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TO THE GFFICIAL MEMBERS Or THE
LEAD INDUSTRIEZS ASSOCIATION,

292 Madwon Avenue

BUBJECT:

March S, 1974

LEAD IN PAIWY

LIA17434

Ntk AL Fini

i Lead Industries Association, Inc. -

New Yok, NV 1001+ Telephone: (212) 6790020

The attached material may be of interest to scmeons within your

organization.
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Secretary & General Mansjer
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"1 Lead Industries Association, Inc.

Environments! Heeth Capartment

292 Madipnn Artnue - Naw Yort, N Y. 10017 - Tatephone: (212) 8322373

Yebruary 8, 1974

38 All Meabers of the LIA Inviroamental Eesalth Comittsa
IXom: Jercms 7. Cole
Subject;: lead g Faing

Centlemen:

Pnclosad s a "Report of the Ad Hoc Committea to Evaluate the Hatard
of lead {n Psint™ prepared for the Consumer Product Safety c_uuon
by the NMatfonal Acadexy of Sciences,

This report pressats considerablsa interesting information on lesd eod,
of course, attributes inner city elevated blood lead concentrations in

children to 0ld lead paint,

We call your attentica to a section on page 18 of the report noting

that it {s unlikely that sources other than lead paiats can be responsible
themselves for the cases of incresased blcod lead coutent under

discussion, but it 18 of ccurse possible that they could make a d{fference
in borderline cases.®

$incarely,

é Jerome ¥. Cole, S%

Director, hvxromenul Health

Inclosure

N 3414.01
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REPORT OF THE AD HOC CONCMITTEE TO
EVALUATE THE BAZARD OF LEAD IN PAINT

Prepared for the
Coasumer Product Safety Cosmissica

Kational Academy of Sciences

Bovember, 197)
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The project that {s the subject nf this report vas
approved by the Coveraning Board of the National Research
Council, acting in behaif of the National Academy of
Sciences, Such approval reflects the Board's judgoent
that the project i3 of national ixportance and appropriate
with reapect to both the purposes and Tesources of the
Fational Research Council. -

The pembers of the comxittee selected to undartaks
this project and prepare this report were chosen for
recognlzed scholarly cocpetence and with due cousideration
for the balance of disciplines appropriate to the project.
Responsibilifity for the detailed aspects of this report rests
-with that coxmittes, ’

Each report issuing from a study coczittee of the
Katioral Research Council {s revieved by an independent
groun of malifisd Individialy sncovding te procedures
established and mooitored by the Report Review Comzitree
of the Rational Acadezy of Sciences. Distribution of the
report is approved, by the President of the Academy, upen
satisfactory corpletion of the reviev process.

The work on which this publication is based wis performed pursuant
to Coatract Ko. FDA 70-2Z, Task Order 16 with the Food and Drug
Administration,
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AD HOC COMMITTEE TO EVALUATE THE HAZARD OF LEAD IN PAINT:

Dr. Marril Elsenbud, Chal{r-an
Mav York University Medical Center

Dr. Sasuel P, Bessman
University of Southern Californis
School of Medicine

Dr. KNorbart M. Bikales
Rutgers Univarsity

Dr. Robert A. Coyer
University of Xorth Carolina School
of Madicine

Dr. Vincent Y. Cuinee

Kew York City Hsalth Department

Dr. Reginald S. Lourie
Ceorge Washington Un{versity School
of Msdicine

Dr. Pearl L. Rossar
Bowvard University

br. koland B. $cott ' ;
Boward University

Invited Observers:

Mr. Royal A. Browm .
National Paint and Coatings Association, Inc.

Dr. Barry G. King
San Diego, Califormis
-

Dr. Del Ruthig -
Department of Health, EZducation, and Velfsrs

. Staff Officer:

Mr. John Redmond, Jr.
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REPORT OF THE AD HOC COMMITTEE TO
EVALUATE THE HAZARD OF LEAD IN PAINT

1. INTRODUCTION .

On December 31, 1972, the Buresu of Product Safaty of the Food and
Drug Adainistration (FDA) becase responsidle for administration of a
fedarsl requirement that the lssad contant of paints not exceed 0.5 by
weight of tha dried, hardened fila.® DMors recently, the responsibilf-
tiss of the FDA in this arsa have been transferred by Congress to a
oev Consunear Product Safety Commission. Asong tha first questions
facing the Coxaission l; vhether the 0.5% limit should be reduced to
0.06% at & date that could be as early as December 31, 1973. The 0.06%
linit originated as & rccou:enda;ion in & report of the Committees on
Isvironceatal BRazards of the American Acadeny of Pediatzrics (1972).

Ths Ad Boc Committes to Evaluate the Hazard of Lecad in Paint was
constituted by the Kational Acadexy of Sciences-National Research Council
st the request of the Bureau of Product Saferty to sscertain vhether
there wvas sufficient scientific evidence to support a reduction of the
limit from 0.5 to 0.062. The Committee was requested, if it found that
sufficient scientific evidence did not exist, to recommend research
that shculd be undertzken to obtajn the required informatiom.

The basic question that the Cc;;ittcc oust answver is vhether there
is a sufficient body of information to permit establishoent of a limit

on the lead content of paints spplied to surfaces accessidble to children.

*Throughout this report, when the lead content of paint, drier, or other
paint additive 1s given, the expressed percentage of lead 1is that ia
the solid dried f{lm,




LIALT440

e A e 8 o 12 el i A K
' ' -2

4 . o
@ This question has been asked many times over tha years, and many regula=

tions have been prosulgated. The first, in Cersany in 1887, prohib{sed
the use of any lead in paints applied to toys. At least 10 countries
have regulated the lesd content of paints up to the present. .!xcopt
-for the Gerzan law, vhich called for total elimination of lesd froa
paints used for toys, the permissidle lead concentrstions have ranged
from 0.3 to 2%, .

‘2. THE USE OF LZAD COMPOUNDS IR PAINT
The essential componants of paints are:
(a) Pigzents: to provide opacity, color, and dunbui:y'.
3 (b) Vehicles: oils, resins, snd various polymers to bind th.
pigoents together and to provide s continuous durable

e fila, e

{c) Volstiles: organic solvents or water (depending om

type of paint) to control the consistency of the costing

and to aid in its applicatioca.

(d) Additives: generally in low concentrations, to aid
in drying, to control consistency, settling, wviscosity,

and stability, and to impart other special properties

to tha costing. -
{ In making a vhite paint, or a white-paint base that can be tinted
{ to light pastel colors, it is necessary to have an opaque vhite pigment. .
& The most important early opaque white pignent was “white lead,” the .
basic carbonate, whose composition approximates 2PbCOy ° P (0d),. . '

} White lead vas first produced im Holland during the sixteenth century
e .and vas later introduced in England and the United States {n the late
1800's. TFor many years, vhits lesd was the principal opaque vhite

pignent used 1n both interfor and exterior pafnts. White lead pigment
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This question has bsen ssked many times over tha years, and many regula-
tions have been prosulgated. The {frst, in Carmany in 1887, prohidbifed
the use of any lead in paints applied to toys. At least 10 countries
bave regulated the lesd content of paints up to the present, .!uopt

for the Cerman law, which called for totsl elimi{nation of lesad from
paints used for toys, the permissible lead coacentrations have ranged

from 0.5 to 2%1. .

'2. THE USE OF LEIAD COMPOUXDS IN PAINT

The essential conponents of paints ares

(a) Pig=ente: rto provide opacity, color, and durlbllitf.

(b) Vehicles:  oils, resins, and various polyzers to bind the
pigoents together and to provide s continuous durable
fila.

(c¢) Volatiles: organie solvcnﬁ or water (depending om
type of paint) to cortrol the consistency of the coating
and to aid in its application.

(d) Add{tives: generally in low concentraticns, to aid
in drying, to control consistency, settling, viscosity,
end stability, and to impart other speclal propertiss
to the costing. -

1o making & vhite paint, or a white-paint base that can de tinted
to light pastsl colors, it s necessary to have an opaqua vhite pigment.
The wost important early opague wvhite let vas "vhite lead,” the
basic carbonate, vhose composition approximates 2PbCOy ° Pb(Ol!)z. . "
Whits lesd vas first produced ia Holland during tha sixteenth century

.sn0d vas later introduced ia England and the United States in the late
1800's. For many years, white lead vas the principal opaque vhite

pignent used in both interior and sxterior paints. White lesd pigment
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forms reaction products with oil paint vahicles (vegetable oils, such
a» linssed ofl) that fmpart toughness and aluticit‘y to the paint, in
addition to opacity. Basic sulfate vhite lead vas also used as a
paint pigment (npproximate composition, 2PbS0, - Pb0). Basic sulfata
vhite lead has lower hiding power {opacity) and tinting strength than
basic carboaate vhits lead and therefore vas not as widely used. The
sulfats vas 3ore coamonly combined with other pigments, such as zinc
oxide, and was generally used in exterior paints. Whice 1ead pigments,
vhen used for interior paints, coatained 40-60% lead. A rcprennudn
figurs for interior paints used before about 1940 would be 50T.

linc oxide wvas manufactured cocoercially in France during the
early nineteenth ceatury and in the United States shortly thereafter.
It vas followed by the canufacture and use of zinc sulfide. Litho-
pone, a pigaent that cootsins approximately 30T zinc sulfide and 70X
barius sulfate, was developed by coprecipitating barivm sulfate snd
zinc aulfide from solution. Paint sanufacturers now had a choice of
opaque vhite pigoents, snd many paints vere nade vwith a combination of
these materials. Llithopone replaced wvhits lead in oany interior paints,
and becase a very important pigzent for paint in the last half of the
nineteenth and early part of the twentieth centuries.

