) DEPARTM ENT OF HEALTH EDUCAT]ON AND WELFARE
: PUBLIC HEALTH SERVICE: -
CONSUMER PROTECTION AND ENVIRONMENTAL HEALTH SERVICE
411 West Chapel HLll Street, Durham North Carolina 27701

- NATIONAL AIR ; o S Nbvember 19 1969
POLLUTION CONTROL ‘ L S
ADMINISTRATION

Dr, Jerome Cole
~Manager, Environmental Health
‘International Lead Zlnc Research
Organlzatlon : '
292 Madison Avenue
New York, N. Y. 10017

Dear Dr}'Cole;»_

' The Bureau of Criteria and Standards, NAPCA, has been given the
‘responsibility for preparing a department position paper on lead
‘which reflects all areas of interest from the ECA,  FDA, NAPCA, NIEHS
and other HEW departments. The comments received have been compiled

- in a rough draft and are ‘being submitted to all members of the Lead
Liaison. Commlttee for their review prior to the January 20 1970
meetlng :

Two areas are missing in the draft copy. The FDA and the Bureau of
‘Occupational Safety and Health, ECA, ‘have not submitted a report of
their program interests ‘and current act1v1t1es ‘relative to lead due’
to unavailablity of key personnel during this period. However, Mr.

. -Duggan and Dr. Stoklnger plan to send their sections as separate

" documents by December 1, 1969. When received these should be added

~ to the original draft sent from this office.

I would appreciate a discussion of your comments and recommendations
at the Janurary 20, 1970 meeting. It would be extremely helpful if I
could recieve the written comments prior to January 5, 1970 so we can
make the necessary edltorlal changes.

R ' _ . Slncerely Yours,

(Bl g.f/
- D.S. Barth, Ph.
Director,

Bureau of Crlterla and Standards
'-Attachmeﬁt.

cc: Dr. Horton
© Dr. Giel
© Dr. Plumlee
“ Dr. Engel
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LEAD AND HEALTH

-Introduction;

Many chemlcal elements are commonly found in small amounts through— B
out the env1ronment and in all living thlngs. This is'part;cularly true .

of metals;-_Lead is one of these ub1qu1tous metals; These substances.

which are commonly present but only in small amounts are known as trace

elements or trace substances. Scme of them, for example iodine, zinc,

fluorine and. iron are essential for normal animalvand/or‘plant metabolism.

Others, although always or frequently present, are not necessary fé: normal

life. Lead is one of the latter group which is not required in normal

nutrition and metabolism. The small amounts offthese'nonessential'trace

_elements;which_are commonly present have not been found to be injurious
- to health. Larger amounts of both essential and nonessential trace ele-
“ments are toxic. In fact almost any substance present in excess is_in—A

vjuribuskto health.

‘Lead‘isfnot,oﬂly common in nature, but is very frequently used in

,many,diffetent-ways iniihdustry‘and‘in consumer goods} Opportunlties

for expoéure'to thisvmetal are‘freqﬁent. It is essential to seek out.

condltlons whlch cause exce531ve exposure and to control or ellminate

_them.» On the other hand attempts to ellmlnate the lntake of lead en="’

tirely, or: to reduce it merely for the sake of reductlon would be fOOllSh

ﬂandﬁwastEful; The~dptimal.approach;to the healthvaspects ofllead‘and
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' otherutrace'elemehts; oﬁ the basis of preeent kﬁo&lcdge; abpears to bet
'(1) to determlne at what level of 1ntake, if any, Lhey are requlred (2)
to determlne at what level of lntake they show the beglnnlng 51gns of
tox1c1ty, (3) to establlsh safety marglns‘so that nelther def1c1ency nor
tox1c1ty is at all llkely to occur' (4) to attempt.to maintain thé popu-
latlon intake of each substance w1th1n the determlned safe zone by means
of dpproprlate‘technlcal and admlnlstratlve methods. We aretsomewhat
._familiar-with the healthkproblems created'by lead due to several centuries‘
of observation and cOntrolfefforts. Many steps have been ‘taken in the
-direction:of fclfilling the'é_requirements llsted above, But further
effoﬁts are still needed to refine Our‘knowledge, particularly in iteme
2 and 4. | |

Exposure to Lead:

'Allbnatural foods contaih'small quaﬁtities“of léad»hecauee lead is
present in all 11v1ng thlngs. .This-is nowbthe prfncipalflead expoéure.
of the general population. In. the case of some trace elements certain
»food,plantseor'anlmal organs etore the Substence in considerablgvamOunts.
hfhis is’not kﬁgwn’to occﬁr With lead.v Only smeli QUantities are:fouhd
hhhatcrallyTOCCUrriﬁg. Food productlon, proce351ng, preservatlon and
' fpreparetlon may be accompanled by the 1ntroduct10n of lead since this

is a~versatlle and useful.metal. Beverages.are alsorsubJeCt te contamination;\
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altﬁomghatﬁey eleo rarely contain significaﬁt amounes'of~leadkneturelly.-
"Hlstorlcally the contamination of food and drlnk has been the maJor
source of leed p01son3nc in the general populatlon; e. g. cooking, serving
and storlng uten51ls ‘and conLalners made from metal alloys contalnlng
lead, or,from pottery,glazed w1th lead compounds; Thls.problem, par-
‘tlcularly w1th potterV,'stlll exists 1n rural areas. of a number of countries.
Other hlstorlcally famous eplsodes include those induced by (1) lead coollng;‘
eo;ls-ip rum stills (West Indies dry gripes) (2) lead lininge and‘jqints
; in'ciaer presses (DevonShife colic), (3) lead cempdunds‘used for cleariﬁge
‘aed‘preserving ﬁine (Poitou eolicj.- Item (1) is agaln a problem in this
ecountry due-to 1111c1t amateur whiskey production in some areas. A01d
foods and beverages are partlcularly llable to dlssolve lead from contalners.
“Foods mey also be contamlnated by lead. contalnlﬁg 1nsect1c1des e.g, lead
areenete;

abriﬁking“waterasﬁpﬁlies,very rafely-contaiﬁ iead in significant :
fémoudts;. Seft acid weters will_extreetbgefel ffdm leed pipes5 whereas
' heid,waters wili'no;'doesbk Lead plumbing iéznow rareiy used, and &asv
;preViously hot.employe&-With:weter‘euppliee.which:migﬁe dissolve the
l'metal.'iﬁdweeer,some problemsvhaVe been'fdund iniold'buiieihgs witﬁ leed»'k 
; é1embing whenteheif?ﬁater sepply_was ehehged:ffom a hard to a leed disev

solving type.
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Pica 1sva term applled to tne habltuel eatlng of non—food substances‘y'*
'ksuch as dlrt, palnt, plaster, putty, ete. Thlsk;s‘a’vety-eommon actiﬁity
bin preschoolvchlldren. :Pica 1s;partly exoloratofy in neture 'but ney«oe
1exeended and contnnued as a hablt under certain unfavorable personal and
soclal,C}rcumstances. Occa51onally 1f remains into adult llfe.' Many
of‘the favorite pica substances, especially'paint, contein 1erge1amonnts
of lead. )Nearly'ail cases of childhood lead poiSOning a:e'duefto'piea.
Exposnre to\lead at work has beenba'major possible source ofiexceSSive
" - , g -7 - )
exposure,'and'pnobeblyvaIWays Wiil be due eo’the-gfeet usefulness of this
metal‘in a variety of ﬁays.k Exposure to lea& invindustry’hes long been
‘known‘and haS‘been extensively studied. While mosﬁ of the-seVere‘en— k
y posures 1n the general populace have been from 1ngest10n of lead, those
in industry Have been largely due to imhalation of lead~eonta1n1ng fumes
“and dustS.produced,bylheet;ng, pulverlzlngnand«grlnelng. Industrlal hy_.
gienie measnfes for-controliing'worker exposute canbbe'and'hAVe;beenv
:‘developed‘for"neanly'ell ﬁonk exposufesfb‘On SeVeral_OCCasions in the
 pest 1arge outbfeaks of wofkef noisoning have‘occofrednwhichiwere usueliy ‘
vdue to unrecognized danger resulting from new 1ndustria1 processes. As'
our knowledge of 1ead increases these eplsodes are less 11kely to occur.v
Appllcatlon of sound lndustrlalyhyglene practlce 1is 'not'ye; sufflelently

extensive with respect,to some lead exposures;_
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Another source of lead exposure is the ambilent air. Small amounts

hfof lead are preseht.in the_aif ofiall placeShWhetetpeoblé‘livey The

principal source of air lead is the combustion of leaded gasoline in

‘motor vehicles. Lesser amounts are contributed by emissions from lead

industries, inciheration,,and,the burning of some coals which contain

lead. Air lead is a common source ofrexposure‘of the whole population

:just as food is, but to a lesser extent.

'.-Absorptioh and Excretion of Lead:

Lead is ebeerbed‘principally through the gastrointestinal and’

: resplratory tracts. - All of the lead whlch is 1ngested or 1nheled 1s not

'habsorbed,into the‘body.v Some variation in perceht>of‘lead absorbed is

due to the chemicaltand'physiCal characteristiCs of the material.- Ab-

' sorpt1on from the gastr01ntest1nal tract is rather 1neff1c1ent, only 5 .

- to 10/ of the metal which is taken 1nto the body in thlS way is absorbed

the‘remalnder belng excreted in the feces.

