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L. LWTRSDUCT IO

Oo Deceaber 11, 15872, the Bureau of Product Safety of the Food and
Drug Adaministration (FDA) becsze responsible for administracion of a
federal rtquirement that tha lead conctaat of paints not excead 0.57 by
weight of the dried, hardened film.* More recently, the responsibili-
ties of the FDA 1o chis area bavc besa transferred by Congress to a
cev Consuzer Product Safecy Commission. Among the first guestions
facizg :zhe Cozmassion is wnecher the 0.5% lisit shouid be reducec :o
0.06% at 2 dace that could e as early as December 31, 1973, The 0.086%
iizit originaced as a recommendation ia a ceport of the Commitzee on
Environmental Hazards of the Azericas Acadery of Pedistrics (1972).

The Ad Hoc Committes to Evaluate the Hazard of lead in Pafor was
constizuced by the Naticnal Academy of Sclences-Naticnal Research Counctl
at the request of the Bureau of Product Safery to ascarrain whether
there 3¢ sufficient scientific evidence to supporc a reduccion of che
iimit from 0.5 ¢¢ 0.0582., <The Commictes was requested, if it found thac
sufficient scientific evidence did anot cf}st, to recommend rasearch
that should ba undertaken tc obtain the veguired informasicn.

The basic question that the Cou;xttcc must answer is wvhatrer there
1s 2 suffictent dody of information to perait establishmant of a limic

on the lead content of paincs applied to surfacas accessible co children,

*Throughout this report, when the lead content of painc, drier, ov other
paine additive {s given, the expressed percentage of lead i3 that in
the solid dried fila.
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This quescion has ceen asxed Zany Iizes cver tns v2als, 3Ind lany regu.a-
ticas have deen promulgaced, The firsc, ia Germany ia 1337, sroaitites
che use of anv lead in paincs appiled to Zoyy. At laast 12 louncries
have regulated the lead content cf paints up to the present. Ixcept

for the Cerman law, which called for total elimination of lead from
paints used for toys, the permissidle lead concentrations Rhave raagad

from Q0.5 to 27,

2. THE USE OF LEAD COMPOUWDS IN PAINT
The essential components of paincs are:

(a) 2igments: to provide opacity, color, nd durabiiicy.

(b) Yehicles: oils, ctesins, and variouas polymers to bind the
pigments tagecher and ta provide a contiauocus durable
f{1m.

(c) Yolaciles: organic solvents or water (dependiag on
typs of paint) to control the consiscancy af the coating
and to aid in its application.

(d) addirfves: gzenerally in low concentratiens, td> aid
in dryin;,.:o control comaistancy, settling, viscosity,
snd stabilicy, and :oanplr: other special properties
te the coating.

In saking a vhite painC, or a wvhite-paint base that csn be tinted
(1} liih: pastel colors, it is necessary t2 have an opaque white pigaent.
The 308t {important early opaque vhite pigmenc was "white lead," the
basic carbonata, whose composition approximites 2PbCO4y - PB(0H),.
white lead was first produced in Holland during the sixteenth century
and vas lacer introduced {n Sngland and the United Scaces in the lace

1800's. Tor many years, white lead was tae »riasi;o. .pecue wnite
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forms reactich producty wiih ozl rainc veniszlas vegezadble 2:il3, suza
as linseed oil) zhat izpar: sauganess and elascicity to tne paiat, ia
additzon to opacizy. 3dasic sulface wnite _ead was also used as a
pain: pigaent (approximate composition, 2Pb50, - 230). 3asic suifate
white lead has lower hiding power (opacity) and ciating strength than
basic cardonate white lead and cherefors was not as widely used, The
sulfate vas more commonly combined wich orher pigments, such as zinc
oxide, and was generally usad in exterior paincs. White lead pigments,
<han used for in:erisr paiats, contained 40-6977 lead. A reprasentacive
figure for interior ;iints used delfore about 1340 would be 507,

Zige oxide vas 2agufzstured sommercially in france during the
early nineceeacth cencury aad in the Uniced Staces shortly thersafter.
It vas followed by the manufacture and use of zine sulfide. Litho-
pone, a pigzent that contains approxizately 30% zine sulfide and 70%
barius sulface, was developed Yy coprecipitating darium sulfate and
zine sulfide Irom solution. Paint manufacturers now had a ciwice of
opaque wnite pigzeEnts, ang =any paincs were Tade vith a combinacion of
these materials. Lithopone replaced white lead in aany intericr paints,
and becams a very {mportant pigment for paint in che lasc half of Inhe
ninsteanch and aarly part of the twencieth cantyries.

Titanius dioxide, the opague vﬂi:c pigasns uses in moacern paiants,
wvss being produced commerciilly by abouc 1920, it was fatroduced to
the paint {adustry as a titsnium-barium comdination pigment., It was
shortly made available also as s titanium=calcius pigment and as the
anscase grade of puze titanium dioxide. Also widely used for 2 while
wvas titanated lithopone, containing 157 titanium dioxide. Titaniua

pigmencs had 33ined major accepcance by the late 1930°s and largely
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veplaced Littssone, zimc zuifidz, oIzl oL TSI oinmTeziir ozIln
zais cize, crere was ll:zile aconz
lead in any Ivse of Ilazerisr zalnt. 3y 1F4l, ine nilliag souer of
tizaniuad d20x1de was razed at L15 £fo+/lb, ccapared with adous 15 £23/1y
for the lead pigmencs. I1: is estizated that zore =oder> pigzents on-
taining titaniun dioxide have a hiding power of about 115 £2i/1b. Thus,
1 1b of titanium iioxide will provide the opacity or hidiag zaver =t
about 9 1% of white lead, and for many vears chzzc'ha! been no necessicy
o use whit: lead sigzents i iataricr zainzs. The Ciza waen all uaice
lead was “emoves ol Lnferior Faifss is noC known, Ut 1 Tay e assudes
that relativeiy lZccle wnite lead pigment was incorporated inzo interioer
paints after 1362.

Lead chrozace yellow pignents, Zirsc =ade ia Europe in ados:t 1800,
have long been a valuadie raw zacerial for use in paints. These pigmen:cs
range from iight vellov to deep orange. Lead zmolybdace pignents range
from mediua orangs to deap red, and "chroma greens," from ligat i3 deep
graen. 11 these coctain leaa. cur in a 3uenh less soiluble Zcrm zhan
wnite lead pigments. These lead rigments provide excellent hidiag
povar and cslor parmanence, and thsy ars acanomical. They are wideiy
used {1 coatings for automobilcs. trycks. fara sachinery, :zigus.
traffic zarkings, buildings, and hun;rEds of ocner arcicies. “ad lead
pignencs and lead silicochrcmace pigments are valuablie Zcp use in anti-
corrosion prizers for steel ang iron. Some lead pigments are szill
used in excterior primers and paidts (or vwood surZices that sust withe
stand the effectz of sunlight, sain, and weather conaitions o all
types. Lead campounds are, and will continue to ba, extrecely icportant
20 the paint zagufacturer as cssencial ingrediencs of =zuy :Ipes of prizers.

paincs, and enaseis for excaricr usas,
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3. BISTIRY LI ITiTIzuT I oA

LWISI §TATIS ST

Cn March 11, 1972, an crzer was ;udlisned unce

"

Secticon I{g) (i} 73)
of cthe Tederal Hazardous Sudstances Act Zeclar:ing pain: and cinar simalas
surface~coating zacterial concraining in excess of J.5%5 lead (as =etal) ¢:
use in or around che housenold to be a hazardeus substance ard to >e
banned from shipment in {nterstate commerce after December 11, .372.
Separate provisicns of that order danned shipment in (aterstate comzerze
after December 11, 1873, of paint and ocher similar surface-coacing
zaterial containing in excess of 0.551 .esd (as mocal) for use in or
avound the nousenold. The order aiso specifically provided, as required
by Section 2(q) (i) (A) of the Act, that iny covy or czher arziecle bearisg
such paint and other sizilar surface~ccacting zaterial and incended for
use 5y children would be a banned hazardous substance sf:ier cne o those
dates, depending on the laad conten:.

On August 10, 1972, the porticns of the regulacion pertaining ta
ths 0.5% lead content vere confirded a8 effective. However, the portioms
pertaiaing £2 the O.08% cantent wore statia ta oe che suolect LP 3
separate document 7 be published at a2 liter cate. 12 wvas founa by
reviewing the commantcs received with regard to the March 11, 1372,
order that che twvo concentracions (0.5% and 0.06% lead) and effective
dates presencad separacte issues thac required separace considsration.