Titanium dioxide, the opaque vgit. pigrent used in modern paints,
vas being produced comoercially by about 1920, It was introduced to
the paint industry ss a titanium-barium coabination pigment, It was
shortly made availsble also as & titanium-calcium pigment snd as the
anatase grade of pure titanfus dioxide. Also widely used for a vhile
wvas titanated lithopone, containing 15% titantium dioxide. Titaniuve

pignents had gained major ecceptance by the lats 1930°s and largely




replaced lithopone, zinc sulfide, etc., Iin moat iaterior paintes. By
this time, there was lictle econcmic justification for tha use of white
lesd in any type of interior paint. By 1941, the hiding power of
titanium dioxide was rated at 115 ft2/1v, compared with adout 13 £22/1p
for the lead pignents. It is estimated that mors moderan pigrents con-
taining titanius dioxide have s hidiag pover of about 133 te2/1n. Thus,
1 1b of titanium dioxide will provide the opacity or hiding powver ?l
adout 9 1b of white lead, and for many years there has baen no nacsssity

. to use vhite lead pigaents in interior paints. The ti-;,whta all vhite
lesd was removed from interior paints s not known, Bdut {2 may dDe assumed
that relatively little vhite lead pigsent was incorporated {nto interior
paints after 1942,

Lead chromate yellow pigments, first made in Zurope in adout 1800,
have ioo; been a valuable rav materisl for use in paints. These pignents
range from light yellow to deep orange. Lead molybdate pignents range
from medium orange to deep red, and "chrome greens,” from light to deep
green. All these contain lead, but in a much less soluble form thas
vhite lead pigments. These lead pigments provide excellent hiding
pover snd color permanence, and they sre economical. They are widely

used in coatings for automobiles, trucks, farm machinery, signs,

traffic markings, buildirgs, and hundreds of other articles. Red lead
pigeents and lead silicochromats p!;ﬂénto are valuable for use im suti-
corrosion primers for steel and iron. Some lead pigments are still}
used in exterior primers and paints for wood surfaces that must with-
stand the affects of sunlight, rain, and wveather conditions of all
‘types. Lead compounds are, and will continue to be, extremsly impurtant

to the paint manufacturer as essential ingredients of many types of prinmers,

paints, and enamels for sxterior uses.
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replaced lithopone, zinc sulfide, etc., in most interior paints. By
this tine, there vas l{ttle econozic justification for the use of white
lesd in sny type of interior painz. By 1941, the hiding power of
titaniua dioxide was rated at 118 ftzllb. compared vitb'.bout 13 ttzllb
for the lead pigmeats., It is estimated that more wodern pigments con~
taining titanium diocxide have a hiding power of about 135 fel/1n, Thus,
1 1b of titanium dioxide will provide the opacity or hiding power ?t
adout 9 1b of vhite lead, snd for manry ysars there has baen no necessitcy
. to use vhite lead pigzents in interior paints. The ti-;.vbca all vhite
lead vas renoved from interior paints 1s not known, but it may be sssused
that relstively little white lead pignent was incorporated into intarior
paints after 1942,

Lead chrozate yellow pigments, first made {n Zurope in about 1800,
have loang been a valuable rav materfal for usa in paints. These pigments
range from light yellow to dee} orange. Lead -olygdatc pigneats range

froa medium orange to deep red, and “chroze greens,™ from light to deep
green. All these contain lead, dut in a much less soluble form thea
vhite lead pigments. These lead pigments provide excellent hiding
power and color persanence, and they are economicsl. They sre widely

used in coatings for automobiles, trucks, fars sachinery, signs,

traffic markings, bduildirgs, and hundreds of other articles. Red lead
pignents and lead silicochromate pigments are valuable for use in santi-
corrosion primers for steel end iron. Some lead pignents are stild
“’f‘ in exterior primers and paints for wood surfaces that sust with-
stand the effects of sunlight, rain, and weather conditions of all
‘types. Lead compounds are, and vill continue to be, extremely important

to the paint manufacturer as sssential ingredients of many types of primers,

paints, and enamels for exterior uses.
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3. HISTORY OF REGULATIONS LIMITINC THE LEAD CONTENT OF PAINT IN THX
UNITED SIATLS . @

On March 11, 1972, an order vas pudlished under Section 2(q) (1) (B)
of the Faderal Hazardous Substances Act declaring paint and other similar
surface—coating material contsining in excess of 0.5 lead (as metsl) for

C 'f use in or sround the housshold to B¢ a hazardous substance and to de

banced from shipsent in interstate commerce after Decasber 31, 1972,

T

Separate provisions of that order banned shipasnt in interstate coemerce

At

aftar December 31, 1§73, of paint and otder similar surfsce-coating

material coontaining in excess of 0.06 lead (as metal) for use ia or

ik o

40

around the household. Tha order also specifically provided, as required
by Section 2(q) (1) (A) of the Act, that any toy or ether article bearing
such paint and otber sinilar surface-coating material and intended for

usa by children would be & bannsd hazardous substance after m“of those

TV N By

Sulwe, Jepsudiug vu lim lesd conleui.

Oa August 10, 1972, the portions of the regulation pertaining to

s 4

the 0.57 lesd content wars confirwed as effective. Eowvever, the portions
pertaining to the 0.06% content vere stated to be the subject of &

separate docunent to be published at & later date. It was found by

revieving the cocments received with regerd to the March 11, 1972,

order that the two concentrations (0.5% end 0.06 lead) and effective

datee presented ssparate fssues that required separate considerstion.
3.1 APPLICABILITY OF THE RECULATIONS '
AND DEFINITION OF TERMS -
The provisions of the Federal Hazardous Substances Act ars
applicadble to any hazardous substance in interstate cosmerce that

is {ntended or packaged in a form suitadble for uss in the housebold e

or by childrea,
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The teram “bannad hazsrdous substanzie” contained {m Section 2(q) (1) (A)

any toy or other article intendad for use by childrem,
vhich i3 & hizardous subitance, or which bears or con-
tuins & hazardous substance in such manner as to be
suscaptible of accass by a child to whom such toy et
othar article {s entrusted

ond under Section 2(q) (1) (B) wesns
any hazardous substance intended or packaged in a form
suictalle for use in the household which the Secretary,
by regulation classifies as a "banned hazardous substance"
ca the basis of s rinding that, motwithstanding such
cautionary labeling as is or say be required under the
Act fur that substance, the degree or nature of the
hazard involved in the presence or use of such substance -
ia the housahold is such that the objective of the pro~
tection of the public health and safety can be adequstely
served only by keepirg such substance, when so Intended
or packaged, out of the channels of interstate comderce.

The regulations implementing the Federal Hazardous Substances
Act——lpcé!fically. Section 191.1(c)—define a “harzardous sudbstanca
intended or packaged in a form suitable for use in the household™ as
any hazardous substance that, under customiary or reasonsbly fore- .
seeable conditions of purchase, storage, or use, niy be trought into
or sround a house, apartment, or other place where people dwell or
{into or around any related building or shed, focluding but not limited
to a garage, carport, barn, or storage shed.

Tha regulations expressly exclude industrial supplies that might
be taken ipnto & howe by & servicemsn and articles labeled and marketad
solely for industrisl use.

The paint regulations {ssued under the Federal Hazardous Substances
Act are applicadle to paint and similar surface-coating materisls con-
tuin!n; 0.5% lesd that are sold for consumer use. They include paint

and similar coatings that are used for exterior and interior surfaces

of dvellings and related buildings, as vell as surfaces of articles
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i . that are maintainsd in or around houssholds or relatsd buildings, such @
] .

b rsdiators, fences, furniture, and toys.

The regulatious are not spplicable to paint snd similsr costings
that sre labaled and marketed solaly for industrisl uss, such as paints
sppliad st a factory to autmbu;s. trucks, iawa mowsts, tractors, ond
applisnces. Bowever, paint applisd to toys and other articlss intended
foc use by children cannot contain wore thun 0.3% lesd.

A petition to asend the lesd-psint regulation has beea recsived . .
snd publisbad ss s proposal. The propossd smendsent would exespt some
paints and coatings coataining in excess of 0.5% lead from the bdarned-
hazardous—sudstance classification. Ircluded within the requested
sxexption c}o touchup costings for antomobiles, agricultural and

industrial equipment, lswn and inrdcn squipaent, outboard motors,

sotorized recrestionsl vehiclas, and household appliances. L.
A proposal to exeapt artiste’ paints from the lead-paint rtg'\htin .

bas been pudblished,

il i

Comments oo the two proposals are currently under consideratioa
within the Consumer Product Safety Commission.

3.2 OTHER FEDERAL UVS Dm.mc VITH LEAD PAINT
Coungress, on Jsnuary 13, 1971, enacted the Lead-based Pafnt Poiscm
Preveantion Act of 1971. .Xu purposs {s to eliminate childhood polsoning
by leed-based paint. Section 501(3) of the law prohibits the use of

paint containing in excess of 1.0 lead in residential structures built

or rehadbilitated by the federal governoent or with federal sseistance..

Seversl bills to swend this lav have been subaitted to Congrese

during 1973. The Senats, on May S, 1973, passed 5607, the Load-based
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Paint Poison Prevention Aacnd;cntl of 197), which would amend
Saction 501(3) as followst

(s) 2rohibiz the ure of paint containing in excess of
0.52 lead before Decemder 31, 197).