Absorptlon from the respiratory tract: depends malnly on ‘the size

;of ‘the partlcles whlch are 1nhaled Experlments w1th 1ead 1nhalation in
' man (1 2) 1nd1cate ‘that" a llttle less than half of the lead in. the air"
;hreathed;;n 1s-dep051ted in the luhg when the,51ze:of,the,lead contalnlng"“

'ﬁartielesfie«about>1 pmvin'diameter.7 Ftemythese‘aﬁdiother"Stﬁdies-(3).'
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- we know that partlcles of" thls 517e are dep051ted mainly" on bronchial
~surfaces. They are 1q the lung for only a few hours before they are: re- ‘

’moved by- c111ary actlon and swallowed ’ Only a_very_small amountvof

thlS materlal is retalned and absorbed from the~lung The remalnder

‘ passes 1nto the 1ntest1ne and is absorbed from there at the usual low

rate. When the lead particles ara smaller than 0. 4lpm in dlameter experl—
ments show that they are deposited deeper 1n the lung in the alveolar

reglons. The percent deposited from the 1nhaled air 1s.probably some- .

what less than with the larger partlcles, about 35 40/ but the percent

of those dep031ted which are retalned in the lung -and absorbed 1nto ‘the
body isjgrenter, With present experimental methods this cannot»be de~
terninedvaccnrately. :A,snitablejradloactive tracer lead'compound would:
be reqnired and this is not available,f ?robably’20525% of the inhaled

smaller leadtparticles~are retained and absorbed. Since most of the lead

“particulate in the ambient air is in this small size range it would be

very USeful to have mdre precise information on thiS‘point;

Lead is excreted from\the body 1n the feces and in the urlne prln—

yc1pally Small amounts of " lead are also lost from: the skln and appendages

through sheddlng or cuttlnfr of cells, nalls and hawr, and through skln

secretlons. Under ordlnary c1rcumstances w1th low and relatlvely constant o

_exposure lead 1ntake and excret101 are belleved to be equal
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Body Burden of Lead and Lead In3u1y.

The amount of ez d'present 1nethe bpdfﬁat;ahyAgiVee:timesis esualiy;'
‘referred to- as the body burden.: Most ef the.tissﬁesaahd orgaﬁs coﬁtain'
some lead ‘The amount’varies from‘one tiSsue‘tb another. Bone‘content

of lead is hlgh and the skeleton contains a large part of the lead in the-
body. The total body burden can only be estlmated At ordinarv relan
tively constant levels of 1ntake many tlssues have a rather steady average
lead level. Ihls is different for each tlssue.; in eractlce it is customary
to use the 1ead_level-in a’readily accessihle’tissue sech as'bioed'as_én »
index of theAbody‘bufdeh. The levei of lead excretiohiin‘the urine is aiso
sohetimes dsed hecagsc the speeimehsbare se easy to ehtaih,'bet the var-
ianee is higher thah with blood levels under similat'conditiOns, ﬁhich.
makes;the ihfofmatiohvohtained more'difficult to intetpret. Blood»lead
1evels in iﬁdividuais who'haVe no knownihigh expoSutefare'teuﬁd to fail‘t
between 10 and 30}pg per hundred grams of blood -OVereXposed indi?iduals’ T
umay have very hlgh blood lead levels, frequently over 100 ug. .

When exposure levels are hlgh 1ead p0150n1ng may result. Symptoms«'

"and 51ons commohly.found dre severe abdomlnal cramps, anemla, para1y51s L
,of some, motor nerves and encephalltls., The 1atter symptom is ?artlcularly‘
apt to. occur 1n chlldhood cases, and ma& leave permanent re31dua1 damage
'afte:hexposere has}ceased.b Prolonged'lndustrlal and'other experlence w1thg
lead p01son1ng 1ndicates that cllnlcal dlsease of the type descrlbed

above does not occur at blood lead levels below 80 pg pcr lOO gm. o£~blded,"
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Cliﬁical’diséase means illnessbﬁﬁicﬁ is aépérent.tb‘théﬂpatientfandﬂhis‘
..phytici;ﬁ, tMoét réadily~appérentféicknesstis;préteied‘by:b;milaertdis;
turbénce'whichviékftequently refetred té ésisubclinital illness. This
1nd1cates that some signs of disturbance can beufound by approprlate
1aboratory or other tests, even though the person does not feel ill.
Whlle our knowledge of clinical lead poisoning is extensive and well
established, our understanding of subclinical injury is quite limited.

One of the»principal‘fotms of leadkinjury is found in damage to the
t'blood férming“éystem. Both the prodﬁctiqﬁ 6f hemoglébin'and the prodﬁction
of the red blood cells are disturbed. While‘anémia haé not been shown
‘to occur flom blood lead levels under 80 re it appear; possible from
recent work bnthempglobin formation and redvcell survival tﬂat sbme signs
of‘léss serious disturbance can be detected beloﬁ‘thisvlevel. The exami-
ﬁatiqﬁ of the’ﬁrinary éxctetion pf delta—aﬁiqoiévulinic acid;appeété Qt.
preseﬁt to be‘partiéulariy»promising for the study.of‘éubciinicalkeffects.
Other sutstéﬁtes,ére‘alsb Eéing evéluated.. éoﬁsider;ble‘réseargh is being -
doﬁe in this‘fiéld}'ilt shoﬁld iﬁpré?é our kﬁdwlédge conSidérab1y7‘.It is
p0531ble that a lower 1nJury threshold than 80‘pg wmll be 1nd1cated but
y‘_the fragmentary results which are currently available 1nd1cate that it

will'not-beﬁvery,much lower;'>There;is currently:a‘great deal quskepticismﬁ
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regardlng the existence. of tox1c thresholds. At present there is no
ev1dence avallable tovlnnlcate that the flrmly establlshed concept of
a‘toxic‘thresholdvfor lead‘is incorrectf o
Inpcontrast-to‘the rather‘consioerable active searcning for sub~ ‘ .
clinical effeéts in the'blood'fdrming SYStem-tbere has been almost no
.activity'of‘a similar nature in relation toithe nervons system,bliver,
' kidney étc;;:Thiseis an important-deficiency which should be remedied.
Othertdeficiencies_in our knowledge appear to'be of two main types;'
'Onekisvthe lack‘of information regarding possible delayed or cbIOnic L
effects of 1eadlfrom most levels of enposure, especially moderateblevels,
abote aVerage but not producing poisoning.' Cllnlcal lead p01son1ng lS
an'acute or subacuteiillness. Very llttleveffort has been expended in
‘followup study of ekposed and poisoned groups to determlne their health
status twenty to flfty years 1ater. The'few avallable studles are con—'
tradlctory The second 1mportant def1c1ency is our lack‘of 1nformatlon
on the presence or absence of 1nd1v1duals 1n the populatlon who are
*espec1ally susceptible to lead and therefore mlght show 1n3ury at 1ower

levels of exposure than most of us.. No such persons are known at present,“'

o but very llttle effort has been made to. study thls problem. If such

'ysusceptlblllty exlsts it mlght be permanent e. g. due to a metabolic
_abnormallty, or temporary e. 32 dae to a perlod of growth pregnancy,

'or 1llness@
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At_tho»pfesent,timé the Public Health Servloé is“suppbrting onel';
study on subcllnlcal tox1cology which w1ll examine a number of hematolonlc
parametero in relatlon to erosure and body lead levels. ’It‘ls also sup— |
,portingktwo followup studios ofogroups with—previous high lead'exposufetb
Next‘Yenr a sfmposiﬂm will be neldvto considog some oflthe'defioiencies
‘referted to nboVe and to tétommend netnods of study for correcting them.
This will be jointly sponsored by the Public Health Serv1ce and interested
industrial assooiatlons. ‘In addition to these: efforts the National In-
'stitote of’EnVironmentQIFHealth Sc1enoes.is both supporting anﬂ conducting
studies in the basic natUro'of lead injnry to the cellsjof selected‘ofgans

and tissues.
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 LEAD POISONING IN CHILDREN

~‘iﬁtredﬁcfien:3
| ' Lead édiseﬁiﬁg in Childfen is'of grave concefebto pubiievhealfh.
‘6f£iCials not»oply beeauée of the dea§hs that'occurg but also becaﬁse bfff
theeberﬁanent central‘nerVoﬁe system disordeés thet'can arise from serious
e#poéuregwahile lead poisoning is not uncommon, it often goes unrecognized
. because its sjmptoms arejsimilaf.to these of other diseases. Deley in
diagnosis often 1eads‘to continued exposure fesultingbin death or disabiliey.
.:one.indiEation of theveeriousﬁess of the problem is ﬁhe fact that Wﬁile‘.
i,lead poisoniﬁn ceouheed for only 4.7 percent of the acci deﬁtal %oisoniﬁgse
in ehiidren repoyted'tofthe Chicago Board of'Hea1th«in thev3;yeér'peridd
1959—1961, it;wae :espensible for 79.0 percent of the total accidental
eoisouing deathSJﬁuring that time.4F |
e‘Netionally, the picture is not as clear. It is estimatedbthae,

:e befﬁeeﬁ»GO and ‘100 people die.eech’year;and betweeh 3, 000 eﬁdxlo 000 ‘

'l’eSdffer soﬁefaisaﬁility'&ﬁe to 1ead eXPOSure., The number of 1nd1V1duals

 .w1th elevated 1ead 1evels may be many times greater. The dlfflculty

”,Qaarlses from the fact Lhat only certaln citles and certaln hcspltals i

;:»w1th1n theoe c1t1es are looklng for and reportlng cases w1th hlgh body

.:Qlead levels.".i"b
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: Educatlon, and thfarc, there were 98 deaths in 19605~and~61 1n11966w'

12,

Accordlng to death otatlstlcq 1ssued by the Department of Iealth
6
in‘the United States due to accidental poisoning by lead'andrits%com—
pounds. Age diétributions were not given.

Much has' been written on the subject of lead poiéoning, especially

‘as it pertains to children. The problem is known, as are many of the

circumstances surrounding it. The tasks are to prevent dangerous intake

of lead, to detect high 1evels when theyvoccot aqd.to begin’timelydinﬁ

‘stitution of effective therapy when children are found to have elevated

lead levels.

