency and should be avoidad.

(d) The air flow should always be away from the breathing zone of the operator. For example, plating
tanks should, in gensral, be exhausted at the back, the air pulled past the operator cver the
surface of the glating solution and thence to the duct at the back.

(e) Advantage should be takem of gravity, whers practicadble. That is, heavy dusts, fumes, and vapors
should be exhausted downward. When heated air is produced as in cyanide pots, furnaces, etc., it
should usually be exhausted utward and backwwrd in order to get the benefit of the heat-indwczd draft,
It should not be drawn directly whward unless the operator’s station is safely away so that the
fumes will not be drawn throwgh any part of his breathing zone.

(f) Stack (chimney) suction unaided by forced draft, because of its unreliability, is scldom if ever
adequate when toxic contaminants are involved. I any given installation, the amount of suction
produced will be affected by the velocity and direction of the wind, the borometric prossurz, and
the amount and temperature of the heated air produced. Evary exhaust system should have at all
times a margin of capacity safely above the minimum necessary to remove the maximum yicid of con-
taninating substances. Only forced draft can assure this.

58. The disposal of the air exhausted from productive processes presents a problem in the case of toxic sub-
stances or substances that may create a nuisance such as dust, cdors, shavings or 1int. Merely discharg-
ing the exhausted air outside the building may poison or damage neighbors. Air currents may alsc carry the
contaminant back into the plant through window or other openings. This hazard may be lessened by discharg-
ing from stacks carried well above the building roofs, but the unsoundness of thus contaminating the gen-
eral ztmosphere is building up a widespread sentiment against such a practice. |In some cases, the con-
taminant may have considerable value. The ageneral desirability of collecting substances exhausted has led
to tre development of various types of collecting equipment whose purpose is to separite the contaminant
from the air exhausted and enable its recovery or harmless disposal. These are commonly of four types:
the cyclone, cloth filters, air washers, and electric precipitators.»*

59. Cyclones depend upon the fact that solids carried by air tend to settle cut if the air speed is reduced or
its direction of flow changed. Therefore, by carrying the main exhaust duct intao a large chamber designed
to slow the 2ir down as much as pessible and at the same time give it a whirling motion, the heavier par-
ticles settle out into a collection space at the bottom which can be emptied From time to time. Cyclone
collectars, however, are not effective for very fine particles and, therefore, are not adequate for toxic
dusts. They are widely used in the wood and textile industries,

60. Tha cloth filter is what its name implies. The air is passed through filtar bags much 1ike those in the
ordinary household vacuum cleaner. The bags hang with open :nd downwird so that when the dust builds up
sufficiently it can fall into a clean-out space below. The framework supporting the bags can be shaken or
jarred from time tec time to loosen the collected dust. Frequent inspection and good maintenance are neces-
sary as even a few small holss in the fabric reduce the effactiveness considerably.

* See American War Standard, "Safety in Zlactric and Gas Welding and Cutting Operations.”
** petails are obtainable from the manufacturzrs of the various types of equitment.
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Air washers remove dust by thoroughly wetting it. The air is passed through a series of passages continuous-
1y drenched by a fine spray or a mist of water. The dust is carried off in the stream of water or collected
in catch basins as a sludge. This method is most effective with dusts that dissolve or with heavy dusts,
some dusts such as coal dust or flue dust are very difficult to wet and hard to deal with by this means.

glectric precipitators depend upon the fact that dust particles that can be made to pick up a charge of
electricity will thus be attracted to an oppositely charged object or surface. However, the first cost
and the expense of operation are high; hence this method is practically limited to cas.s in which the dust
has considerable value.

collectors should always be located upstream from the fan or blower in order to prevent abrasion or corrosion
of the blower and to reduce the hazard of explosion--an ever present possibility in exhausting combustible
dusts, gases, vapors, or fumes.