(b) Protibit tha use of paint containing 1s excess of
0.04X after Decembar 31, 1973, except thar, 1f the Secretary of the
Departaent of Health, Education, snd Walfare detarmines that, oa the
besis of studies conducted in sccordance with Section 301(b), another
1ssd content not to exceed 0.5% 15 safe, then such othar content shall
becona effective after December 31, 1973,

Section 301(b) of $607 directs the Secretary of the Department of
KRealth, Education, and Welfare to conduct appropriate studies on dried
paint filns to deternine the safe lead content in residentisl paint
products and to Teport to the Congress not later than October 1, 1973,

Scoveral bills apending the Lead-based Paint Poison Prevention Act

.

of 1971 have been under consideration withi{n the House of Representatives.

We understand that the fyll House Banking and Currency Comittes has
revieved & nuaber of the dills before the House and reported favorably
on the "Barrett bil1l,” HR892CG. This bd11l, wve understand, will be sent
to the floer of the House to be voto? on, Under the provisions of this
bill, Section 501(3) of the Lead-based Paint Poiscn Prevention Act of
1971 wvould ba anended to prohibit the use of paint containing more thaa
0.5 lead. Section 301(b) of the bill directs the Secretary of the
Department of Hezlth, Education, and Welfare to conduct appropriate

resaarch on multiple layers of dried paint films with respect to safe

lead content and to report the results of such {nvestigations to Congress

not later than Deceamber 31, 1974,




TP I

ek

R e T

LU- 17449

T S RO T N i b Ao s 7 75 AT, Sl o B2l dteen 4 e G Sok” et i S S 3 s T

- 4, BISTORY OF PROBLEM OF COMMUNITY LEAD POISONING

Lasd poieoning® among young children living {n detariorating
inner-city housing exerged as an urbaa problem in the United States
as early as the second decade of this century (Willisos et al,, 1932),
Thoaas and Blackfen (1914) of the Johns Bopkins Hospital 4n Baltinore
wars the first to describe in the Arerican litersture the clinical snd
pathologic sffects of lead-induced encephalopathy ia children. Williang

end his co—workars poist out that multiple cases of lead poisoning had 4

ko

slresdy been reported from 19 separate communities before 1951, and 1t
was recognized that this proSlu wvas related to pica, the habit of
chewving cribs, toys, furniturs, and woodwork, such as window sills, and

the eating of painted plaster and fallen psint flakes. Of the affected

children, 602 were Detwveen 1 and 2 years old, and fever than 32 of the

children were over § ysars old. During the 20-ysar period 1931-1951

in Baltimore, 293 cases wers found to have clinical lead poisoning de—

fined by a blood lead content greater then 50 1g/100 vl associsted with

Bl

a clinical manifestation of lead toxicity (anemis of central narvous

i

system symptons); 85 of the patients died.
After the ur.ly Baltimore experience, public-health departments
of other major Azerican cities began efforts to deteraine the axtent

of lead poisoning. Cenerally, twvo steps wvere taken: lead poisoning

*Lesd poisoning 1s defined as & case in vhich the clinical signs . ;
and synptoms to be discussed later are present, Some investigators s
would include the presence of biochem{cal changes such as & reduction
in delts-aminolevulinic acid dehydrase or an increase in free erythro-
cytic protoporphyrin, For the purposes of this report such changcs sre
considered to be compensatory and not pathognowonic of lead poisoning.

o,
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vas m;do a reportable discase, and scparate prograns for control of
lead pofsoning were sstablished (in 1950 in Philadelphia). A report
of the results of thess measures in Philadelphia from 1935 to 1960
(Ingalls et al., 1961) noted that about 50 cases of lead poisoning
wers reported sach year, cozpared with the averags of 41 per year
reported by the Baltimore City Health Departocent in 1948-1951
(Williaes et al., 1952). Troa 10 to 20X of diagnosed patisnts died {n
that period in Baltimore (Willisms et al., 1952), and neurclogic dis-
orders, including mental retardsticn, persisted ss sequalas in aome

of those who survived (Perlstein and Attala, 1566).

In more recent years, cases of severe lead poisoning seea to
have been less frequent. In New York City, the health department

reports that fatal cases have deen reduced to onc or two per year,

- -

cvmpurod wilh sbuul @0 pur yeei o Sacades &3o. Iut thore 4o drele
information on the frequency of occurrence of the various stages of
lead poisoning short of death,

During the last 20 years, the publié-he;lth prograns of many
cities have been expendcd to Include large-scale screening of children
at risk. The results of some of the most significant of these screening
prograns are sucmarired in Table 1. A more complete suzmary of screening~ E
program results is found "in a report from the NKationsl Buveau of Standards

(Cilsinn, 1972)., The children included f{n these surveys are usuvally

between 1 and 6 years old and said to be at risk for undue absorption of . '1%

lead because they reside {n deteriorating, pre-World War II housing.

?ba surveys, for the most part, involve aress at risk within very

large metropolitan comunities. Bowever, the study froa Portland, Maine
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(Clark and Hallett, 1371), suggests that the "risk factor" 1s mot
ﬁcuutlly the size of the city but, rathar, the age of .tho housing.
This notfon {s supportsd by the study of children at risk in 14
internediate-sized Illinols comsunitiss (Fine st sl., 1972).

There is a delfinite ssasonal variation {n blood lesd content}
the &Ldou(of lead poisoning in young children peaks during the
sumeer mooths (Chisols and Barrison, 1956; Ingalls,.1961; Rlanksas
st al., 1969; Cuines, 1972). The larger ecreening programs have
collected blood samples during all mooths of the year, but some
smaller studies have been restricted to tha summer wonths.

The methods of blood lead measuremenr are varied, but the
dithizone procedure and gtomic-absorption spectroscopy have been

used most often in recent years. Anodic stripping voltamsetry has

been introduced recently (DHEW Publication, 73-10002, 1972), as bas
X-ray fluoresceace (Knaip and Laurer, 1572).

‘# : The studies indicate that 9.1-45.52 of children surveyed have
blood lead concentrations sbove 40 ug/100 nl and that up to 12.5%
have concentrations sbove 60 ug/100 ml. The Bureau of Commmity
Paovironmental Management and Rational Bureau of Standards (Cilsinn,
19.72) report that about 231 of children at risk have high dblood lead

content (above 40 ug/ml) -and that ut;out 5% of these children have ) P

¢linical symptoms.

. 4.1 CORRELATION OF BLOOD LEAD CONTEXY
] WITH PATHOLOCIC EFFECTS
i There seems to be general agreecent that blood lesd content is
the most informative single index of exposure to lod. particularly e

wvhen corrclated with biocheaical u.nd clinical indices of lead intoxication.

e 2 paa =~
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Blood lsad content has been used extensively for the control of i{ndustrial

exposure of workmea to lead, as well as the recognition of lead poisoning

.

1a young childrea with environmental or accidental exposure to lead.

Eevartheless, despite 3ll this experience, it has been difficult to de-
tersine & blood lead content sbove vhich & person can be regarded as
having lead poisoning and & dlood lead content delow which one can con~-
!idently predict no adverse health effect. It {s recognized that in-
-  creasing blood lead concentrations are associated with a coatinuum of

probable effects, extending from the concentration at which no effect

g VR sy AN TS BRI 7

1a seen to those at vhich manifestations of lead poisoning are highly

e

¢ probable. It 1s also recognized that thers may be an intermediate
range of blood lead concentrations at which biochemical changes of

e unknown patholegic or clinical significance are seen. Such considers-

tions have resulted in division of the "lead sffect”™ into three to five

categories (Br. Med. J., 1968; Coyer and Chisolm, 1972). R

T R L 1 CIEITY )

A sizple schene for correlating blood lead content with clinical
nanifestations of lead toxicity is presented in Table 2 (Coyer and

Khyne, 1973). The diagnostic criteria are divided into three phases:

no effect, an adaptive or subclinfcal phase, and overt or clinieal

toxicity. The boundaries of these categories reflect present knowledze .

and are subject to modification as new information becowes available.
Furthermore, the tadble does not reflect individual differences in
susceptibility to the effects of lead. A coapensated lead-industry

wvorker may have a blood lesd content near 80 or even 100 1g/100 ml

Y

without overt symptoms of lead toxicity (American Acadecy of Pediatrics,

e 1961).

80 ug/ml are usually regarded as expericncing lead fntoxication because

Hovever, children with blood lead concentrations greater than
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of ths frequency of associatsd adverse effects due to lead (Chisolm, @
1971). Blood lead concentration, hovever, s not in itself a peasurs
of pathologic effact of lead, but must be correlated with other bio~

canical, !unctioml. or clinical manifeststions of lead toxicity for

NS

the dlagoosis of lead poisoning to be established in a particular

i

pezTson,

4.2 REICOCXITION OF CLINICAL LEAD roxs‘omnc

The Public Health Service (Steinfeld, 1971) has suggestad that
8 child vhosa blood lead content 1s over 80 ,3/100 =l should de
considered vnequivocally to have lead pofsoning and ahould de handl.od
as a medical ucrg;ncy. A blood lead content over 40 u3/100 ml stould
be interpreted as evidence of undue lead adsorption. Blood lesd concen~
trations over 80 u3/100 »l are usually associated vith fivefold or
greater increases in urinary delts-aninolevulinic scid and coproporphyria,
as well s an 1nc€uu in free erythrocyte protoporphyrin (Coyer and ‘
Chisolm, 1972). Each of these characteristics reflects izmpairment of
heme synthesis; such changes are usually detectable at lover blood lead
concentrations than those anoc.hted wvith snexis.