3.1 APPLICABILITY OF THS RECULATIONS
AND DEFINITION OF TERMS

The provisions of the Federil Hazardous Substances Act are
spplicadle to any hazardous substance in interstate comserce that
is iatended or sackaged fin a form suitadle for use in the nousehold

oy by children.
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The ter= "tanned fazsrious s.ostance | zIniaimas in deciizn o Ily) Ly

oeans

any toy or other rticle .ntended for use >y cailires,

which is & hacarcous substance, or wiish >ears or csn-
tains s hszarcous suoscance i sSuca 2anner as o e
susceptible of iccess by a crild to waom suen Loy cr
ocher article (s entrusted

and undar Section 2(q) (L) (3) means
any hazardous subztance Latended or pacraged in a fomm
suitable for use in the household which the Secrezaty,
by regulation cliassifies as s "banned hazardous substance”
on the basis of a finding chat, aotwvitchstanding such
caucionary labeling as is or may bde resguirad undar the
Act for that substance, the degree or nature of the
hazazd involved in the presence or use of such subdbstance
in the household is such that =2e cbjective of che pro-
tect2cn of the public health and safety can be aceguately
served only by kaeping such substance, wheo so intended
or packaged, ouc of the channels of iaterstate cccmerce.

The regulations izplementing the Federal Hiazardous Substances
Acte-specifically, Section 139l.l'c)e~define a "hazardous substanca
intended or packaged in a Iform suitable for use in the household” as
any hazardous substance that, under customary or reasonably fore-
seesble conditions of purchase, storage, o use, zay be brought {nte
or around 3 7ouse. apartient, Ir ciler Hlace where people dwell or
into or around any related building sr shed, including duc not limited
to a garage, carport, barn, ov scorage shed.

The regulations expressly exclude industrial supplies cthat might
be takan into a homs by a2 ser~iceman and acticles labeled <nd carketed
solely for induscrial use,

The paint regulations iszued under the Federal Hazardous Substances
Act are applicadle to pain: and similar surface-coating raterials con-
taining 0.5% lead chac are sold for consumer use. They ainclude painc
and similar coatings that are used for exterior and interior surfaces

ef duiilings 30d relatod Suildings, as vell as surfaces :f acticles

0007-5WP-037151

0007-SWP-000112847



that are zaintained in or arourd hcusenzlds or related builfiags, such
as radiatovs, fences, furnmizure, and toys.

The regulactions are noc applicadle o paint and sismilar coatings
that are labeled and =arketed solaly for industrial use, such as paints
applied at 3 facrory to auromodiles, trucks, Lawn mowvers, ttactors, and
appliances. However, painc appliad to toys and other articles intended
for uyse By children cannat sontain more zhan O.5% lead.

A pecition to amend the lead-paint regulation has been received
and published as a proposal. <The »roposed adenczent would exempc some
paints and coatings :an:ziﬁin; ia excess of 0.3% lead from cthe banned-
hazardous-substance classiiication, Iacluded wichin the requested
exempcion are touchup coatings for autozobiles, agricultural and
induscrial equipment, lawn and garden equipment, outboard motors,
ootorized recreational venicles, and household appliances.

A proposal to exempc arcists’ paincs from che lead-painc regulation
has bean published.

Comments on Che two proposals ara currancly under csmsideration

r g2

vithis the Consumer Product Safery Commission.

3.2 OTHER FEDERAL LAWS DEALING WiTH LEAD PAINT
Congress, on January LI, 1371, enacted the Lead-basad Pain: Poison
Prevention Act of 1971. I:s purpose 1s to elizinate childhood potsoming
by lead-based paint. Seection 501(J) of ihe lav prohibics the use of
paint containing in excess of 1.07 lead is residential strucrures builc
or rehabilitated by the Zederal government or uvith federal assistance.
Several bills ro amend this law have been submitted co Congress

during 1873, The Senate, on May $, 1973, passed S607, che Lead-based
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Painr Poison Preveantion amencments &f 1573, «

seccion 501(3) as fsllows:

(a) Prohidit txe use of painc Tonizining in excess oF
0.5% lead before Decemzper 11, 1971.

(b) Prohibit zae use of paint csancaiaing +a excess of
0.06Z afcer December 31, 1973, except that, if the Secretary of :the
Deparzzant of Health, Sducatiasn, and Welfare dezerzines cthat, on the
basis of studles conducted in accovdance with Section 301(d), another
lead content not tc exceed (.57 (s safe. then sucn octaer content snall
becoze effective aiter Lacesver 31, 1373,

Section 3C1(b) orf $507 divects the Secretary of r:e Lavarz=ent of
Health, Sducation, and Welfare o concuct apprcoriate studies on dried
paint filas to determize the safe lead content :a resicential paint
produces and €3 report to the Congress not later than October L, 1973,

Several bills azending z-e Lead-based Pain: Poison Preventica act

of 1971 have been under consiieration wvizhia the Zvuse of Representat:-es.

e underscand thzt tne full H::chia.;;:: ame Currencvy Coumiiile fas
revieved a number of the bills sefore the House and teported favovably
on the "Sarrect b11l," ¥R8920. <This dill, we underszand, will Se sant
to ths floor of the Houss to be voted cn. CUnder the provisions of zhis
bill, Section 501(3) of the Lead-based Painc P:isen Pravenzion Act cf
1971 would be amended to srchibit the use 2% zaint crataining mere than
0.5% lead. <Scetion 301(b) of the bill iirects the Secrezary of the
Departzenc of Bealth, Zducxtion, and Welfare to ¢nnduct appropriace
research on Sulliple layers of dried paint £ilas with respect ta safe
lead content and te repore the results of such investigacions to Congress

ot laver than Decemser I, 1374,

Ppaes
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4, HISTORY OF PACILIM OF COMANITY LIAD P2ISSHING

Laad poisoning* among young ¢hildren living in ceterioraciag
ianer-city housing emerged as an ucdan protida {a the United States
as early as the second decade of this century (Willlaazs et al,, J352).
Thomas and Blackfan (1914) of the Johns Hopkins Hospital in Baltizore
ware the first to describe in the Azerican literature the clinical and
pachologic effects of lead-induced encephalopathy 12 childrea. willians
and his co-workers point out zthat 2ultiple cases of lead poisoning nad
already bdeen reportszd o3 17 separate cosmunizies before 1351, and 4:
vas tecognized that this prodied was velatsd to pica, the habit of
chewing cribs, toys, furniture, and woodwork, such &s window sills, aad
the eating of painted plaster and Iailen jpzint flakes. Of the afEectsd
children, S0% were between i and I ,yeafs old. and fewer than 37 of the
children vare ov;r 5 vears old. During the 20-year period 1931-195%
in Baltizors, 193 cases wers found to aave clinical Lead poisonizg de-
tined by a blood lead content graater than 30 .g/100 =) associated wich
a clinical zanifestaticn o liad zexicicy +anem:a ot ceatral nazvous
systez sympeoms); 85 of the pacients died.

After che early Baltizors experience, public-health depar:izencs
of other major American cities degan cftér:s to detersise the extent

of lead poisoning. GCenarally, tvo steps were taien: lead poisoning

“Lead poisoning is defined as 3 case in wnich the clinical sigas
and svmpcoms to be discussed later ars preasent. 3ome investigators
would include the presence of dischaemical changes such as a reduction
in delta-aminolevulinic acid debydrase or an increase i free erveiro-
cycic proteporpayrin. TFor che purposas of this report such changes are
considered to be combensatory and nol pathognomonic of lzad poisoning.
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vas aade & reporiable disease, and secarate pragrass ior zantvol of
lead poisoning vere established (in 1950 in Pailadelphia). A revert
of the results of these measures in Philadeiz-ia from (395 3o 1340
(ingalls st al., 1961) noted that about 30 cases of lead poisoning
vere reported each year, cospared with the average of 41 per year
reportad by the Baltimore Ci{cy Hdealch Department in 1948-1951
(Williams er al., 1952). Frem 10 ©o 0% of diagnosed patients died :in
that periad in Baltimore (Williams et al., 1952), and neurclogic dis-
ordars, including asntal recardaticon, persisted as sequelae i1n soge
of those who survived (Perlstein and Attala, 1366).

la Derve Tecent years, casas of sevars lead poisoning seem t3
have been less frequent. In New York C.ity, the healch department
reports that fatal cases have been reduced €o one or two per vear,
compared with about 20 per year two decades ago. 3But chere is litcle
information on the frequency of occurrence of zhe various stages of
lead poisoning shor: of deach.