Many of the}environﬁental,~sociological,.and psychological factors

'sutrounding‘childhood lead poisoning'have been described. Lead poiscning
‘_in,childfenvis asSoCiatEd with the eating of paint chips or with gnawing

“. and"chewing painted'surfaces. This behavior is known as-pica, i.e.,

the habltual, purpoqeful, ‘and compu151ve search for and 1ngest10n of

,'unnatural food.substances.' These 1nclude dlrt, palnt ChlpS, plaster,

putty, clay, paper, laundry starch, nctches, and other cubstances

A theory that nutrltlonal def1c1ency 1s etlolo&lcally related

to plca was proposed but could not be demonstrated ina study of urbanﬂf

g

”chlldrenelanashlngton; D;vC. ‘ It was noted in. thts study that Vegrof
: famllles who had recently moved from the South to hashlnvton sevmed tonfﬁ

._be affllcted most_fteqnently. ThlS was explalned as a reaction tO“thetx
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economic and social stress of new surroundings. Many have stated'thatv-

. pica is,the usual forerunner of lead'poisoning. Th]s observatlon suogests'

that lead pOlSOﬂlng should be spe01f1cally looked for whenever a hlstory
of pica is noted. Bradley et a18 stated that approx1mately 70 percent
of chlldren w1th hlgh blcod lead levels had a hlstory of. plca. The .

authors considered thls to be under~report1ng, possibly resulting from

parentsf'failure to observe the act, or reluctance to admit such be-
havior. Chisolm and Kapleng stated that the relationship of mother and

hchildf"is:often'a'criticel determinant of pica." Approximarely 50% of

the mothers of these children with pica exhibited pica themselves. The

“child may use pica as a method to relieve anxieties or tensions brought
on by an absent or ineffective mother, i.e., a working mother or one -

‘with‘emotional'diffioulties, or one unable to cope with_family'respon*

eibilities._fPica also'may be a means for the child to gain attention, .

*Males and females aﬂed 1—5 years are the main v1ct1ms.10 These are

~the ages when children eXplore their environment-byﬁmbuthing'objects.

Negroes and Puerto Rlcans have a hlgh 1nc1dence due to economlc

~}and’3001al“factors; These result in hav1ng to 11ve 1n what can‘be .
f-referred to. as the ”1e1d belt'—-that part of the c1ty where homes are
Z»."old and hou31ng condltLons have deterlorated In such dwelllngs maln— o

'.»tenance‘mayvhavellong.Sane lapsed; the.palnt, many layers thick,‘is
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, chipplng and plastcr is falllng 'Children left alone.bY‘wdfking

I;“mothcrs or otherw1se may turn to. oral gratlflcatlon due to emot10na1

deprivation.

One of the main factors in'éhildhood lead poisoning.has been the

use of a 1ead—base paint, Many of the.pqisonings can be attributed to

intoxication ffom:interior'paint,applied~priof to 1940. In 1940 legis~

lation was passed which limits the lead content of interior paints to

one percent. Many oldervbuildings continue to be sourceS'of_ths high
1ead content paint‘used prior to this date. Even when repalnted fre-
quently; flaking and Cthpan of palnt and plaster results in paint -

chips with a high lead concentration. While materials othér"than lead

|
Fi

are used as a base for interior paints, many exterior paints still con-

-téin a 1arge,émonnt,of lead.

: Diagnbsis:;

The d1a0n051s of lead p01son1ng in chlldren is frequently overm‘

“1ooked espec1ally in the early stages. Thls is because of low 1ndex of

susplclon on the part of some phy51c1ans due to the vagueness and am= .

'blgu1ty of some’ of the symptoms. Early Symptbms-and;51gn3'may 1ncludex'
'loss of appetlte, we1ght loss, constlpatlon, fatlgue, headaches, weak~
_”ness,xanemla. Subsquently, the patlent may develop 1nterm1ttent vomltlng;i

' jirritabiliﬁy,'nervousness,»1ack of coordLnatlon, and_vague pains in the’
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”arms;‘ieééé jbints;‘éndiébdoméﬁ;,’Very‘sevefe symptoﬁé“iﬁélude pér;
_éisteht:vémiting;’éiaﬁdtcd‘biobd pressure, deliriuﬁ;‘convuiéiOns‘aﬁd
céma, | | | | |
A nuﬁber‘Of laﬁofatoryvtests.or‘scréeﬁing proceSsés havé:been used

" as. an aid?toldiagndsis of leaa ppisoning. One,. a urine.tést, éetérmines
) the amouﬁt of‘coprcpcréﬁyrin in ﬁrinef‘ Coproporphyfin is a Prodﬁct Qf
50dy metabolism. High urine levels may ihdicaﬁe‘lead poiséningf However,
‘the tééfjis not spécﬁfic‘andlmay ;iald either félse poSitiﬁe or negativé'.
fesultsu' Delta—aminblévulinic acid:(ALA)‘in urine is'éiso high in 1ead
poisoning and is more SPQéific.. Quantitative:diagnqstié ALA urine ﬁests
brequireriﬁ—héuf urine samples. Iﬁ young cﬁildren thisbis often_very
' diffigult to obtain. Blood lead determinations are a more reliable and
widely accépted}féstg Chgmical analytié methqu for détéfﬁiniﬁg blocd
lead levels cgn‘fake’bétwéén.Zé,and 48.hdur§; Als§; facto¥s sﬁch aé '
hemétdérit,'ihtercutrent iﬁfeétion;-coincidéﬁt'bone diéease,'and recent
"admlnistratlon of chelatlng.agents can cauée some - dlfflculty in 1ntér—
b*'pretlng the results by thls method 2: Atomlc absorptlon metbods are .
ﬁr’rece1v1ng attentlon because of the shorter analy51s tlme requ1red for
S' this technlque. J1c0b21ner suggested that a blood 1ead level of 0 06

:mg/lOO ml or more. v1th the presence of two or more symptoms of 1nto 1catioh

be-considered'a:positive teSt'for lead poisoning.- Even when no symptoms -
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" are oresent, he suggested that the possibility of lead poisoning re-

“mains and that periodic blood 1ead determinétions'shOuldTEe carried

out. ~ Recent recommendations by the Subcommittee on Accidental

Poisoning of the American Academy of Pediatrics state,l"whére_blobd lead
concentrétion lies between 60 and 80 ug percent. of wHole,blbod_and there -

is hemotologic evidente of lead toxicity but no clinical Symptoﬁs"

treatment should be giVen.l3 A third method of analysis is fhe use’

of hair samples. Hair concentrates more lead per unit weight than otherf

tissues or body fluids. It has been reported that the concentration of

lead in the hair nearest the scalp may exceed that of more distal‘samples

following severe exposures. Chronic exposure of relatively long duration

results in elevated levels thrdughqat the. total length of the hair
% | |

sample.”

- X-rays aid in determining chronicity of the condition. Lead lines

‘may bevpresent’ingthe knées,erists,,dr long_béﬁéé Qf‘thdsé’With'lééd
"poiéoningQV X-rays of severe_caées infchildren‘uﬁdéy ;wdlyeafgiof ége, 

>howéver; afevoften nth;iQé@ éven thépgh thé§‘may B§ éfféct§d.» Iq
_ éééeS1o£.reégﬁt:ing§5tion;qfileéd; fiat filmszbf the‘éﬁdqmén'mé§gfe;
 veal the preserice of radio-opaque particles in the gastro-intestinal

*q.ttaét.
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TTreatment: :

A comprehensive review of therapy in lead intoxication has recently

been published by Chisolm.>®  The treatment involves-deleadingvby chelating

agents, singly or in combination, and supportive therapy.

Control and Prevention:

Control and prevention include educational campaignsvdirected

L

at both medical'?ersonnel and at the.general puBlic. The type of edu-

cational program uch w111 depend upon the target. populatlon.v Phy51—

cians should be reminded of Lhe signs and symptoms, the relatlon of

plLa Lo 1;ad paLuL, qud'didgquLLL procedures. Phy51C1ans.work1ng in:

areas where lead is a kno’n problem should be spec1f1cally alerted.
‘_Other publlc health workcrs (nurses,vsanltarlans, etc. ) and other
allled profe551onals (bu1ld1ng inspectors) also should be made aware
;of p0331ble sources, 51gns and symptoms of lead p0130n1n° -and 1ts Te-

1at1on to pica.

Those - 11v1ng in "lead belt" areas are a second 1mp01tant target :

j: pdﬁulatlon for'thejeducatlonal_cgmpalgn.- Empha51s should be on the:

‘problem,‘its;cauSes,-Signs, stptoms,‘p0551b1e sources of Lntake,“and

theAprdperaéction‘to'be taken 5hodld.ekposurés_cr lead poisoning bé

\suSpeétéd\ The eduCational program must be written in,eésy—to—undchtand
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laﬁeuage,: Suecess of an educat1oaal caﬁpalgnyln tbls aree could be
‘evaluated by ﬁotlne fﬁe numbexr of suspectcd cases or sources broughL toi
the attention of’phySiCians and'health aurhorities._‘

" A seeond‘apbroacﬁ invelves sample surﬁeys in‘variCus arees 6f
the city. Chlldren (age 1. to 5 years) of small segments of a pnpu~
‘latnon, llVlng is suspected -areas, can. be tested for lead content of
blood. _Detailed follow—pp investigations may then be lsueched in

areas of the city where positive results have been noted through the. -

- survey technique. Subsequent investigations may involve'bther age

'bgrouss*in the populatioﬁ at risk. When a symptomatlc Chlld is foand

in the CllnlC, .an epldemlologlc 1nvest1gatlon of the case should follow‘
as is done for a‘communitable disease. Children who mayehave had simi—x
lar exposure with respect to tlme and place should be tested for lead
‘body burden. | |

: Where prellmlnary surveys have 1dent1f1ed poteutlal cases, de—

_talled home surveys should be launched to determlne the presence of Jeadl""

“in palnt plaster and other potentlallsources. The1lead content can be»
”determlned by screplnc and collectlng samples of palnt aed the samples
atested to determlne 1f more ‘than one percent of lead 1s present.:iTest
’methods 1nclude standard analytlcal chemlcal technlques; atomlc ab—

’sorpllon; a low,lnten51ty,radlolsotope dev1ce‘for surveying_interiord'_
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fsurfaccs,'aud ult1a~v101ct flourefcent methods.k;REPQrts as to affective4“ -

ness of the value of the methods Vary The UV'flénreccent'technique 2
falls to detect lead at sufflcient depth below the surface. Present

methods of dlssolv1ng palnt in strong ac1d are not sultable for measure-

kment of the dissolved sanple in the atomic absorptlon dev1ce. The New

York City Health epartmcnt “has commented on their cxpcllence wrth the

radioisotope screening device; In 1ts present stata of development

1t is too heavy. to be practlcable, its target area on Lhe surface for
each reading‘is small and many readings'are neceSsary to complEte a
survey.

