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FOREWARD 

This bulletin is issued as part of an informative 
series relating to Industrial Hygiene and Sanitation and 
a program for providing authoritative information con­
cerning industrial safety and health to labor , management, 
engineers and. the interes ted public of New J e rsev. 

The text was prepared under the direction of Verne 
Zimmer, Director, Division of Labor Standards, United 
States Department of Labor by R. P. Blake, Senior Safety 
Engineer, United States Department of Labor. 
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OUTLINE OF OCCUPATIONAL DISEASE PREVENTION 

INTRODUCTION 

1. 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--

(a) Jncompiete reporting due to Limited occupational disease coverage of -many WorklrR-n 1s Compensation 
Acts an.d to the lack of any coverage in many States. 

(b) 'fhe fact that most of the compensation acts having ccrm.pl.e te occu:pa,tional disease covera.ge are so 
1'ecent that the experience -u-n.der them does not yet furnish a dependable gauge . 

(c) gany damaging exposures e ither d.o not produce d isab le11tent or escape detection as the sou:rce of 
disability, hence go unrepo,-ted. 

(d) So-me physicians a:re unwilling to report cases as possible or probably occupational for fear of 
involving the employer in li-tigation. 

(e ) 1-:'any Physici<lns a.re not sufficiently informed on occu,pational diseases to be ab LP. to recognize 
the'I'(/, as such. 

2. compensation dat a from such states as Wisconsin , Massachusetts, Ohio , and New York where occupational 
diseases have been compensable for many years , do not show occupational health di sab ilities for industry 
to be over three percent of tot al occ upational disab ilities. Data to permit a reasonab ly accurate es­
timate of the number of less than disabling health injuries is not available. 

3. This numerical rel at ionship between health injuries and dcc idental injuri es should not, howeve r, be taken 
as an indication that occupational health hazards are of little importance. The contrary is true, because 

{a) Ever y three percent of the nat ional occupational injury tool sums up to a large tota L of hwman 
'/lf,ise ry, -productive time loss and cost. Thne percent of the 191+3 occupational injury tota L would be 

some 70,000 cases of disable·m.ent of one day or 11tore each. 
( b ) .4 su,bsta.ntiaL pro,Po-rtion of health disablements persist over long ,Periods 01" may 1"ecur at any 

time throughout life. 
(c) fhe occupational connection of many escapes detection. 
(d) Some substances, for exa:m.f;le lead,, 111ay "se t the stage" for future illness~s or they may injure 

health , but not to a degree that yie lds disablement. 
( e ) .1'13~J hazards a-re cont ·inuaLly com.ing into being tMough th..~ use of new substances, ne 1.<J uses for 

old substances, new combinations of substances, p,rocess changes a11d the like. 

4, It should be po inted out here that the more se rious health hazards are not, in ge neral , conman to all 
industry. In certain types of industry, however, health hazards are much mo re se rious than acc ident 
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 1 imited 
number of industri es . 

5. The human body is not only an exceedingly compl ex and delicate mechan ism, but healthy life depends upon 
the continuous orderly operation of incompletely und er stood but highly intricate chemical and physical 
processes. Anything that int erferes with these processes or damages any part of the body is injurious 
in some degree. The human system has many defenses aga inst the health hazards that ordinary 1 iving pre­
sents, but it has less defense aga inst the toxic substances used in industry. Also, indu stri al processes 
often intensify fami liar exposures , suc h as heat, radi an t energy, non-toxic dusts, and the 1 ike 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 haza rds as-

(a) Chemical . F'or the mos t pad these are substances that directly attack the body or ce r tain 
parts of it, such as poisons and co1"rosives. 1hey may be gases , vapors , Liquids , solids or dus ts or 
combinations of these. 

( b) Bio Logical. 'fhese include a long List of infections such as anthrax , tuberculosis, pnewn,onia 
and typhoid fever, suc h fungi as those causing athle t e rs foot, arul, parasi tes such as that causing 
trichinosis. 

(c) Har·mful envi-ron7n.entai cowlitions or expos1~1"es , suc h as excessive noise , rad iant energy, ex­
cessive vibration , extreme temperatures, and rapid t empe1"ature change. 



MANNER OF ATTACK 

6. Injurious substances reach the body and cause damage by -

(a) Jnhaiation - breathing. 

(b) Skin contact - absorption tlvrough the s~in; dir,3ct attack on the skin. 

(c) IngP-stion - swiiowing. 

I nhaLa.tion 

7. 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 effic ient devices whereby the red blood cells (red corpuscles) are enabled to absorb oxygen from 

the ai r and carry it to all parts of the body. But this same mechanism will a lso 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 moMxide, for instance, is taken up by the red blood 

cells some 300 times as readily as oxygen. 

s. The lungs are made up of countless millions of air cells (alveoli saccul es) 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 2,0 00 square feet for a man of 

average s i ze or roughly 200 times the area of his outer skin. 

9. Soluble dusts may be partly or wholly dissolved by lung moi sture 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 1 inings of the air passages, or by clogging the minute air 

cells and the still smaller passages to them. They may even carry harmful bacteria into the lungs or 

create a condition favorable to bacteri a l at t ack . It is esst~ntial , thtSre fore, to conclude that no dust 
can be regarded as entirely harmless if its concentration is high. 

10. In view of the facts, it is obvious that the prevention of a ir-contamination is the first princ iple in 

safeguarding work with substances that may , at any stage of the operations, become a ir-borne. This prin­

ciple should al ways be applied to the maximum practical degree . Wholesome air is essential to health. 

11. substances that can be air-borne are cl assified as -

Gases - Substances (as air) that at ordinary temperatures can exist at atmospheric pressure only as gases , 

for example carbon monoxide, hydrogen sulphide, and ordinary city gas (itse lf a mixture of gases.) 

Vapo,,,.s - The gaseous form of substances ab le to exist in the open air at ordinary temperatures both as a 

gas and as a liquid or a solid. All liquids and some solids (for example naphthalene- 11 moth balls 11
) 

evaporate , vaporize, (that is change to gas) more or l ess rapidly in cont act with air. The higher 

the temperature the more r apid the vaporization . The distinction betwee n gas and vapor i s largely 

a matter of usage. For exampl e gasolene in the gaseous form above the surface of 1 i quid gasolene 

in a bucket is spoken of as gasolene vapor though it is truly a gas. 

1Vist - very fine droplets of 1 iquid suspended in the a ir a.re t ermed mists. They may be produced by con­

densation from the gaseous form (example-fog ab ove a pond on a cold morning) or through escap i ng 
gas carrying droplets of liquid into the air (exampl e-mi st above a tank in which an el ectrolytic 
plating operation is being carried on) or by breaking a liquid up into a mi st (exampl e-paint 

spraying). 

Dusts - particles of solid rnattE-r fine enough to float in the air. In i ndustry dust s corne mostly from 

crushing, grinding, and handling operations. 

li'um.es and Smoke - sol id particl es fcrrred by the cooling or chem i ca l combina.t ion of substances in tr,e gaseous 

form. Exampl es-l ead when sufficiently heated gives off vapor (gaseous l ead) which is quJc k~ y 

oxidized (to l ead oxides ) in t he heated air above the molten l ead ~nd appears as a fume . 

If an open vesse l of muriatic (hydrochloric) acid is brought close to one containing or­

dinary ammonia, a cloud of whit .:; ful"!"IE!s of ammonium chloride will appear . 

12. The significant d istinction between fume s and dusts i s that of particl e s i ze . Fumes when forrred consist of 

exceedingly fine particl es (in theory, individua l molecules ) though these t end to unite (coalesce , agglorrorate ) 

to form larger particles . ousts ar e formed by t he mechan ical crushing or abrading of solids, hence the ir 

size will depend upon the nature of the materi a l and of the treat rre nt to which it is subj ected. As compared 

to fumes, however, even the finest dust particles are relatively l ar ge . The import ance of size lies in the 

fact that the finer the particle, t~ ~ more easily and l astingly air borne it is, the more difficult its re­

moval from the air and the more readily it is taken into and absorbed by the lungs. 

-2-



Skin Contacts 

13. The outer skin is surprisingly effective in protecting the tender tissues beneath it from dirt, bac teria 
and other exposures of ordinary livi ng . Gut science has developed a large numt,2r of substances and types 
of exposures whose power to damage or destroy is far bt::yond that which the unaided skin can resi s t. where 
such substances are involved, skin contact shou ld be eliminated as far as possible by positive means, such 
as mechanical handling, arrangement of process, and good housekeeping. Whe re this cannot be adequately 
accomplished , additiona l protection such as protect ive clothing and protective creams is necessary. The 
type of protection that will prove e ffective in each instance will depena upon the nature of the substance 
or substances involved and the conditions surrounding the exposure . 

14. Relat•vely few toxic substances are readily absorbed through the skin in dangerous amounts; but it is al­
ways wise to treat all 1 iquids, sludges, e tc., as though they were dangerous unless they are de finit e ly 
known to be harmless under the conditions involved. Fat al poisoning can occur from short exposure of large 
skin areas to strong concentrations of a few substances as for example , aniline, t e traethyl lead , and 
hydrocyanic acid. Chronic poisoning can occ ur from or be aggravated by continued slight exposure of the 
skin to such substances . 

1s. A very large number of substances are corrosive , i. e ., will attack the skin directly. Chief among these 
are the commonly used strong acids (sul phuric, hydrochlor ic, muriatic, nitric , and hydroflueric ,) familiar 
a lka li es , (caustic soda, caustic potash and li rre) , the ha logens (chlorine, bromine, fluorine), phe nol 
(ca rbolic ac id), and various compounds or derivatives of these basic substances. 

16, A gr€at many substances used in industry can cause or promote skin disease (dermatosis) . corrosives too 
weak or too d ilute to destroy th:! outer skin directly, can often, through continued contact, reduce the 
normal resistance of the skin against the attack of ever-present bacteria . such so lvents as gasoline 
dissolve the fatty protective subst ance from the skin and thus promote drying and cracking and open the 
way for bacterial attack. Many vcge t ~b le and anima l products furnish conditions part icul arly favorabl e 
to bacteria and thus increase the hazard. Avail able data from tho reports of state compensation aut horiti es 
indicate that at leas~ half of the total of disabling occupatlonal health injuri es are due to various forms 
of derrna toses. 