The technical problems involved in the design and installation of exhaust and ventilating systems and eguip-
ment are such that the advice of competent technical specialists should always be securz‘. This is particu-
larly important when the system installed includes reconditioning and recirculation of the air exhausted,
which in our northern climates is quite a saver of heat. iIn such a system, any failure to remove the con-
taminant effectively would obviously be most serious. For this reason, many authorities believe that re-
circulation should not be used at all when toxic contaminants are involved. Others would permit recircula-
tion where highly reliable means of prompt discovery of any drop in effectiveness of the air-purifying equip~
ment is provided and maintained. Indicators of the type mentioned in pp. 38 controlling the mechanical ven-
tilation, can be made to furnish the needed protection against combustible contaminants, such as carbon mon-
oxide (C0) or the petroleum solvents, But for contaminants for which no such devices are available, for ex-
ample, lead fumes, silica dust, or chlorinated hydrocarbons, recirculation would necessitate practically con-
tinuous air analysis to insure safety. The cost of this would in most cases at least, overbalance the valuc
of the heat saving.

GENERAL VENTILATION

Operations may be such as to make the use of local exhaust impracticable as, for example, on the casting
floor in the ordinary type of foundry. Furthermore, some contaminant may escape even the best local ex~
haust. O0ccasional operations such as painting, welding, cleaning, brushing, and grinding may produce a
considerable degree of air contamination. Heat, humidity, or ndbrs or a combination of these, may pro-
duce an unpleasant or debilitating atmosphere. Therefore, general forced ventilation to provide a continual
influx of fresh air is often necessary - or at least desirable.

where the workers themselves ¢onstitute the only source of air contamination, an air change of 2 to iy times
per hour is ordinarily adequate. |f the air space is over about 400 cubic feet per person, this rate of air
change can usually be obtained by natural ventilation. where construction, location, or arrangement hinders
natural ventilatjon, specia) means such as siphon type roof ventilators may be necessary to reach this min-
imum of ventilation.

Few workrooms are entirely devoid of sources of air contamination (other than human) and, therefore, the
tendency is to raise substantially the 1imits mentioned above. Experience strongly supports the view that
for the average workroom having only moderate sources of air contamination from the limited use of low haz-
ard substances, natural ventilation should be relied on only if the gross cubical contents of the workroom

is 2000 cubic feet or more per person. The American Foundryman's Association, in its code of Recommended
Practices in Industrial Housekceping and Sanitation, makes this specific recommendation. The City of Chicago
code makes it mandatory., State and city regulatory agencies, cither through laws and codes or by corrective
orders, frequently accept lower figures but now show a tendency to raise them. They generally require ven-
titation rates of from 70 to 70 cubic feat per minute per person or from 6 to uQ air changes per hour, , de-
pending upon the exposure or occupation.

WET METHODS

68. The use of a suitable liquid, usually water, is often practicable to keep dust down. it is also helpful in

some cases in removing soluble vapors such as those of alcohol. However, fine dust particles and fumes are
difficult to wet. Also, the wetted particles may be redispersed if the liguid dries up. it is often dif-
ficult to wet a)l the material and keep it wet without using too much liquid and thus creating a sloppy,



and, therefore unsatisfactory or unsafe condition. in spite of such limitations, the reasonable use of
moisture in such operations as grinding, drilling, loading or handling dusty materials and sweeping will,
often at least, reduce dustiness. For example, wet drilling substituted for dry drilling in typical quarry-
ing operations has been shown to reduce dust concentrations, from some 560 million® particles per cubic foot
of air to 30 million particles. wet methods are particularly helpful in Foundry operations.**

PERSONAL PROTECTIVE DEVICES

69, Personal protective devices have one serious weakness, that is, they do nothing to reduce or eliminate the
hazard. They merely set up a defense against it and any failure of this defense means immediate exposure to
the hazard. The fact that many protective devices can be or can become ineffective without the knowledge of
the wearer is particularly serious. A1) of which justifies the dictum that personal protective devices must
be regarded as of an emergency or temporary nature only, supplementary to suitable preventive measures, but
never in preference to them.

70. Personal protective devices to protect against harmful substance may be classified as

Respiratory protective devices
Protective wearing apparel
Protective creams, lotions, etc,

Respiratory Protective Devices

71. To insure the effectiveness of respiratory protective devices, the U. 5. Bureau of Mines tests and approves
such equipment, B8y January 194y approvals had been issued for various types of devices in all the classi-
fications discussed below. 0nly those approved by the Bureau of Mines should be used, as such approval con-
stitutes the only authoritative proof of their effectiveness. Lists of approved devices may be obtained
from the U. S. Bureau of Mines, washington, D. C. upon request.