There is a need for definition of the term "lead poisoning” in

‘order to cnsure uniform reporting of the condition from poisonm control

centers,and other health and‘safety organizations. Such a standard

authorltatlve defrnrtion is also necessary for successful. enforcement

‘ of laws and ordlnances for protectlng the publlc. With an esteblished-

,definltlon ofulead poisdning,'differentiation can be made Berween ;

;901son1n0 and unnecessarlly hlgh lead body burdens. Renbrting cf;the
 },1atter,'wh1ch can be done in quantltatlve terms, is very 1mportant for‘

n;operatlonxof,preventlve-or*control_programs.f
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‘Legislation and Enforcement

The dmportant parts of any action program are proper and effective

" legislation and sﬁitable‘ehforcément.

Building and housing codes in most cities contain general pro-

visions requiring maintanance of interior surfaces and prohibitions -

égainSt the use of toxic materials. In some of the cities which have.

recognized the problem of lead poisoning of children from paint, addi-'

tional, more stringent provisions have been added. Two examples are

given Below:
' a. The City of Béltimore;Housipg Code16 proviaes:
706 ,Painting; " ' : » . o  !f
Aliiintéridr_loése Cf=peeling wall covering or paint.
k’shail:be remdved'éné the éxﬁosédASUrféée shéll be’élacg@'in a’
“smooth and‘sanitafy‘co&diticn; No paintFShall be used fof~ih;’
terior‘painting‘of>any:dweliiﬂg;fdwelling.unit}lféomingbhquSev
df r;omiﬁgiuﬁitvﬁnl¢s§ the paiﬁt.ié fréé ff6m aﬁy lead bigﬁénﬁ."‘ ;
‘ 55 Ihe City qf;Chicago:in l§6S adéptéd an éfeﬂ more, 
ﬁé?riﬁééﬁt?éodé;;7 }ﬂTﬁi§ é0aéiféqaifeé; 
. ﬂ78;17:2Q(d);  A1i;inﬁégidf'waiis,:céii;ngskaﬁd“iﬁgéfidf. 
kwbddwarkjshéil béﬁf#ééIOfJflaﬁinggbpeeling, CEipééd or

}icose_paint,’plaster'orfstructural-material.'
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' 1fIf;‘gpdn iﬁépection by_the‘CommiSSienEr of“Bdilaingsab\“
_d?ﬁﬁié;dﬁly'éutheriéedvrepreseﬁtative; there is:found:the
preéence‘of f}aking;‘peeling, chipped orileose paint; ﬁlaéter;
.oilstruetﬁral meterialﬁin,any'building being used fof'housing,r

. tﬁe CoﬁmiSeioneriof Buildings, or his duly’aufhorized fepte-
senteﬁive, is hereby empOWered to secure specimens‘of fléking,
Peeling,vchipped”or loose peint, plaster qrjétruetural‘ma_
teeielfand to analyzevor_eause an analySis‘tovbe made determining

"whether~of_noﬁ the materials containelead or its_comﬁounds.

In eny Casé; wﬁere enalysis reveals the pgesence of leed
or its compounds in a quantity of ﬁore than ehe'percent, or
in-a quantlty suff1c;ent to be-a , hazard to health and safety

) to the: occupants of the famlly unlt, the Comm1s31oner of
Bulldlnge shall crder the ownef‘br'his agent ?o remove alli
méﬁerialsICOnﬁaiﬁind lead compouhds er coveresuch Surfacee withr

"ae acceptable COVGILHU hav1ng a flame spread ratln'T not to. eﬁ-

fepceed 15 All coverlng shall be securely attached to.a smooth
”_;and SOund;surface. | “
df;?Tﬁe spec1fic.proxlslon 1ncluded inatheFChlcago ordlnance requlxlng
femoval or effectlve coverlng of all lead—base matefials is an essentlal

*'whlcn is not'cqvered by most city,codes.

EFT 000167




22,

Some‘ébésible éoﬁsequencés inlegiéiatiqn Warfént qon$ider§tioﬁ:~'b
as :At-preseht, striét enforcement of-léaakéohtfdl‘ |

“dfdinances‘may fesult in owner,abaﬁdonment‘qf thé‘pfoperty_f

or réfusdl to reﬁt;to families with small children. |

b. The ain of housing aﬁd health officialS'should‘bé to.'
kéfiﬁulatelajcoopera;i&e spiritlbetween rénter and building
owner. Homes, apartments; énd other Strucﬁurés should be kept |
 in good»repéir s0 thatiloose or'cﬁipping paint_qf plastef‘can
;Ee eiiminéted, reducing exposure to the hazérd.

c. Urban renewal and redevélopmeﬂt programs ‘are éiimif
nating many old dwelling'units; However, tﬁese prbgramsféften
Aéffect_cnly~limigéd areas and ﬁa&.take yéérs_td campleté.’ Addi—
‘tional‘action is necded.

d. " Some consideration is being givén to‘Féderal:3§p§§rt
.to iocal ¢§mﬁunities~in deéling’with'ﬁhe’prqblem‘bf lead |

~poisoning-from paint.

-+ Current and Future Research:

There is-a definite need for ongoing research in lead poisoning. -

A better understanding offtﬁ¢3b¢havioral pfobléms §hich£makéﬁ'"

vpdssiblefléad‘intoxiCatioﬁ in,thégchild is’needEd;fés‘WGllvas"the 

kdevelopment of methods of aitering this Behavior.
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The development of more accurate and rapid screening and

‘diagnostic tools is needed to pinpdint the problem in’éﬁVironméﬁtali'

areas and in popuiatioﬁ groups.
Means for delcading an environmént rapidly and aft low coét,.and
without danger to thosé responsible for the deleading, as well as

others, are needed.

Recommended Actions:

1. Establishment of a uniform definition of what constitutes a

_case of lead poisoning.

2. Rescaich to determine building materials which can be used
. -eLHLL ; \

economically to effectively cover painted surfaces containing lead,

‘or methods of removing lead paint from home environments.

3. Provision of regional laboratories by the Federal Government

kfto-provide~rapid and reliable tests to support local,control'programs.

4. Official recommendation to local jurisdictions to make lead

~v.poisoning a repoftabie,disease3in areas likely'to have 'a problém.'

-

5. Provision of more lead treatment centers in high incidence

. -areas.
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6. Determination of means to ensure that welfare funds usad -
for rent or home repair are not supporting housing having a lead
hazard to children.

7. Stimulation of research in the areas previously alluded to.
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_ LEAD IN AMBIENT ATR

SOURCES OF LEAD TN THE ATNOSPHERE.

;ieéd ie osed7in>avlarge varleryvof processes in'this-couotry.
Inbl968_o§ér ooe.ﬁiliion toos of 1eaovﬁere~consumed as shown in."
Taole l.; |

From the eraodpoint'of‘air pollution lead\sourcee{@ey properly oe

divided‘into'fOur ma’or categories which are discussed below.

. Productlon and Feoroee ssing of Lead Metal.
Thc numerous smelters scatLered over the couotry whlchvdre
the producersvof the basic metal must be contributors of lead to the
atmosphere; ’iﬁe Peroen;‘of the metal produced Which'isremitteﬁfinto>
the air is. not‘khoﬁn, therefore, the totai contribotiou‘cannot.be
compufed Althou h tne larger and heav1er partlclas seLLle out- wrthln
a short dlsLance Erow the smelter the smaller particles‘maj be. carlled
'great dietaoces depcu&inneon oerticle size and meteoroIOOical conditioos.
Secondary smelLers or lead recovery plants whlch proce,s
scrap and\recover lead mctal Gmlt partlculates lnto the air in varylno

- quantltles dependln0 on effectlveness of- control methode employed

;Most of theirecoveLy plan s are located in urban areas aﬁd may be
31gn1£1cant contrrbutnrs to the lead problem in some COLnunltles. fSuch’

ﬁ_dischargesvmay‘contain«as uch as several milligrams ofrIEad per cubic_;
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~meter of air. Examples bf-coﬂcentrations of lead iniin§plant,éir
- that may‘be-diScharged to ‘the outside are shown in Table 2. All of

' these discharges are notgéontinuous, but may be produced intermittently.

. Industrial Sourceas.

THe;lafge tonnage listed as other in Table 1 indicates many’

usee for lead that are difficult to trace. While the consumption of .

Tead hés-béen rather stable during.the last 10 years, there'have‘been

changes in the amounts consumed by various.industries; the amounts of

‘lead used for sheathing cable and for production of paints, for example,

‘have decreased in the last decade because of the introduction of new

materials.

Léad'and its products are often processed from the molten

‘state, sometimes giving rise to fume when thermostatic control is not:

present, ‘Many.lead products may also be produced as powders or involve

products produced fron pbwdered matérials that may be dispersed into.

o thejair.  The in-plant: hdzdrd‘aSSOCiatéd Witﬁlfhedprocessingbof lead.

is often recognized, and most industries control this hazard. Although

'some lead is removed from industrial discharges by control devices, -

lead-bearing dusts and fuses escape to the outside air.

