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LEAD

Health Praotices Pamphlet No. 3
(Final Draft)

This pazphlet iz one of mors than 150 Safe Praotices z::d Sealth Practices
Pamphlets. It is a compilation of experisnce in agcluent prevention from
many sources. It sho.ld not be assuned, howevar, that 1t incl des uvery
scceptable procedure in the field covered. It must rot be confused with
@ American Standard safety codesy fodersl lawsp insurz:ce requireuentsy
state laws, rules and regulationsj; ard muricipal ordirances, sdditional
coples of this pampolet are available to members of the Yatioral Safety
Couneil. Priest 25 cents per copy, less in guantitics.

) Captents Papagroph
1, Properties of lLesl and Lead Com:cunds 2
2, llanifestations of Polsoning 9
a. Entrance of load into the body 19
1. Inhalatiom 20
2. Ingestiom 2
3. Darmatitis 22
o 3. Deternination of lead in Alr 26
) &, Ispinger 27
b, Klestrostatis precipitator 30
8. Teshnique in eolleoting samples k18
e d. Methods of lead analysis 32
¢, l‘aximum permissibls concentration 38
4« Presventiom )
a, Oontrol of environment$ 40
© b, Ventilation i
6. Respirsfory protsetive equipment 45
d. Cther control rmeesures 47,48,49
¢, Housekeeping 50
® 5. Selagtion and Treining of Employees
8. Fhrsical examinations 54
by Training of employwes 58
¢, Personal hygiene a
© d. Pirst aid 65
s. Supporting activities for training 66

N 18371
- (£8 00656 o



&%
Sy

E=)

-2 -

1. This parphlet is oonfined orincipally to a discussion of
nethoda of detecting lead polsoning hazords tihr-ush checdesl-physical
telﬁ and analysea, safegusrding lesd processes ture:.;h properly ded.gn-‘
od ventilation and exhaust equipnment, and seleeting and training employees
to work safely in lcad ~x osures. 5hile the off:cts of leed on systems
of the bocy, nanifestations f polsoning, and averuss of leed abscrptiom

into the body will be 1istad, such prosentation is o:ly “or the mrpose

Propariies of l.ead end Lead Compoundg

2, Lead and its compaunde are ammg ““ie most videly used materials
in industry. ™etalllio lead is silvery gray, very soft, ond has a very low
tensile strength., The density of lead is 11.34 (19.94°/4° C.), its melting -
point 1s 327.4° C. (621.32® F.), and its boilin; point is 1620° C, (2948°
¥.) at atmospheriec pressure. Lead is only vory slightly soluble in either
cold or hot u‘-&:tu', while it 13 soluble in nitric seid and hot concentrated
sulphurie aeid. It withstands the action ~f most aclds to & carked degres
at ordinery temperatures. !‘clten lead gives off noxicus fumes of lead und
lead oxice (in messurable quantitivea at 500°% C,) and the quantity of fumes
increases with the temperature, The crystallins form of lced is monoelirie,
(See persgraph 48 and ﬁ‘ig;ur- 1.)

3¢ "hile lead is the softest cof all base metals used in the com=
merclal arts, it is slso the hcaviost. It contracts ccnsiderably on coolw
ingj henos, it is not edapted Tor casting in the unelloyed state, if

shrinkage is important, Lead is very malleable and may e beaten out to
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any desired shape, but it can " -asily torn since it lacks temacity. Om
@ exnosure to alr, leced oxidiges v:r- q.iclly, and i*a oxidie forms a nrotee=
tive coatin: which limits, t- some ext mt, further axidatiom,

4o GCalena, or lead sulphice, is the most wiiely.distrituted form of lead

@ : )
ore. This is found crircizally in In;land {in “'aleg und arbyarire), in
" the United States (pri-cipally i~ “ssouri, Idaro, Utal:, = ntana ard
Arigona, and also in Illirois, Oklnhoma snd some other states), snd in Spain
S
and Germany., This ore is usuelly found in quarts ve’ns or lir-siocne bels,
Afnothsr lead ore found in the United States is white lczed ore, or cerussite
& (1oad ear.oneata).
5« L=ad has many compounds which are used in industry, =nd where these
are encountered a lead hasard may exist, Among the e-nron compounds are
9 the followings
Leed ncetate (su;ar lcad)
Lead arsenate
Lead borate
o Lead carbhonate
Lead carbonate, basie (white lead)
Leadl shlorate
Lesad chloride