Nervous system and renal effects of lcad ars usuaily recognizadle
only during the phase of overt lead toxicity. In children with blood
lesd concentrations lbwo. 100 vg/100 al of wvhole blood, the risk of
acute encephalopathy is high and the cnset unpredictsble. Adults with
blood lead concentrations over 120 pg/100 vl ars regarded as having
“dangerous™ exposurs with possible acute symptouns snd long-term sequelase.

Nerve conduction, as measured dy nerve {mpulse amplitude, may da decreased

dn the adaptive phase of lead toxicity, as shown by Fullertca and Rarrison

(15969) in workers with excessive exposure to lead.
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Clinical renal effects of lead toxicity—namely, renal tudulag
dysfunction of the Fanconi syniro=e type——occur only during clinical
lead toxicity., Industrial workers with excessive lead exposure and
increased urinary excretion-of lead but without signs of clinical

lead toxicity have only minor incresses in urinary ami{no acid excretioa
(Clarkson snd Keach, 1956; Coyer et al., 1972). It {s unlikely, there-
fore, that renal tubular function is impaired to s messurable degree
during the sdaptive phase. Eevertheless, intranuclesr inclusica

bodies (lead-protein complexes) occur {n rensl tubular lining cells

of rats at & lover dosage of lead than any functional signs of lasd
toxicity. It is suggested, therefore, that ianclusion body formation
involving the binding of renal lead in & nondiffusidble lead-proteia
cosplex probably occurs during the adaptive phase of incressed exposurs
to lead.

Overt clintical toxicity may be subdivided into early, reversible,
and {rreversible phasea. “Reversibility”™ {s more useful than "acute™
and “chronic,” because the latter tcros imply time as & factor. A child
vith acute lead intoxication n{y have more significanr irreversidle
cantral nervous system sequelae than one with wore prolonged but less
severe exposure to lesd. And a child with neurologic sequelae of lead

toxicity may have & normal blood lead content,
-

4.3 RECOCNITION OF SUBCLINICAL LEAD POISONING
The closer the blood lead content gets to 80 yg/100 ml, the sors
1ikely are clinical manifestations. The "Statement on Diagnosis and
Treatnent of Lead Potsoning in Childhood™ lssued by the Anerican Acsdemy
;l Pediatrice in 1961 recommended that "two successive determinations of

60 1g/100 ml of whole blood or higher should be obtained for a definite
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diagnosis of lead poisonring.™ Chisolm (1963) later suggested that the
1imlt of "sorzal” blood lead concentration should be lowered to 40 :32/100 ml--
a Tecocnendation that has been cﬁééned b); Steinfeld (1971).

Although blood lesd concentrations of 40-60 ug/100 ml (in the-early
sdaptive phase) are not usually associsted with clinical or even bio-
chentcal evidence of toxicity, it is not necessarily true that thers

%uo 20 harmful effects. Two paths of investigation.have been directed
tovard . demonstrating that adverse health effects of lesd mey occur
with a blood lead content as low as 40 ug/100 ml; one concerns the
blochenical effects of 1ead on hene-synthesizing enzymes, and the
second involves detection of subclinfcal central nervous systeas o
effects.

The most sensitive biocheaical indicator of sn increass in bdlood
lead i3 in vitro assay of delta-srinolevulinic scid debydraze (ALAD)
in stroma of circulating red blood cells. Hernberg and co-workers 0.970)'
have recently shovn that s decrease fn ALAD activity 1s correlsted with
incressed blood lead content and 1s a particulsrly useful indicator
vhen the blood lead content is 40-50 1g/100 m1 (Bernberg and Nikkasea,
1972). When the blood lesd content 1s higher, the activity of the
enzy=e 13 too lov to be useful clinically. Whether the lead-essociated
decrease in ALAD represerts any ad\n';n health effect 1s uncertaia.

It must be kept in mind that this test measures the in vitro aceivity
of ALAD in blood hemolysate and does not necessarily reflect any impair- '
ment of this enzyme in the {ntact red blood cell in vivo. Becsuss “'

the extreme sensitivity of this test, irs possible clinical significance

deserves full evaluatioca.

>a
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’ @ Sacent studies suggest that subtle effects on cantral nervous
function, particularly f{ntelligeace and behavioral sctivity, are
present in children with blood lead conceatrations over 40 yg/100 al,
A comprahansive study of 8 asymptomatic childres with blood lesd
concentrations over 50 13/100 ml (or over 40 4g/100 a1 vith urine

lead t;.ontcnt sxceeding 500 pg/24 hr after ethylessdisminetetraacetats
-provocation) was coudocted by Pusschel and co-workers in Boston (1972).

" A Mstory of afld (NS syoptoas, such as clumsiness and {rricability, - -

was obtained in adbout one-third of the 58 chnduc;. Minor neurolegic

dysfunction and various forms of motor impairment were detected by.~. -

more slaborate testing in 22-27% of the children tested. Chelatiom .
thersapy wvas administered, and messures were taken to improve thair
hooa environment. Eighteea months later, significant increase ia

o

sons areas of intallactusl performance vas obscrved,

Fyrow

Similarly, David and co-workers (1972) found higher dlood
snd urine lead concentrations after challenge with a single dose of a
chelating agent in hyperactive children than in nonhyperactive
children, suggesting a relation between increased lead content in
these body fluids and hyperactivity., More than half the hyperactive
children (28 of 54) had dlood lead concentrations between 25 and

65 15/100 ml. These worlars argue that any blood lead concentratioa

over 24.3 pg/100 ml is dangerous and may produce central mervous

system effects. In addition, de la Burde and Choate (1972) shoved

that 70 asysptomatic 4-yeoar-old childrea vith increased blood lead

concentrations (ween, 58 ug/100 ml; range, 40-100 ug/100 nl) or a

o lead content of at least 30 '»;ILOO »l with positive radiographic

findings of lead lines in long bones or motallic densitfes in the

. intestines had deficits in fine motor function and behavior,
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@ In contrast with previous understanding, a recent English study
suggeats that aneala {s common in children with bloid iud concentrations
batveen 37 and 60 pg/100 ml (Bects et al., 1973).
The common conclusion of esch of these studic; 1s that blood
leald content over 40 ug/100 ml sust be regarded as potentially

bazardous to health,

—— e
.

4.4 XSTDMATE OF THE NUMBER OF U. 8. - .
CHILDREN WITH INCREASED BLOOD LEAD

The Kational Bureau of Standards has recently published tha
results of mathematical models with the assunptions and data used
to forsulste thea (Cilsinn, 1972)., Estimates ara given of the number
of children vho have increased blood lead concentrations (> 40 ug/100 ml)

a in 241 Standard Metropolitan Statistical Areas in the United States.

Present estizates based on these models suggest that spproximacely
600,000 children would show Increased blood lead content If tested, .
The podels and assumptions have been only partially validated.

By usiog the National Bureau of Standards modsl in conjunction
vith data froa the major u:ree.ning programs, it is possidble to con-
struct Table 3, vhich gives the estizates of the nuzbers of cases of
childhood lead poisoning of various degrees that may occur snnually
in the United States (Ar:dcrson, D., J. Reed, and W. Heiden, pecomal
cosmunication)., These estimates should be regarded as first spproximations
that can serve only to suggest the general magnitude of ths problem.

Better dats must swait the results of well-designed epidemiologic studies

.conducted on a national scale.

[ S
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§. MITHODS OF COLTROL OF LEAD PQISONING
. Lead poisoning is # preventadle disease thag cnﬂ be controlled
in thres vays: by eliminating the sources of lead; by controlling
the mesns by which lesd enters the body; or by findiag snd tresting
cases early. [Elipination of the sources of lead is certainly the
sost iapottAné spproach over the long term and conforms vith tims~
" bonored public-health practices directed at control of the vectors
. of dissase.
The most significant identifiable source of lead poisoning
today is lead-containing paint in houses to which young children
have access. However, there are other sources of lead exposure whose
epideniologic significance 1s not known—-for example, surface dirt
and tha lead that cozes from the uss of lead-containing gasoling,
A bost of other lead-containing substances around households have been
1dentified a8 potential sources of lead exposure, such as ths paint
oo pencils, evaporated-milk cans, toothpaste tubes, porcelain, and
earthenvare. Their contribution to the lead-poisoning prodlem is
considersd to be sudbstantislly-less than that of lead paint on walls
and woodwork of old houses, old toys, and beds. It {s unlikely that
sources other than lead paints can be responsible themselves for the
cases of increased blood ‘lead contc;; under discussion, but it is of
course possible that they could make s difference in borderline cases.
Thus, control can be achieved by removing children from delspidated
housing in which peeling coats of leaded paint are svailable to them
or by removing leaded paints from the interiors of such buildings.

It may also be possible to reduce the tendency tovard pica by dealing

vith the underlying socisl and environmental factors that have beam
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shown to have & role 1o this behavioral anomaly. However, this Cocmaittes
bas been sppointed to sssist in developing federal policies that vill @
prevent future lesd poisoning associated with piints yet to be applied
to surfaces sccassible to childrea with pica; bhence, the Committes wust
focus on future sourcas of exposure, not present Or past.