During e last 20 vears, :ie puslic-heal:zh srograms 5 =any
cities have deesn axpanded to include large-scaie screening of children
at visk. The resuils of soae of the most significant of thesa screening
prograss are summarized in Table ). .A more complets summary of screening-
program results is found in a report fvom the Nationai Eureau of Standards
(Gilsinn, 1972). The children included in these surveys are usually

between 1 and 6 years old and said to be at risk for undue absorotisn of

lead becauss they reside in detericrating, pre-World War II housing.

The surveys, for the mest part, involve areas at risk ‘vichin very

large metrepolitan communities. Hovever, the study from vortland, Maine
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(Clarzk and Hallect, 1971), suggests zthat the "risk facror” is not
necessarily the size of the ity but, rather, the age of the housing.
This notlon is supporzed by the study of childrem at -isk in 14
{nternediate-sizad Illinois coznunities (Fine e¢ al., 1972).

There is a definite seasonal variation in blood lead content;
the incidence of lead poisoaing in young children peaks during the
summer months (Chisclm and Hacrison, 1936; logalls, 196); Slanksma
3 al., 1969; Guines, 1972), “he larger screeaing programs have
collected blcod samples during all =onths or the year. Sut some
smaller scudies have bsen rescricred co the summer =onchs.

The methods of blood lead measuramenc are varied, but the
dithizone procedure and atcmic-absorprion spectroscopy have been
used post often in recent.years. Anodic scripping voltamsecry has
been introduced recencly (DHEW Zublicaction, 73-10002, 1972), as has
X-ray fluorescence (Kneip and laurer, 1972),

The srudies indicace chat 9.1-45.5% of zhildren surveyed have
blood lead concentrations epove <0 :3/100 al and chac up cto 12.52
have concencrativcns above 60 ug/1C0 ml. The Bureau of Community
Environmental Management and Natilonal Bureau of Standards (Sflsinm,
1972) report thatr about 23T of children at risk have high blood lead

content (above 40 1:3/ml) and thic about S% of these childrea have

clinical symptoms.

4.1 CORRELATION OF BLOOD LEAD CONTENT
WITH PATHOLOGIC =FFECIS
Thare saems to be general agreement cthat Blood lsad concent is

the most informative single index of exposure to lesd, particularly

vnen correlated with diochexical and clinica! ‘adices : lead intoxication.
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3lood lead conten: n3s HSeen used ewteasively IsT Tne esniTel of inazusirial
axposure of worklen to lead, 3s well as the recogaiilon of leaa :oisoning
in young children with environzen:al ov sccidental evposure o iead,
Navertheless, despite ell this experience, it has becn difflcul: o de-
termine a blood lead content above which a persom can be regarded as
having lead poisening and 3 blood lead conzent below vhich ome can con-
fidently predics no adverse healch effect, It i3 recognized that ne
creasing blood lead coaceatrations are sssociated with a continuum of
stobable eifects, extending Irom the concentration a: waich no effect

is seen to those at which zanifsstations of lead poisoning are highly
probadle. It is also recoznized that chsre may te an intermedizte

range of bdlood l2ad concentracicns at waich piochemical changes of
unknown pathologic or climfeal signaificance are seen. Such consadera~
tioas have resulted in division of the "lead effect' into three to Iive
categories (3r. Med. ., .968; Cover and Chisoim., .372).

A simple scheme for correlacing blood lead contenr with clinical
aanifestaciens 22 la2aq toxieisw i3 scegentsc in lible I (Sover :ing
Rhyne, 1973). The diagnostic cri:cria are divided into :h:l!.phascs:
no effece, an adaptive or subclinical phﬂs:; and overt or clinical
toxicity. The boundaries of thesea categories reflect jrasent xaowledge
and are subject o modification as new information bacomes svailabie.
Furthermore, the table does not reflect individual differences in
susceptibilicy to the eifects of lead. .\ compensated Jead-industry
worker may have 3 blood lesd content near 80 or even 170 :ug/1C0 al
without overt svuptoss of lead toxicity (American Academy of Pediatrics,
1961). However, children with blood lead concentrations :reater thaa

33 cial sre usually rersrded os expericncing lead inc-<icatiza because
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of the irsquency of associazec aiverse elfacis cue 0 Lead (Thisolm,

1971). 3lood lead concentratizn, Towever, 13 not i3 itself a zeasura
of pathologic effecc of lead, Cut =usc te corrvelated with ocher dio-

chemical, funccional, or clini:al =anifescations of lead toxicily for
cthe diagnosis of lead poisoning 2o e estadlisned in a partisular

person.

4.2 RECOGNITION CF CLINICAL LEAD POISONING

The Public Heaith Service (Steixfeld, 1371) has suggeste! thaeg
a ¢hild wnhose tlccd izad cemgens i3 cvar 30 wgz/133 al saoull e
considered unequivocally o nave iL2ad scisoning and snouid te handled
as & zedical ezergency. A blood lezad conrent over 0 u3/i0C =i shouid
be interprected as evidence of undue lead absorstiom. 32lood lead concen-
trations over 80 .g/100 ! are usuaily associaced with f:ivefold or
greater incresses in urinary calta-azizolevulinic acid and eoprecerphvrin,
as vell as an increase i frea erythrzoevee protoporphyrin (Coyer aaa
Chisolm, 1972). :3ch of these charascazistics reflecss ispaizszent of
heme synthesis; such changes sve usua.ly oerectadie at lcwer blood lead
concentrarions thaa chose sssociaced with anamia.

Nervous system and renal effec:s of iead arc ususlly vecognizable
only during the phasa of avert lcad toxici:y. n children wich Siood
lead concencrations adove 103 :g/LlC0 =1 of whole blood, the c£isk of
acute encephalopathy {8 hizh and the onses uapredictable, adults with
blood lead concentcrations over 120 ug/100 ml are regarded as having
"dangerous’’ exposure vith possible icute symptoms and.long-term suguelae.
Nerve conduction, as aessured by nerve iopulse asplitude, =ay be decreasec
in the adapeive phase 5¢ lead Z3xicit:, as shown by Fullercon and Harrison

(1969) in workers wictn excessive expos:re to lead.
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e

Cliaical renal eflects of lead coxsicitve-nazaly, resal zubuiar
dysfunction of the Fanconi syndrome i'pe=—oc2ur :Ialy during z.inicsl
lead toxicity. [adustrial workers with excassive lead exposure and
incressad urinary axcretion of lsad but without signs of clinical
lead toxicity nave only minor increases in urinary amino acid excretion
(Clarkson and Kench, 1956; Govar ec al., 1972). it is unlikely, there-
fore, that renal tubuylar function is impaized to a measuradle degree
during the adaptive phase. Nevertheless, intranuclear (nclusion
bodies (lsad-protein complaxey) oceur in renal tubular lising ceils
of 'Tats at a lower Zosage oI laad tRan any uncriional signs of lead
toxicity. Lt is suggested, therefore, that inclusion body iormacion
tnvolving the binding of rensl lesd in a nondiffusible lead-protein
complex probably occurs during cthe adapcive phase of increased exposure
to lead.

Overt clinical toxici:zy =ay be subdivided into early, zeversible,
end irreversible phasaes. ‘“'Reversidilicy” is zore useful zham “<zuce'
and "chronic,” lecause che laccer zaras isply tize as a faztor. A child
wich acuze lesa in:axzcgzion £3Y have tore significant irrevers:ible
cenctral nervous svstem sequeias thin one with nore prolonged but less
severs exposurs to lsad, And a child vith neurclogic seouelas cf laad

toxicity may have a normal Llood lead contenc.

4.3 RECOGNITION OF SUBCLINICAL LIAD POISCNING
The closer the dloed lead conten: jets %o 80 ug/100 ml, the more
likely are clinical manifestations. The "Statement on Diagnosis sand
Treatnent of Lead Poisoning 1a Chilchood" issued by £h¢ Anerican Acadeay

of Pediacrics {n 1961 recommended that "two successive determinations of

60 13/100 B! of vhole blood or nigher should S2 opcaizms. for a definite
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dlagnasis of lead poiscning,” Chissim (1763) lazer suggessed that zte
lizic ¢f "aorzal” Slooa lead concentration shoull e lowerec 33 -3 .3/30
2 reconzendation Chat ~3as deen andorsed by Sreinfeld [1371).

Although blood lead concentrations of 40-60 wg/i00 a3l (i3 the early
adaptive phase) are not usually associated with clinical or even bio-
chemical evidence of toxicity, it is not necessarily true that there
are 0o harmful effects. Two pn:hsvuf iovestigation have been dircected
tovard demonscrating chat adverse healch effects of lead may occur
wvich a blood lead content as lov as 40 ug/lO0 al; =ne concerns tha
biochemical effects of load on heme~synthesizing enzywmes, aad the
second invoives detecticon of sudclinical centval nervous svscen
effects.