Ingesticn 

, 17. tng.estion as a fac tor in occupational d isease is import ant chiefly in that even minute amounts of the more 
toxic substances swallowed da ily in addition to the amounts breathed in, m~y add up to chronic po isoning . 
When dealing, with such highly toxic substances as many of the compounds of lead , arsenic or mercury, every 
ifleans must be taken to keep the poison out of the human system. Eve ry possibility of swallowing any of 
the substances in question must be guarded aga inst in every prac tic ab le way. 

18. some portion of practically every a ir contaminant breathed in through the mouth may become mixed with the 
saliva and swallowed . The re fore , control of a ir contamination e liminates or greatly reduces inges t ion from 
this source. It is a lso necessa ry to guard against the possibility that toxic substances may reach the 
mouth through contaminted food, drinks , smoking and chewing tobacco , and chew ing gum. Food should neither 
be kept nor eaten i n toxic surroundings. orinking water should be furnished by the ang le jet type of 
sanitary fount a in only. soft drink , candy, gum, cigarette dispensers, etc., offer a hazard if there is any 
chance of toxic dust settling on them or their conte nt s . smoking on the job offers the ex tra hazard that 
the cigarette or tobacco carried by the worker may become contarnin.:1ted. Chewing tobacco is p.1.rticularly 

likely to become dangerously contaminated . washing the hands thoroughly before eating is obvious ly es-
sential. Before leaving, workers should take a bath and change to street clothing, leaving their working 
clothes on the premises. These should"· be laundered freque ntly. 

Harmful Environmental Exposures 

19. Whil e 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 impa irment is due to adverse environmental 
conditions. For the most part, these are cumul ative ly damaging rathe r than disabl ing. some, however, 
can bring lingering disability or death; for example, X-rays may cause cance r or sterility, excessive 
heat may cause 11 heat stroke": excessive exposure to ultra-violet light can cause visual impairment. 

20. The environmental conditions that-when sufficiently unfavorab le , can cause physical injury-include 

Excessive fatigue 
Excessive noise 
Sustained vibration 
Defective Lighting 

ExcessivB temperature 
Dampness inducing chiLL 
[Jr,.cont-ro Lied -radiant ene rgy 

Abnontal air p-r~ssure (:vo-rk in compressed ai·r) 



21 . fatigue. While overfatigue can seriously injure health, it cannot be acc urately rreasured, General limits 
of performance which it is not safe to exceed. cannot be se t. However, unless a proper and f a irly definite 

relationship iS maintained between sustained activity and re st, overfatigue will occur. tf f at igue is con­

tinued long enough, it will injure the most rugged constitution, Fatigue can be both rrental (or nervous) 

and physical (or of the body). Other things be ing equal, disagreeable activities either rrental or physical 

are more rapidly tiring than are enjoyab l e ones. Every one should seek , as far as possible, to maint a in a 

relationship between his act ivity and his rest that brings him refreshed to eac h new day. Employe rs should 

seek to arrange the work load on each employee at a leve l such that there is no appreci able carryover of 
f atigue from one day to the next. work so exhausting that a reasonable night•s rest is not sufficient to 

restore we ll be ing, wi ll, if continued long enough , 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 t aken. Of 

course, the employee must coopera t e reasonably by so governing his non-work activities as to maintain rE:a­

sonably adequate rest periods and avoid harmfu l excesses. 

22 . Vibration and Physical Shock. Long continued intense vi brat ion and physical shocl<s can cause nerve injury 
with more or less loss of muscl e function. Long exposure to the condition is r equired and the disab ility 

usually yi elds to rest or change of work. @xampLe - finger or a-rm stiffness from air hammer ope-ration. 

23, Noise . Repeated l oud or sharp noises or int·2nse sustained noise can affect the nervous system unf ..:.vorably, 

producing a nervous condition that in sorre cases amounts to hysteri a. Noise ~xposure also contributes to 

f atigue. suffici ently intense noise can int lrre produce deafness. Old boil e r shop workers are likely to 

be partially deaf. The same is true of aviators. Fortunat ~ly, sound intensity is rreas urab l e and enough 

is known about saf e l eve ls of sound to enable competent t echnici ans to e,dvise corrective rrensures in specific 

cases. 

2~. Lighting. The correc t functioning of one 's eyes is so important, and their connection with the cantral 

nervous system is so intimate , that anything t hat affects the eyes adversely affect s one •s whole system. 
Lighting should furnish a level of illum ination adequate to allow the seeing t ask in questi on-provided 

vision is normal-to be performed e ffici ently without any se nse of eye strain, There should be nci gl are, 

no shadows nor sharp diffe rences in light intensities , no continuous or unduly freq uent flickering or 

flashing. An American standard 1 ighting code• has been developed by a committee of highly qualified 

, technicians. tt has received wide acceptance in industry. 

25. 'lempe-ratu-re, humidity and a.i-r motion. The human system functions best with comfort within 3. r athe r narrow 

range of t emperature and humidity ... For ordinary light work this range is from about 55° F with humidity 

55% to 10° F with humidity 30%. This is cal l ed the comfort zone. As t emperature increa ses above thi s zone 

the factor of humidity becorres increas ingly important. Heat stroke can probab ly occur with the temp8r ature 

as low as ao 0 if the humidity is high enough. The higher the humidity the slower the r ate of ev :1 poration 

of perspiration. Evapor ;1tion uses up heat and that is why "sweating cools one" if the sweat can evapor s.te 

quickly. P.?rspiration is the device by which the body keeps its own tempera.ture down . Air moti on helps by 

increasing evaporation. sorre a ir motion ls necessary for comfort even in the comfort zone. Too much a ir 

motion (drafts) can chill t he body; a condition f avorable to colds and pneumoni a. The same appli es to too 

low working t emperature and too rapid temperat ure drops. Men exposed to high tempe rat ure or on work on 
which they sweat heavily should bathe and change to dry clothing before be ing exposed to cold as on l eaving 
work in winter. Discomfort experi enced by workeri on hot work is a usefu l but not an infa llible guide as 

to hazardous exposure . However, maintaining a reasonably comfortabl e condition is a lways on the side of 
effici ency. 

211 Damfmess . continued exposure to we t ness underfoot and the wearing of wet c l othing lowe r s res istance t o colds, 

and respiratory diseases , and may promote certa in types of dermatoses . There are f ew locations in indust ry 

in wh ich these conditions cannot be effectively controll ed by such rre asures as the prevention of spill age, 

floor dra inage . floor racks or the provision of water resist ant clothing . 

2'7. Radiant Energy . various types of radiant energy can be harmful. For example. the x-ray c 3.n prcduce cancer, 

sterility or destruction of tissue (burns). The safe limits for the more serious of these exposures have 

been fairly well estn.b lished , however. and should not be exceeded. Eac h X-ray ins t all ation should be checked 

by a technici an competent in this fi e ld. Radium exposur es are similarly hazardous . ultra vi ol et 1 ight, the 

cause of sunburn, if intense enoug h, will burn the skin and is particul arly injuri ous t o the eyes . 

*Available frO'f'l, A·me-rican Standards Association, 70 E. £+5th St ., Nei.., York Ci ty . 

**By hu,midi ty is mea.nt -relative humidity that is the ,Percent of air saturation; fo 'I' exa:m:p ie 55% h11111.idity means 
that the air has 55% of the 111.oist·u'l'e it could ho Ld at t he given te111.,Pe-ratu-re . 
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ultra violet rays from an e lectric ~re will cause eye inflammation in a si ngle intense flash. That is 
why protective filter lenses must b~ 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 fl ame) welding produces little ultra violet 
but the welder must wear eye protect ion that will reduce the intensity cf the 1 ight. 

28. Air pressure. work under air pressure, such as in caissons or diving apparatus , puts the human system under 
such a stra in that only persons in excelle nt physical condition should work in compressed air. sorre nitroge, 
is always absorbed into the blood through the lungs ta~ther with the oxygen. AS the air pressure in­
creases, the abi lity of the blood to absorb nitrogen increases. If, af ter being under pressure 

a while the pressure is reduced too quickly, some of the extra nitrogen whicf\ has been ab­

sorbed wi ll form bubbles which are likely to obstruct the blood f\ow and cause cramps, •tl'te bends• . lfl 
severe cases, paralys is, or even death, may result. Therefore, in all work in compressed air the pressure 
must be reduced gradually enoug~ to keep the bubbles from forming. Definite schedules of decompression 
have been worked out tor various pressures and should always be followed. 

THE APPR4ISAL OF HEALTH HAZARDS 

29 • The factors that determine whether or not injury will probably result from any given exposure can be stated 
qu ite simply, but the making of an analys is adequate to guide proper corrective action usuall~ 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 spell danger. He can im­
prove or correct many of these conditions b~~pplicat ion of we1l-establ ished 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 ~ffectiveness of the control measures prescribed 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 rrethods used in making them. 

Whethe r or not injury results and its nature and degree will be determined by­

(a} The nature of the substance or injurious i-nfLuence invoLved. 
(b} fhe intensity of the exposure. 
(c) fhe Length of the exposure. 
(d.) The susee,Ptibi Li ty of the f;erso11, exposed. 

Natu~e of Substance o~ Exf;osure. 

30. obviously, the nature of the subst ance or substances involved is of first importance. A very l arge and 
steadily incre~slng variety of substances ca pable of causin9 injury is be ing used in industry. The degrees 
of hazard these offer va ry from the mildest to the most acute, but adequate safeguards can be thrown about 
the use of any or a ll of them. To do this, however, it is necessary to know the properties of the sub­
sta nce in quest ion, and the manner of its attack on the human system. This brings up the next point, i.e., 
that befo re any new substance is broug.ht into use, its properti es should be determined so that all neces­
sa ry safeguard s can be a ppli ed. The res ponsibility here is twofold; narrely: 

(a} The e1n,p lo yer 'Mking use of a Possib Ly hazardous substance new to him s hould s ecir ~ fuL L information 
as to its P"' c ,j-1e ~t~es and s e t up ali needed safegoords about its 1ise by his employees. 