Lead chrouate {chrome ysllow)
Lead enr-mate, besiec (chrome red)
Lead cyanate

Lead cyanide

Lead dioxide

Lead fluoride

Lead monoxide (massicot)

. Lead monoxide, besic (litharge)
Lead nitrate

Lead olecate

Lead, red (minium)

lead silicate , S
Lead stearate

Lead suboxide

Lead s lphate

Lead sulphide

L¢ B 00s9g
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cription ;ives no iadication ‘iat i-sd f: n-zsente - & res:lt, cmployces
mey, <ooush 4 uorance, be expo 2C to a2 g.sicus ltud uazesd, or may oven

contr_ct lead poisoning before 2% is discovered that a l:sd corpourd is in
usge. OSupp-lsrs of leadecontalidn_ netesricls should 1lssus defi:ite .arting

of the lsad ¢ ntent by clearly worded labols; and purchasers shculd ingist

on this policy.

Zpnifostations of Solgoning

9. Some kno:ledge re;a ding the action of lead +n the body and the
synptoms of lead poisoning is valuatle to the industrial nygisnist ard other
personnel chgrged aith furnotionnl responsibility for results in safety wo:k,‘
notwithstanding the Cast that those are primarily the probloms of the in-
dustrial physician, Tor this reason, the discussion in thls pamphlet ia
confined principally to the nreventicn of lead poisconirg but there is a
hrief treatment of selactad portions of the medioeal aspects.

10, In“conaldering the eff:otes ol leed on the body, it 1s impcrtant
to recoznize that there zay be iniividual vari.tions in susce;tinility.
This and oth-r factors, asvech as lengt: of exposurs, have made it difficrlt
to sstahlish & starndard poisonous dose of lead which would apply to all
persons and corditions. There are, hovever, generally accepted maximum per-

continruous exposure.
miss ble limits for 3 hours'/(See 2:ra_raph 39.) “herever there is a lead
exposure tl.ere nay be a potential lead pulsonin: hszard., Thua effects of
the toxicity -7 lend may be v.ry widespread, T™Me {:llouln; aystema of the

body may be concernedt
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The blood,

The sestro-intestiral system,

The nervous .3 steme.

Cardio=vnscul-r wyotem (heart-circul-ti-mn),
Jhe urinury wystem (pacticulirly the Hidneys),
The reproductive system,

11, The first thin, the layman rmst realisze about leed soisoning is

-that there is nc one aub}~ctive s.mptom or objactive clinical :izn, vhich

{s po-itively indicative aof lrad nol-o-ing, In some cases so—cellad
*ehronic" lead poizonin- may ﬁe ona of the most diff elt of the 2ceupa=-
tionnl :ligernses to disgnoas, A prrsiocimn must nake the dlaym~als in the
1i;ht of the history of lead »xposure, occupatinnal or otharwise; subjective
symptoms; objective clinieal simsa; and information hased ~n leboratory tests.
12, There are, howevar, ‘eneral menifestations of the polsorous af--
foet of l~ad abaorption. It should be remenbered that whenever there is
lesad axnosurs thers is potential'danaer froe absorption of the lead, The
degroe of danger de-ends upon the extent end duration of the er-osure and
the control mea:urea in effact, <~me of the usial manifestatiors of lead
absorption are listed below. There these mraifastations -re rnoted, the
individual skhould at ~nee be referred to a phyaieian for thor-u h examine
ation and any recessary treatment,
&, Disturbances of the dige:t!ve system, in the form .f
lack of appetite, corstipation, vague abd-minal dise
comfort, snd in more severe cages severe orarping &be

dominal neins (colls).

b. Pain and stiffress in joints, bonses, and -uscl-s
(perticularly the muscles most used.)