The most sensitive biochemic2l indicator of an facrease in blood
lead s ip vitre assay of delta-aminoclevulinic acid dehydrase (ALAD)

{n stroma of cirzculating red blocd celis. Hernberg and co-workers (1%70)
have recently showm chat a decresse in ALAD accivity is correlaced with
increased blood lead centens 2nd 25 a particulariv useful indicator

when the blood lead content is 40~20 ug/i00 ml (Hernberg and Nikkanen,
1972), “nes tne dlood l:ad concent is higher, the activity of the

enzyme i3 too low to be useful clinically, Whether nie lead-associstec
decresse in ALAD represents any advc;sc health effect is uncertain.

It ousc be kepc in mind !haf this cest Seasures the in virro accivity

of ALAD in blood hemolysate and does not =ecessarily reflact any impair-
menc of this enzyme in the intact red bloed cell in vivo. 3ecause of

the extrase sensitivicy of cthis cest, its possible clinical significance

deserves full evaluation.

0007=~SWP-037160

0007-SWP-000112856



Recens c:iudizs suzgest This to3tle eSf2:23Is on fentral nurvous
function, particulariv izgelligence and tehavioral acecivizv, 2re
presenc in caitldren wiza blooe leoaa zoncenmcrazions over 43 _gslL% al,
A comprehensive scudy of 38 asvmptezstie children with tlooag laag
concentrations over :J .2/170 mi (or over 17 Lg/lCO =i wich urine
lead conceac exceesing 5C0 .g/2% nr after ethyieneciazinezecraacetace
provocation) was concucted Sy Puescael and co-workers ia 3eston (L971).
A history of aild {US s:mpioms, such as clumsiness and isrigabilicy,
vas obrained i a’jout cheechird of she 33 :gild:en. Minor neursiogic
dysfunccien snd vari:us T3S of IOotor Lmpairsent vere qetecced Hv
aore elabovate testing ix 22-17% oI tre children z2sted. Thelation
therapy vas acministered, add Tleasures vere taken TO 1mprove thsir
howe envircnzent. Ilghteen Tcuths later, significanc increase ia
some areas cI intellectual periorzance was odserved.

S{milariv, Javid ang co-vorkezs (1972) found hisher “lood
and urine iead concentrations aiter challenge with a single cose 2f a
caclatiag azanc In avTerastive sniliven $nin L ncanveiiIiLUe
children, suzgesting 3 Telation secween increasea lead contens in
thess body fluids and hvperactivicty. ore than nalf the hypera.tive
children (28 of 54) had biood lead concentrations Satween 25 and
€5 ug/100 ni. Thase vorkers trgue chac any :lood lead Isnceacrzcion
over 24.5 .g/100 ml is daagercus and =ay produce centTil nervoud
system effects. Ia acditiczn, s L2 Burde anzi Cuoace (L972) showed
that 70 asymptomacic 4-vear-old children with {ncreased bleod lead
coscentratisas (sean, 33 .3/190 7i; range, 43-100 .3/1G0 ai) or a
lead content of at least 35 _g/100 3l with positive radioyraphic
lindings of lead lines iz long bones or metallic Zeam:-iaos in zhe

inzes:ines had deficits in finc motor function spe banavior
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n contrast wiih previous Undersisnaing, & TeTent Inglist siysv
suggescs chah anelia 1s cagmon i3 chlldzen wiih blocu .ead conesntratisns
betvean 17 and 60 :g/100 =21 (3et:s et ai., 1973).

The common conclusion of each of these studies is that “loed
lead content over 40 ug/l00 al =ust bde regarded as potentiaily
hazardous to heslth.

4.4 ESTIMATE OF THE NUMBER OF U. S,
CHILDREY WITH INCREASED BLIOD LZAD

The Narional 2ureau of Stancargs has receatly sublisheg cthe
results of zathezacical models with zae assumptions ang data used
to formulate thea (Gilsinn, 1972). Zstinates are given of :he zumber
of children +h2 nave increased blocd iead concenzrations (> 40 .g/100 =)
in 241 Sczandard etropolitan Statisctical Areas in the Unized 3S:zaces.
Present escinates tased on Chesa models suggzest that approxizacely
600,000 children would show incredsed bloud lsad contenc if tested.

The models and assumptions hive deen only partislly vaildated.

3y using the National Bureau ci S:tanzzris model in coajymciiin
with data from the sajor scrmening prozrads, it is possidble 27 con=
struce Table 3, which gives che esti=ates of the nusbers of cases cf
childhood lead poisoaing of various demrees that cay cicur annuaily
ia the United 5Staces (Anderson, D., J. Reed, and V. tdeidern. ;ersonal
communication;. These estinaces snould b2 regarded as first approximazions
that can serve only to sugges: the general zagnitude of Cxe prooiem.
Betcer data Bust Jwait the results of wall-desizned epideniologic studies

conduycted on a8 national scale.
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5. METHODS OF COWTIZL COF LIAD PLIZONINWS

Lead poisoning i: a preventadle dis2ase Inat :aa te congrolled
o three ways: Sv elizonating the sources of lead; by contzoalling
the mesans by which lead encers the body; ar by finding and cseatiag
cases early. Zlimination of the sources of lead {s certainly c=2
asost important approach over tha long terns and conforas wich :;ae*
honored public-heal:h praczices directed at coatrol of the vectors
of disasse.
The zost signiiicant identifiaple source of Z2ad jolsoning
today is lead~containing painc ia houses to waich young caildren
have access. However, there are other sturces of lead exposure whoss
epidetiologic signilficance is not xnocwn-~Ior example, surface dirt
and the lead tha:t ccmes Itom the use ¢ leaz-conraining gasoline.
A host of other laad-containing substdnces around households have been
idencified as potential sources o lead exposura such 13 the paint
on pentils, avaporated-nilk cans, toothpaste :tubes, ;orcelain, and
earzherwars, Their ssnpridysicn 23 ize lead-poisonminy proolem s
considered to oe substantially less than chat cf lead paint on walls
and woodwork of 21d houses, old toys, and bdeds. It i3 unlikely that
sources othar than lead paints can bs responsible theaselves for the
casas of increasnd Slood lead conzenc under discussioen, but it s of
course possible tRhac they could make a difference in bardsrline cases.
Thus, contral can be achieved by zemoving children from delapidared
housing {a which peeling coats of leaded painc are available to them
er by re=oving ieaced paints froa the interiors of sucﬁ buildings.
It 2ay also be possibie to reduce the tendency tovard pica by dealing

wreth the underlving sciial and envivonmental factorz tha' save teoen
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shown tC have a role ia cthis benavioral ancmzs.v. However, =nis Jommuiz:
nas bSeen appointed to assist {n developing Zederal peciicies shat «ili
orevenc future lead poisoning asgociated with paints ver o e applied
o surfaces accessible to childten with picau; hence, zhe Committee =usc
focus on future sources of ¢xposure, not preseat OT past.

Recently, the Committee on Envircnamencal Ha:itdo of the Amertcan
Acadeny of Pediatrics (1372) recozmended thac the lead content of paiats
be reduced to less than 0.062. This recommendation vas based cn the
assumotion that the risk of lead Ifntoxication in cnildren is increased
vhan the dailv intake, fzcDd scurces cther than food, exceeds 150 _z/day.
Estimates of daily intake [rem fse0d, vater, ind air have aiso bean made
by Barltrop, who gives a total of 136 .3 of lead per day.- 3arlzrop goes
on to reduyce cha cally permissible intake of 6C0 .gs/day for an adult uo>
180 .g/day for a l-vear-old, and further corrzscts this numper for calorie
requirements of a child, thereby ending up with a final value of 1313 .g/day,
which he suggests as a saximal permissibtle safe intake (3arltrop, 1373).

A maxisal percissisle lead conzenc uof paint (7.082 of dried 5ila) was
then derived from a aunbe£ of assumptions, including: (a) that gastro-
incestinal absorption of Lea& is the saze from paint as from food:
(&) chat a child eaes 1 in.Z of paint pc; day; and (¢) zhat six layers
of paint have accumulated. The validity of the recompended maximal
lead content is sensitive to these and other assumptions in the calculation.
5.1 LIMITATIONS 1IN THE AVAILABLE KNOWLEDGE ON WHICH
A STANDARD COULD BE BASED
1f & lizit is to be established on a racional Sasis, the following

guestions should be answerable, parcicularly for children in the sus-

ccpvisle age grsuv.
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fa) What :s3dy sursen oI l2a8 .5

of lead rexicizy?