(b) Phe p,·cduce-r of a ?'l.dW product shou ld obto.in ani su,Pp Ly to e very purchaser t he information necessary 
t o g-ut:ie its safe use. 

31. tf the poss ibly harmful expos ure in ques tion is e nvironment al (not due t o a specifi c s ubst ance), the ap­
pra ise r must still CDns ide r t he nature of the ex pos ure. Whil e there is no nove lty in excess ive noise or 
hea t or li ght , etc., our continua lly changing and deve l oping industry occ as ionally introd uce s s uch inf~u­
ences in new ways , thereby ne cess it ating new or improved me thods of control. r.1o re import ant is the fact 
that recog niti on of the ir adve rse influence on he3lth has bee n s l ow t o deve l op. This is undoubtedly due 
t o the furthe r f ac t that t he inj ury produced is se ldom d istingui shabl e fr om hea lth damage of non-occupation­
al ori gin. For example , excess ive noi se tends t o injure hearing, but it will not a lways do so. Furthe rmore 
the leve l at whic h it is likely t o do damage has not, bee n definit e ly det e rmined. The proper procedure for 
such environme nt al exposures is t o est abl isn st andards that will ass ure confor tabl e , hea lthful conditions 
and avoid or correct considerabl e vari ati ons the refr om. 

Seve~i ty of Exposu'T"e 

32. The more intense the exposure , the short er the tirre needed for injury to result. This appli es particularly 
t o a ir cont amination. Practically every toxic subst ance can, and dces , becorre a ir borne t o· some degree in 
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the form of dust , vapor, furre or gas. Therefore it is vitally import ant in working with the more to:<ic 

substances at l east, to maintain a close watch of their concentration (in the air of the work place) and 

keep it at all times within limits that are known to be safe. The f ac tor of s~ve rity of exposure applies 

to the strength of many substances , particularly those in liq1Jid form. In a very real sense a lso, it ap-• 

plies to such environrte~tal influences as sounri, heat, humidity, de. 
1' 

Length of Exposure 

33 . The third governing factor, l ength of exposure , is significant in two ways , that is, for a s ingle exposure 

and for repeated exposures. Some substances (for example, carbon monoxide in non-lethal concentrations) 

produce little or no continuing injury; with such substances, therefore, the shortest ex posure that may in­

jure for any given concfrntration, furnishes a fairly satisfactory quidepost for safety. This, of course , 

assumes in addition a reasonable allowance on the side of safety to guard aga inst errors of rreasurem:nt. 

The majortty of toxic subst ances are more or less cumulative in the ir action ; that is, part at l east of the 

substance taken into the body wi ll remain for a tirre and successive daily or frequent exposures may ultimate­

ly resu lt indefinite injury, usually permanent. Therefore, with substances of this type both the single 

exposure and the sum of a seri es of exposures must be consider ed in appraising the hazard. 

Pe~sonai SuscePtibiLity 

34. The resistance that the body offers to specific substances or harmful influences varie s as among individuals. 

Also, for any given individual, resistance may vary from tirre to tirre. This vari ation is spoken of as per­

sona l susceptibility and is of particul ar Importance in the field of dermatoses. some few individuals are 

particularly susceptible to certain substances or to extended ~xpos ure. sorreti:res a sing l e sever€ exposure 

may produce sensitivity in persons previously showing normal r es istance. 

Xe asuring Air Contamination 

,35 . It ls obvious that the damage done by a given toxic substance will depend chiefly upon the amount taken in­

to the system. Therefore, the ::1.mount (weight) of it in a g iven volume (cubic f ee t) of ai r will g ive a mea­

sure of the haza rd involved in breathing a ir containing it. But for sorre subst ances--notably silica and 

asbes tos-th~ hazard may best be jud ged by determining the numbe r of part icles that can get into tho tiny 
a ir cells in the lungs. For that re:;1son , the hazard of such dusts is r_re asured by counting the number of 

particles smaller than 10 microns (1/2500 in.) in size. because particles l arge r than this .0:. re r o& l ative ly 
few; they settle quickly and if breathed in are for the most part caught by the tiny ha irs (cili a ) tt,a t line 

the lung passages and are finally coughed out. Dust det ,:; rminati on by either the weight or counting rrethod 

requires the use of speci..tl equipment and highly spec bl iz d knowl edge and skill. 1n most of the states, 

industrial hygiene units in the health or l:.lbor departrrent s offer this service. some comm:-=: rci a l research 

l aboratori es render such services for a fee. A few l arge industri al firms are staffed and equipped for tnis 
work in their own plants. 

J6. Dust counts are given in t e rms of millions of particl es per cubic foot of ai r. Large numbers of dust partick, 

are present in even the purest air. counts of one-half million or more c:. r e norm!:l lly found in homes and in 

buildings of ordinary occupancy; 100 millions and more are not uncommon ir. industry. Anything abovt 50 mil­

lion particles per cubic foot of a ir has become generally accepted as uns.1fe for even th8 most innocuous dusts. 

Some authorities would set this lifl'iting figure substantially lower, Five milli on particl es r.er cubic foot 

is considered the ma~ imum allowable for continuous exposure to dust containing over 40% of free silica. sorre 
authorities prefer a figure of three million particles of free silica as the max imum. 

31. oust that is visible in the abse nce of a beam of sun light (or s i mil arly intense 1 i ght r ay) usually irn1ica.t es 
a high dust concentration,her,cethe ccx:1mon saying rlf you can see the dust, there i s too much of it." This is 

not an infallible guide, but safety is definitely on the side of e liminating visible dust. 

JS. Gas and vapor concentrations are rreasured by rreans suited to th~ nature of the subst -:mce in qu•::st ion. In 

sorre cases, satisfactory rrethods have not yet been worked out, but the substances of conimon occurrence can be 

adequately measured . tnst rurront s are available that meas ure the concent rat ion of cor.ibust ible gases and g ive 

direct re9.dings--these depend upon the heat produced by the combustion of the ~}3.S in question and, therefore , 

must be calibr.?.. ted for any given gas . They will rreasure exceed ingly small concentrations and can be made to 

ring an alarm , start exhaust fons , opc1 rate furnace controls , etc . Example--carbon monoxide control systems 

in garages and highway tunnels wh ich cause the carbon monoxide t o announce its presen~ at a given concen­

tration and to keep itself under control by operating the fans 2\S they are needed. 
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The Hecdth Hazaf'd Survey 

39. The first step in r-1. ppraising health haza rds is to find the hazc.1 rds. The survey should b€ made by technically 

qualified persons and normally involves the following steps. 

(a) Securing a co111,p ie te List of the ma.te-riaLs used . 
(b} Making a study of the p.,-ocesses involved to find hazard Points. 

(c) De terf!lination of the natu,f'e of the ,p,,,-oducts, byp-roaucts and 11xi.stes produced. 
(d) Analysis of the possibilities of explosion, fire b-reakout, Of' ct. her untouxtf'd occ1rrences . 

Purchas ing department and stock r oom lists will, in the well-managed plant, include all materi a l s a:1d pro­

ducts brought in from outside . sometimes , however, such lists are not comp l ete due to the ret a il buying of 

certa in supp l ies. such purchases are likely to include pa ints, cleaners , solvents, and the like for oc­

casional use . The hazard possibilities involved may be consider ab l e and should not be overlooked. 

1m. The content of products so l d under trade narres often offers a problem. Frequently the list of ingredients 

is obtainable only from the manufacturer. It is important t o secure this information, however. espec i c:t l ly 

in the case of such substances as paints , solvents, cl e,lners ~ inks , and pigme nts, whose use may expose 

workers. to toxic, corrosive or irritating subst ances. 

41. Full knowledge of the materials used having been obtained, the next step is to examine the processes and 

procedures for poss ible harmful exposures. ~hereve r dusts , gases, vapors, mists or f urnes ar e produced , 

injury is always possible if a ir cont amination is not kept within safe li mits f or the substances involved. 

The handling and product ion of 1 iq.uids involves the danger of spills, spl ashing, fuming, and vapori z ing. 

Manual handling of t oxic, corros ive , or irritnting substances offe rs specific hazards. The investigator 

should set down in suitab l e det a il each hazardpo int f ound. with these loc ated, the means of appra isal of 

the extent of the hazard and det ermination of the need for correc t i on will depe nd upon the nature of the 

substance or type of det rirnental exposure . 

42. No analysis would be complete without consideration of all the byproducts and was tes involved. Particularly 

in the chemical industri es , th•.". Se may introduce hazards other than those connected with the source materi a ls; 

or the ir toxicity may be greater . 

43. The poss ibilities of fa i l ure to ma int a in good control of processes and ope r dtions should al ways be considered 

Th i s will include overheating, exp l os ions , fire breakouts, f a ilure of control devi ces , f a ilure or reduced 

effectiveness of ex haust equiprrent, interrupted power supply , cont am inat ion of water supp ly, and any other 

f ac tor which might unexpec tedly render a norma lly safe situation hazard ous. 

METHODS OF PREVENTION 

44 . There ~re e ight principal methods used for the e limination or control of industri al hed lth hazards, narne ly: 

(a) Substitution of t ess toxic materiaL. 
(b) Enc losure of the harmful process (wi th aut0111atic operation) 
(c} Isolation of the har'Mfui P,,,ocess f-rom the r emainder of the pL11,nt with special protec ticm 

for workers ,iecessarily included in the area isolated . 
(d } Local exhaust vent ilation. 
(e ) Gene,ra L ventilation. 
(f) 1'he use of 1-1.e t me thods, 
(g ) 'fhe use of personal protective devices, particularly r espiratory protection. 
(h) Decr'3asing the da. iLy exposur e thro·ugh short work periods. 

45. It is usually unwi se to rely wholly on any one of the se rre thods. several should usually be used in com­

bination. The specific meas ures used in each case should be determined by an industri al hyg ienist, he should 

supervise the ir install at ion and ma ke pe riodic al check ups t o insure the ir continued ef f ec tiveness . 