“Automotive Soureces. -

One of the major7ébufces of lead to the atmosplere is the
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/eXhaﬁst'f£5m,gasoline—fﬁeléd;véticies._ Eesentially all of the motor
géééline~§oldEinfthé United States containé‘alkyl~1ead cdmpduﬁds added

tb imﬁrdvé:the antiknock Quélity'bf the fuel. During comtgstion,rthese
organittiéadicompounds undergo thérmal ahd okidativevbréakdown and are
diécharged iﬁ tﬁe exhaﬁst as inorganic lead sqlts. Untié&l959 the oﬁly'
alk?l,lead éqmpodﬁd used commercially was tetraéethylllead, althoﬁgh
the_ability»of other alkyl lead compounds to intreasé‘antiknock qualitf 5
was known.,5Thé relétive effectiveness of thé}varioUs~aikylflead’ |
comydunds in‘imparting antiknock:quality to gasoliné depends on'hany
factors ihcluding, to a large extent, the specific hydrocarbons 'that .’ L
-ébmptiéettﬁé finishéd gasoline blends; Dévelcpments in the technology

of petrﬁleﬁm proceésing in recent years have resulted in éignificantybut‘
changés‘infthefﬁﬁmbér and types of hydrocafboﬁs'in many of toaay's
‘gasollnes. Becausa of thcse changes and changes in other vehlcle

factors that also 1nf1uence the type of antlknock quallty requlred
certaln reflners now fxnd that alkyl 1ead compounds other than tetra- - -
ethyl lead are more effectlve in ralslng the antlknock quallty of

thelr partlcular fuelé. Antlknock compounds other than tetraethyl

lead currently belng us ed are tetramethyl lead, phy31ca1 mlxtutes of

a catalyzed redlstrlbutlon reaction of tetraethyl lead and :tetra-

methyt lead . ‘The amount of each ot the alkyls in the lattcr mlxture,
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depends ‘on the‘petcentagc of tetraethyl and tetramethyl lead used 1n
the reactlon. These alkyl lead compounds are. present in today s
gasolines in widely varying COncentrations;‘the‘matimum in'motorv
dgasollnes belng 4, 23 grans of lead per gallon (eqULvalent to 4
mllllllters of. tetraethyl lead per gallon of " gasollne) in accordance
with an agreement between the suppliers and users that has the con—
cnrrence of'thetofiicevof‘thevSurgeon General of»thenUf S. Public‘
» Health Service. |

The\total consumption‘bf'lead metal invantiknock-compennds.
in domestic motor ga ollnes for a ten year petlod is shown in Table 3
with the average 1ead content per gallon durlng the same perlod.

Studies‘of'thevlead particnlates leaningithe’tailnipe haﬁe
shown that from 70 to 80 percent of the metalllc lead used by a ve-
hicle w111 eventually be exhausted to the atmosphe*e over 20,000 to
30, OOO‘mllestof c1ty and’ country drlv:mg.15  The balance remalns in
‘the englne 1tself, in the 1ubr1cat1ng 011 and 011 tllter, and in the
vehlcle exhaust system; The amount and partlcle sﬂze of 1norganac
‘lead leav1ng the tallplpe of a vehlcle at any glven tlme is dependent
‘on many factors 1nclcd1ng the operatlng mode at the 1nstant, the short
and 1ong term type of precedlng operatlon, the age of the vehlcle and

1ts exhaust system, and englne and exhaust system de31gn features. These
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studies have also shown thatlin‘city—typéaoperatiOnrless,lead iS’exhaustedﬁ

Vthan‘in highway-typé service. In city operation from 20 to,60 percent’

of the lead burned in the combustion chamber is exhausted from the

tailpipe in inorganic form depending upon the amount of lead particu—g‘_

'lates accumulated in the exhaust‘system as the result of the precedihg

operating history. Of this from one-half to threemfourths'of the'lead

. is in the particle size range that might be expected to remain air- -

borne.

Although much of the lead discharged by vehicles is ex-

haustedvin the form cE~inbrganic particles,'varying percentages of

‘the alkyl lead compounds blended in gasoline may reach the at-

mosphere through escape of fuel vapors. Recent reports from Germany,
indicate that undor staonatlon condltlons a major portlon of the

emltted lead may bc in the form of lead alkyls. Volatlle fuel vapors

‘can be lOot from vents on the carburetor and fuel system and are dlsplaced

s from the tank during refuellng. ihe concentratlonS’of alkyl lead com= R
'rpounds in the vapor are lower than. those in the orngnal gasollne since
: ,these compounds are less volatlle than gasollne and tend to remaln be—ni"

ft;hlnd in the unevapora:ed portlon Some vaporlzed fuel contalnlng alkyl

lead,compounds escape also in the blowby gases that are forced past_~

the Jistons and diecharged from tte crankcase. (Wlth the 1nstallat10n v
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of positive gtdnktésé1vénti15ti§ﬁ~deviteé;~thisb5qut§é.wiiliévéntualiy
Bétéiiﬁinatéd;jJtiﬁorédver,iin thé'ﬁotmél C§mbustitﬁ'prdtéssvaiﬁety .
'émail‘peréeﬁtagé»of tﬁe‘ftel,introduced is not completely burned. This
unburned fuelkéontéigé soﬁe alkyl iead cémpoundé, Thisvleéd; howéVef,‘
is mi#ed with hottéxhatst~géses éﬁd‘contacts components of the eﬁginev
and EXhaﬁst.system-at>highatemperatute; considerableldecdﬁﬁosition |
results, since the alxyl lead conpounds begin to detompoée at tempera;
tures as low as 400°F. All’organlcvlead~cqmpound$, even at low con~ .
"centtations, are'light—Senéitive andyhenqe are subject td’phctochemical
: decompdsition gtée they reaéh’tbe atﬁtépheré. |

_Other Sources.

: Soils.gcnerélly cqntéin lead, and therefore #articlés,of
soil that‘become aigrbbtne*COﬁtfibﬁte small’améunts of lead totther
' ,atﬁoéphefe. The lead content of 501lé varies w1th the geology of the '
aréa. Goldschmldt reported that the averagé in the earth s crust is
“16rppm. Values of several’ thousand parts per mllllon‘méy be found near‘t
smelters.‘ Cholak and co—wérkers reported that the lead content of
'fSOll in. thL Clnc1nnat1 area varled from 16. 4 to 360 ppﬁ.,;t” 
J | Coal contalﬁs varylng amounts’of lead. Consequéntiy;:ait{

'cbntamihated by*fly ash‘pr»by soot derived from théitbﬁbuétion of
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'coalimayLcopﬁainlepprecieblelquentities‘of?lead.‘ Coecentrationslof'l'
lead as high e$~ISlepﬁ.in,fly:ash‘and‘BSS ppm in soot have been:re—

ported. -

'METHODS FOR THE MEASUREMENT OF ATMOSPHERIC LEAD

,Collection of Samples.

Ihe-most coamonly used method-fof‘the collection_of airvparticu—
.latesifor subSequent'lead ahalySis.involves filtration tﬁroughieitheria"
’»glass:fiber.orkmembrane filter. The usual practice is to -sample for a724—
hour period lthouOH shorter or longer sanpllng perlods may be employed
if de31rable and an adequate sample is obtained for- analy51s Ccllulose
 filters may be;used but'they are not recommended becauSe of varietion
ln’collectioﬁ‘efficieﬁcy. Partlcles collected by the filtration method
fall in the 0.1 to 50 pm range. |

'For the determlnatlon ofvleed in the largﬂr or'setﬁleable
paftlculates samples‘are collected by means of the tandard dustfall
o procedure-whlch;requlres a long sampllng perlod 30 days.
| If informatlon is needed relatlve to the distrlbutlon of
‘;lead amoog the dlfferent peftlcle sizes. speclal sampllng dev1ces are :

'needed whlch can sepatate alr—borne particulates into several fractlons

ERT 000177




‘ lead samples are coavertcd into solutions of lead salts which may be he

320

_of dlfferent partlcle size range. Fractlonatlng scmplers are not 1n
common use because of COat 1ow sampllng rate and lttendant‘complexity

of operatlon and analv51s of samples.

Organlc 1ead (TEL, TML) may be trapped by pas51ng pre-flltered

~ ambient air through an absorblng traln contalnlng crystalllne iodlne

ot high purity activated carbon. 'Although the system is cumbersome,

time. consumlng, .and rrqulres constant attention it performs adequately

for the collectlon of gaseous lead compounds.

’AnalySis-of Samples.

By su1table processing both the partlculate and gaseous

analyzed by "any one‘of several acceptable methods. The colorlmetric

Dlthlzone method whlca has been the method of ch01ce for many years,

»employs a' lengthy and edlous procedure, but is very: sen51t1ve and

gives.excellent_results. The use of atomic absorptlon spectrophatometry,

a more receht developmoht has galned tremendous acccptance w1th1n the
: ~past £1§e years. The blgh 1n1tial cost of 1nstrumentatlon 1s offset
:fby the 51mp11c1t§ and speed of analy51s by . thls technlque.' Fully
'”]satisfactory results may be obtalned by the appllcatJon of thls analytrcal\f

technlque.*»Equallyjsatlsxactory analytlcal results are- obtalned by use
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" of emiséionfSpeetrOgraphyvOr‘polarography, bgt'these‘merhods ere'nOtl

in common use at the present time. =

Automatic Continuous Measurement of Atmospheric Lead

.A'recent report'describes.an instrumental method Which‘may'<

-possibly permir the direct simultaneous measurement,ofegaSeous and

perticulate lead on a continuous basis. Should this instrument possess
the required sensitivity and be suitable for field use it will be an

extremely useful tool in the elucidation of the lead-in-air situation.

ATMOSPHERIC LEAD MONITORING

 Routine Monitoring of Particulates.