(h) How is diood leaa reiaced ro docy dursen of Zcad ang
signs or symproms of lead irntoxicactica?

(e) “hat daily incake of laad ia painc will resulc ia :=h

saxizal perzissible tody turden of lead or the =maxizmal peraissible
blood lead content!

(d) How much suriace area i3 nibbled by cniidren?

(&) “hat liziz 2n g2 zescentage of lea2d In pain: woulid
keep the biood lead content 3y e tedy turden of lesc within
Lizmits?

The follcwing >rief sjummaries of :ne szate of our kaowiedge with
respect TO each of =hese questions shouid serve to illustraze the serious

limitations in the aresent state of cur knowledge.

3.2 ASSOCIATION OF 30DY 3URDEN 9F LIAD

v
WITY SYI2ToMS OF LIaD IOXIcITY
‘

It saOUAS -2 eTPNASLIed 11D Laac coposiTaz LT the skeleren

15
only potenziall toxic. 3s cpposed .o lead in goft Tissues. such as
«idney, brain, and liver. <Thus, zhe significance of 3 given bodv
burden of lead will depend not only on the rotal amounc of lead present
in che body, 3ut on its dis:tribdution detween the skeleton and the soft
tissues.
Barry aad Mosszan (197Q) zeasure: zxe lead concancrations ia
the tissues of 12 English catldren snd 49 adults descrited as having
Yeen exposed to a normal urhan environment. Tleo 4 sumzatrizes their
Zata. The tstal lead bodv aurden of ihe children ranged Sroa G.5 to 3.! =g,

wain 2 zean of 1.I =3, opromimatery 6.3 0

u

t=2 Lead ¢+ - an the ssalaetons
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of the children, sc=oared wish 8% in zme asulis.  The Tean 2oiali Scew
burden of the 29 adult males wvas asouc 130 =g, :z>zpared with adouz 11D =g
for the 20 adult females. .n inceresting cochent made Sy che auticrs

i3 that "the celatively high proportion of lead in soft cissue, compared
£o cthe lead levels in bone of ycung childrez, may be accounted far by

the lack of hard, dense bone ac this stage of life vhich, when developed
in lacer life, appears to take up and recain lesd. [T is suggested thac
this =ay account, in some measure, f5r the adverse response in voung
chiliren to severe lead exposure.”

The relation of eicher c.inical signs of lead toxicily or changes
in the early indiszzavs of acnotm=al lead exposures such as tlood lead
concentration, erythroevee ALAD, and free erythrocyte protcporpayrin,

o either che soft~cissu; or tihe skelecal lead turien is poorly deiinma.
Inasouch as lead ccncentracions in Cissues are not usually measured
before autopsy, :here is no basis {or a corrsiation between sizns aad

s uptoas and tha boly burden, other than for Zatal encephaloratay.
Chisoin and Harrison (1956) 3nd Hehoce ez ai. (:313) -ave zeasyrec tie
body turdens of lead in cnilcrer win> died oi lead inctoxicat:on. Thei:
results indicace cthat the asasociated soft-sissue >cdy burdeas ranged
Eros 20 to 100 mg, or from adbout 35 o sbout 200 times the "normal”
sofr-tissue burden. The skeletsl buzacn. as estimiated from r.b analysis,
varied from 100 to 400 =g, or 100400 tizes :he "aormal" skeletal burden.
The "rormal” values were detersined in Englane and zav not be applicadle
to 3 U. §. population.

In summary, only a few data are available to describe r:e norzal
lead content in children's tissues, and no datra are avatlable for cases

3F le.l iatoxication otRer than faizal encepaalcpathv.
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5.3 RELATION OF 3LI0D LIad T) Z80Y 3UzoeN CF
LIAD AND T2 SYYPTONS CF LIAD lUTOXIZATICH

The blood ltad concentration can rsflect either recent exzésure
or an mquilibrium relactionship to lead in che skeleton and sof:z zissyes.

To svaluate the former, it is necessary to underscand the clearance
rates of lead from hloed. Using lead-210 as a tracer, it has peen
deterzined in the baboon that lead clears in cthree exponencial con-
ponents: approximately 71X of the blood lead 1 day after injectinn is
removed with a siologic half-time eof 1.2 days, 24% with 3 biclogsc half-
tize of 10 days, and 37 with a 3iologic nalf-tize cf % monzns (Jshen
et al., 1970).

No taformation is available frsa wnith I: escimace the reservoir
of iead in the tissues of 3 person vwano has a blood lzad comcencrazion
higher than normal, Sut wno is removed f:om exposure.

The relation oI blood lmad concentration to syxptoms of inzoxicaticn
is not adequately defines. If the blood lead concencration coes not
exceed 40 .g/120 2l of whols bloed, there are no slimicailvy coservable
effeccs in adults or children, althougn ervtirocyte ALAD ac:;vicv way
be less ac these concentrations than at blood lead concentracions below
40 ug/100 ml (¥ernberg eI al., 1970).

The zera "asymptomati: increased lead absorption™ has teen coined
to designate the gray aves of tlood lead concentrations thac are signiit~
cantly higher than the normal range, or from 40 to 60 ug/l00 mi ¢f blocd
(NAS, 1972).

The available information concerniag blood lead concentrations
ia rvelation to signs and svmptoms, as Sumgxzized by the NAS Committee

on Biologic Zifects of Atzospheric Pollutants in 1972, is given in
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“li=
<asie 3. I3 shouild te noted, “owerer, NIt chese T3Ta NAVT sean stiaines,

for the =ost part, from studies on 23ults.
5.4 DALY INTAKE C©F LEAD I PAINT TIAT RESULIC I

Concentzations of lead in the blood of unexposed childrzen (L2134
sonths old) have been reported to range from 15 to 40 ug/lCO ml of whole
blood, with a median of 27 .g/1l0C al (Rebinsen et al., 1938). 9n the
basis of Tepper's observarions on adult incake 71971), the toral Iacawe
of lead for a chill wouild De 126-208 .z/day. The congriltution af
inspired air %o the estizated :t:tals for averaze 12ad intake is approxi-
mately 3-6%. 0 the “asis of a gastrointestinal-adsorocion factor of
10X, approximately 35-133 _g/day should e axcratad in feces. In face,
Chisoln and Harrison (1956) and Sazizvop and ¥illala (1967) odserved a
daily excretion of 110-173 ug in feces, wich a rean of 13Z .g/dav.

The perceatage ¢I ingested lead absorded frea the gastroincestinal trace

of children {8 one of the =ajor uncerzainties, .lexander ==

1

(158735
nave recentlt Tidorred, tased on metihoi.s s2iance scudies, In 8 chnildrvern
over 1 3-day period, that absorntion ix children may bSe as high as 30%
with an avarage retsntion value of 18%,

Lead concentratlons in the blood of children of 40 :8/100 ml or
higher are considered evidence of undue adsorption of lead. Oa the
basis of dats on excrezicn of lead in feces irmediazely after the cessacion
of pica and of the results of balance siudies {Kehoe, 1961) tavolving
the experizental iatake af soiuble forns of lead, Ring (1971a) has esci-
aced that a daily incake of 300 ug of lead would noc result in a signifi-
cant increase in the blood lead concentration, Doudling of :QL: intake

over 4 period of 2-5 zorths would zasult in a 5iced les. cancencration

that csuld exceed the defined toxicity valum of 60 ug/100 =’

0007-SWP-037168

0007-SWP-000112864



3.3 SURSACT A28 NI3ZALID IV CHILIAEN

The quantizy of laad iagested witk paint is re.azed 3 painz-cnip
size, jercentage of lsad iz che painz, and the nuzber cf layers zI ca
on a particular chip. On che tasis of 6.5 =g of painc der squarz cenzi-
aeter per layer of :interior ;aint and 14.0 @g of paint per s3uare teati-
aecer per layer of exterior paint, Table 6 lists che asounts of paint
ascessary ¢o obrain 200 .g of lead, cr twoetairds che daily calculated
perzissible irntake for different oercencages of lead in paint and
differant numpers o lavers (Kirmg, 1371d). Tor 9,067 and six lavers

.

of interior rainz, tnis woull correspgond T2 a4 ehaip of adout 3.3 .a =T L.