Recently, the Comzittee oa Environmental Razards of the American 4

Academy of Pediatrics (1972) recosnended that ths-lead contant of paints

be reduced to less than 0.06%. This recomvendation was based on the f
assucption that tbe risk of lead fatoxication in children is increased b
vhen the datly intake, Irom sources other than food, exceeds 150 pg/day.
Esticates of daily intake from food, water, and air have also bean made
by Barltrop, who gives a total of 156 .g of lead per day. &rl:rop goes
on to reduce the daily permissible intake of 600 ug/day for sn adult to
180 pg/day for a 2-yesr-old, and further corrects this number for caloris e
requirezenzs of 8 child, thereby ending up with a final value of 133 ug/day,
vhich he suggests as a maximal perciss{ble safe iIntake (Barltrop, 1973).
A nmaximal pernissible lesd content of paint (0.06% of dried film) was
then derived from a puzber of assumptions, including: (a) that gastro-
{ntestinal absorption of lead is the same from paint as from food;
(b) rhat a child eats 1 12.2 of paint per day; and (c) that six layers
of paint hove accusulated, The vdt;lity of the recoxmended maximal
1ead content {s sensitive to these and other assumptions in the calculatioa.
$.1 LIMITATIONS IN THE AVAILABLE KNOWLEDCE O% WHICR
A STANDARD COULD BE BASED
If & limit 48 to be estadlished on a rationsl basis, the following

questions should be ansversble, particularly for children in the sus~- e

ceptible age group.
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{a) What body burdes of lead s associsted vith symptoas @

of laed toxicity?
(b) Bow is blood lsad related to body burden of lead and
signs ot syxptons of lead fazoxication?
{¢) What daily intake of lesd im paint will result h the
paxisal paraissible body burden of lsad or the maximal permissible
blood lead mua:t_ .
- (&) Bow much surface area is nidbled by childrea? .
{(a) What liait on tha percestage of lead in paint would
kocp’ the blood lead content or the body burden of lead vithin acceptabls
linits? ‘
Tha folloving brief sucmaries of the state of our knovledge vith ;

@ respect to esch of these questions should serve to {llustrate the serious

limitstions in the present stste nf our knovledge. .

5.2 ASSOCIATION OF BODY BUFDEN OF LEAD
WITH SYMPTOMS OF LEAD TOXICITY .

TR Ty
-

It should be emphasized that lesd deposited in the skeletom is
only potentially toxic, as opposed to lead in soft tissuves, such as

kidoey, brain, and liver. Thus, the significance of & given body

j burden of lead vill depend not only ou the total smount of lead present
in the body, but oo its distridution between the skeleton and the soft

‘ tissues.

é Rarry and Mossman (1970) measured the 1..3 concentrations ia

the tissues of 10 English children and 49 adults described ss having
been exposed to & normal urben environment. Table 4 summarizes thetr

Q data. The total lesd body burden of the children renged from 0.5 to 3.1 »g, e

with a mean of 1.9 mg. Approximately 642 of the lead wvas in the skeletons




of the children, compared with 95X {n the adults. The mean total dody
burden of the 29 adulr nales vas about 160 mg, compared with about 110 ag
for the 20 adult fesiles. An interesting corment made by the suthors

is that "the relativaly high proportion of lead in soft tissue, compared
to the lead laevels in bona of young children, may bs accounted for by

* the lack of hard, dense bons at this stage of 1life vhich, vhen daveloped
in later life, sppears to take up and retain lead. It is suggesated that
this say account, in some measure, for the advarse response in young
¢hildren to severs lead mxposure.”

The relation of aither clinical signs of lesd toxicity or changes
in the early indicators of atnormal lead exposures such as blood lead
couceatration, erythrocyte ALAD, and free erythrocyte protoporphyrin,
to sither the soft-tissue or the skeletal lead burden 1s poorly defined.
Insssuch 8s Jead concestrstions in tigsucs are not ususlly messured
before autcpsy, there is no basis for a correlation betveen signs and
sysptoos and the body burden, other than for fatal encephalopathy.
Chisols and Barrison (1956) and Kehoe et al. (1933) have measured the
body burdens of lead in childrem who died of lead intoxicatica. 'M
results indicate that the associated soft-tissue body burdens ranged

from 20 to 100 mg, or from about 35 to about 200 times the "normal™

soft-tissue burden. The skeletal burden, as uti.nt“ from rid analysis,
veried from 100 to 400 mg, or 100-400 times the "normal”™ skeletal burden.
The "normsl” values vers determined in Englend and masy not ba applicabdle
to s U. 8. populsation.

In surmary, only a fev data are available to describe the normsl

lead content in children's tissues, snd no data are availabls for cases

of lead intoxication other than fatal encephalopathy.
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5.3 RELATICN OF BLOOD LEAD TO BODY BURDEN OF
LEAD AND TO SYMPTOMS OF LEAD INTOXICATION

Tha blood lead concentration can reflect either recent exposure
or an equilibrium relstionship to lsad in the skeleton and sofl tissuves.

To evaluste the former, it i{s necessary to understand tha clearance
rates of lead from bleod. Using lead-210 as a tracar, it has been
detarmined in the baboon that lead clears in thres wxponasntial com~
povents: approximately 731 of the blood lesd 1 day u.fur injection {8
removed vith & blologic half-tise of 1.2 days, 24X vith a biologic half-
time of 10 days, and 3 with a biologic half-time of & wonths (Cobu.
st al., 1970).

o information is availadle from which to estimate the Teservoir
of lead in the tissues of & person who has a blood lead concentratioa
higher than normal, but wvho {s resoved from exposure.

The relation of blood lead concentration to symptoms of intoxication
is not adequately defined. If the blood lead concentration does not '
exceed 40 1g/100 £l of vhole blood, there are no clinically observable
effects in adults or children, slthough erythrocyte ALAD sctivity may
be less at these concentrations than at blood lead concentrations below
40 ug/100 »)l (Bermberg gt al., 1970'). ‘

The term "asyuptomatic increased lead absorption™ has been coined

.
to designate the gray area of blood lesd concentrations that are signifi-
cantly higher than the norwal range, or from 40 to .60 ug/100 ml of blood
s, 1972).
The availsdle information con.comln; blood lead concentrstions

in relstion to signs and symptoms, as summarized by the NAS Committee

oo Biologic Effects of Atmospheric Pollutants {n 1972, {a givea {n
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Table S, It should ba moted, hovever, that these data havs been obtained,
for the most part, froa studies on adults.
9.4 DAILY INTAKE OF LEAD IN PAINT THAT RESULTS IN
MAXDHAL PERMISSIBLE BLOOD LIAD CONTEXT

Concentrations of lead {n the blood of unexposed children (12-36
months old) hav;tncn Teported to rangs froa 15 to 40 ug/l00 al of whole
blood, with s wedisn of 27 ug/100 ml (Robinson at al., 1958). Oa the
besis of Tepper's observations on adult fntake (1971), the total intake
of lead for a child would be 106-206 ug/day. The contributica of
inspired air to the estimated totals for average lead intake {s approxi~
sately 3-6I. On the basis of a gastrointestinal-absorption factor of
10X, approximately 95-185 .g/day should be excreted in feces. In fact,
Chisolnm and Harrison (1956) and Barltrop and Killals (1967) observed a
datily excretion of 120-175 ug in feces, with a mesn of 132 ug/day.
The percentage of ingested lead absorded from the gastrointestinal trect
of children 1s one of the major uncertaintfes, Alexander et al. (1573)
have recently reported, based on metabolic balsnce studies, in 8 childrem
over a 3-day period, that absorption in children may be as high as 50@
with sn sverage retention valuve of lllﬂ

Laad conccntrltioya in the »lood of children of 40 1g/100 al or
higher are considered evilence of un&uo absorption of lead., Ou the
basis of data on excretion of lead 1in feces {mmedistely after the cessation
of pica and of the results of bslance studies (Kehoe, 1961) favolving
the experinental intake of soluble forms of lead, King (1971a) bhas esti-
mated that a dafly intake of 300.v; of lead would not result in a sfignifi-
cant {ncrease in tha blood lead concentratfon. Doubling of this fntake

over & period of 3-6 months would result in & blood lead concentration

that' could exceed the defined toxicity value of 60 1,§/100 ml,




s o - M SO L b RN S 3 V.

LIAL7464

R B 1 W A A AT i b e Rl L b2 05 . b . s it 280 i, St

24 ] . .

5.5 SURFACE ARZA NIBBLED BY CHILDREN

The quantity of lead ingested with paint ia relaced to paint—chip
site, percentage of lsad in the paint, and the mumbar of layers of paint
on a particular chip. 0o the basis of 6.5 ug of paint per square centi-
meter per layer of isterior paint and 16.0 mg of paint per squar.c centi-
»eter }cr layer of sxtarior paint, Table & liste tbs amoucts of paint
necassary to obtain 200 ug of lesd, or two-thirds the daily calculated
permnissible intaka for different percentages of lsad in psint and
different pumbers of layers (Xing, 1971b). PYor 0.06I and six layers
of faterior paint; this would correspond to a chip of adout 8.5 c-z or 1.3 1&.2
1t sbould be noted that the rate of absorption of lead from paist chips
1s not knowvn and may in fact be highly variable. The American Acsdeay
of Pediatrics report assumed & chip intake of 1 ln.zlday. This would be
equivalent to sbout 2.5 ft2/year. There is no baeis for stating whetlLer
this i3 a reasonable assuzption, and it mey in practice be impossible to
obtain realistic data.