.TheeNationél-Air Surveillance Networks of NAPCA operates

_about 400 filter éamplerS'in,urban and nonurban areas throughout the

: U..S}ffor the coliection of samples of air+borne particulate'pollutants.

Samples are. collected over a 24 hour period every_two_Weeks on a random

‘eschedule for:a totalyof726.semples per‘yeer. Practhally all of these»
'“_samples are anhlyzed for lead and flfteen other metals by em1551on

B 4 :fspectrometry.- It sh011d be p01nted out that a samptlng frequency of o

26 samples per year 1c not adequate to produce suff«c1ently accurate

_ data to permlt for an 1nd1v1dual 31te the detectlon of year to vear:

trends 1n.1ead-or«other-pollutantycopcentratioos; To provide suffic1ent
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_«data;fo:_t:eﬁd éﬁalyéisfétvléééffabfdgfffdld'incrégse>in;séhpliﬁg.i
frequéﬁcy Will‘bétréquire&,r'Aﬁ in¢rease of_this mégnitﬁdé will ré;‘
quireva @orrespdndiﬁg increase in suppofting fesoﬁrces.

Maﬁy State and Local Air3P611utionvCénttol:Agenciés éoﬁdﬁg;
partlculate monltorlng programs similar to NAPCA's. Some of thé‘samples
genﬁrated by these networks are analyzed for 1ead ‘nd the data contrlbuted

to the natlonal data sank and-many of those not analyzed'can be made
available to DAQED for analysis subjéct Eo'available laboratbr& man4
fpdwér. |

The combined chéral - nbn~Federai effoft provides fdr:-
rcqsu1ubly adequate definition. of ambient lead concentrations for all
cities over 50,000 populatlon, many w1th less than 50,000 population
'plus a’ cross.section of nonurban areas. Los Angelcs and New York Clty
'conducf 1nten51ve partlculate monltorlﬁg programs thlch include the

‘measurement of lead.

_ Specié1 Total Particulate Monitoring Prdgfams;
Multi—CityAStudies{

. In 1961 6 lZ—month study of amblent leud levels was made fi?_f

‘1n Clnc1nnat1, Los Angples, and Phlladclphia.’ Thls study was conducted _ﬁ

CEPL 000180




w1th the support of _

N

'“Amerlcan Pe¢roleum Instltute _
Automobile Manufacturers Association
California State Department of Public Health
'E. I. du Pont de Nemours and Company ‘

. Ethyl Corporation :
’Ketterlng Laboratory, Unlver51ty of Cinc1nnat1
Publlu Health Serv1ce ~ Cgﬁ o B

L2

A similar study supported by the same organlzatlons inkthé'
| samé c1t1es and four additional c1t1es, Chlcago, Honstan, New York
and Washlnwton w1ll be completed by the end of 1971 |

In the cpnduct of'these~studies from six tO'eighf sampliﬁg»
SEatiOns are oﬁérated‘in each city at sites selected to proﬁide;a,.
féasonabie,lgad pro;ilé for each city. "Also for each.city insofaf asl
,;possiblé aineaxby'community with a miﬁimum of lead sources is selected
‘to'pré&idé;inféfmation dh.éuﬁurban bgﬁkground lead levels. Daté'from'
thiSFStudYVWill he1§TQStabliSh ﬁhélintensity of monitéring feduired
> in urban areao to deltneate populetlon éxpésures to air-borne lead.

Other Spec1al Studies.

A spec1al two~month‘study of atmoépherlc 1ead ﬁas Just beeﬁ  '
7{comp1éteé 1n Los Angeles County.-: f .v';“,”j, ,  r:ii?g” i
| An intensive study is beiﬁg’conducted 1ﬂ New: YorkVCity 1n‘
'¥<;aﬁiaﬁtémpfvfo-determ;ne the.cotrelatlon,betwéen_trgff1c1c0qnt;'carboqii} 

mono:ide ‘and lead concentrations.
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L Research.laboratories Of the lead automotive petroleum,
and fuel addltlve anUatrleS malntaln a varlety of: studles related
to the air pollUtion aspeCts of lead but results of these investi—

gations are mot always made available.
1S Ays made available.

-Monitoring of Organic Lead.

ThereAis no‘orgahized routine‘monitoring program for the
measerement of Qrganic lead in ambient air at the presenf time,'iIf
~any measuremeete are being made‘the work is probablyebeieg done_by
" the industries. |

Lead Concentrations in Ambient Air

The currenr:merhed for assaying lead iﬁ.samﬁles'of‘pareicu—

- late pollutants does‘not~&istinguieh'betﬁeee elementaleleed;‘orgeﬁic;rand
ieorganie compoundeof lead Therefore the proportions‘of.lead from
Varlous sources, 1nclud1ng p0551b1e naturally occurring: amounts,’cannot
‘be positlvely 1dent1fled .VThe effect of lead emissions from human
act1v1t1es can be clParly seen however, by‘comparrng concenrratlons

iv at urban statlons erh those at‘nonurban statlons, Table 4, Averageliv
1ead concentxatleneeat erban stateons over rhe perlod 1966 1967 renged
‘from o. l u /m3 rn Cheyenne. Wyominé ro as much as 4 ug/m3 in Phoepix;:
-Scranton; and seven of the elght urban statlone in Callfornla.,'in‘v’

contraSt,,the range of averages at nbnurban-statidns is approximately
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5; a ;ower of 10 lower thdn at the urban 51tes. “They.: range from 0 007

\‘,yg/m“at Lhe Whlte PLHG County, Nevada station to 0 22 and 0. 23 pg/m

respectlvely at Lhe Flallon County, Pennsylvanla, and Vashlngton County,

Phode Island statlons. ‘The incursion of man's act1v1t1es on the en—.

~

';V1ronment is further revealed when we examlne lead levels at those

nonurban stations~whose locations are considered 'remote", that is, the
most distant from large urban centers. The last line in Table 4 shows
this group of "remote" nonurban stations grouped at the lowest end of

the nonurban concentration range. The implication is that the remaining

‘nonurban stations are being pércoptably influenced by.surrounding urban

areas and/or,highﬁay traffio. Since evéo_the "remote' stations are
located in Park a:eas‘where eleotiicity‘is.available and.theré‘is
toufiét troffic during at leastvsome,seagons,‘even those may -owe some .
Potﬁion ofvfhe détéotéd lead to man'sﬁactivities. |

Trends over thc past ten years. cannot be descrlbed be"auae of

~

a chanae in ldboratory mﬂthod beglnnlng w1th 1966 Samples.. Varlable
" influences on the, rel tlonshlp betWeen the old and the newv method are

\'such that a conver81on factor cannot be deflned pre01sely enough to make

the adjusted data a deoendable ba51s for Judnlng Whother or not a trend

E hasxoccurredg For the same reasons data from these years are not useful

in examininglfor»trends in the whole group of c1tles.

EPI 000183




38.

We do have two yeals of data by the new wethod the-calendar"
years 1966 and 1967 “This is too short a perlodzin which to. judge a
long term‘txénd'for;an individual station because these measurements

include a significant amount of inherent variability. However, if

general lead levels in the nation are relétively stable the upward and .

dowmwardvfluétuaﬁions'éver'the encire network‘sﬁbgld.approximately

balgnce.'.They do not. = Seventy Qrban-stations éhoﬁ’data on iead con-
centrations ih'ﬁéth;1966“‘ana'l967,» 8ix urban stétlons show no change
frém oﬁe’yéar,to fhe néxt, 18 show decreaées, 45 show increases.»'See

Figdre 1 If we dcflue a change of ‘less than O 3 uo/m3 as not sig-

' 3.
g nlfloant we have elcnt stations w1th dccxcases - 0.3 ug/m s 27 with

increases 2 0.3 pg/m3.

Thevchénges among-28 nonurbaﬁ stations are also shown in

- Figure 1. Thc number of statlons ShOWln” 1ncroaseu, decreases,; and

vno‘change»are'very nearly equal,pand'only one station»shows a change

as larne as 0. 3 ug/m3.

' The 1mp11cat10ns of Flgure 1 are that frcm 1966 to 1967

i»lead concantratlons at the nonurban statlons remalnpd falrly stable whlle
‘levels in the ‘urban_ erv110nments increased - on average.» The 1ncrease

. in urban network averagL from 1.1 pg/m in 1966 to 1.3 ug/m in 1967
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j‘ig:atafisrwcally s:ganLcant bur Lhe data covers too short a‘verlod'v
‘lto g;ve\iuqu@atiqnjaﬁout.typiéal ygaf—to~y¢3r variability3 therefdre'x
4o ¢6ﬁélﬁsions mqy‘bc1dréwn‘about léng term trends.’
| 'MOfe-extgnﬁiVé‘meéSurements of:igad inrthree.citieé show
 ”vatiétions with«ééésén of;the yeaf‘and'witﬁ-locatidn in tﬁevcity, and °
'cbﬁfirm the géngé\of urban concentrations reportéd'ffoﬁ_the natiéﬁél
nétwork in Table 4} Table S»Sﬁows.seasonél averages for 4 locations
in Clnc1nnat1, 8 locatloﬁs in Los Angeles, and 8 locations in Phlladelphia.
‘The highest seasénal lead concentrations typlcally occur in the‘fall and 
“winter., |
| it has.beeﬁvclaiméd that,alky17iead compouhds are qﬁite
toxic and easily absorbed by the body, Howevér, énly ablimitedidata
.khavé been :epofted‘on émbient 1e§éls §f>th§se ﬁglluﬁénts. Results
‘ ' obtéiﬁed'iﬁ a 1imitéd study>éOnducteé_iﬁ‘éiﬁéinnéti‘are shown in Table
6. Lead allyls may reprosent a 51gn1flcan£ portlou of the lead in autb

‘exhausts. Recent repoqu from Cermany 1nd1cate that as much as JO per—

L cent of total leac emlttcd may be in the form of oroanlc lead compounds{

The concentratlons of 1norgan1c lead in Iable 6 are notlceably"b

' f‘hlgher than those reportcd for the general network.' These wqre‘taken

: f1n2h¢QVy traffic. ,Therd”canfbe little doubt.that thefusefbf:leﬁdedn
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*.gasollnes 1n‘1nte1ua] combustldn englnes contrlbutné 31gn1f1cautvam0unts‘ 
of lead to the atnoophere;‘ Table 7 summarlzés the résulté of several
.surVeys for~1ead qvé; avspectrum ofvlocations;k It‘isqobvipus thag the
‘cléSe: one appfgaéhes a,$tream‘§f traffic, and the moré7déﬁse’tﬁaf7
traffic is,‘thé'higher the lead concentrations.b‘Primgfy:and secoﬁdary

v leadvihdustfies érc also éignifidéﬁt sources of lead buf;these are
pfesent,iﬁ oniy:a limited'ngmber of commqnitiés. The automobile pgrvades
virtuéily all Ufﬁén gd&ifohmehté.