It should be noted that zhe Tate of absorntisn of Zsead Irom paiat :ihips
is uot known and zay ia Zazt e highiv varizdble. The Aserican Assdesy
of Pediatrics repor:t assuzes a3 chip latake of o :n;/day. This would Se
equivalent to agout 1.5 £z¢/year. There 13 no basis for stating whether

this 1s a reasonaolc assumption, +nd I zayv in practicz de izpossible 0

obtain vealistic Jata.

< - - i me A g =i mer wma i ey cam e
5.8 LIMIT 200 FERCEINTASI 27 LIaD I¥ TAINT THAT wIlio

KEEP LIAD INTAKE SELOW DAILY PERMISSIBLE INTAKE
Assuning a laily incake of 1 ia® of six lavers of paint »er cay,
and 5-107 absorption of lead, 0.067 laad in paint would keep trne calily
lead intake below the recommended 300 ug. This vas the line ot reasoning

adopted by the Aserican Acadesy of Zediatriss. Howaver, his conclusion

could be grossly modified dy varving the assumptisng notad adove.

6, DISCUSSION

Tt is apparent that there is net sufficient informarion’ on which
to sronulgate 3 stancara tased un knowledge of the essencial cuantizative
celations that link :he lzad conzent of daint I gwvapeo..s of .Lntaxacation.

UAtsprines  shdm o mm=m cimppmere? im o LV ’ .
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standards have seen es:iaslisned by inizrmed cecdle wao zake udgdents
based on whatever faccts are availadle.

An aiternative to a liztt Sased cn firm scientific evidence
might be one founded on a SoTe pragmatic approach. One sight escablish
a lizmit on the basis of the lowest lead content ¢f paints found in
dvellings in which lead poisoning has bees reported. The oaly szatemenc
in the litsrature that 2eals with this question comes from Chisolm and
Harrison (1956), who scated, in relation ta thelir own experience: ''lo
case of lead intoxization has ceen found vaere 'tne only source of lead
concained -ess sh2m .7 ¢ leag in tha sried paint suriacze.” slthouga
this conclusion was published 17 vears ago, 4t has not been refuted by
any subsequent publicacions. The paints used oeidre about 1740 cen-
tained about 30% lcad on tne average, 2nd i is not surprising that a
{ifrrfold reduction in the lead centent would reduce tie at:iack race
to the point where cases of lead intoxication would not be cdssrved,
This =might terve zs e Dasis Zcr setting a linit. However, cne zannac be
assured thac e’fecrts of !exdvi::cxica:i:n s0 subcle as Co escape atten-
tion d3 not occur at laad concencracions lowver znan i,

A third approacn, and one that has -een used in publiz-neai:zh
practice, would be to require that thr l:2ad in interior paincs te
reduced to the lowasc praczicabie concen:traction, 3y “"lowest practicable”
iz meant the lcwest concentration that can be achieved bv existing tech-

nolegy. It is iaplied thac the lowvest practicadle comcentration will be

tnterpreced wich rescraint and wieth dua vecognition given to the avzilable

scientific and 2ecical :information, as well as the administrative anc
economic facetors. A decision could be made to prokribi: :nmplc:cly the

e o Load inopaas, But load con be cxpected £ oceur Ln trTice quansiiies
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as an induscrial lzpurity in the Ingrecients tRag are used I3 formuiace
paincs., This recuires that the pnrase “ro iead” te iufincd; i lead is
not used in paint manufacture, sove other =mterials must take Its jlace.
A judgment musc be made as to whather the substitute zaterials involve
less risk to the public realth. {inally, it is possible thac eacn
progressive reduction in the lcad concent of pafat will invalve gtéater
cost, and commensurate banefit to the public health should be ensuged.
Thus, ceducing lead to the lowest practicable content =ust {nevitably
involve a value judgment in which one balances zhe likelihood of heal:th
dagage at a given lead coemcentration against cthe likelihood of health
dazage from substitute materials, the effect of the change on tha per-
formance of the paint, and che cosc of making the cnrange.

The various approaches are fundamentally different. The Iirst
two involve interprecation cf scientific data and a decision as o
the lead content of paint that will xeep lead poisoning from developing
in che future. The "lowest practzcable” approacn rejuires value judgments
ia wanich ses:suancitative, s:zsse intulzive Tezsoning s used to arrive
at s conclusion. A stancard based on the first two approaches Is clearly
one that can best be devsloped by scientists. Howvever, scienciscs are
not uniquely Qqualified to vecozmend a standard based on the “lovest
practicable” concept.

As has been noted, sn insufficient body of f{nformation exists to
permit establishrent of a standard for lead in paint based cn sciencific
facts. Although lead has besn known to be a toxic =aterial for centuries
and is & dajor industrial chemical, there has besn inadeguate research.
Although lead in paint has been identified as an ecioclogic factor in

l.ad roisoming avong caildren wity piza, thure s & pa ity of epidemiolegi:z
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jaga with adequate case h1iioTies I 2eans o5& wnich one ctulil lescrile
the association of a given ciilld's Slcod lead ccncencration o the
condition of che dainted surfaces ta waieh the 2:il2 tad teen exvosed.
Thers should be mora informaticn about the clinfcal significance of
blood lead shoret of full-blown lead poisoning. Such ianformatios
cannot ba expeccad to come 1nto being in less than a fev years.

Any proposal to reduce the lead conteat of paints, In addiction
to being concerned with the health aspacts, should also consider
che effect of suycn a change on sanufacturing practices and on the
sualizy and saietsy 3¢ the codified rroducts. The course ol agiidn
ultizacely selecred should prorec: the pudbli: with a =inimum of dele-
terious affects, either on the econcnics of tha indusiTy or ¢n che
quality of the products.

Lesd cempounds ire used in dainzs principally far chree reasons:
as piguencs, as driers, snd as agencs :o prevent co-called loss of
drying in scoTage. The use of lead in pigmency requiras such high
concentrasions in the zainc Iaraulation tnal cyrreat ragulatiams
setting a caxizua of 0.32 lead have £5r all prac:ical purposes already

eliminated lead pigments in househcld paints.

Driers (2etsl saics or Jactv acids) help ¢ xpead the oxidative
hardening of the paiac film when :he vehicle contains unsacuracea
coxponencs, -such-as vegetadble oils or alkyd resins (Stewvart, 1969;
Bikales, 1964, 1356, :370). Llead driers (cypically lead Z-echylhexoste,
lead naphthenate, or lead tallate used in lead concencrations of 0.2-0.4%

based on weight of dried paint film) are particularly -valued, because

chey effect relatively rapid drying throughout the cass of cthe film.

Other zriers--such as var:ous Zatiy acid salts of zaleiu>, cobalrt,
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—anganese, =ihc, 3ad Iiromiun--are :::ﬁ:niy <383 in gsnrumeiian with
lead driers in empirical forsuiaziaas casigned 2 2ive the clesired vace
and thoroughness of drying az widely varving teaserature and nu=ifiity
(Stewart, 1963).

A further use of lead ccmpounds is as addizives co retard so-called
loss of drying, i.e., the deterisration in drying properties of paints
that can occur in storage. For this use, proprietary lead complexes
are apparencly preferred and are added in concentracions about equal
to or somewnat lower cthan those of zhe lz2ad driars {based an laad
content). Aelariveiy liztle information is availadle on the types of
compounds used or on the Techanisz of their actizn (Stewart, 1%69).

A reduction in the perzissible concentracicn ol lead in paints
to 0.067 wvouid in effect sronibiz any iatenzicnal addition of lead
compounds o0 pigments, Zriers, or other paiac 2:ditives. ZFaints based
on oleoresinous substances would require reformulation to eli=inace
lead driers and ali otner lead cosmpounds. Aaaly:;c';:ocedures would
be necessary o ansure zhat no accidencal comzaz:inacion v l2ad com-
pounds had taken piace during oanufacture. Aromic-absorption
spectrophotonetry is particularly suitable for tais purpose, and a siople
colorimetric method has been devised to indficate whether the proposed
naximal concentration of 0.05% hag been exceeded (ASTM, 1371). I can
be expected that re2icrmulaction zo the 0.067 lead content and the azsoci~

ated testing would require at least a vear. 7I%e burden would be heaviesc

on the many szall :aint =anufacturers chat lack the necessary technacal

scaff and resources. -
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Zausahold painzs are zenerally classifled as incended I>r :azericr
or exterior use. Iaterior paints are likely co represent the greacer
potential hazard because of their greater accessidilicy and bSecause
children, at their zost susceptible age, are more ofcen left unactended
when indoors. AU present, Jost aterior paint is based on adquecus
emulsions; this type of paint does not usually depend on auto-oxidation
of unsaturated compounds to hacden and therefore does ndt require any
mecal salts as driers., Alchough emulsion-based paincs nordally produce
surfaces with litcle gloss, new tynes that can give a semiglossy finish
Are ROW on the carket. These are expeccwd to make inToads into the
lasc zajor use of oleoresinous paints in the interior of housenolds--
surfaces with glossy finishes. 32ecause ianierior paints usually dry
under more controlled conditions and are not subjected to as severe
westhering conditions as exterior paints, adequate paints of both the
emulsion and the oleoresinous types can be forrulated for {nrerior
use wvithout any intentional addition cf lead compounds.