5.6 LIMIT ON PERCENTACE OF LEAD IN PAINT THAT WOULD
KEEP LEAD INTAKE BELOW DAILY PERMISSIBLE INTAKE

Assuning s daily intake of 1 1n? ‘of six layers of psint per day,
and 5-10T absorption of lecad, 0.06% lead in paint would keep tha dally
lesd intake below the recommended 30; ug. This vas the line of reasoning
adopted by the Averican Acadeny of Pediatrics, Rovever, this conclusion

could de grossly modified by varying the sssusptions noted above.

6. DISCusSion

It is spparent that there is not sufficient information on which
to prozulgatc a standard based on knowledge of the essential quantitative 9
rcla:tonsA that link ths lead content of paint to symptoms of imtoxication.

However, this 1s not unusual in public-health practice, Many useful

»
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standards have been established by informed pecple who make judgsents
based on vhatever facts are availadls.

An sltermnative to 8 limit based on 7lrm scientific evidence
might ba one founded on 8 nore pragmatic approach. One might estadblish
8 lin{t on the basis of the lowest lead content of paints found ia
dvallings in vhich lead polsoning has been reported. 7The only statement

in the literature that deals with this question comes from Chisolm and

Barrisod (1956), who stated, 1n relatlon to their owa sxpsrience: *¥o

case of lead intoxication has beea found where the only source of lead
contained less than 1% of lead in the dried paint surface.™ Although
this conclusion was published 17 years ago, it has not been refuted dy
any subsequent publications. The paints used before adbout 1940 coo-
tained about 50X lead on the average, and it ia not surprising that &
f1feyfold raduction in tha lead content would reduce the attack rate

to the point vhere cases of lead intoxication would mot be observed.
This night serve ee 2 dasis for setting a limit. Bowever, one cannot be
assured that effects of lead intoxication so subtle as to escape atten-
tion do not occur at lead concentrations lower than 1I.

A third approach, and one that has been used in public-health
practice, would be to require that the lead i{n interior paints be
reduced to the lowest practicable co;ccntrctton. By "lowest practicable™
1s weant the lowest concentration that can be achieved by existing tech-
nology. It is implied that the lovest practicable concentration will be
interpreted vith restraint and with due recognition given to the available
scientific and medical information, ss well as the adninistrative and
economic factors. A decision could be nads to prohibit conpletely the

use of lead in paints, but lead can be expected to occur in trace quantities

NPT TP
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se an industrial fopurity ia the ingredients that are used to formulate
paints. This requires that the phrass "no lead” be defined. If lead 18
8ot used 4n paint ssnufacturs, so0sa other materials must take its place.
A judgment must be zade as to whethar the substitute materiale {nvolve
less risk to the public health. Finally, {t {s possible that each
progressive reduction in the lesd coutent of paint will involve grester
cost, and cousensurste bHanefit to the public bealth should be ensured.
Thus, reducing lead to the lowvest precticabls coutent must inevitably
involve & value judgment in which one balances tha likalihood of health
danage at 8 given lead conceantration against the likelihood of health
damage froa substitute zaterials, thes effect of the change on the per—
formance of the paint, and the cost of making the change.

The various approsches are fundamentally different. The first
two fovolve interpretstion of scientific datz and a decision as to
the lesd content of paint that will keep lead polsoning from developing
in the future. Tha "lowest practicadle™ approach requires value judgzents
in vhich semigquantitative, almost intuitive reasoning is used to arrive
4t & conclusica. A standard based on the first tw approaches is clearly
one that can best be developed by scientists. BEowever, sciestists are
oot uniquely qualifisd to recommend a .:.na.fé bssed on the "lowest
practicable” concept. * '

As has been noted, sn insufficient budy of {nformetion exists to
permit estadlishaent of a atandard for lesd {n psint besed on scientific
facts. Although lesd hae been known to be a toxic material for centuries
and 1s & major industrial chemical, there has been lnadequat; research,

Although lead in paint has been fdentified ss an etiologic factor {a

lead poisoning among children with pics, thare is & psucity of epidemiologic
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data with adequata cass histories by means of wvhich one could descridbe
the association of & given child's blood lead concentration to the
condition of the painted surfaces to vaich the child had been exposed.
There should bs more information about tha clinical significance of
Blood lasd short of full-blovn lsad poisoning. Such inforation
canoot bs expected to come into being in less than a few years.

Any proposal to reduce the lead content of paints, in additicm
to being coocsrned with the bealth aspects, should also coansider
the effect of such a change oo mepufscturing practices and on the
quality and safety of the modified products. Ths course of actiom
ultismately selected should protect the pudlic with a minimm of dele-
terious effects, cither on the scononics of the industry or om the
quality of the products.

Laad compounds are used in paints principally for thrse reasons:
as pig=exzs, as driers, and a3 agents to prevent so-called loss of
drying in storsge. The use of lead in pigments requires such high
concentrations in the paint formulation that current regulations
setting a aaximum of 0.5 lead have for all practical purposes already
‘eliminated 1ead pigments in bousehold paints.

Driers (aetal ralts or fatty acids) belp to speed the oxidative

hardening of the paiat film when the vehicle contains unsaturated
components, such ss vegetsbla oils or alkyd resins (Stewart, 1969;
Bikales, 1964, 1966, 1970). Lead driers (typically lead 2-ethylhexcats,
lead naphthenste, or lead tallate used in lead concentrations of 0.2-0.4%

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

they effect relatively rapid drying throughout the mass of the {ilm.

Other driers—such as various fatty scid salts of calcium, cobalt,

e i o
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_manganass, rinc, and zirconium--are commonly used in conju&ct!on vith ‘g

lead driers in empirical foroulations designed to give the desired rate
and thoroughness of drying at widely varying temperature and huaidity
(Stevart, 1569).

A further use of lead compounds 1s as additives to retard so-called
loss of drying, {.e., the deterioration in drying properties of paints
that can occur in storage. Yor this use, proprietary lesd complexes
are apparently preferred and are sdded in concentrations sbout equal
to or somevhat lower than those of the lead driers (based on lead
content). Relatively little information is available on the types of
compounds used or on the mechanisa of their action (Stewvart, 1969).

A reduction i{n the permissidle concentration of lead in paints

to 0.067 would in effect prohibit any intentional sAdition of lead

coxpounds to pig=cats, driers, or other paint additives. Paints based

oa oleoresinous substances would require reform:lation to eliminsts

lead driers and all other lead cozpounds. Analytic procedures would

be necessary to snsure that no accidental contamination by lead com~
pouads had taken plsce during manufacture. Atomic-absorptica
spectrophotosetry 1a particulerly suitable for this purpose, and a simple
colorimetric method has deen devised to indicate wvhather the proposed
saxinal concentration of C.067 has been exceedesd (ASTH, 1973). It can o
be expected that reformulation to the 0.06% lead content and the sssoci-

ated testing would require st least a year. The burden would be heaviest

oa the many sasll paint manufacturers that lack the necessary technical

staff &nd resources.
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Bousehold paints are generally classified as intended for interior
or exterior use, Interior paints ars likely to represent the greater
potential hazard b'acmu‘ol.'ﬁulr greater accessibdbility and bdecauss

children, at their most susceptible age, are more often left unattended

vhea indoors. At present, sost interior paint is bised on aquecus

ﬂlhm.;‘th’.l type of paint does not ususlly depend on suto-oxidation
of unsaturated compounds to harden and therafore does not require any
petal salts as driera. Although emulsion-based paints normally produce
surfaces with little gloss, new Cypes that can give & semiglossy finlish
are nov on the market. These are expected to make inrosda into the
last major use of oleoresinous paints in the interior of households—
surfaces vith glossy finishes. Becsuse interior paints usually dry
uander more controlled conditions and are not subjected to as severe
wezthering conditions as exterior paints, asdequate paints of poth the
enulsf{on and the oleoresinous types can be formulated for iaterior
use without any intentional additfon of lead cozpounds.

Paints duigﬁ&d for application to exterior surfaces require &
uvseful rate of drying and adequate durabdbility under wide varistions
of clivatic conditions. The combination of low temperature and high

bunidity (e.g., SOFand 70% RH) 1s particularly stringent. The use

s

of emulsion-based exterior paints, which require little or no drier,
is increasing rapidly, but oclecrasinous paints still account for a
large part of the warket, Lead driers play an important part in the
formulation of the latter typs. Lead-containing primers are also

useful on heavily chalked surfaces and to prevent staining by the

water-soluble sxtractives present in some types of wood.
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In the foraulation of paints, the lead driers cannot usually be .
elimi{nated by mers substitution of an squal amount of another metal
salt of a fatty acld. A combination of other metal driers must be
fitted to each particular recipe, and there {s sone quoot}o? as to
whether paints 80 reformulated are equivalent in quality to thoss
contaiging lead driers.

The substitution of other drisrs for ths lead salts also rni;;a‘
the important quastion of ths safety of ths substitute materials.

Under curreant regulatfons, the Food :1nd Drug Adlihi.ttlti;ﬂ permits

the use of some driers for coatings that come into contact vith food—
pasaly, some fatty acid salts of aluainua, CAlclun,'ccrlun. cobale,
iron, lithium, magnesiua, manganese, tinc, and zirconium (Code of !eé;rul
Regulations, Federal Fcod, Drug, and Coszetic Act). As already pointed
out, several of these metal salts are normally added to paint in con~
junction with the lead compounds. It is likely that paint manufacturers
wvill use coabinations of these sane driers if the lesd content must be
reduced to & maximum of 0.061. Zirconfum—based drisrs appear to bde the
post useful single sudbstitute. -‘The cost of the substitute driers,

being higher than that of the lead salts, would raise the rawv-material
cost of the refornulsted paint by several cents a gallom.

