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Preface 

This  document was prepared by the ad hoc Commit tee on Lead in 
Paint of the Nat ional Research Counc il, Nat ional Academy of  Sc iences 
under contrac t CPSC-C- 7 5-0018, from the Consumer Produc t Saf ety Commission . 
The CPSC requested that the Academy recommend a " safe level" of lead in 
paints and o ther coatings based on an evaluat ion of four s tudies submit ted 
to the Academy by the CPSC . The Commiss ion also reques ted addit ional ad­
vice and recommentat ions related to the safety of lead in paints and 
coa tings . 

The ad hoc Commit tee on Lead in Paint met December 1 3  and 14 , 
19 74  to review the four s tudies in wh ich lead coupounds used in paints 
were fed t o  rats and baboons . The s tudies reviewed wer e :  

1 .  Purdy, Rober t H .  
Southwes t Foundat ion for Research ( SWFRE) . 
A Toxico logical Inves tiga t ion of  Chronic Lead Paint Inges t ion 
in the Juvenile Baboon (Nov . 1974) . Contrac t No . CPSC-C- 74-1 59 . 

2 .  Kneip, T . J . , V . P .  Rulon , E . A . P f i t zer , N .  Cohen and D . H .  Gold s tein, 
New York University Ins t i tute of  Environmental Med icine (NYU) . 
Lead Toxicity S tud ies in Infant Baboons - A Toxicological 
Model for Childhood Lead Poisoning (Nov.  1974) . Contrac t 
No . CPS C-C- 74-153 . 

3 .  Cas tles , T . B .  
Midwes t  Research Ins t i tute ( MRI )  
Lead Paint Inges t ion S tudy ( Feb . 19 74). Contrac t No . 62-W-62GC 
and NPC . 

4 .  Barl trop, D .  
S t .  Mary ' s Hospital Medical School ( S t .  MHM ' s ) 
Assessment o f  the Hea l th Hazard of  Various Lead Compounds 
Interim Report  (S ept . 19 74) . Contract No . HSM-99- 7 3-28 . 

The first two s tudies were contrac ted by the CPSC, the third by 
the National Paint and Coa t ing Associa tion and the four th by the Environ­
menta l  Hea l th S ervice Divis ion o f  the Center for Dis ease Control, U. S .  
Department o f  Health, Educat ion, and Welfare .  

S ince the  s t udies supplied insuff ic ient  data for  recommending a 
" safe level" o f  lead in paint, the Commi t tee sent a preliminary repor t  
t o  the CPS C  o n  December 20, 1 9 7 4  i n  whi ch i t  s ta ted " • • • •  this  Commi t tee 
believes it is des irable to reta in the present recommended level ( 0 . 5 per­
cent)  and to defer f inal act ion unt i l  da ta , adequa te to suppo r t  a change , 
have been ob tained . "  

A second mee t ing o f  t he Commi t tee was held on February 6 and 7 ,  
19 75 to determine a plan tor arriving a t  a recommended " safe  l evel" o f  
lead i n  paint s and coat ings . The Commit tee d iscussions centered on the 
etiology of childhoo d lead poisoning with par ticular reference to the role 
of  lead paint ingest ion . The Commit tee dec ided to ins t i tute a l i t erature 
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Introduc t ion 

The primary ques t ion that this report  was designed to answer 
may be s tated as follows : "Given the fact that some c hildren eat paint , 
what is a safe level of lead in paint ? "  An answer to this ques t ion 
presupposes answers to three prel iminary questions ; namely : 1)  What 
are the adverse effects  o f  lead ? 2 )  What dose of  lead is suffic ient 
to produce adverse effec t s ?  and , 3) What is the estimated daily intake 
of lead in a child with p ica for paint ? 