72. A1) these devices have two things in common; they are more or less uncomfortable to wear and they reduce
efficiency. It is difficult to secure and maintain faithful performance in their use. |If the lessened
efficiency (plus absentecism and turnover due Yo such a situation) could be measured in terms of cost, it
would probably, in most cases, show very clearly that substantial expenditures to eliminate the hazard are
justified.

73. Respiratory protective devices are of two types—-

(a) Air purifying - which removes the contaminant from the air as it is inhalzd by filtering or
by chemical absordtion.

(b) Air supplying - which supplies clean air from an outside source or oxygan from a tank carrizd
by the wearer.

74, It is important that the type of respirator used be correct for the hazard involved. Approvals and manu-
facturerse directions (for the use of approved devices) always describe the protection afforded and these
should be heeded. For example, the ordinary dust respirator is not effective against lead fumes or gases;
thz gas mask designed to protect against ammonia alone does not protect against carbon monoxide; only the
supplied air types protect against an atmosphere deficient in oxygen or one in which the content of toxic
gases is too high for the capacity of the air-purifying type of respirator.

75. The safe and correct use of all types of respiratory protection requires careful attention to many details
and the unfailing observance of rules for safe procedure. Ffull details of types approved by the Bureau of
Mines should be abtained from the manufacturers, thoroughly mastered and fully complied with.

76. Air Purifying Types. These are classified as—

Dust Resdpirators
Chemical cartr idge respirators
Cantister gas masks

* Bloomfield, J. J., Industrial Safety, Prentice-KHall, New York City.

** mpyst Control in Foundries Division of Labor St xmdards, U. S. Department of Labor, 1940
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when compressed air is used, this applies to the intake of the air compressor. Compressed air is likely to
contain the fumes of the oil used to lubricate the compressor valves; it may also contain dust, moisture and
odors and under some condition, carbon monoxiue. Tnerefore, an air purifier which will safely remove all of
these substances is necessary. Very careful and adequate maintenance and operation of bath compresser and
purifier are vitally important, For these reasons the provision of a separate motor driven blower is de~
finitely preferable.

89, Oxygen-breathing Apparatus. The wearer breathes oxygen from a high pressure tank which he carries and is
thus entirely independent of the outside air and Yimited as to scope of action only by the supply of oxygen
he can carry. Both i-hour and 2-hour sizes are used. Their chief use if for rescue and emergency repair
work in mines, fighting fires in tunnels, ships, etc., entering storage tanks containing voltatiles, enter-
ing sewers, gas holders, etc. and similarly high hazard situations. Special training is necessary for
their safe use.

90. Maintemance., No matter how well a respiratory protective device is designed and made, unless it is proper-
ly cared for and maintained in good condition it will fail to give protection or be otherwise unsatisfactory.
Therefore, when the need for such devices is determined upon, the planning should include full provisions
for their careful and unfziling maintenance, This should include inspection, repairs, replacement of used
filters, cartridges, and canisters, cleaning and sterilization, etc.

91. Acceptance by Workmen. At best, a respirator of any type is more or less uncomfortable to wear and a U=
sance. Unless workmen realize fully the need of the protection, they will not wear them faithfully. im-
portant factors in getting full employee cooperation in this respect are~—

(a) Recourse to respiratory protection only as an emergency, a temporary, or a final method after
every effort has been nmade to eliminate the hazard.

(b) Explaining the situation fully to the workmen invclvad.

(c) Careful fitting of respirators, etc.

(2) Adequate provisions for maintenance and c¢leanliness.

(e) Careful instruction as to use.

(f) Intelligent fully informed suparvision.

(¢) 4 respirator once issued to a workmen should be reissued only to him as long as he has use
for it. [Those released through labor turnover or transfers should be fully recomditionad,
sterilized and returned to stock.

Protective Wearing Atparel.

92. In all work with substances that attack through the skin or attack the skin itself, protective clothing
may be used to advantage to lessen skin contact. It must be suited to the nature of the substance, the
exposure involved and the kind of work done. The material of which the garment or protective article is
made must be resistive to attack by the substance in question, must not absord it to any extent or be
easily penetrated by it, must be cleanable and should have reasonable wearing qualities. The garment or
article nmust be as comfortable as possible. For women workers, the factor of appearance is important.