Size Distribution of Lead Particulates

Pérticlés éf greater than 5 um eQuivaient diametef are to a
lafge extent trapﬁcd ih‘the.nasa} and throét passageé andicdnéequeﬁtly
do not feach the 1ung“. Thﬁse less than‘O.Abpmvdiametér are‘of.fhe
‘mOSt‘conqe:nbbeéause it is.éoééible fér théﬁ to reach the loﬁer,réspirafi
;fory‘passaoes. It be‘omes, therefore, 1ncre551ngIV»1mportant to de—
illneate the dlstrlbutLon of lead among the dlffergnt sizes of barticu—
~iate mﬁtter. | | .
Sampling”téchniquesvéré avéiléble fﬁrltﬁe éoilécti§ﬁid£ '

a varlety of ‘size ran res of alrvborne partlculates. ThéfvaribUS“téChJQ”, o

Vﬂ*nlques dlffer‘ln thLlr capabllltles,_sampllng rates, and usefulness 1n_f
-?deflnlng the parLLLle size dlstrlbutlon of lead A reccntly developed *

V;sampler which is’ prLSGntly belng fleld tesLed shows great promlse of
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'»xgeiﬁg:cepdble’dflpfdviding“adeqdateNSamplesjof'pafticulatéstiﬁ tbe
| desired elzeltaﬁgesee Thisfwilllﬁefmlt the'deterﬁiﬁétien‘df:size;-
'distributlon Qf,lead.ﬁartiCUlatee od éxbreader scale‘ﬁhicp‘heretefore
‘has netlbeen:pdSSible;d |

'ﬁeta pbtalned\in stddles eenducted to determlne the siee'
.distributien-of eurtieulate lead indicate that most of the lead ie
asstiated wlthVsubmicrdu'particlesf A study in Berkeley;bCallfotdia
‘showed that/SO to 80'percent'of atmospheric lead,occufred in particles
eof less than I micron dlumeter, in Los Angeles 90 pvrtent of the lead
was found in particles'smaller than 1.6 micron equivalent d1ameter‘

Lee reported that partlculwte lead in Clnvlnﬂatl had an:
average mass medlan dﬂameter (MMD) ln the 0.18 to O. 30 micron range.'
‘whileian3average MHD:of 0;74 micron was feund in background»air at a l
vj'feﬁote site.atdietaﬁee off&O mlles‘fremeiﬁCinnati. The average MD
";‘Of pdrtlculete.lead rdnged from 0.23 to 0.31 mlcron in samples \ollected
:ﬂ,by means'éf‘the Goetz.aerosol spectrometetiin ChiCago; Cincinnati,
Phlladelphle, LosbAnooles, Paeadena, Vernen,‘San Tranc1sco,dCherokee,‘

i iand Mo_;ave 1n 1963., i |

Sthral studles have ‘been conducted to estlmate the 81ze "1

'.'dlstfibutionﬂdfflcadeassociated'pa:ticles emitted in automqbile*exhaust,
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A early study by'Hirséhler indicated that emitted particles ranged .
'in size from 0.01 miéfon‘to'sevéral millimeters in dismeter. Particles

“smaller than 1l micron were by far the most numerous, but accounted for

less than 5% of'the;emitted lead. Heavy pafticles; 5 microns and -

"larger3 whi¢h might'be expected to settle rapidly, represented about

:27% of_the exhausted lead under city—type.driVing but increaséd to

aBout 39% under acceleration. DMueller found that 62 to 80% of the

“lead particles from automobile exhaust were smaller than 2 micron

diameter. - Of thesc partlcles, more than 68% by welght were smaller

than O. 3 mlcron., ‘

In a recent study Lee found that about 95% of the total-

‘lead in automobile exhaust was associated with particles having aero-

dynamic diameters below 0.5 miéron. A high ratio of water—soluble to’
water—lnsoluble lead in auto exhaust was found altbough wmblent alr

measurenents 1nd1cate that the proportlon of water- soluble partlculate

‘1ead amounts to only about lO to LS/ of the total lead sampled The

vstudy shows also that 70/ of the. total lead in coolud dlluted automoblle

exhaust was WatEr-sQluble, whereas'lrradiatlon 1nvthe~ultrgv101ét range o

) inbreasedf the 'proportié'nf'of,'watéf-soluble llea’d 'tO‘,"BS"D; SORIR

- Spec1al short tlme studles have. been conducted by the Physlcs E

.Brdnch, DCP BEPS NAPCA at varlou, 51tes to gather addltlonal informatlon
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:felative%tovthe'pépiicié‘Size‘distribdtidn 6fwleaé; Use is méde'dfl

the Cascade impéctor‘aﬁd‘electtostatiC‘fractionator; Further studies
are pianned for New York Clty.
From time to tim ,partlcle size dlstrlbutlon studles have ‘been

R

carried out in the San Francisco Bay area. Ordinarily two fractionsf

‘are obtained using a centrifugal separator but Cascade impactors are

- sometimes used. The Kettering Laboratory of the University of Cincinnati

College of Medicine carries out intermittant particle size distribution

measurements as part of a continuing lead study. Special short term

‘studies are frequently conducted in the Los Angeles area by the University.

of California, Riverside, using'thé_Lundgren impactor sampler. Standard

Research Instituté uses the Goetz aerosol spectrometer in special cén—
tract studies relating to atmospheric lead.

It is apparént.that'mote‘work must be’donehtd‘fully aéséss'

‘the héalth hazard asso:iated.WithssuspEnded.léad aerbsol. The NASV

w1ll institute a netvork early in 1970 to determlne the size’ dls-

vtrlbutlon of lead and other components 1n the air at six magor urban
- areas Utlll?lng the Andersen Cascade 1mpactor mod1f~ed by Lee and

" Flesch
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ADuQUACY OF CURRFNT LLAD SURVEI -LANCE PROGRAM

Total Suvpcnded artlculates.1

: The comblned»Federal, State, énd‘locel particulate_saﬁéliﬁg'
programsdthVide aISUEfiCientAennual iﬁput of_samplee,tq provide for "
a reasonably édequate definition ofvthe exéosure to patticﬁlate leéd

"of at leastIQOZ of the urban population ofithe Uuited States; Altheugh
' totalvparticulate lead data do not aecurately define,éctﬁal eXposures‘
to ! resplrable lead" a fairly accurate‘quantltatlxe relatlonshlp can
"~ be establlsﬁed between total and resplrable lead vhlch for all pxactlcal
‘5purposes provides the requ1s;te type of data. The greatest need in this -
area is for satutation ty?e samplingkin seVetal selected major‘urban
:areas to fﬁily estatlish‘the lead profdle df tﬁese communities. Such
an undertacing would requ1re considerable addltlonal resources on both

* the Federal and Local 1evel.

'Resﬁitdble'iead - Size Distribution of Lead.
This area is the moet iﬁ?ortant of alldand oﬁe in‘which
'-theileast.workdhasibeen doﬁe. Lack of accompllshmcnt has not resulted

from lack of effort Lut because of the non~avallabLllty of adequate

" dsampl1ng technology and equlpment. ThlS def1c1encv has recently been

*Vresolved and sampllng for partlcle size dlerlbutlun w1]1 be 1n1t1ated
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ﬁ;on a pllot scale at a4 = 8 statlons by the end of 1970 Analysis of'

the samples CDllECtEu in thls project will go a long way towards :
’deflnlng the actual otaLe in whlch partlculate lead is. found ‘in the

”alr and w1ll better enable the potentlal health effects to be evaluated‘
.Conduct of thls sampllng program requlres much gredter resources because
“of the cost of the sanpllng equlpment and\the complex1ty of the sampling
and analysis procedure; However, when‘the resultS‘from such,an 1nvest1->l
.'gation are fullf\eveluated,the total cost-would Be reeéoneble. If the_
pilot study proves successful this program will be greatly expended‘ |
insofar es available resources permit. | -

VepOroue or Orgaﬁic-Lead.

There is very llttle, if any, act1VLty in the measurement
of TEL and TML whlch way be emltted from motor vehlvles.i.Sat1sfactory
fsempllng.and analys;s;procedures are‘available but they arehquite'
‘compliEated, expensiVe;‘and requirelhighly skilled.scientiste tof
"loarry tﬁemJOGt proberly;' It is clalmed that ‘this form of 1ead repre_
vsents 10/ or less of tne total and therefore, isn 't of consequeece. l
o Before such a conclu31on can be drawn much addltlonal data from'manyyv
k';c1tles w1th dlfferlng"-rafflc and pollutlon patterns must be' obtalned

“fTo do thlS properly w1ll requ1re substantlal manpower and fundlna.
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'HoweVér;ithe ﬁuestion’offiéad;iﬁ'air can‘neVef'be fully résoivgdH7

until adequate data on organic lead are cdllectéd.

Unusﬁal'EXpdsdres'to High:Lead Concentrations.