These questions are discussed succinc tly in the above sequence 
in the body of this report . Following this is a d iscus s ion of  the lead 
content of paints available on the current retail market and a d iscussion 
of future research needs . The Committee recommendations appear at the 
end of the report . Detailed d iscuss ions and supporting data for state­
ments  made in the body of the report  are given in the append ices . Detailed 
Appendices have been prepared which are designed to stand along in support ·  
of the report . Al though the total amount of  lead assimilated may be de­
rived from a variety of environmental sourc es , this report  is concerned 
ma inly with the absorpt ion of lead due to the inges t ion of lead-containing 
paints by young children . 
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WHAT ARE THE ADVERSE EFFECTS OF LEAD? 

In man, lead exerts its  effects  in the renal, hematopo iet ic and 
nervous sys t ems . The sever ity o f  effects is rela ted to both the degree 
of illness and the frequency of  recurring illness as well as the dosage 
and duration of  exposure . There are bas ically three s tages in childhood 
lead poisoning : 1)  asymptomat ic lead po isoning, in which no c linical 
symp toms are apparent, but in which measurable metabol ic changes occur, 
2)  symp tomatic lead po isoning, in which cl inical symp toms such as anorexia, 
vomit ing, apa thy, ataxia, drows iness or irri tab ility oc cur, and 3) lead 
encephalopathy wi th cerebral edema, in which coma or convuls ions occur 
( see Appendix D) . 

The sequelae of  lead encephalopa thy include seizure disorders,  
severe mental retarda tion and death . The sequelae of symp toma tic but 
less severe lead po isoning includes seizure disorders as well as var ious 
behavioral and func t ional disorders, usually grouped under the heading of  
minimal brain dysfunc t ion . Clinical studies suggest that the lat ter 
syndrome may inc lude hyperactivity , impulsive behavior ,  pro longed reac t ion 
time , perceptual disorders and slowed learning ability . Recent evidence 
sugges ts tha t minimal brain dys func t ion might also follow asymptomatic 
lead po isoning . The sequelae associated wi th each d iagno s t ic ca tegory 
of lead po isoning do not necessarily occur in every child wi th a par­
ticular diagnosis . Each individual is unique in his response . 

The effects of  lead in the hematopoiet ic system are revers ible 
and therefore do no t const itute sequelae . Lead interferes with the 
format ion of hemoglobin at several s tages . In addition, lead reduces 
the life span of the red blood cells and this  resul ts in lead induc ed 
anemia . In cases of encephalopathy, acute renal inj ury (Fanconi syn­
drome) may also occur, and in chi ldren this is reversible . 

The " c r it ical effect" concep t, provides a framework for examining 
the effects of lead . The term "critical effec t" is us ed to mean f irst 
effec t, ra ther than mo s t  serious effect . S ince effec ts in the kidney 
do no t appear in the early stages of lead po isoning, the kidney canno t 
be considered the site of  the cr itical or f irst  eff ec t .  I t  i s  no t 
presently known whether the first  effec t s  occur in the neurologic or 
hematopoietic sys tems . Sub t le neurologic effec ts are d iff icul t to 
measure . There are currently no s imple neurochemical tes ts for measur ing 
early metabol ic changes in the nervous system.  However, several labora­
tory tes ts are currently available for measuring early effec ts in the 
hematopoietic sys tems . At the present t ime, the hema topo ie tic sys tem 
is considered the s i te where the "critical effec t" occurs ( see 
Appendix A) . If this is correc t,  then environmen tal l imits,  set to 
prevent revers ible effec ts in the hematopoie t ic sys tem, should serve 
to prevent po tentially irreversible effects  in the nervous sys tem. 

WHAT DOSE OF LEAD IS REQUIRED TO PRODUCE ADVERSE EFFECTS ? 