Paints designed for applicacion to exterior surfaces require a
useful race of drying and ;dcquncc durability under wide variations
of climacic conditions. The coddination of low tamperature and high
humidicy (e.g., 30 Fand 70% RH) is par:xcuigrly stringent. The use
of emulsion-based exterior paiacs, which require little or no drier,
is increasing rapidly, but olsoresinsus paints s:ill account for a
large parc of tha market. Lead driers play an impertant parc in the
formulation of the latter type, Lead-containing prizers are also
useful on heavily chalked surfaces and %0 prevent staining bv the

wvater-soluble extracrives present {n some types of wood.
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In the forzulation of paints, tie lead afiers cannot usJalily se
elisinated by mere substitution of an ejual azount of aaotter =zetal
salt of a fakty acid. A combinazion of other 2etal driers zusc e
fizzed to each particular recipe, and there is some question as Co
whether paints so reformulated are equivalent in quality to chose
containing lead driers.

The substitution of other driers for the lead salts also ratses
the important question of the safety of the subsctiture aaterials.

Under current regulacions, the }’uod and Drug Ad=iniscration permits

the use of some u‘ricrs-x’oz coatings that come into contact wizh food--
aanely, soms fatrty acid salts of alusinym, calcium, cerium, cobait,
iron, lichium, zagnesium, manganese, 2inc, and zirconium (Code of Federal
Regulations, Federal 7Tood, Drug, and Cosmetic Act), As already pointed
out, several of these metal salts are normally added o painc in cone-
junction with the lead compounds. It is likely that paint zanufacrurers
vill usk ccmbinations of these same driers if che lead conctent =ust bde
ceduced ro 3 mawiz=ua of (.06%. Iirzonius-tased driers 2ppear It e the
most useful single substitute. The cost of the substitute driers,

being higher than that of the lead salts, would raise the raw-saterial
cost of cthe reformulated paint by several cents a gallon.

The Committee hss been apprised ;f che fact thac Chicago, Illinois,
already has a local ordinance calllag for a saximal lead concent in
paint of 0.06% ot dry-weignt solids. This regularion was effective
on the lsc of July, 1972, and is applicable only to interior surfaces
of dvellings or dwelling units (domiciles). It specifiially exempcs
varnishes, oil stains, floor paints, and coatings in aerosol cans.

Cenver~qrimns s 3 : 22iag $ i
-SAverTariens with Chicage citv officials have ndizate  ihat comsliance
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vith the ordinance has Seen successiul In pernass 305 oi the
shelf" paints rested. Turthersore, Ine cost of pain: produted in zhe
Chicago area vas zeporzed to be 70 S:gher Zhan the national average.
1n terms of paint already existing on wall surfaces, the Chicago
ordinance calls for & lizit of no Sore than L ag of lecad par gsquare
centimecrer of surfsce.

At the present tize, tharehave yot been enough epidemislogical
data collecced to deternine whather the 0,062 regulation has resulted
in a changs in the number of cases of increased blood lead in children
screened within tha City of Chicago. I is hoped thet in time, the
experience of the City of Chicago in aéministering this ordinance will
provide the C?SC with addirional useful information relative to many

of the peints raised in this repore.

7. CONCLUSIONS AND RECOMMENDATIONS

(a) Although it would be desirable to establish a limit on the
lead content of paints sold to consumers bv g quantitative raticnale
that takes into consideration the quantity or zain¢ apt to be ingested
by chiléren with pica, the rate of abserprion of lead Irom the gastro-
intesctinal tract, and the amount of absorbed lzad that will produce
intoxicacion, the Committee concludes that there 1s at present insufficieat
information to permit arriving at a recoomendation on that basis. A
broad program of research is reguired to underszand better the mechsnisas
involved in lead intoxication and methods by which the disease can be
controlled. Hational and local health educaticn programs to alert parents
to the health hazard to children ars recommended.

(b} A more pragmatic approach would bs to ascertain, through
epidemiologic methods, the lowest concentration of lead in paint that
%18 2ton associated with lead inzoxicatioa szeng childes . with pics.

The oniy statement in the literature that deals with chis a -
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was published 17 rears ago and statad that = cise of lead Imtoxicatich

had Seen found where the only source ¢! lead conrdined less tRan 1Y of lead
{in che dried paint juriace. Althougn tais conclusion has not since deen
refuted, the Committse is unable to conclude that subtle but nevertheless
significant forms of laad iatoxication that may have escaped clinical
detection haVc_no: occurred froz exposure to paint files vith lead con-
centrations lower than 7.

(¢) The Cormictee has iearned from represantatives of the paint
manufacouring indusiry That the sresent Teguiredent tRat the iead con-
cent of paincs de linized to> 0.1X alresay precludes ct=s use of lead
compounds as pigments. Howvever, lead driers are widely used at con-
centrarions of  0.2=-0.4%  (based on lead zcntsnt of the drisd paint
£ila), co help speced the oxidative hardening of the paint film when the
vehicle contains ulsaturated components, such as vegetable oils or
alkyd vesins. Ia partizular, lead driers (:ypically lead 2~ethylhexoace,
lead naphthenate, or lead tallace) used in lead concentratinsas cf
0.2~0.47 are especiaily valued Z=acause taey offezs relativelr ravid
drying throughout the mass of the fiim. Other lead compounds retard
the so-called loss of drying on storage. A reduction in the perzissisie
concentration of lead in paines o 0.06% would pronidit the intentionai
use of lead compounds as driers or a; additives to retars the so0-~called
loss of drying.

(d) If the lead concent of paints is limiced zo C.06Z, it would bde
necessary cto reforzulate lead driers fcr daints based on oleoresinous
substances. This would Frobably recuire substitution 52 aetals other

than lead. Althougn the Committee has nc reason t5 believe zhat The

ser s

;te netals would i{azroduce new tsxicoloaic sroblews, :this possibilizw

should be considered before any steps are raken chat will
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(e) A program of reforzulazicn of sriers o =—eec a 0,060 Leag
requirezent would take at lesst & vear to izplexent.
(f) Evidence zade available to the Commit:tee 2akes 1T clear that
the incencional incorporacion of lcad into pigmencs 3nd driers can be
eliminated for consumer paints applied to iaceriors, toys, and furaicure
and that it may be possible to eliminate the deliberate use of lead in
paints for outdoor use. However, some lead may nevertheless be present
in these products, oving to its adventitious jrasence in process zaterials,
{(g) Until more scientific information can bdeaccumulated from ne
research programs recosmended in this report, the Committee suggests
that it 2ight be wise for the Consumer Product Safety Commission o
institute an interino progras of coatrols based on the concept Zhat the
lead in paint sold to consuners be reduced to the lowest praciizable
concentration, The administration of this concept should Se implemenced
with due recognitisn of the need Jor balancing costs aéains: Senefits,
It should alsc be recognized Chat the v:ighing of societal c¢osts against
societal benefits may no:'klways involve easily juantif<able :consideracions:
it may be necessary to define the i-west practicable lead content on the
basis of the judgments of informed people rather than sciencific
analysis. Tests recently undertaken by the American Society for Tescing
Materials have shovn chat ”.‘.nd-fru". paincs centained as much as 0.03%
lead. This nay be due to impurities ia the materials used for paint
manufacture and to the occasional carryover of laad from one industrial
process to the other or to uncertaintics in the analytic procedures.
There 4s no assurance at present that the lesd con:en£ of lead-free
Pdinte-could not exceed 0.06% owing ¢ these faceors. Thus, any regulation

SRAL L wveras the =ax:izmal lead centant 3! paint zroducts =usc Se 33sed on
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consideracion of the rrazziasiliiv of cincrolling the lead that enzters
zhe process advent:tiously and cf the availadility of veliadle analwvtic
procedures.

(h) The Consumer Product Safety Commission should develop a
sational paint surveillance system to ensure that established standards
are being met. As part of the development of chis surseillance netvork,
1t will be aecessary to sponsor the development of beccer analytic
merhods for measurenent of trace quancities of lsad fn off-the-shelf
painc samples.