Substitution 

4-6 . The plant mat eri als survey should have yi e l ded ;,:; comp l ete 1 ist of the t oxic materials used. In each case , 

the poss ibility of substitution of a l ess hazar do us subst ~nce shou ld be con s id~r~red Many examples could be 

cited , such as the e limination of toxic wh ite ~hosphorus in match heads, t he substitution of titanium ox ide 

or zinc oxide and sulfide for lead in white pa ints, or the use of solvent s of re l atively l ow toxi c ity in 
pl ace of benzene (benzol}. 
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ij7. The rever se poss ibility should always be guarded aga inst , namely, t he subs titution of a more t oxic sub­

stance. Thi s is especi ally likely t o com:~ about through an eff~rt t o save money or process i ng ti me without 

ad(::quate conside r ati on of the tianrds poss iDly invol ved . A not able examp l e was furnished by the cJea t h of 

sever al employees of a da i l y newspaper due to the substitu t i c, n (in part) of benzol fo r a l ess toxi c so lvent 

i n order t o speed up the drying tirre of the printing ink used. The exhaust syst em, adequat e for the for rre r 

ink , was inadequat e for an ink cont a ining a subst anti al amount of benz ol . 

4 8 . some ti me s a substitution of process or change in the process can be made t o l es~n the expense . £x:1mpl es- ­

the use of !"'eady mixed l ead pa i nts i nstead of mixing the pa int on the job; the appli cati on of pa int or 

other pr otective c oating by dipping instead of sp r aying. 

Enc Losure 

~9. Many processes inv olving the use of t oxic substances can be compl et e ly encl osed during a ll or part of t he 

oper ati on to prevent the escape of atmosphe ric cont amin3nts. A sli ght negct ive pr ess ure within t he en-

cl os ure (by rreans of a suit ab l e exhaust} will give prot ec ti on aga inst l e:i kS during t he ope r ati on. Load-

ing and removi ng the contents should be rrechanica l or aut ~matic whe rever poss ibl e. When thi s is i mp r acti c­

abl e one or mor e of the other rre thcds listed should be so applied. The means chosen should be as pos itive 

as poss ible , the reby eliminating the hazard itself r ather than depe nding upon persona l prot ect ive devi ces 

essenti a lly de fensive In nature. Exampl es-the modern fully encl osed and exhaust ed tumbl er f or cl eaning 

small castings ; t he modern dry cleaning machine f or gar me nt s . 

50 . Mi.lny processes req uire encl os ure for effici ent cper ati on. with t hese , t he pr obl em is one of preventing 

l ea kage by pr cpe r des i gn and constructi on suppleme nted by a hi gh st andar d cf ma inten3nce . Exampl es--1 ines 

carrying hazard ous gases or 1 iquld s must be des i gned and constructed t o a l low f or ex pans i on, and a11 j o int s , 

fittings and va lves must b~ excellently ma inta ined . s~nd bl ast booths must be so des i gned ~nd cons tructed 

as t o e liminat E~ a ir l eakage and t hey must al so be carefully ma inta ined . In add iti on , they shou l d be so ex-

hc'\ust ed unde r negative pressure as t o keep a ir l eakage inward; othe rwi se l eakage will ca rry dust out int o 

the wor kroorn. 

51. Ma ny processe s, whose encl osure i s not necessary f or produc t ive purposes should be enc l osed, nevert he l ess 

wher e prac ticabl e. In this cl ass are many mi x ing , screening, and grinding oper ati ons , heat tred ing , 

cl eaning and the 1 ike . The t es t in each instance is-doe s the pr ocess at any st age g ive off any subst ance 

that may contaminat e the a ir? If so, can it be compl et e ly enGl osed? If not, can a par t i al enc l ~sur e com­

bined with exhaust be appli ed? Exampl es-dry grinding mill s , rubber c ompound ing mill s , cyanid ing ke ttl es , 

l ead pot s , pl ating t anks, deg r ease r s . 

ISOLATION OF THE PROCESS 

52. some types of hazardous pr ocesse s may endange r worker s ot he r than those d irec tly conce r ned with t he pr ocess . 

such processes can be isol ated in a se par at e buil d ing or car e fully sea l ed off area with sui tab l e spec i ali zed 

protecti on provi ded for the worker s r equired for the process . The sand bl as t booth wit h t he ope r at or i ns ide 

(wearing hi s suppli ed a ir hel rre t , etc,) furnishes an exampl e of the appl i cnt ion of th i s me t hod t o a s i ng l e 
job . 

LOCAL EXHAUST VENTILATION 

5,3 . Air pure enough to breathe continuous ly with saf ety i s an obvi ous "mus t" if workmen are to r et a in t he ir 

health. That it a l so be not unpl easant to breathe i s i mport ant in the i nt er es t of e ffi c i ency and empl oyee 

mo ra le . 

54. The survey shoul d have locat ed the so urc es of a ir cont am inati on and the nature of the cont am inant s . The 

first e ffort should be to prevent the cont am inating subst ~nce fr om getting i nt o t he a ir. Thi s i s , of 

course , the purpose of enc losure , but whereve r thi s i s not prac ticabl e or not full y effective , t he hur mful 

subst ances should be trapped at the ir po int s of ori g i n and r emoved by means of l oca l exhaust . 

55. The mos t difficult proc esses t o ma ke sa f e are ord inarily those wh ich yi e ld toxi c dusts , vapor s , furres , or 
gases , and which must be hand oper at ed . Exampl es- gr anite cut t ing, sp r ay pa inti ng , e lectri c and gas we ld­

ing and cutting; pneumatic drilling in rock . Each of t hese require s spec i ali zed eq ui prrent . 
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56. The manufacturers of exhaust equipment have made great progress in developing dc, vices to meet the commoner 

situations and they maintain technicians to a id in the solution of specia l problems. For i nstance; highly 

effective spray booths are availab l e. Specialized exhaust devices have been deve l oped which will, if proper­

ly applied and maintained, el irninate most of the hazard from gran ite cutting Rnd rock drilling. The safe­

guarding of welding is a current problem whose fully sat isfactory solution wil l require further resea rch into 

the nat ure and extent of the air contaminants produced. However, it is now certain that existing exhaust 

devices and existing knowledge if properly applied wi ll eliminate most of the hazard here also.• 

57. While the des ign of exhaust eq uipment requires a high degree of technicr1l compet ence , and should be handled 

only by quali •ried engineers, certain princip l es are so generally applicable as to justify the ir mention here : 

(a) To be effective, the air /Low to the exhaust duct must incLude the entire area Liberating the 
contaminating substance. 

(b) The shaPe and size of the hood (and baffLes), its ,position in relation to the work and the air 
ve Loci'ty used, should be such as to trap aH the conta'lllinants Prod1.Jced and carry them. into the 
exhaus t duct and auxiy. 

(c) Phe air ve Locity over the area where the conta~inant must be picked uP is the significant velocity. 
In the case of dusts or other solids, the minimum veiocity in the ducts must be s11,fficient to 
,Prevent settiing-out. Sharp corners, irregularities or other conditions that cause air turb·u lence 
reduce efficiency and shou-Ld be avoided. 

(d) The air fLow shouLd alux:rys be away fro11t the breathing zone of the operator. ?or exam.p ie , PLati,ng 
tanks sho11,Ld, in generaL, be exhausted at the back, the air f;uLled past the o,Pemtor ovc1" the 
surface of the t' la.ting so Lution and thence to the duet at the back. 

(e) Advantage sho1.1,Ld be taken of gravity, where practicabLi?. . f hat i s , heavy dusts, fumes, and vapors 
should be exhausted down1ai.rtl. When heated air is produced as in cyanide pots, fu1"naces, etc., it 
should usually be exhausted u.pvx;,rd and bacf:M1rd in 01"der to get the benefit of the heat-in:foc ed draft , 
It shouid not · be drawn directly tvfJ'IJXJ,rd, 11,n less the operator's station is safe Ly aUX2.y so that the. 
fumes wi ii not be drawn thro1igh any part of his breathing zone. 

(f) Stack (chimney) suction unaid Ad by forced draft, because of its unreliability, is se ld01/I. if eve r 
adequate when toxic contaminants we involved. In any given instal iation, the amount of suction 
produced wHL be affected by the velocity and direction of the wi-nd, the bo,rometdc press11,re, and 
the amount and temperat-u,1"e of the heated afr produced. &'very exhaust system should have at all 
times a margin of capacity safe Ly above the minimum necessary to remove the maxim.wm yie Ld of con­
taminating subsfonces. Only forced draft can assure this. 

58 . The disposal of the a ir exhausted from productive processes presents a problem in the case of toxic sub­

stanc0s or substances that may creat e a nuisance such as dust, o'."lo r s_, shavings or lint. Merely discharg­

ing the exhausted ai r outside the build ing may poison or damage neighbors. Air currents may also carry the 

contaminant back into the plant through window or other openings. This haBrd may be l essened by discharg­

ing from stacks carri ed well above the building roofs, but the unsoundness of thus cont am inating the gen-

eral atmosphere is building up a widespread sentiment against such a practi ce . In some cases , the con-

taminant may have considerable value . The ge neral des irability of collecting substances exhausted has l ed 

to the development of various types of collecting eq uiprrent whose purpose is to sapar -1te the contaminant 

from the a ir exhausted and enable its recovery or harmless disposal. These are commonly of four types : 

the cyclone, cloth filt ers, a ir washers, and electric precipitators .•• 

59. Cyclones depend upon the fact that solids carried by a ir t end to settle out if the a ir speed i s red uced or 

its direction of flow changed. Therefore, by carrying the main exhaust duct into a l arge chamber desi gned 
to slow the a ir down as much as possible and at the sarre time gi ve it a whirling motion, the heavie r par­

ticl es settle out into a collection space at the bottom which can be empti ed from time to tirne. cyclone 

collect<Ts , however , are not effective for very fine particles and, therefore, are not ;:1.dequate for toxic 

dusts. They are widely used in the wood and textil e industries. 

60. The cloth filt er is what its name implie s . The air i s passed through fi lt er bags much 1 ike those in the 

ordinary household vacu um cleaner. The bags hang with open 2nd downw;1 rd so that when the dust builds up 

sufficiently it can fall into a clean-out space be low. The framework supporting the bags can be shaken or 

jarred from tirre to time to loosen the collected dust. Frequent inspect ion and good maintenance are neces­

sary as even a f ew small hol es in the f abric reduce the effectiveness considerably. 