In relation to lead, the general term "dose" may be  variously 
interpreted to mean: 1) the quantity of lead adminis tered, 2)  the 
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quantity of lead absorbed , or 3) the quanti ty of lead present in the 
affected organs or tissues . In this report,  we will use the terms "ex­
ternal do se" and " internal dose" where necessary, to provide clar ity . 
The ext ernal do se may be def ined as the amount of  lead enter ing the body 
through the gastro intes t inal trac t ,  lung , etc . ,  some of which will be 
excreted before reach ing the organs or t issues potent ially affec ted by 
lead . The internal dose, or t issue concentration,  may be defined as the 
amount of lead present in the organs or tissues . In experimental animals ,  
the internal dose can be measured after sac r ific ing the animal . In 
humans , the analys is of tissue lead levels through b iopsy or autopsy 
is rarely done; therefor e ,  it is necessary to use some o ther ind icator 
of " internal dose . "  We will use blood lead concentrations as an indi­
cator of internal dose ( see Append ix A) . 

Individual Variability. We have found tha t ind ividual variability 
influences the estimate o f  a dose necessary to produce an adverse ef f ec t .  
In a heterogeneous populat ion, numerous fac tors mod ify the relat ionship 
between dose and effect in the individual so that some members of the 
population will appear to be affec ted by compara tively low doses of lead, 
while others wi ll appear to be highly res istant , showing l ittle  or no 
effect at higher doses . In general, however, the percentage of indi­
viduals in a popula tion who exhib it a spec ific effec t will increase in 
relation to an increase in do se . Not al l factors wh ich influence 
suscept ibility are known . Therefore, this Commit tee f eels that any 
estimate o f  a safe dose l evel should allow a margin of safety for highly 
suscep t ible individuals ( see Appendix A) who are affec ted by relatively 
low doses . 

Known Condit ions Affect ing Susceptibility .  Evidence in  both 
animals and humans indicates that  age and diet are primary fac tors 
influencing the absorp tion and effects of lead . Detailed discussions of 
these factors are given in Appendices B and D .  

Due to the very rapid rate of bra in growth, the young animal or 
child is at grea ter risk for lead- induced neurologic damage than the 
adult .  In humans , the " growth spur t" begins during the s ixth month 
of pregnancy and continues into the third or four th year postpartum . 
Glial replication and differentiation and cerebellar growth is mos t  
rapid during the fir s t  18 months of  lif e .  Myelinat ion continues into 
the third or fourth year of l i fe .  Permanent neuro logic def i c i ts can 
resul t from an insult to the brain dur ing the growth spurt.  S tudies 
of children malnour ished during the f irst two years of life  have shown 
permanent adverse effec t s  on learning ab ility and general adj ustment . 
Studies in ra ts and lambs administered lead during the growth spurt have 
shown slowed learning ab il i ties which persist in the adult animal , even 
after blood lead levels have returned to no rmal . Behavioral changes , 
including hyperac t ivity , aggress iveness,  tremors and repetit ive grooming 
behavior ,  have been produced in rats poisoned during the "growth spur t . "  
The brain of suckling ra ts has been shown to have a s igni ficantly higher 
rate of  lead up take than the brain of  adult rats . This may, in par t, 
account for the greater central nervous sys tem (CNS ) vulnerab ility 
observed in young animals . 
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Age also appears to mod ify the int es t inal absorption rate for 
lead . Alexander ' s  balance study in eight heal thy children showed t hat  
approximately 50 percent of d ietary lead was absorbed . Kehoe ' s  balance 
studies in adul ts showed that only 10 percent o f  d ietary lead was absorbed . 
S tudies in rats conf irm these observations in humans ( see Appendix B) . 
Using the average d ietary lead intake for normal "non-exposed" adul t s  and 
the d iff erent absorpt ion rat ios  and caloric requirements for children and 
adult s, a 3-year-old child would absorb 12 times more dietary lead than an 
adult receiving the same d iet ( see Appendix F) . 