Eléewhere'in this report data have been pteéented.showing

exposure to lead of the commuter in heavy traffic. _Thefe is a aeed -

to gather further infcrmation on total exposures to include both
organic and particﬁlate lead. Considerable data have been collected
relative to worker exposure in industrial atmospheres but there is

‘very little information relative to exposures of street workers such

as taxi and bus drivers, mailmen, traffic police, sidewalk merchants,

workers in offices and stores ﬁear:heévily travelled streets, and the.

like. Since, in many instances, these people are exposed for several

‘hours each day to high ambient lead qbncentratibns‘théfe is a need to -

fully define the magnitudéAOf[thé prQBlem by conducting éXténsiVe 3
 studies of what might be congidéred non-industrial occupational

- exposures.

i Cohtfibutions‘dfiPrimary and SeéOndary Léad>Smélters.1 :

fAbféw:ﬁrimary lead'sméltéfoare‘1qcatéd;rélatf§ély1clqééi xf"  :v

 to metropolitan .areas and many secondary smelters for recovery of
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'b'leec ffem veflous sourceshare frequently located 1p01de urban. areas._y
1The contrlbutlons of these smelters to the atmosphnrlc lead burden
have not been~quant1tat1vely defined.. Therefore, it is noﬁ possible'
etb'delineate the’exfentﬁof populatien_exposefesuin these situatiens._
,:Avneed exists for a full definitioneofbany-potentially>hazardous eite—
atich resulting.from.smelping opefations.

Inventories of Fmissions of Lead in the Air.

It is essential that the location of non—automotive-sources'
of 1ead'be inventoried and the chemlcal and phy51cal nature and quan-

tlty of lead emitted ‘into the air be documented Further, such*an.in~ .

ventory should;be updated at regular intervals so that the latest
emission data will be relatively current. Such an inventory is presently
underway but its completemess will not be kpown until the final report .

has been publishedQ

SUMMARY

fi; The automoblle is probably the magor source of atmospherlc 1ead

ﬁboth organlcgand Jnorganic.
l;f2; VSampl1ng’methodsuforethe collectibe ofﬁtoteliparticﬁletelend”k

- organic lead are adequate but methodology for the collection of ';"
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“f

: differentfsiZe‘rahgesjof particulates'remaln\tolbe fieldxevaluated'

before‘judgment‘cdh'be~rendered;regarding“adequacy.t

Analytlcal methodology for the determlnatlon of: lead in the
collected samples 1s quite adequate. There 1s some hope that a
continuous lead—ln—alr-analyzer,can be developed should the need

be demonstrated.

‘Currently an estimated 95% of the population of the Ul.S.,is

‘being monitored for'particulate matter which can be analyzed for

lead. Samples collected'under‘Fedéral auspices. are routinely'
analyzed for. 1ead, those collected by non—Fedexal agenc1es can .

usually be analyzed or made avallable torNAPCA for ana1y51s;.

'Unfortunately, the sampllng frequency of 26 samples per year does

not. produce suffl(iently accurate data to permlt detectlon of

trends. If it is essentlal that year—to—year trends be detected

':the sampllng frequency w1ll have to be 1ncreascd many fold

Such an incre se at the present time is not pOSSlble because of-

‘budgetary and manpower l1m1tat10ns._ A substantlal"lncrease 1n-;. o

resources w111 be requlred to support the sampllng and analy51s load

1mposed by an 1ntun31f1ed lead survelllance program. ,‘”

- The sampllng proglam to deflne the partlcle size. dlstrlbutlon of
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”ffléad[iéiiﬁlthg?éﬁﬁefimentalVétage while avprbgféﬁ{fo#’gurﬁéiiléhge'
~ofvjofgar‘ii‘(v:‘-.‘rié‘ya"dj'iéiiibh--‘existé‘n;t‘:‘.v‘- |
6. ~There is a ﬁeea forfaﬁ éddéd;effort fo:définé~ékppéﬁrés ofzpédple; '

to the higher lééi cqncenﬁrations.obcﬁrring on héaviiy‘travélléd B
%ét:eets;  | B | |

7; Additionél'dﬁta afé_needed relative to the éoﬁtributions of non-}

autohdtive'sources;
8. bompleté leaajemi§SiOﬁ'ihventories muét be ;aken_aﬁd“keﬁt‘curréni-

to show any changes in lead usage and emissions patterns.
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TABLE L
"LEAD COWSUF“TIOW IW THE UNITED STATES
DURING 1967

‘usEs T B  SHORT TONS  PERGENT
~Storagékbatte;ieszb : o 466,665 e 37;6
iGasoline antiknbck additives ; ‘ ‘k247;l7o - , 19{6‘
‘Caulklng lead | . | 48;789 - 3.9
Plgments : L b. f 7 103,190 - I 8,2‘
Solder L R | ‘ .58,833 ' | 5.5
Cable covering . 63,037 5.0
© Ammwnition 78,766 6.3
 0ther7 :" R '  - B v 183,550 -,FA' l4.5v

CTOTAL .. 1,260,000 - 100.0
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;TABLE'z

CONCEWTRATIO S OF LEAD IN THE IN-PLmNT AIR.
~ FROM A NUMB“R OF OPERATIONS

INDUSTRYt

OPERATION 3

« -Pb COPCFWTRATIOV
" RANGE, mg/m°

'}'Storage battery

manufacturlng

Paint manufacturing

“Insecticide manufacturing

Non-ferrous foundries

; Palntlng & palnt scraplng

'tRlvetlng

. Smeltersv'

_Glass manufacturlng

Dumplng & m1x1nb'
Pasting department
Drying

All

All

Blending room
Packaging room

- Over cupolas
Tapping area
Furnace room
All
Hot ;ivetingf
Lead Smeiting
All |

b h6-12.0 |

2.0

0.51- -0.75

»0;6-32‘
. 6.4-8.2

0.01-2. 45

Cup to 5. 35
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| - TABLE 3 ; |
" CONSUMPTION OF LEAD IN ANTIKNOCK CQUPOUNDS
- IN DOMESTIC MOTOR GASOLINE ‘

b . v  Total lead metal,’ Average lead content,
‘Year ~ millions of pounds - glgal

"1953 oy N 2.28
1954 o o8 | 2.3k

1955 e 2.37 -

- ;1956 »1 ,, . - 288 | PR 2.l

1957 “'{‘; | f o 82 : o L | 2;38V }‘ |
190 w8 206
Jos S U o i
v:lééé\‘1» 717f;;ﬂ  { 7 lf: V?280”f fiﬁ.;t   _;if* fi ?QO8?tf?;'w‘%

.;baSourcetT'Ethy15C¢:pQ:atioq and E;SI;qu'ant déxNemours[ahdjcdmpanyﬂ
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. TABLE 4. DISTRIBUTION OF STATION-=YEARS (1966-1967) AVERAGE LEAD CONCENTRATIONS (g/m')

0—3
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0~ 2.
1.9 4.
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1.9

_Station No. of 1.0~
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.9

£

5.0~
2.9

| ove v
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Table 5. SEASONAL MEAN COHCENTRATIONS OF LEAD

© June 1961 = May 1962, (ug/m°)

‘ Sité ,;“Sumﬁér
16
RN
15
EER
13

Cincinnati

All

Los.Angelés

#30
Cm
2
833

2
#3

'

"

A
 Philadelphia

A

#5
#6

#8

a0
m
: »:.#12j7
s
e
o

2.0

2.0
2.3
2.4
2.0
E
1.4
2.2

1.9

iR
2
o
27
e
e
S
e

“'?z O;B,ff
0.9
L4

2.0
15
2.4

0.8

7

3.0
R

3.4

2.3

1.9
e
2.5

3.3

2.8
7
1.6

9

38

1;52!3 ?jf§*

ERRE
'”1501_"
. 1‘5.
10
1.3

3.6
4.0

3.7
2.6
2.1
1.9
3.3

3.6

| 3;1;1;::
L5
ER A
2.3
3.8
zisﬁgw;*ri

0.9
1.9

1.6
‘1.0
o
08
1.3
2.1
2.0
RS
2.3
2.2
s
2.0
2.6
23
2
1
N
, o '2?5£};7i
 :w1?3_;; ;;E6'é .' i
e
_ ;1;4 “_f'

‘Fall  Wifter  Spring Aﬁhﬂa1 .  )
LT

1.8

| 0;9 .

1.4

2.7
3.0
2.8

2.4 -

2.1

1.5

2.3
2.9
2.5

1.5

4

1.8

09
Feo

1.6
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Table 6. COFCENTR ATIONS OF ALKYL LEAD VAPORS IN THE ATMOSPHERE |
) bt HEAVY TRAFFIC N THE CINCINNATI AREA

. Todine crystal (209) 2.0 3 0.2 0.1-0.2 155 1.3-23.5

“Alr . No. Conccntration of 'Iead, ug/m
| . ~ Sampled, of  Alkyl lead  Inorganic
: '."Sam’p‘ﬁrqP?‘br‘e‘duré'“' o H3 - Samples  Mean Range Mean  Range
Todine crystal (1g) 0.2 8 2.0 0.9-3.5 16.0 8.4-28
Iodine solution 1.2 15 1 0.4-2.4 TR 2.5-19.5
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| TABLE 7. . LEAD CONCENTRATIONS ON OR OFF ROADWAYS

Sampling Location

Range of-

Concentrations v
Referenced Studies -

’v‘Pérkéd‘along~road;withthw traffic density .

Parked‘aiOﬁg.roadfﬁith medium‘tréffié deﬁéity
| Parked'aioﬁg;foadnwifh ﬁigh tréffic densify
»DriVing in rufal traffic.

ybriving dowﬁ?oﬁﬁ rush hour"

Driving commuter routas. (not expressways)
- rush hour : S

Driving Expressway, rush hour

(ug/mP) for

- 2.0

=19.0°

-25.3°

1

Z 4.8%

-38.0°
5

-4.3

3

)
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