The Comittes has becn appriued‘;f the fact that Chicago, Illinois,
already has & locsl ordinance calling for a maximal lead conteat ia
paint of 0.06% of dry-weight solids. This regulation was effectfve
on the lst of July, 1572, and s applicable only to interior surfaces
of dwellings or dwelling units (domiciles). It specifically exempts

varnishes, oil stains, floor paints, and coatings in aerosol cans,

Conversations with Chicago city officials have indicated that coapliance
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wvith the ordinance has becn successful in perhaps 907 of the “cff-the- N
shelf” paints testad. PFurthermors, the cost of paint produced in the
@ Chicago area was reported to be no highser than the national avarage. ) @
In terms of paint already existing on wall surfaces, the Chicago
ordinance calls for a limit of no more than 1 a3 of lead per squars
centizeter of surface,
At the present time, therehave not been snough epidemiological
- dats collected to determine whethsr the 0.06I regulation has resulted
in s change ir the number of cases of increased blo«; lead in childrea
screened within tha City of Chicago. It is boped that in tize, the
experience of the City of Chicago 1a sdministering this ordinance will
provide the CPSC with additional useful information relative to many

of the points raised in this reporec.

7. CONMCLUSIOXS . AND RECOMMEXDATIONS

E lead content of paints sold to consumers by a quantitative rationals ,
“! that takes into consideration the quantity of paint apt to be ingested
by children vith pica, the rate of abdsorption of lesd from the gastro-
intestinal tract, and tbe amount of absorbed lead that will produce
intoxication, the Committee concludes that there 13 at present insufficient
information to perait srriving at s recomendation on that basis. A
] broad progran of research {s rcqulrcc.l to understand better the mechanisas
involved in lead intoxication and methods by wvhich the disease can be
controlled. MHational and local health education programs to slert parents
to the health hazard to children are recocaended.
(b) A wmore pragmatic spproach would be to ascertain, through
j e epidemiologic methods, the lowest concentration of lead in paint that °

has bcen assoclated with lead fntoxication among children with pica.

The only statement {n the literature that deals with this guestion

9 (2) Although it wonld be desirabla to sarshlish & Tinit on the G R
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: was publishod 17 years ago snd stated that no case of lsad intoxication
3 had besn found where tha only source ¢f lead contained lass than 1% of lead
: ; i ths dried paint surface, Although this conclusion has not since bdesn
r ? rsfuted, the Comafttea i3 unable to conclude that subtle but nevertheless
: significant forms of lead intoxicatioa that may have sscaped clinical
1 detection have not occurred from exposure to paint films wvith lead coa-
L ceatraticns lover thaa 1X. . -
. 3 ) A\ (¢) The Comnittes has learned from representatives of the paiat

msrufacturing industry that the present requirement that the lead con~-

tent of paints de limited to 0.5Z alresdy precludes tha usa of lead

NI TIE

compounds as pigments. However, lead driers are widsly used at con~
centrations of 0.2-0.4% (based on laad content of the dried paint

f1in), to help speed the oxidative hardening of the paint fila whem the

e i e e,

@ wvehicle contains unsaturated components, such as vegetadle oils or

s

alkyd resins. Ia psrticular, lead driers (typically lead 2-ethylhexocate, ,

-~

lesd naphthenate, or lead tallate) used in lead concentretions of
0.2-0.42 are especially valued becauss they effect relatively rapid
drying throughout the mass of tha film, Other lead compounds roisxi
the so-called loss of drying on storage. A reduction in the permissidle
i ccoceatration of lesd in paints to 0.?6! would prohibit the uunuon;.i
’ vee of lead compounds as driers eor l.l additives to retard the so-called
loes of drying.
{d) 1f the lead content of paints {s limited to 0.06%, 1t would bde
3 necessa~y to reformulate lead driere for painte dased on oleoreeinous
EJ substances. This would probably require substitution of metals other
| e than lesd. Although the Committes has no reason to believe that the ‘
substitute setals would introduce nev toxicologic problems, this possibility

should be considered before any steps are taken that will require substitutios

of other metsllic compounds.
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(8) A prograa of reformulatfion of drisrs to meat & 0.06% lead
requirement would take at least s year to implement.

(f) Evidence sads availadle to the Comnittes nakes 1t clsar thet
the intentional {ncorporaticn of lead into pigcents aod driers caa be
elininated for consumer paints applied to interiors, toys, and furaiture
and that 4t may be posaible to eliminate the deliberaste use of lsad 1n
paints for outdoor use. Rovever, some lesd miy nevertheless be pr;mt
in these products, owing to its odv?ntizlouo preseocce in process materisls,

{(g) Until mors scientific information can be accusulsted from the
research programs recozmended {n this report, the Committee suggests
that it aight be wvise for the Coasumer Product Safety Commissiocn.to-
institute sa interia program of controls based on tha concept that the
lead in paint scld to consumers be reduced to the lowest practicable
concentration. The adainistration of this concept should be implemented
wvith due recognition of the veed for balancing costs against denefits.

It should also be recosnized that the weighing of societal costs sgainat
societal benefits may not always involve easily quantifisdle considerations;
it may be necessary to define the lowest practicable lead content on the
basis of the judgments of informed people rather than scientific
snalysis. Tests recently undertaken by the Axerican Soclety for Testing
Materials have shown thaz"'lcod—!nc"‘ paints contained as much as 0.03X
lesad. This may be due to impurities in the materials used for paint
manufacture and to the occasional carryover of lesd from one industrial
process to the other or to uncertainties in the snalytie procedures.
There is 0o sssurance st present that the lesd content of lead-free
paints could not excecd 0.06% oving to these factors. Thus, any regulatfoa

that governs the maximal lead coatent of paint products must be based on
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consideration of the practicability of controlling the lead that eaters
tbe process adventitiously and of tha availability of reliable analytic
procedurss. '

(h) The Coneumer Product Safety Commission should develop &
nationsl paint surveillance system to sasure that established standards
are being set. As part of the development of this surveillancs network,
it will bs necessary to spousdor the developaent of better analytic .
wathods for mt of trace quantities of lsad in off-the-shelf
paint samples.

(1) Any standard issued to limit the lead content of paint should
bs revieved biannually {n the light of vhatever additional 1nfomt!:on
becomes available. The limits may be raised or lowered, depending oca
circuzstances. Bowever, smple tinme must ba permitted for or&crly
reformulation of psints end driers, and no changes should be made without e
adequate cvn;iézr;;!u;n ;l the effects on tbe public health, of the cost, |
and of the effects on paint quality. The overriding considerations must
of course be related to protection of the public health.

(3) The Cn;:nsuner Product Safety Cocmaission should sponsor research
to identify the sources of adventitious lead in paints and driers.

Ths pausual opportunities for absorptica of lead by children with
pica has casused the Commiztes to nco;ncnd that use of lead in paints
be reduced to the greatest practicabdble extent. Bowever, the Committse
exphasises that thare may be other uses of lead, nov and in the future,
that could bring significant benefits to the consumer. In accordance
with good public-health practice, more must be learned about the mecha~
nisns of lead intoxicatiocn so that, as future applications for lead ars : a

developed, they may b2 incorporated into consumar products without undue

- e ——t a1
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risk. The Cozoittea has identified several research objectives as having

pasrticular importance.

8, RESEARCH REIQUIREMENTS

(8) The "norzal™ body burden of lead in people of various ages
should be better established for a variety of modes of hadbitatfon and
socioecononic classes.

(b) The sbsorption of lesd from the ggltrolntc;tinll tract should
be -oes;:cd in experimentsl animals and children having a normal dietary
intake of lead. The astudies of children can be accomplished using the
lead content of the normal diet.

{c) Coaparative studies of the absorption 6! lead from the gastro-
intestinal tract of suitable experimental animals should be undertaken
vith regard to lead in the norsal diet snd varicus paints and driars.

(d) Tha clinical significance of increased blood lesd content
should be studied in children, with particular emphasis on the adaptive
or subclinical phases.

(¢) Epidemiologic studies should be extended to include the
sequelae of overt lead Intoxication in childrea who survive scuta toxie
sanifestations.

{f) Better analytic methods should be developed to messure lead
in off-the-shelf paint sanples and body tissues, especially blood.

(g) Bealth departments and hospitals of major urban centers should
be encoursged to adopt mutually compatible protocols for eass screening T
of children and for 1dentification of the signs and symptoas of lead
polsoning, Standard procedures shou}d also ba adopted for docuanenting

the lead content of paint to which the children ware exposed.

-
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(k) The Counsumsr Product Safaty Commission should serve as &
Vutioml registry for data accusulated in the scrasning prograns
and should fssue consolidated annual reports of the findings of
such studies and the incidence of community lead poisoning {n the

United States.
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Resslts of Sereoning Progcrass of ¥lood Lesd Concentrations
Living {a Deteriorated Hovsteg In U, 3. Cltles

of Chtldren (3-~4)

L T 2N A e ® T e ety

Fractlom of Chldren with Incressed Blocd lead, 2

.