• See American War Standard, "Safety in Electric and Gas Welding arid Cutting Operations." 
** .Details are obtainabte from the manufacturers of the various types of equipment . 
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61. Air washers remove dust oy thoroughly wetting it. The a ir is passed through a series of passages continuous­
ly drenched by a fine spray or a mist of water. The dust is carried off in the stream of wate r or collected 
in catch basins as a sludge . This method is most e ffective with dusts that dissolve or with heavy dusts. 
sorre dusts such as coal dust or f1ue dust are very difficult to wet and hard to deal with by this means. 

62. Electric prec ipitators depend upon the fact that dust particles that can be made to pick up a charge of 
e lectricity will thus be attracted to an oppositely charged object or surface . However, the first cost 
and the expense of operation are high; hence this rrethod is practically limited to cas.s in which the di.:st 
has considerable value. 

63. collectors should always be located upstream from the fan or blower in order to prevent abrasion or corrosio~ 
of the blower and to reduce the hazard of explosion--an ever present possibility in exhausting combus tible 
dusts, gases, vapors, or furres. 

64. The technical problems involved in the design and installation of exhaust and ventil ati ng systems and equip- . 
rrent are such that the advice of competent technical specialists should always be secure ·. This is particu­
larly important when the system installed includes reconditioning and recirculation of the a ir exhausted, 
which in our northern climates is quite a saver of heat. In such a system, any ra i 1 ure to remove the con­
taminant effectively would obviously be most serious. For this reason, many authorities be li eve that re­
circulation should not be used at al l 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
rrent is provided and maintained. Indicators of the type mentioned in pp. 38 controlling the mechan ical ven- · 
tilation, can be made to furnish the needed protection against combustible contaminant s , such as carbon mon­
oxide (CO) or the petroleum solvents. But for contaminants for which no such devices are availabl e , for ex­
ample, lead fumes, silica dust, or chlorinated hydroc arbons, recirculation would necessitate practically con­
tinuous air analysis to insure safety. The cost of this would in most cases at least, overbalance the value 
of the heat saving . 

GENERAL VENTILATION 

65. 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. occasional oparations such as painting, welding, cleaning, brushing, and grinding rnay produce a 
considerable degree of air contam ination. Heat, humidity. or ~1ors or a combination of these, may pro­
duce an unpleasa nt or deb ilitating atmosphere . Therefore, general forced ventilation to provide a continual 
influx of fre sh air is often necessary - or at least desirable. 

66. Where the workers themselves constitute the only source of air contamination, an air change of 2 to~ times 
per hour is ordinarily adequate. If 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, locat ion, or arrangerr.en t hinders 
natural ventilation, special means suc h as siphon type roof ventilators may be necessary to reach thi s min­
imum of ventil ation. 

67. Few workrooms are entire ly devoid of sources of air contamination (other than human) and, therefore , the 
tendency is to raise substantially the 1 imits mentioned above. Experience strong ly supports the view that 
for the average workroom having only moderat(~ sources of air contamination from the 1 imited use of low haz­
ard substances, natural ventilation should be re lied on only if the gross cubical contents of the workroom 
is 2000 cubic fee t or more per person. The Aroorican Foundryman•s Association, in its code of Recomrrended 
Practices in Industrial Housekeeping and Sanitation , makes thi s specific recorrrre nd ation. The city of Chicago 
code makes it mandatory. state and city re gul atory agencies, e ither through laws and codes or by corrective 
orders , frequently acce pt lower fi gures but now show a tendency to raise them. They generally req uire ven­
tilation rates of from 20 to 70 cubic fe~t per minute per person or from 6 to 40 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 al so he lpful in 
sorre cases in removing soluble vapors such as those of alcohol. However, fine dust particles and fume s are 
difficult to wet . Also, the wetted particl es may be redispersed if the 1 iquid dri es up. It is often dif­
ficult to wet all the material and kee p it wet without using too much liquid and thus creating a sloppy , 
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and, therefore unsatisfactory or unsafe condition. ln spite of such limitations, the re~sonab le 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 sorre 560 million• particles per cubic foot 
of air to 30 million particles. wet methods are particularly helpful in foundry operations ... 

PERSONAL PROTECTIVE DEVIC.ES 

69. Persona l 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 imrre:1iate exposure to 
the hazard. The fact that rr.::i.ny protective devices can be or can become inE:ffective without the knowledge of 
the wearer is particularly serious. All of which justifies the dictum that personal protective devices must 
be regc~rded as of an emergency or t emporary nature only, supplementary to suitable preventive rreasures , but 
never in prefe rence to them. 

70. Pe rsona l protective devices to protect aga inst harmful substance may be classified as 

Respiratory protec tive devices 

Protective 1.a3aring apparel 

P1"'otectitJe c1"'eams, Lotions, P. tc. 

Respi1"'atory P1"'otective D~vices 

71. To insure the effectiveness of respi ratory protective devices, the u. s. Bureau of Mines tests and approves 
such equiprrent. By January 1944 approvals h.:id been issued for various types of devices in all the classi­
ficat ions discussed below. only those apprc,~d 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 reques t. 

72. All these devices have two things in common: they are more or less uncomfortable to wear and they reduce 
efficiency. It is difficult to sec ure and maintain faithful performance in their use. If the lessened 
efficiency (plus absentee ism and turnover due to such a situation} could be measured in terms of cost, it 
would probably, in most cases, show ve ry clearl,y that substantial expend itures to eliminate the harnrd are 
justified. 

13. Respiratory protective devices are of two types--

{a) Air pu1"'ifying which r emoves the conta~inant f1"'om the air as it is inhaled by filtering or 

by chemical absorption. 

(b) Air supplying - which supplies dean ai1" from an ou,tside sou.1"'C(; or oxygen jrnm a tank carried 

by the ~arer. 

74. It is important that the type of respirator used be correct for the hazard involved. Approvals and manu­
facturers • directions (for the use of approved devices) a lways describe the protection afforded and these 
should be heeded. For example, the ordinary dust respirator is not effect ive against lead furres or gases; 
the gas mask designed to protect against ammonia alone does not protect against carbon monoxide; on ly the 
supplied a ir types protect against an at mosphe re deficient in oxygen or one in which the content of toxic 
gases is too high for the capacity of the air-purifying type of resp irator. 

75. The safe and correct use of all types of respiratory protection requires careful att ,~ntion to many details 
and the unfailing observance of rul es for safe procedure. Full details of types approved by the Bureau of 
Mines should be obtained from the manufactur~rs, thoroughly mastered and fully complied with. 

76. Air Purifying Types. These are classified as-

Dust Resf; imto1"'s 

Chemical cartr .idge respirators 

Caniste1"' gas masks 

• BloCJm,jield, J. J., IndustdaL StJ,fety, Prentice-Hali, New York City. 

** "Dust Cont1"'o L in Fou-ruiries" Division of Labor St mards, U. S. Department of Labor, 19/JO 
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77. The dust respirators filter dust particles out of the air by means of a filter, usually of treated paper or 
felt. The filter is mounted on a face piece, or half mask, covering nose and mouth and fitting closely to 
the face to avoid air leakage. The better types include a valve which opens to release the exhaled a ir. The 
construction of the facepiece must permit of sufficient adjustment to fit the contour of the face, and it 
must be faced with resilient material to provide a seal with comfort. Soft cotton facepiece coverings called 
"facelets'' are helpful to prevent skin irritation, especially for irritating dusts such as lime. 

78. The particles strained out by the filter, gradually clog up its pores and thus increase breathing resistance. 
When breathing resistance becomes so high as to be uncomfortable, the filter should be changed. 

79. Chemical Cartridge Respirators. These are quite similar in design to .dust respirators. A cartridge (or 
t1..,it1 cartridges) containing a suitable chemical (or chemicals) is substituted for the filter. The chemical 
used will depend upon the gas or group of gases against which it is designed to give protection. 

80. It is important to remember that cartridge respirators can carry but small amounts of chemical and. therefor~, 
are effective for 1 ight concentrations of gases only and for 1 imited periods of time. It is unsafe to depend 
upon them in concentrations of acid gases higher than five hundredths percent and for organic vapors higher ; 
than one-tenth percent. This makes them entirely unsuitable for any use, where high concentrations may exist. 

81. Canister Gas 1Va.sks. These carry larger amounts of chemical and afford protection against higher concentratior 
and for longer periods of time. They consist of a facepiece, corrugated connecting tube, canister and harne~s 
The large canister permits a larger combination of chemicals thereby affording protection against a wider 
range of gases. The all-service type is designed to protect against low concentrations of all types of in­
dustrial gases. smoke and furres. 

82. canisters are ~pproved for use in concentrations of not over two percent of most gases, for ammonia not over 
three percent. Only the supplied air type of respirator should be used for higher concentrations. Each can-: 
ister will give protection for a period of tirre depe ndent chiefly upon the concentration of the gas, the rate 
of breathing, and the age of the canister . AS it nears exhaustion , a trace of gas will leak through, which, 
if the gas has a distinctive taste or odor or is irritating. will give at least some warning of impending 
failure to protect. The all-service mask includes a timer which records cumulatively the time of use and 
thus give the careful wearer warning against its exhaustion even in the case of carbon monoxide which is 
o.:Jo rlt- ss, taste less, and non-i rri tat i ng. 

s3 . Supplied AiY RespiratoYs. These consist essentially of a facepiece or helrret to which air from a suitable 
outside source is supplied through a hose, or combination of hose and pipe line. The types used are hose 
m~s ks, air line respirators and oxygen breathing apparatus. 

8~. Hose Nask. This consists of a full mask facepiece with large diarrete r hose to which a ir is supplied by a 
hand operated blower or a small powe r driven blo~~r. A sturdy harness furnishes an anchor for the hose 1 ine 
and for a life line by rreans of which the wearer can , if necessary, be drawn back to safety. 