8. General weakness, loss of weizht, and pallor.
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d. Logs of strovzth {n the fMrars, =onds, or Ssroarm,

and inability *o use them in the performance of cus-
tom-ry tasks, (3= I3

g  Tamage to the "lond, rossibly realy o o rla,

13, "n additio %o the manifestatiora 1i:id 2hove, .iire ey Me
nervoranoas, —uscular twitchin: ond trenors, particvl-rly 7 tiue fin_ars,
‘The inei ‘rc :f fevoer i3 rare, “ut there may ceczsisiilly e = 3li ht
Jaundice end sometimes rcreaced blood pressure. fometinass i lead
encephalopat-y (Ulsorder of th: “prain) irritatilit -, sxeit-ont, lelirium,
ccovulsions, cnd ocular digtambarces sueh as a-blyopla or blirdress oceur,

14 actl e lead poisoninz cases may fail into ons of *he lefinite
tpes Temiliar to indngtriel physizlans, but the co-existionce of noce than
one \':;/pe/jz;.gno recognized. Thls merel, smphasises thas the above r-cital of
uvatiifastations of lead poisonin: are for uvse in preve:tion sf t;.he occurence
of disablins diseases and that there should be thorouzh medical supervision
of all employses exposed to lead nazards. It is obvisus that shere cases
of lead absorrtiom are -letscted 1 .-i. the initisl stages, the in-iviual
can be rasioved “rom the hrzard and the onset of laad polso-ir g prevented.
“var. wiere ladlividuals ars tou it Lo he .3x';.o_;ad to orly & niror lzed ab=
sorption hazerd and are raferred to = physiclan, urine and blood tests nay
indlcate too ruch lead absorption, “2re, a ain, when the victis can be
removed from the exposure =id aiequate iroatment given, developmert »f lead
intoxication 7ill be preverted. (See para.raphs 17 and 18 )

15, The second point which siiould be clarified is the differénce

betwsen "ingested lead," "lead sbsorption,® and "lead poisoning.* Lead

L ® 00701
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as comparad tn aithrr ir ortion ar ohsorntion thrauch the skin, vsers of
3 lead cop unds shor 1d cof rscrne that the de er is rezlt iRle wiore orly
an irzestion or “azard of ah-orption %' r~-h the 9 1- ~xists. Absorrtion
throu h the stin is i-mortant in the case £ isad tetraethyl erd othsr
® orge~ic ized ¢ "ounds, IS guf™el nt lsad lg '- ~sted dey after day be-
cenne € im re-~~p porsorel horiere, lewd nolse v w71l certeirly ocour,

7§ awise, 12 lzad tetraet™yl -r w0s83ilbl ot = lrad campe nds are handled

carelassly, ahg ~tf o 7ill tel> ~lascs throv h the g in in guffic®-ni
viantities to cavse -olsoring. (Tt hes been atated by ome suthority that
abgorption throv-h the s .in i3 o faclor whare zetnrs paint tha shole body,)
hoera the s''in 45 geratevnd or irritated, it i3 osaihle tc abs:rh con-
siderably —ore lead then 1f the giin . is unismsg-ed. “hora tzérasthyl is

i umed, *Wis hazard 1s scute and rmst be marded a ainst, (Ses sarezraph 7.)
Znhaled Jeoad

20. “hen minute particles of lcad and its comrounds are irspired with

a3

Sh
Sl

- air, mch of '.t' is carrisd %o the noutx or thr-at =nd is esithor gvallowed,
"axzoctorated, or *laym ovh with the expired air., The ronainder is Aram
into the lun-'s nd deroslted ~~ *'~ lung tiasues, LerZ in the l'n.:s is ca-
pahlz2 of ra id aby rpilc. and dlatri»-t2 n into hody tismues, since here it
13 'n ‘ntimate contact wAth the Lody {luizs. Lead, ~fter dissolvin- in the

lung fluld, is adsori»d Ly lie leed, :nd *hon cirevlatad throush the bedy.

Fi: 9
“hen this oecirs, the la2ad is danceros wnd 1s c¢apsble, in sufficient quan=-
tities, >f producing grstemic Jama-e. .

a
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23, Aceording to Drs, Fairhsll and Sayers, who have conducted exten-
sive experiments, all lsad ocompounds d¢ not have the same relstive degree
of toxicity. Some are highly toxic, while others are toxic oily after
long sxposure. These two authorities, in United States Public Health Pulletin
No. 253, "slative ‘{:oxicity of Lead and some of 1ts Commonr Conpm;nds_," have
‘dovalaped, es the result of their axpcriments, a table of the relative tox-
icities of caertain lead compounds besed aon thedr sclubilities, shich should
be of particular interest to induastrial hygleniats and toxicnlozists.