City Year ¥umdor of &0 50 3] 8d Cocment Relerence
Cnildren w./100 mi} »g/100 @l | »g/130 mi /109 ml
Maltisoce 1963 653 23.3 .6 1.1 Lia-te, 1872
1% 166 18.% 7.2 2.8
1920 9939 n.3 14 1.4
Chicoge 1%7-70 120,000 20 4
Row Raven 1%49-70 1.897 PN . 3
Yevark 1970 3% b1 ] 1.4
Vashington, D.C, 1920 1,158 2.0 12 1.2
Xea York City 1369 2,548 43.% 243 12.% Culnes, 1972
1920 84,49 28.7 12.4 3.
1971 37,559 23.7 10.3 4.6
KTt Sutvey 1971-72 1,309 %.1-41.6 onrd Publ.
17 cities Xo. 73-10002
1812
Tortliand, ra. 1370 $33 1.3 Initia]l screeming | Clark and
for U-ALA 0,54 Ballect
. »2/100 wl 1971
Borton n 708 18.3 .39 3.4 1.0 Iafcial screaning | Pueschel gk
for talr lead 1972
10 eglg
“bata from V. Culnce, M.D., Surcew of Lesd Polsoming Contral, Now York City Departaant of Pealth
. ~7
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2elations of Vorfous Measureszents of lead Toxicity te

Category of Lesd Effect (Modified from Coyer and Rhyna 1973)

ALA = Delts-Aninolevulinic Acid.

CP = coproporphyrin

1 1
’ No .« fact,
B3lood lead <40 u3/100 al
ug/100 mt
244 nocnal
Urinary AlLA normal
Urinary CP
. Aoenis none
Kervous systen
_effects
Rensl effects none

¥3/100 al

slight increase
slight increase
reticulocytosis
decreased perve

conduction?

noag
(inelustion bodies?)

FEP = {rce erythrocyte protoporphytia .

-

I1g Iy,
- Adaptive, Subcllnie.% )
40-60 60-80 1g/100 =l

11
Clinical Toxicity,

>80 ug/100 m1

large i{ncrease
> 5 fold

wsually

atexis, coca
convulsions

Farconl syndrooe
chronic nephropathy
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TABLE )

Nationsl Data oa Inc{dence and Medical Significance

~

OF COMMUNITY CHILDHOOD LEAD POISONING

Children fn Susceptible Age Ctouy.;............................20.000,000
{under 5 years old) :

Children 8t RIBK..ieveeessrsrsessncoscsesssnssscsssrevavcsssocs 4,900,000
(under S years old, live {n petropolitan areas,
fazilies {n poverty classificatiom)

-Chudrtn with Increased Blood Lead Content...evevscssacsccecnse 600.000

(blood lead content above 40 ug/100 ml)
Children with Symptosatic Lesd Poisoning per YerT..ceeensoncese 30,000

Children with Asyzptosatic Lead Polsoning per YeaT.ieecesossans 80,000
(all should de treated)

Children with Heurologic Handicaps, Including Mental

RetardatioN . veiceescscccscscsreosscssenccncacsoscsscacccscens 6,000
Children Requiring Lifetise Institutional Care...cecenscecnscas 150
Desths Per Yesl.cioevicercssocsccvsoovocsscossocnvocasscnsnscsans 200,

(includes scuta a=d long-tera consequences of lesad poisoning)

The children im susceptible aga group and children at risk are
based oo Bureau of Census data vhich have been rounded off. Childrea
at tisk are under 6 years old living 1o dilapidated housing containing

hazardous concentrations of lead. .-

Of those at visk, 24X sre estimated to have dlood lead concentrations
of at least 40 13/100 nl of whole blood. The percentage 1is the median
values of surveys in Illinois and Kew York City. If other citise are

used, the percentage {s higher. There i3, howvever, little informatiom

from theWest end from small cities.
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From current screening programs-——such as those in New York,
Philadelphia, and Chicago——it appears that about 52 of tha childrea
with dlood lssd concentrations over 40 1ug/100 al have clinical signe
o aysptoms~—convulsions, anaais, cramps, ste.

The estizate of asymptonstic children with blood lesd concen-
trations about 60 .g/100 ml of whole blood is 3.2 of the populaticn
at risk, Thia estimate 1s based cn the resulls of Illinois and
Eew York City screenisg projscts.

Children vith peurologic handicsps, including mental retardatios,
are estinated at 20X of tha cases of sysptomatic lead poisoning, on the

basis of follov—up studias in Chicago.

e i W B

aest

ey ——



- bl o o

ik ainik o

LTA17315
(5 & |
. 'te ) ! ‘ @
o o T V?"‘Noml" Lead Burdena 1n the Skeletos N -
and Soft Tissues of Adults and Childrent®
Skeletal Lead Skelatal Lead, Soft-Tiseve Total
Agse, Burdea, X of Total Lead Burden, Body Lasd Burden,
Sublects No. Years ng Body Burden nE . T wmpg
Children, ' .
both sexes 10 <6 1.0 64 0.53 1.%3
(0.21-2.37) : (0.12-1.58) - (0.3-3.1)
Adult males 29 10-80+ 153 ' 94 9.3 162.19
(21-341) ! (5.3-21.1) (27-352)
Adult females 20 + 20-80+ 107 : : ” 5.7 112.49
(12-237) (2.6-8.4) (19-244)
4

Nuxbers in parentheses are ranges.
All nuabers have been rounded off.

. Mote:

*Data froa Barry and Mossman (1970).
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. TABLE 5

Leved 2nd Types of Effects of Inorgaric Leod St as Related to Evtimates of Yarions Levels of Absorption—Recent
.

and Reweole
Lovel ¥
Lovel Livet Iy Lats Lifects of
Lovel Bt Minimat Loved bi8: Acwit Lerd Poiwsaing Crronic o1 Rocor
No Demonsordtdy  Senchncal Comperaturey Biclogie sent Acute Lasd
© Type of LiTecty M orhe b llxat Motabol Lifegt  ¥mlanman lavuhed Nad . Sevewy Poboning
" Metsdolis (accume Oangieg Bgh mcrese M ALAL LCP. HIP ALA UCY, PP Iacressed f excewivg
§ Lticn sud s ALY snasy ALA precervevely wcreaned brerwd $ e 100 fold expoliurs rereat,
ton of hime —ay b dut may sot be o
poscursd proment * ereassd if ercraing
L posure semote

Dematopuwdie Nove Noat koown Bertencd e el ife-  Shortencd red-ocll bfe-apen Asemss (1)

e, Pt oy and Kuculocy Wous Oeversibie)
St} itk o wiihou! sneumiy
Cuscrudbad trverndle)

Kijney (reast Kons Nows krowm ? Amme- Foncomi  *  Chpenic se;hropey?
tudwlar ciderin, [ permanent)
functined $ircossie drame

(2} o {revery
vervidle) L

Coniral mrvous Kone Kone haoen ? Mid mjery  Sceere lajury  Savere injury®?

3 e (ool " 3 {pcrmy- (e mensl
rerube) »eay)

Pertpherad Kone Kooz Lrous 4 R Rom lampaired conioction
scrves twrne, foot drop

wmally impeove
seuty, bat M2y W
. permarTal)
Clinicsl efTorn Neoas Koas knoen Nooec!fn risd symp Colic, i Asnia, st Meatdl deficxncy
. s (may be det hday, Pot, comma, {(may b prolovadd,
I port tn oo ol tiag tvovuiseas wiruce Sirordar,
Ing doered senal imsalficiency
k (owt) (perme-
- et
: Loubes of levet of -
meont o .
cwrent 3
$leod beed <0 40-40 30-100¢ >$8 >80 Mag Y¢ novmil
#$/100 gof g Wik pcmia,
? whole Smtercvrrent drcase:
- Yoed 30-100e
Urine besd - < <X >130 >1%
Gtz smdy), ©Olay be ke in aevere Ninem) scretion may be
_pphwy wormal .
©Sev p. 10C Enr doseweinn of (hynrw s kveh of ALADL
L STHYZ NN R Sy B e apothy i prative. By o Sy Bol by peniiag i pErIURCat contial feTveus trstem ey,
* National Academy of Scicnces (1972),
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TABLE 6

Lead Content of Puint';

Lead Content, X

R . o

Lead pcé Sq: C-;

o, Sq. Ca. to Contain 200ug

No. lLaycrs Paint in

Pcr layer Yon-Tood Lead: 2/3 DPI Surfaca Covering
(Micrograms) . Containing
(IéﬁU Hilligrams) Per layer Per 6 Laycrs 30ug Pb/5y. Ca, ==
$q. Ca. Sq. In, | Sq. Cm. Sq. In. (0.03r~ Ib/Sq. Ca.)
Ru-hee
INTERIOR PAINT (6.5 pg/eal/layer)
1.00" 65.0ug 3.1 0.43 0.51 0.08 Less than 1
0.50 32.50 6.2 0.96 1.0 0.135 1
0.20 13.0 15 2,32 2.3 0.39 2-3
0.10 6.50 30.1 4.7 5.0 0.77 4-3
0.06 3.%0 51.3 8.9 a.5 1.3 7-8
0.05 3.25 61.5 9.3 10.3 1.6 9
0.03 1.95 102.6  15.9  12.0 2.6 14-16
. A
. N
?
EYTERIOR PAINT (16.0 sg/ca?/leyer) N
1.00 160ug 1.2 0.19, 0.2 0.03 Less than 1
0.5% 80.0 2.5 0.39 0.4 0.06 1
0.20 32.0 6.3 - .98 1.1 0.17 ?
0.10 16.0 12.5 1.93 2.1 0.2 2
0.06 9.6 20.8 3.2 }.5 0.54 b}
0.05 8.0 25.0 3.9 4.3 0.67 4
0.01 4.8 41,7 6.5 7.0 1.08 [ 3
. [

* paxirum {ndicated in {ndustry standard Z-66 -- assuxcd to be the lesd content of paint applied
since the 1940's.

*Xing, 1971.
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