85. Hose masks are the simplest ~nd safest form of p,>otector for many situations in sma ll areas (150 ' is the 
maximum permissible length of hose line). They are particul arly useful for work in tanks, bins, pits, wells, 
the holds of vessels. etc . They should not be used where the wearer could not reach safety if the a ir sup­
ply was cut off. It is emphasized also that for substances {as HCN) that can be absorbed through the skin 
or those that attack the skin direct ly as ac id fumes suit ab le add itional protection is necessary. 

86. Air-Line Respirato~s. These are for use with compressed a ir. A valve to control the a ir flow is therefore 
added and the ·air line is of relatively small diarreter. They are unsafe fer an atmosphere from which the 
wearer could not escape in event of fa ilure of the air supply. They are satisfactory for exposures of the 
type for which chemical cartridge or rrechanical filter protect ion may be used. 

87. In sand blasting, rretal spraying, or other operations for which complete head and neck protection is required 
suitable protective helmets are used. The fit should be tight enough in re lation to the volume of a ir flow 
to prevent any leakage of contaminated a ir into the helrret. 

88. Air Swpply . Great care must be taken to insure a pure :.:l. ir supply. The area around the air-hose int ake 
should be looked over carefully for possible sources of contamination such as gasoline or diesel engine 
exhausts (including automobiles and trucks) , smoke or gases from furnace stacks, dusts, chem ical fumes, etc. 
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When compressed ai r is used, this app lies to the intake of the ail" compressor. compressed ai r 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. Tnerefor~, an air purifier which will safely remove all of 

these substances is necessary. very careful and adequate maintenance and ope rat ion of both compressor 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 wh ich he carries and is 
thus entirely independent of the outside air and limited as to scope of action only by the supply of oxygen 
he can ca rry. Both 1-hour and 2-hour sizes are used. Their chief use if for rescue and emergency repa ir 
work in mines, fighting fires in tunnels, ships, etc., entering storage tanks con taining vol atiles, enter­
ing sewers, gas holders , etc, and similarly high hazard situations. Special training is necessary for 
thei r safe use. 

90. MainteMnce . No matter how well a re spiratory protective device is designed and made, unless it is prope r­
ly cared for and maint a ined in good condition it wil l fail to give protection or be otherwise unsatisfactory~ 
Therefore, when the need for such devices is detemi ined upon, the planning should include full provisions · 
for their careful and unfa iling maintenance. This should include inspection, repa irs, replacement of used 
filters, cartridges, and canisters, cleaning and steril lzation, etc, 

91. Acceptance by Workmen. At best, a resp irator of any type is more or less uncomfortable to weer and a nui­
sance. 
port ant 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

( ~ ) 

unless workmen realize fully the need of the protection, they will not wear them faithfully. Im­
factors in getting full employee cooperation in this respect are--

Recourse to respiratory protection only as an emergency, a te~porary, or a finaL method after 
every effort has been -made to e Li11tinate the hazci.r:l. 

Fx,'1laining the situation f1.1,lly to the workm.en involved. 
Careful fitting of respirators, etc. 

Ad,equate provisions for maintenance and cieanliness. 
Carefut instruction as to use . 
I nte Higent f1.1.,L iy infor111,ed supervision. 

A respirator once issued to a workmen should be -reiss1-1ed only to him as Long as he has use 
fo1" it. Those re Leased through iabor turtiover or transfers shoul,d, be fuHy reco11ditioned, 
steriiized and re turned to stock. 

Protective wearing AP,Pare L 

92. In all work with substances that attack through the skin or attack the skin itself, protective clothing 
may be used to advantage to lesse n sk in contact. It must be suited to the nature of the substance, the 
exposure involved and the kind of wor~ done. The material of which the ga rment or protective article is 
made must be resistive to attack ~y the substance in question, must not absorb it to any extent or be 
easily penetrated by it, must be cleanable and should have reasonable wearing qualities . The garment or 
article must 00 .:1s comfortable as possible. For women workers , the factor of appearance is important. 

93, The names of manufacturers of protective wearing appa rel may be obtained from the advertisers• 1 ists of 
current safety journals or from the directories of manufacturers. Garments and artic les of common use 
include head coverings, coats and jac~ets, aprons, coveralls , trousers, Jauntlets, hand and finger pro­
tectors, legg ings , boots and shoes.• 

Protective Creams and Lotions 

94. There are a number of preparations on the marke t designed to protect the skin against attack . Their ef­
fectiveness varies, but properly se lect ed and correctly used, they may be very helpful. 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 ,.irms in inevitable, this type of protection may con­
stitute a worthwhile aid to prevention. 

95. In each inst ance it is essential that-

(a) A cream or Lotion effect-ive against the substance or substances invoived be se Lected 3',pon 
comPetent medica l advice. 

(b} :lhe employees involve1 be carefuiLy instructed as to the value of the protection and in its 
proper ap,PLication. 

• A Lso see A-me1"'ican Standard Safe ty Code for Protective OccupationaL Clothing L-18-l9lJ.l/.. 
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(c} Adequate facilities be p1"ovided fo-r 'I.IXlshing and for change of clothes necessary to e Liminate 

a LL contact with the substf1,nce in question du.ring offtime. 
(d) The wo-rker cooperate by careful personal hygiene; at the very least u.nshirig thoroogldy before 

eating and at the em 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 1 imited. 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. 

97. The same principle is applied to work with lead and some other highly toxic substances both by limit­
ing daily exposu re and by rot ation of the workmen between hazardous and hazard-free jobs on a schedu le 
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 1 ieu of measures to remove or reduce the haur d. such a course is 1 i kely to prove very unsound 
in the long run. For instance , a manufacturer of lead storage batteries who used t his 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 re l atively 
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 indust ry and constitute 
a drain on the health of large numbers of workers. While in most cases these are in ge neral non-dis­
abling , both employees and employers would ga in greatly by their elimination. 

CO~MON INJURY-PRODUCING SUBSTANCES 

100. Potentially hazardous substances used in industry are numbered in the thousands and the tot a l is con­
stantly increasing. only a moderate number are widely used however. This discussion denls with only 
those deemed to be of majo r importance. 

Phe Metais and Netailoids 

101. Lead. Lead is so widely used and so widely distribut ed throughout the earth 's surface that there are 
minute traces of it in most drinking water and in many foods. Therefore, we are al l continually gett ing 
very small doses of lead without harm because the system can el imin~te these small quantities. Poison­
ing can occur only if the lead intake becomes greater than the capacity of the body to eli minate it. 
When the physiologic tolerance each person possesses is exceeded, the symptoms of lead poisoning appear. 

102. The majority of lead poisoning cases result from breathing dust or fumes. Lead may also be swal lowed 
through contamination of anything taken into the mouth. some organic lead compounds, for example , 
t etraethy l lead, may be absorbed directly through the skin. 

103. The fact that unless a massive dosage is received , lead poisoning develops gradua lly makes it p:~rticu­
larly important to maintain close medical supervision over all persons exposed to l ead or its compounds 
in any form. such supervision should be additional to all practicab le preventive precedures, never a 
substitute for them. The earlier the detection and treatment, the better the chance of cure. 
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104. Lead usually attacks the blood-forming organs though it may also affect practically any part of the body~ 
Early injury can usually be detected by blood and urine analysis. Persons working with lead in any form 
and not under medical supervision should prompt ly consult a physician upon any of the follow ing warning 
s igns-g1'adwiLly inc-reasing u.eakness, f-re quent headaches, <lizziness, consHp ation, loss of appetite a.r.d 
weight, paLLor, diffuse abdominal cramps (colic), joint pains. 

105. Preventive methods include primarily--

(c J Re111,ovaL of lead du.st or ftl,'/f/,eS at their points of o-rigirt by exhaust ven.tHation. 
(b) Detailed ca-re in designing P-quip,,nent, a-r-ranging processes and methods of work to r. Liminate spillage, 

ho'ld ha:n.dLing to a mini"ll.um a.nd avoid conditions and practices that migh t ca-rry o-r throw Lead du.st or 
fu1T1,es into th-e air. 

(c) t.Jaintenance of a high standard of clean Liness by good hou.se keeping, vacuum cl<'rnni'.'tg arid ta-'? t suk?.e,Ping, 
prefe1'abLy done after working hours. 

(d) The use of non-absorbent s'Mooth surfaced materia l for floors , taJ.ils,. benches and a LL oth~r structu-ral 
s ·urfaces. 

(e) The provision and faithful use of facilities for personal deanLi11ess; sho1J>g 1' baths with hot and cold 

tJ.Xlter, indi1Jidual to-mls, separa te lockf:rs fo-r work and stree t ciothinP, . 
(/) Lunchroom facilities separate from 1JJor .~ooms with provision to keep ail food and drink free of Lead 

contamination. Eating in workrooms should be ,prohibited. 

(g) 'i1ainter.ance of frequent testing of the air of 1oorkrooms for lecuL. Concentration of lead should be 
kept be low 1.5 mi LLig-ra~ns ,Per 10 c-ub ic meters (3.53 rnbic feet) of aif". 

(h) '•,'a intenance of dose medical supervisi()'l'I, to detP.ct signs of incipient Poisoni"t.g, together 1JJith merJ.ical 

r e~xaminatio~ at Least every 6 11.onths, of aLL workers e-x:,Posed to lead. 
(i) .'vfa i ntenance of complete detailed Yeco·nis of aii ,n.ed i ca i jitv:lings on ea.ch 1vorker. 
(j) fi'uiL instruction of ec1.ch e7/l,ployee as to the procedures he shouk1. follow a11.d the precautions he should 

take. 

( k) 11aintena.nce of a definite system of safeguardirtP, WOt")wrs tuho , ciispi te a ii preventive precautions, show 

too grea t a Lead intake. f..fea sures used inc Lwie tro,nsfer to work involving Lesser ex1>os11,re, reduction 

in hou-rs of Lead ex,posurP-, special diets, assista?tCe in secu,ring other empLoyment. 