22 Rogardieal of the relative toxicity of lead compo. nds to which
an individual is exponed, lead roisoning cen and will ocour if sufficient
concertrations of lsad compounds ere breathed, or if the worker swallows
sufficient quartitiss over a long enotgh pariod. I% should not be consider-
ad that preventative measures can be neglected or sven minimi-ed beca:se the
compound in use is allegedly less toxie than others.

25, according to some authoritias, the comp rative toxicity of lead
compounds is besed on & number of variables, {ha most important of zhich is
thsir solubility in tha body fluids, Amncng the othor fectors effecting the
to:d.uify aret

Re Portal of entry. _

be Quantity present in the circulation at any given time.
6. Speed with which compound :oes into sclution,

d. Sise and weizht of particlss.

¢, Length of time in contast with body fluid,

f. Quantity inhaled or swallowed,

g€+ Degree of saidity of body fluid,

€ 8§ 007c
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¥aximum permisgible concenfratiog

38, The =axirum concentration of lead in s~rkroom air should not be

permitted to exceed 0.15 milli;rans per cubls meter (or 1.5 milligrars per

10 cubic metars) for continucus exrosure, This ataxdard is gencrally ac-

ceptad in the United Stateay omong the severzl reyulainj; _.cdies thut
adhere to thig valus are the United States Public Heglth Servics, the Con-
necticut Derartoent of Health, the “‘msoacliisetts Jepartment of abor, the
California Incustriel Ascident Ccmmission, the 7llircias Denartment of Laber,
the llew York Stats Jepartment of Labor, and the “isconsin Industrial Com—
mi saion.

39, . here tests of workroom air show a greater ccncertration then

0,15 milligrams per cuble metar, chegk tests should be mcde at onve to de=

. termine whether or not the excess of lsad found 13 due to a permanertly

oxisting emcéitin ‘n the jsrosess or merel: to some temporary or unugual
condition, hefs cheel: tests show that the maximwm permissicls 1imit is be-
ing ~xceedad, steps s5io.1ld be te' an at ~nce to lowver the concentration to a
safe limit, After safeverds hwave Yaeon avplied, routine tests shonld be
nade to determire adequagy. In dotarmining whether the maxdi—um parmissible
1imit is bein: 2xceeded, it im ‘n2o -tant that tests be made over an :=ntire
cycle of the operatian, and not merely some -1 'h or low poi.nt..
Ergventiog

Sontrol of envirconank

0. The most obvicus msthod of preventing leed poisonin; is t_a sub-

stitute for leed mnd its eompounds other materials that are non-taxis, Ho'-o_
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ever, this ia vrmly practicatle, and reoourse rust be had tc cortirol of
acvir-ement and training ol amployees to nrevent the absorztion of lead.

41l. hen new plarts are t: be ereocted foi lesd proceases, they should
be designed to ~inimigze lsad exp:eire, All Tloors should be of iopervious
material and ocasily clee.z:ed’. Ladzes, window aills, struetural iron work
.q-- othaer proieetions m which cust :izht lodge should be filled in ur. angled
off. The larout of machines and equipment should be such that neintenance
is mede caxy. Arran;e. enté should be nade, wherever pessibls, to isolate
2ll lsad operations so that the least number of .zploy:-as wili bs exposed,
Yacrum cleaning systeas, discharging the erxheust sir in a safe ‘lace, should
be built-in while the building is bein; ereeted, and the wash, locker end
luneh rooms shovld be geperate from the general work room. In existing
plants wheare {t is not possible to build-in erranent vecuum cloaning systems,
portable wucuum cleaning apparatus shoild be used. Sush equipment not omly
nakes the clesaning of the riant easi.-r, but in additi:n maiea 1t possible to
remcve cuat '.‘r'n:walla end lod_;~s which otherwise i :ht not be clesennd, Care
muat be cxercised in dumping or clearing dross from the vectur claancrs, so

that & further lead exposure will not be created, he dar er of dust on
walls and 1 dzes, of course, is that some vibration or draft asy cacse it %o
be swept into the gemeral workroom air.
42 TIn desigming locker roonms, it ia mreferabls that employees exe
posed to lead hasards be nrovicsd w7ith double lockers, one side for thair
elear ¢lcth:s and one side for [elr work c.lotﬁea. A liberal supply of warm -

water and scap should be provided, and a sufficient number of shower baths

VEB 00709
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and wash Jourtains should be installed so that employeces will not neglect
cleaning up because of :ossible overaromiing. (See Fizure 7, a d 3afe
Practices Pamphlet No. 27, "Industrial Janitation (Drinzin; Jeter, .ash and

Lockar ~“ocms, and Toilet Tacilities.)")