93, The names of manufacturers of protective wearing apparel may be obtained from the advertisers® lists of
current safety journals or from the directories of manufacturers. Garments and articles of common use
include head coverings, coats and jackets, aprons, coveralls, trousers, jauntlets, hand and finger pro-
tectors, leggings, boots and shoes.*

Protective Creams and Lotions

94, There are a number of preparations on the market designed to protect the skin against attack. Their ef-
fect iveness varies, but properly selected and correctly used, they may be very heipful. They should never
be relied on in lieu of positive means of preventing or reducing skin contact; but since in work with any
substance some contact with at least the hands and arms in inevitable, this type of protection may con-
stitute a worthwhile aid to prevention.

95. In each instance it is essential that—

(a) 4 cream or lotion effective against the substance or substances involved bc selected #pon
competent medical advice.
(b) The employeezs involuved be carefully instructed as to the value of the protection and in its
prover application.
* Also see Admerican Standard Safety Jode for Protective Jccupational Clothing L-18-19ud,
_13.-



(c) Adequate facilities be provided for washing and for change of clothes nzcessary to elininate
all contact with the substance in question during offtime.

(i) The worker cooperate by careful personal hygiene; at the very least uwashing thoroughly before
eating and at the end of each shift.

LIMITING THE PERIOD OF EXPOSURE

96. As a last resort where other methods do not reduce or control the hazard sufficiently for safety, the
daily period of exposure can be limited. Work under compressed air furnishes an excellent example of
this. Schedules of maximum length of shift and length of decompression period for all workmen under
air pressure have been worked out. The higher the pressure the shorter the shift and the longer the
decompression period. These are coupled with adequate medical supervision and careful selection of
personnel.

57. The same principle is applied to work with lead and some other highly toxic substances both by limit-
ing daily exposure and by rotation of the workmen between hazardous znd hazard-free jobs on a schedule
suited to the needs of the work and the nature of the substance involved.

98. This method is often so easy and inexpensive (in first cost) to apply that it is apt to be resorted
to in lieu of measures to remove or reduce the hazx d. Such a course is likely to prove very unsound
in the long run. For instance, a manufacturer of lead storage batteries who used this method for a
longtime was finally forced to rebuild his plant to reduce the hazard because of suits brought by
former employees who suffered permanent but not immediately disabling injury in his employ.

MEDICAL SUPERVISION

99. Medical supervision is an essential part of any adequate program of prevention when such relatively
high hazard substances as lead, benzol, or silica are involved. As experience grows, it becomes more
and more clear that a good degree of medical supervision of worker health would be of benefit to both
employees and employer in at least the great majority of plants., while serious health hazards are
limited to relatively few plants, milder hazards are quite widespread throughout industry and constitute
a drain on the health of large numbers of workers. While in most cases these are in general non-dis-
abling, both employees and employers would gain greatly by their elimination.

COMMON INJURY-PRODUCING SUBSTANCES

100. Potentially hazardous substances used in industry are numbered in the thousands and the total is con=-
stantly increasing. Only a moderate number are widely used however. This discussion deals with only
those deemed to be of major importance.

The Metals and Metalloids

101. Lead., tead is so widely used and so widely distributed throughout the earth's surface that there are
minute traces of it in most drinking water and in many foods. Therefore, we are all continually getting
very small doses of lead without harm because the system can eliminate these small quantities. Poison-
ing can occur only if the lead intake becomes greater than the capacity of the body to eliminate it.
when the physiologic tolerance each person possesses is exceeded, the symptoms of lead poisoning zppear.

102. The majority of lead poisoning cases result from breathing dust or fumes., Lead may also be swallowed
through contamination of anything taken into the mouth. Some organic lead compounds, for example,
tetraethyl lead, may be absorbed directly through the skin.

103, The fact that unless a massive dosage is received, lead poisoning develops gradually makes it particu-
Jarly important to maintain close medical supervision over all persons exposed to lead or its compounds
in any form. Such supervision should be additional to all practicable preventive precedures, never a
substitute for them. The earlier the detection and treatment, the better the chance of cure.
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