(1) PR OVISION OF A,,RO VED RES, t RATORY PR~TECT I V[ Eou1,MEHT ,o. EMERGENCY EK,OSURES FOR WHICH OT HER 
MEASURES ARE NOT ADEQUATE, MAINTENANCE or SUCH Eou1,MENT IS A CLEAN ANO EFFECTI VE CDNOITI OH AT 
A\.L TIMES, 

106. A-rsenic, Anti-mony, Cad:miwm. , Manganese, J.fercu-ry--These and othe r l ess commonly used metals or metalloids 
require precautions similar to those for lead . All of these substances poison the worker chi e fly through 
inhalation in the form of dust or fumes . Li kt:? l ead , a ll may affect oract ically any part of the body or 
bodily function and the injury once acquired t ends to be chronic . Manganese is primarily a nerve po ison 
usually evidenced by peculiar gait and tremo rs. Arsenic poisoning is ordinarily characterized by skin 
e ruptions or a bronzy skin discoloration and loss of ha ir. Mercury poisoning is usually ve ry gradual. 
Its early signs are sore mouth with excessive watering, loosening of the t ee th , t i redness , l essen ing 
appetite and tremors. Metal 1 ic mercury is particul arly hazardous, bec ~use it Vc'.lpo rize~ to some exte nt 
at room temperature and fumes quickly on heat ing and because of the ab i l ity of liquid mercury to combine 
with or adhere to other metals or be absorbed by other substances. only the most through-going preventive 
measures carefully followed will prevent poisoning. The compounds of mercu ry or a rsenic are as a rul e 
high ly toxic and special precautions a re necessary to the ir safe handling . close medical control is im­
portant for all exposed workmen. Ai r analysis is similarly import ant. 

107, ~Momium. certa in of it s compounds have a caustic action. They at t ac k pa rticul arly through c rac ks or 
abrasions in the skin, to cause ulcers (common ly cal led •chrome holes 11 ) on hands and a rms, and perforate 
the septum of the nose . Preventive methods of chi e f applicability are--

(a) Phe dP.sign of Processes and eq1.1,ipment to e liminate as far as ,Possible splashing , d-rippage, s,Pi Llage, 
sf;attering a.nd fuming. 

(b) Re111.oval of f ti.me s o-r dust at their points of origin. 

(c) E' li111,ination of s kin contact as far as Possible. 
(d} Provision of protective clothing, ,Particularly boots, g loves aprons for those working with chro1n.ium 

solutions. 

(e) Provision of ,Protective oint1Ttents for the use of workers ex,Poseid. 

108 . Cadmium, once rarely used , is becoming more common as an anti-rust plating. It is hi!'.]h ly toxic . It s 
fumes or dust at t ack the lungs chiefly. It melts and fumes at a slightly lower t emperat ure than does 
lead. Operations in which its fumes or dust mc,l.y be produced must be effectively exhaust ed or other ef­
fec tive means of preventing air contamination from it must be provided . 
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109. MetaL ,~~e fever, When considerable ~mounts of the fumes given off by highly he~ted metals are breathed, 
they are likely to produce metal fume fever commonly known ,,s nzinc chills, 11 11 brass founders ague ," or 
11 z inc oxide chills. 11 The symptoms, setting in sever~l hours after exposure, are a dryness in the throat 
and a fee ling of weakness and nausea followed by chills and fever, profuse sweating and increasing weak­
ness . If toxic metals such as arsenic or lead are involved, the types of poisoning characteristics of 
these subst ances will follow the chills. If the metal in question is non-toxic (as zinc) full recovery 
usually follows within a day or two. Continued exposure to such non-toxic fumes builds up an immunity 
to them which, however, lasts for only about 5 days af ter exposure ceases. 

110. Industriai Skin Diseases (Dermatoses .) Skin diseases resulting from industrial exposure may occur in al­
most any fi e ld of work. Any foreign substance can be irritating if it is in continuous contact with the 
skin. Skin irritations most frequently result from contact with poisonous or irrit ating chemicals, oils, 
greases and the res ins or juices of certain pl ants and from many varieties of bact e ri a. The ma jority of 
dermatoses are due to chemical agents. These may be classed as primary irrit ants or substances that will 
burn, corrode or otherwise attack the normal skin directly; as specific irritants• or subst ances that will 
cause dermatoses in hypersensitive persons only: as sensitizers or substances th at render the skin more 
sensitive to attack, that is, the dermatoses develops only after extended exposure , reexposure brings 
prompt return of the de rmatosis. Definite ways in wh ich dermatoses are caused may be cl assifi ed as--

(aJ Chem.icai irritants or caustic agents may harm the skin direct Ly. 
(b) Substances, such as naphtha, petroieum, or benzoL, that dissolve and remove the natural oiL of the 

skin cause irritation and create a condition favorable to infection. 
(c) OiL arid grease may injure the skin by blocking the pores and hair follicies thereby introducing 

infection. 
(cl) Sera tching, brushing, or constant rubbing of the skin injures it am opens the W'lY for in.fection . 

111. There a re great differences among people; in some individual s the skin is easi ly irritated by cont acts 
quite harmless to others. The warning signs a re so va ri ed that it is impractical to list them all here . 
Early irritations are usually shown by a slight reddening of the skin with itching and burning. Blisters, 
swellings, and frequent boils may be the first signs of industri31 dermatosis. These signs a re usually 
limited to exposed parts of the skin. 

112. Preventive measures include the-

(a) Red1.1.Ction of skin contact with irritating or otherwise harmf1.1,L substances to the minim.um. by suitable 
haniHing methods, adequate equipment, process Layout and arrange77tent, the elimination of spillage, 
drippage, spattering, etc., good houseReeping and close control cf operations. 

(b) Elimination of dust and fwmes by effective exhaust ventilation at alL points of origin. 
(c) Provision of suitable protective clothing arid p-rotective equipment as boots, gioves , aprons, shields , el 
(d) Provision of adequate t.xishing, bathing, a11d Locker facilities and the use of protective creams, lotions 

or ointments suited to the nature of the exposures involved. 
(B) Instruction of worke1"'s as to the hazards involved, the precautions they should take, am the practices 

they should foLiow. 
(f) Maintenance of medical supervision adequate to the exposures involved, 

113 . Oor-rositJe Chemicals. A large number of substances att ack the skin directly, causing chemical burns. Chi e·f 
among these a re the commonly used acids and a lkali es. The corrosiveness vari es with the concentration or 
condition of the substance . For inst ance, a strong solution of hydrofluoric acid will burn deeply almost 
instantly upon contact. some grades of certain ac ids "fumes 11 particularly nitric acid . These fumes a re 
highly ccfrosive. Nit rous fumes are especially hazardous. Breathed to any conside rab le extent . they may 
cause lung damage that can be fatal in a matter of hours. Even the milder corrosives and the most dilute 
solutions of the acids and caustic·s may cause chronic skin irribtion if the exposure is continuous enough. 
Example-the chapped sore hands frequent amon~·c lean ing women and laundresses . 

114. Chemical burns of the eyes are especially serious. Not only do the eye tissues "burnM eas ily. but in­
juries that would be relatively inconsequential elsewhere are 1 ikely--especi ally if neglected-to result 
in serious or even total loss of vi s ion. 

115. Prevented measures are similar to those listed for dermatoses with especi al emphasis on--

• Occupational diseases of the skin - SchW'lrtz a7Ui TuLipan, 
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(a) Prevention of spilLage and spatterings : 
(b) Safe 111-t'!thod.s of handling: 
(c) Adeqoote Pe rsonal protective equi,p,m,ent arid clothing: 

(d J Emergency provisions soch as--
( I) 0UICIC OPERA TI ON oi:"-..-.<••'"O"E"S• FCH"I" 1"111':AOL.£ TYr'E 

(2) fY~ ••¥~s. DUBB LE rcuNTAIN F OO T T READ LE TY,.£ 

(3) RESPIRATORY PROTECTIVE EOUIPMENT FOR USE IN ACID CHAMOEl!S, TANKS, ETC., OR IN CASE OF MAJOR DREAICOUT 1 

116 . Volatile Solvents. All the commonly used vol atile solvents are toxic in some degree. Oenzo l (benzene) is 

highly toxic. Its kindred substances, toluol (toluene) and xylol (xylene) are l ess volatil e e. nd l ess toxic, 

hence considerable less hazardous to use. wood (r.-.ethyl) alcoho l or methano l is a strong poison. Other 

alcohols vary widely but in general are less toxic. The petroleum solvents (the naphthas , gaso line and 
the trade name compounds such as stoddards solvent) are r e l atively non-toxic. However, c aution should al­

ways be exe rcised with solvents whose complete make-up is not given , since trad 2- name compounds may contain 

percent ages of benzol or other highly toxic substance. Also 11 comrrercial 11 grades of any of the reht ivc ly 

non-toxic solvents whose purity is not guaranteed, may contain a considerable amount of some hi~hly toxic 
substance as an impurity . 

117. Practically all volatile solvents are anaesthetics in greater or l ess degree. Relatively short exposure to 

high concentrations may ther efore, cause loss of consciousness with probabl e death unless rescue is prompt. 

118. The volatile solvents may be placed in two classes, namely: those th~t will burn and those that will not. 

Of the l atter those most frequently used are made from such hydroc arbons as met hane , ethane and ethyl ene 

by replacing all or part of the hydrogen in them with chlorine. They are known collectively as chlorinated 
hydrocar bons . 

119 . Chlorinated. Solvents (Non-fLam:mabLe) . The ef fectiveness of these substances in d issolv ing f ats, grease s 

and oils and the fact that they will not burn, has led to the ir wide use in cleaning metal parts prepar­

atory to plating or other finishing. They are similarly useful in dry cleaning clothing ~nd textiles. 

carbon tetrachloride is used as a fire extinguishing agent in portable fire extinguishers . 

120. Many of the chlorinated solvents are toxic. continued breathing of the vapors of these in concentrations 
above the estab lished safe limits may result in permanent injury to the liver and other vital organs. The ir 

abi lity to dissolve the natural oi l and fat of the skin m::1y result in dermatoses upon continued skin con­

tact. Their vapors will also cause irritat ion of eyes, nose, throat, and l ungs . However, the concentration~ 

necessary to cause such irrit ation are frequently higher than those that are safe for continuous exposure 

so that irritation cannot be r eli ed upon as a safe warning sign. 