Yantdlatlon

23, The type of zenaral ventilatiorn and local exhaust equipnent ap~
pliad to lead hazards will cesend in sreat measure on the type of building,
the partic.ier gom;.ounds used, and the metliod of nanufecture, There are
certain furdamentals 7hich siiould be conaldersd by the enginser Jdesi-ning
the system, These are as followst

8, All requirements of the state departuent of laber in
whieh the plant is located shouvld be caref .1ly followed,
and plans should be submitted for approvel where this is
required or where the servics is available,

b, Cere should be taken shen laying out tha system that
the air irlet is in such a loeation that only uncon-
taninated 2ir 4s drawm into the svstem. The inlet vol-
vme should be commensurate with the exhaust vol-ma,
Sometinsg 1t is ..ecegsary in cold weether to heat the
inczming ailr so that the axhovst aystem will L‘.Jnction‘
mroperly,

8. It ip preferabls not to recirevlates to other depertments
exhaust elr from a Jepartaent with lead exposure. vhere

elr is so reeirculsted or exheusted directly to the cur-

¢ide it is hi hly adviseble to inastall some system for



Firgt aid
65.

Thare 13 no recoznised first ald for lesad nolscning. All cases

of suspected lead absor ti n or aeute attacks should be immediately refarred

7Y pﬁysid.a.n. To delay ~roper ireatment may lead to complic: ticns,

a 4

66, The perscunel, nedical and saréty angineering departments should

use every facility for stimlsting and maintaining the health and safety in-

terest of employees exposad to lead hazards. For exmmple applicable posters

should be

used om centrally lceated tulletin boords, -:nd should be changed

rejularly to maintain intereat.

67. Other mediums for maintairing interest and training employees

(" eny of them svailable throush the National Safety C,uncil) aret

b,

Ce

d.

Payroll inserts containing health hints. fhen paying by
chesk some companies clip the insert to the check.

Sound film strips or movinu .Sctures on industrial health
and safety.

Conpany publications.

Talks by outside enzineers, plant engineer, plant medical

officer, or local Safety Co.rcil representatives,

68, It may be thought that too much affort directed toward training

en;loyces thrugh the use of meatings, litarsture, rule books and other ma_di-

ums 7ill focus attention upon an existing occupational diseass hazard, This

has not proved true in many large eompsnies ashere hagards of the bpe;'t_stion

were carefully explained and the methods for svoidin: then made clear. (See

LZE 00720
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Saf'e Practicas Pamnphlets “o, 67, "aintainin,; Interest in Jafety,® loc.77,

nSafety ‘fi:etings," and Yo. 93, "Toplca for lafet:; “eetir.s.®)

Specisl Ackpowl-dgmant. In. prepcrin; this ;pamphlet, liberal use hes been
made o the publilahed materiel and personsl commenta of Drs, “shert i. Xehoe,
Darid €. Strauss, Eistan Le Belimap, S. F. “eak, Lawrence 7. “alrholl, R. R.
‘Sayers, Lovls Sehwarts, J. C. Audb, Leonord Greerburg, Alice Hamilton, Carey
P, leCord, A. :. Sammer, ‘ilton !I. “ronenberg and .. A. Craistcn. The sug-
;gestions end help given by thuse autnorities were inveluable in the p:epara~
tion of the pamphlat.

This pamphlet has been revised b John ©. "oche and Srnest J. Downing,
Industrial Division, l'ational Safety Council, following the work of a special
cormittes of whiah Harold OhlaheimAma chairmen. The originzl drafts were
reviewsd by nembersz of ths speoial commiitees their.valuabla asglistance and
the orizinal vork 5f the committee 18 Sratefrlly aocknowledged.

A firat-draft of the revision wag submitted for oriticiam to the Safe
Practices Conference C-mmlttes, the I alth Practices Conference C mrittes,

and authorities on the sub’ect of lead. The final draft ras a proved "y the

<xgq.tive Committas oi" the Natimmel Safety Cornecil,
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