(i) Any szandard issued to iizmit the lead csmtent of painc should
be reviewed biannually i{n the light of vhatever additional (nfsrwacion
becomes available. The linits may be raised or lowered, depending on
circumscances. However, azple time nust be perzitted for orderly
reformulation of paints and driers, and no changes should be made vithout
adequace consideration of the eifects on the sublic health, of the cost,
and of cthe effeccs on painr qualizy. The overriding considerations musc
of coursc be relaced to procecticn of the public health,

(3) The Consumer Product Safezy Commission should sponsor research
to identify che sources of adventitious lead in paints and driers,

The unusual opporrunities for absorprion of lead by children with
pics has caused the Committee to recc;mtnd that use of lead in paints
be reduced to the greatest practicable extenc. However, the Committee
enphasizes that there may be other uses of lead, now and in the fucure,
that could bring significsnt denefits to the consumer. In accordance
with good public-healch praceice, zore must be lestned about the zecha-
nisss of lead inroxication so that, as future applicati'ons for lead are

cevelooed, ey =av be incorporated into consumer products without undue
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risk. The Committee aas :dentified several Tasearch Objecilives as Raving

parcicular importance,

8., RESEARCH REQUIREMENTS

(a) The "normsl" body burden of lead in psople of various ages
should be berter established for a variety of modes of habitation and
socioeconoaic classes.

(b) The absorptiocn of lead from the gascrointescinal tract should
be peasured {n experizental anizals and children having a normal diecary
intake of lead. The studies Qf children can e accomplished using :hnv
lsad concent of the normal diet.

(c) Comparazive gtudies of the absorpticn of lesd from the gastro-
intestinal tract of suitable experizental aniczalis should be undertaken
wvith regard to lead :in the normal diet and various paints and driers.

(d) The clinical significance of facreased dlood lead content
should de studfed in childran, with particular exmphasis on the adaprive
or subclinical phases.

(e) Epidemiologic studies snould be extended o include the
sequelae of overt lead intoxication is ehildren whe survive acute toxic
manifestations.

(£) Better analytic rethods should be developed to nmessure laead
in off-che-shelf peint samples and tody tissues, especially blood.

(g) Health departzents and hospitals of sajor urban centers should
be encouraged to adopt sutuaily compatible protoccls for mass screening
of children snd for idenctification of the signs and sympcoms of lead
poisoning, Sctandard procedures should also be adepted for docusenting

tie lead content of paint to which the thildren were exposed.
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(h) The Cscsumer Procucr Salelv {imission snould serve as a
national rvegiscry f£or cata accuzuialed in the screening progriss
and should issue consolicdaced annual reports of the findizgs cf
"such scudies and the incidence of cozmunity lead poisoning in the

United States.
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TABLE 2

Relations of Various Measuresents of Lead Toxicity to

Category of Lead Effect (Modifled from Goyer and Rhyne 197))

1 1 1I, Iy II1
No efect, Adaptive, Subclinical Clinical Toxicity,
Blozd lead <40 Lg/l00 nl  40-60 60-80 ug/100 ol >80 ug/100 =l
“p/100 ml »8/100 @l
TEP normal slight increase lacge increase
Urinary ALA normal slight increase > 5 fold
. Urinary C?
Anemla none reciculocytosis usually
Nervous system none decreased nerve acaxis, coma
effects conduction? convulsions
none Fanceni syndrome
Renal atfeces none (irclusion bodies?) chronie nephropachy

ALA ® Delta-aminolevulinic Acid.
CP = coproporphyrin
FEP = [rce erythrocyte protoporphyrin

0007~SWP~037183

0007-SWP-000112879



»3G-

TABLE 3
National Data on Incidence and Medical Significance

OF COMMUNITY CHILDHOOD LEAD POLSONING

Children £n Susceptible AGE® GIOUP......cceieannsaaessanssassss»20,000,000

(under $ years old)

Children at RISKisrotsrineriaeriencieorennresiorsnnrrnneroneare 2,500,000

(under 5 years old, live in metropolitsmn areas,
families in poverty classificacion)

Children with Incressed Blood lead ContRBC. vcecrrsnivenronarse
(blood lead content above 40 ug/l00 ml)

Children with Sympromatic Lead Poisoning per Year..............

Children with Asymptomatic Lead Pciscning per Year...........on
{(all should be creaced)

Children with Neurologic Handicaps, Including Mental
REEAXAEEION. e renvrncuresorsoreccastrnsaranrsennnsonsnanes

Children Requiring Lifetime Inscitutional Care.....coveveraesey

Deaths peT YR&T.icioeeerrrrvoiaseranssonesantroorsosroncenrasnos
(includes acute and long-ters consequences of lead poisoning)

600,000

30,000

80,000

6,000

150
200

The children {n susceptible age group and children at risk are

based on Bureau of Census 'dau which have baen rounded off, Children

at risk are under b yaars old living in dilapidaced housing containing

hazardous concentrations of lead.

Of those at risk, 242 are estimated to have blood lead concentrations

of at least 40 ug/100 ml of whole blood. The percentage is the nmedian

values of surveys in Illinois and New York City. If other cizies are

used, che parcentage is higher. There is, however, little information

from thewest and from ssall cities.
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7L 3 - continued -==

?hiladelphia. and Chicago--ir appears that adout 2
vith blood lead concentrations over 40 .3/100 ml have clinical sigas
or synptoms-~convulsions, anemia, cramps, etc.

The estimate of asymptomatic children with blood lead concene
trations about 60 ug/1l00 ml of whole blood s 3.27 of the population
at risk. This estimate is based on the results of Illinois and

New York City screening projects.

Children wich neurologic handicaps, including meatal retardation,

are estimared ar ICY of the cases of sympromatis lead poiscning, on the

basis of follov-up studies in Chicage.
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TABLE 5

Level 3nd Types of Effezts of [norpanic Lezd 3:li a3 Relawed 10 Estimates of YVacious Cavels of Absarplion—Recent

and Re.note

Levn V2
el i1 Lavel1Y: Late klfeets of
Levet te Mimimad 1.ovet HY: Acuis Lead Pordning Cheonse o1 Roeys
No Demonwinadlz  Svtchaicat Compen-awry Lislopic 1ent Acute Lead
Tyoe of Elfeces s wive Lifeer Lifeer A tavohed Ml Severs Polwning
Meiabe s (22w Chunping Shght mersave s ALAL VLY. PLE ALA UCP. Fr? ineteawd il engurune
LUoN 88 et avayt UORITY ALA peage 5. to 100 fold ¥1porure recent,
tras of hime may e Ut may not B2 e
precurwoiy) present areswd f excriane
SUpGIULe remote
Turcuanztivyrv:
Uematapuics None None knows Shurtened o ozl bie-  Shuttcned red wuil Lfeapan Amemea (23
Pan, robn ulogy- <1 Kcticulocy iosis (ravernable)
wan g} WA Ot wILIgUL ANEMIS
{igvsrnble) {reveruble)

Kurgy (ongd Nune Nowt tnown Amino- Vaneon Chronse seshiopatny?
tuduler acduria, e {peimanens)
fuaeuon) pycotuns drome

[ERRTT {1rvaty
erulle) ible)

Cratral remaus None None kagwn M Mild wpury Scverw iyyury  Sevars m,un‘
wiem (*Y ree (peraty {pcemanent)

verubiel neat)

Perpierad Nons Nang bdosn 1 Rare T Rare Emp3incd conductien
narvey (wnst, (oot drop

ey impiose
slenty, But May be
permansni)
Clnaesl e7ign Nore Nose xrown Nonapeefic mud symp Cons, une A3, B Mental gaficicaey
trmtiray bt gur tabtity . pot, coma. tmay e profoand),
I3 P In Cvent rgmiung CORTRILORS 1eiuse Sitotdat,
wig Gisaetd sensdaniiicieney
(gout) toermy:
. nent)
Ingey of vt of
teceni o2
Tuttont ab
erpuon:
Bload ic . <40 4040 w120 %0 >80 May w narmal
sei0N o With snemus,
wals intereviient dieas: .
bl g 50-100%
G2 - <t <M >130 >130 Spentaneous
" “I_“ i), [Mey B st in sevece illnexs) £XCTRIIOR WY v
wrher normai

:2“[ [ ‘IC‘K o LBmam 1! Haazins lovet of ALAIL
st e = e
FIIHILUN Vg PO ACPMCURLLIY 15 ASIIYE MaY OT £ iy ROE B IRINE 1A PCIMIREAL cenlrsd mervens tysam amjury.

Natienal ;| sadeny of

Sciences {19737).
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