121. The chief preventive methods are-

(a) Enclosed automatic Processes. ('lachinery of this t ."'/'Pt3 has come into fairly genera L use in the dry 

deaning ind::.1Stry.) 
(b) T♦'hen a fully automatic process ·is not ,Practicable , endos1.1,re of as much of the oper ation as is 

practicable with local exhaust to capture all vapors that might otherwise escape. When heat is 
used in the process, accurate heat contra l ·is essentiaL Ji'or example, the s1rw. l l common degreaser 
commonly used for cleaning of aLl metai parts if properly operated is quite safP- , but heat control 
must be accurate and the oPe-rato-r must follow correct ,Proced11,re. 

(c) Maintenance of medical supervision of workers exposed to chlorinated solvents. 
(d J i,.'a intenance of a system of air analysis to insure prompt discovery of hazardous air conta:mirn1tion 

in the workplace . 

122. nam:r.1.abLe Solvents. Benzene injures the blood-forming or gans and structures. chronic poisoning may oc­
cur from continued exposure to very small concentrations . Quick ly fata l poisoning may occur from a short 

exposure to high concentrations. Toluene and xylene are regarded as less toxic than benzene and since they 

evaporate l ess readi ly they present considerably l ess hazard at room temperature than does benzene . 

123. wood a lcoho l (methanol, methy l a lcohol) injures both nerve ti ssue and the live r. Acute poisoning from 

breathing large amounts of the vapors or drinking the li quid i s 1 ike ly to destroy the opt l e nerve and 

produce blindness. \~ood a lcohol was the usual cause of de~ths and blindness that so commonly followed 

the drinking of bootleg liquor during prohibition. 



• 

124, carbon bisulphide is also a nerve poison. cont inued exposure to small concentrations can cause permanent 
nerve injury with symptoms that range from loss of muscle function to serious neurosis. Exposure to high 

·concentrations can quickly cause death. It evapor ates with extreme rapidity and is highly flammable. 

125. The hazard of fire and explosion from the vapors of these solvents is always present when they are used. 
Preventive methods against fire are largely based on the idea of keeping the concentration of the vapors 
well under the lower 1 imit at which they will burn. However, in most cases, this is many times too high 

for safety as regards health, and should not be used as a safe guide even with the least toxic of the flam­
mable solvents • 

126. Preventive methods are essent ially the same as for the chlorinated hydrocarbons. The wide range in toxicity, 
hovvever, emphasizes the importance of, in each instance, suiting the specific methods used to the nature 
of the subsfance in question and to the conditions surrounding its use. 

127. Toxic Gases. The commonest of the highly toxic gases are carbon monoxide , hydrogen sulphide, nitrous oxidesi. 
and cyanogen (including hydrocyanic acid gas.) All of these violently poisonous and in high concentrations · 
will cause death in a matter of minutes or even seconds. 

128. Carbon monoxide (CO). This is the comrnonest of all toxic gases . It is forrred whenever carbonaceous mat-
ter (almost any combustible material} is burned. The carbon first burns to carbon monoxide which in turn 

burns to carbon dioxide (CO
2
). If oxygen does not reach the flame rap idly enough to burn up a 11 the carbon 

monoxide before it can escape from the high temperature and cool below its burning point, it will rema in 
carbon monoxide. Therefore, whenever a furnace or stove is too tightly dampered or a fire is smothered in 
any degree , carbon monoxide is almost sure to escape into the surrounding air in large anounts . All interna1 
combustion engines discharge carbon monoxide. It is usually present in the stack gases from all types of 

furnaces. only perfect combustion would l eave no carbon monoxide unconsumed so that wherever there is fire 
the possibility exists that some co is escaping. 

129. The poisoning effect of carbon monoxide is due to the fact that the blood will take it up much more readily 
than it will oxygen. Therefore very small concentrations (as little as 200 parts per mi ll ion)• will pro­

gressively reduce the oxygen carrying power of the blood causing headache , flushed face, dizziness, and 
weakness in 6 or 8 hours. Concentrat ions ten times as great will cause unconsciousness and death within 

an hour, and high concentrations almost il):'-tantly. since it is odorless, tastel ess , colorless. it g ives 
no warning of its presence. The "gassy- ~r "Smokyn odor commonly associated with the escape of gases from 
a fire shou ld al ways be regarded as a warn ing of the probable presence of carbon monoxide; but the absence 

of odor or smoke should not be regar ded as evidence of a safe condition. 

130. Hydrogen suiphide. This gas is highly poisonous. Breathed in high concentrations it is almost inst antly 

fatal. very small amounts breathed over a long period of time may cause chronic poisoning. It is a nerve 

poison , causing paralysis . It will also irritate mucous membr anes such as those of eyes and lungs. Ex­
posure to it increases suscept ibility. Therefore, a person once poisoned even mildly should be removed 
from any further exposure. Its characteristics odor of rotten eggs is not a dependab le guide to danger, 

for any considerable concentration qu ickly anesthetises the sense of sme ll and the odor seemingly disappears. 

1,31. Nitrogen oxides (nitrous fumes.) These gases are insidious powerful lung irritants. While poisoning can 
also occur by absorption through the lungs, the chief hazard is acute lung irritation. High concentrations 
of nitrous fumes can quickly cause a f atal type of bronchitis, Exposure to concentration too low to cause 
any serious immediate f ee ling of suffocation or irritation may be followed hours l ater by an increas ing 
lung discomfort which may be fatal in a matter of hours or days . This fact is very important because nitrous 
fumes are given off by strong nitric ac i d and by many processes in which nitric acid is used. The chief 

danger comes from spills, breakouts and the cleaning of t anks, vats and equipment used in processes in which 
nitric ac id is used and for the storage of nitric acid or nitrates . 

132. Cyanogen and hydrocyanic acid gas, These are among the most poisonous of substances. since they are read ily 

absorbed through the skin . It is necessa ry to prevent any considerable skin contact as well as their entry 

into the lungs. These gases are l ike ly to be given off whenever cyanides a re heated or are used under con­
ditions that may cause chemical reaction. 

133. Any of the ordinary cyanides (pot ass ium, sodium, or calcium cyanide) break down to yi eld large volumes of 
hydrocyanic acid gas when treated with acid. Moisture causes a similar but s lower ac tion so that the cy­

anides must be fully protected against moisture. 

• 100 parts pe,r 111,i Z Lion is accepted as the maxi111,1m acce,Ptab Ze concentration for continuous exposure "American 
Standan1." 
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134. Preventive methods must be suited to the specific situation. Great care must be taken to avoid even m..::men­
tary exposure to high concentrations. control rrethods must be such that respirato ry protective devices are 
not necessary. Al so pr~caut ions aga Inst breakouts and other occurrences 1 i ke ly to involve exposure to quick­
ly lethal concentrations of these gases, must be applied with unfailing thoroughness and adequacy. 

135. Dusts. The dusts of toxic substances will, generally , produce the types of injury characteristic of the 
respective substances. However, many dusts not ordinarily rega rded as toxic can produce lung changes, the 
nature and extent of which will depend upon the substance in question, the dust concentration and the total 
length of exposure . Years of exposure to dust are usually necessary for definite damage to develop. Howeve~ 
in the case of free s ilica, exposure to very high dust concentrations may greatly shorten the time neces!a.ry 
to produce damage. 

136. Silica and Asbestos Dusts. Two dusts are particularly harmful, si lica dust which causes si li cosis , and 
~sbestos dust which causes a disease of the lungs called asbestosis . silicosis is caused only be breath­
ing silica dust. 

silica (sio2), ordinary quartz, is the oxi-de of sil icon. No other compound of silica, of which there are 
many, will cause silicosis. Howeve r, most rocks contain silica. Most sands and sandstones are nearly pure 
si lica. Granites and many other massive rocks contain large amounts of it. It is unsafe to assumci that 
any rock is without some free sil ica. Most rocks a lso contain silicates, but these will not cause silicosi$, 

1,37. Silica dust breathed in sufficient concentration for a long enoug~ tirre (usually many years) causes the 
gradual development and growth in the lungs of ti ssue that resembles sca r tissue (fibrosis). AS it grows, 
it not only blocks off portions of the lungs but it causes them to lose their e lasticity progressive ly, 
their power to expand and contract . The victim becomes increasingly "Short winded" . Many silicotics, how­
eve r, die frqm tuberculosis, because silica reduces the defenses the body normally has to tuberculosis. 
Hence men who have well-developed sil icosis are especially likely to develop tuberculosis also. 

138. There is increasing evidence that many other rock dusts may cause the s low development and growth of fibrou~ 
tissue in the lungs (fibrosis), but the action is much s lower than in the case of si lica and seldom if ever· 
disabling. Also while silicosis, once well established, tends to continue to develop even though the victi rn 
is removed from exposure to silica dust, there seems no evidence that the same is true for any other dust 
except asbestos.• 

139. Prevention lies in keeping the dust out of the air. As pointed out in paragraph 36, for continuous work 
exposure, the concentration of free s ilica dust particles below 10 microns (1/2500 inch) in s ize shou~d 
not exceed three million particles per cubic foot of air. A similar va lue appl ies to asbestos. Definite 
maximum allowab le concentrations for various dusts are being arrived at as rapidly as accumu lating infor­
mation permits. However, author iti es mention 20 to 30 mil lions as levels that should not be continuously 
exceedea for roe k dusts in genera 1. There is genera 1 agreement that even the most harmless dust, such as 
chalk, should not exceed 50 million particl~ per cubic foot. 

PREVENTION FUNDAMENTALS 

The following items are offered to managerial personnel as being of fundamental importance in the prevention 
of occupational disease: 

1. Know the natwre of the potentially haza-rdous substances used in your establishment and the 
significance of each of the exposures that may be involved. 

2. Set up and maintain the sPecific control measures indicated. 
J. Nake definite assignment of responsibility for al L ,Phases of the preventive program. 
~. Establish contact with State, fed eral or other available technical services in the occupational 

disease field. 
5. Make definite provision to insure that the disease possibiLi-ties involved in the use of new 

substances, changes in ~..ake-up of familiar substances , changes in process 01' w::>-rk ~ethods and 
the like will in each in.~tance receive adeq1mte advance consideration. 

*See Part 1 Bu tie ti-n. 2.l , Division of Labor Standards, fJ. S. Depa'rtment of Labor. (,?eport on National Siiicosis 
Confe1'ence.) 
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