Bo th dietary component s  and dietary defic ienc ies have been shown 
to al ter the intest inal absorp tion Lat e  of lead . In  exper imental animals ,  
the intes t inal absorp tion of lead is significantly incr eased if lead 
is adminis tered in oils , fa ts or milk rather than in a d iet  of dry feed . 
Similar studies ar e no t ava ilabl e ,  nor would they be pos s ible , in young 
ch ildren. Dietary deficienc ies , including deficienc ies of calcium, 
copper , and iron have been shown to increase the absorp t ion of lead in 
rats . Die tary deficiencies of calc:Lum and par ticularly iron have been 
reported to be prevalent among pres<:hool  age children ,  espec ial ly those 
in the lower soc ioeconomic groups . Because of the rapid growth rate 
during early childhood , iron stores are marginal even in apparently 
heal thy children . P ica , as an additiona l r isk fac tor , occurs among 
preschoo l age children . P ica , the repet i t ive inges t ion of non- food 
sub s tances , occurs in at leas t 50 percent of children between 12 and 
36 month s  o f  age . 

In summary , a var iety of fac tors combine to make the young c hild 
less resis tan t  to lower levels of l ead than the adul t .  The habi t  of 
pica may lead to inges tion of lead-containing paint chips ; the young 
age makes the child vulnerabl e  to lead-induced neurologic damage ; and 
bo th age and diet contribute to produc e a relat ively high intes t inal 
absorp t ion rate for l ead . 

Relat ionsh ip Between Dose and Effec t .  The effec t s  of  lead 
occur in the hematopo ietic , neuro logic and renal sys tems . Whether the 
cri tical ( f irst)  effec t of lead occurs in the hematopo ietic or neuro logic 
system is unknown . Presently , the hematopo ietic sys t em  is considered 
the crit ical s ite for l ead ' s  effect . Us ing blood lead ( Pb-B)  as  a 
measure of  the " internal dose" of l ead , different effec ts can be seen 
as b lood lead levels increase . 

Lead- induced anemia has been repor ted in bo th children and adul ts . 
Lead ' s  int erference in the forma t ion of  hemoglobi n  resul ts in the 
accumulat ion of free erythrocyte pro toporphyr in (FEP )  in b lood and 
o-aminolevul inic ac id (ALA-U) in urine. In several small groups of 
women and children FEP begins to increase as levels r ise above a range 
of 25- 30 �g Pb/dl (micrograms of lead per deciliter) . The ur inary excre­
t ion of ALA b egins to increase in children and adul ts when blood lead 
levels reach a range of 40- 50 � g Pb /dl . Dec reasing hema tocrit  levels 
have been repo rted in children when blood lead levels exceed 40  �g Pb /dl  
while decreas ing hemoglobin l evels in  both adults and children have b een 
repor ted at  l evels equal to or greater than 50-60 � g Pb/ dl . In summary , 
the f irs t metabolic evidence of lead ' s  effect in the hematopo iet ic system 
appears at  approximately 25- 30 �g Pb/dl , while anemia usually does not 
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appear unt il blood lead levels reach 50- 60 �g Pb /dl ( see Append i:c D) . 

Neurologic changes ,  inc luding s lowed learning abi l i ty , paraplegia , 
clums iness and hyperac t ivity  have been produced by adminis ter ing lead to 
young experimental animals . The s lowed learning abi l i ty appears to be  
an irreversible effect ( see Append ix B) . 

Stud ies in children have been d ifficul t to perform . None by 
i tself has provided all of  the requlsi t e  data . Only one truly prospec tive 
s tudy has been repor ted . Taken together, the several reports s t rongly 
suggest that bo th decreased cognit ive func t ioning and an increased fre­
quency of b ehavioral abnormalities become evident in groups of school­
aged children who have been unduly exposed to lead during the preschoo l 
years ( see Appendix D) . The behavioral aberrat ions which include 
hyperkinesis , short  attention span and impul s ive and aggressive conduc t , 
appear to be more impo rtant than minimal intellec tual def ic its in 
impeding progress in school .  A similar observa tion was made by Byers 
and Lord over 30 years ago . In addi t ion, a higher frequency of sei zure 
disorders and school failures are repor ted in children wi th lead po isoning . 
An increased frequency of  neurologic effect s has been demons tratE!d only 
in those children with blood lead eleva t ions greater than 5Q- 60 �·g Pb/ d l .  

Severe mental re tarda tion , blindness  and dea th have b een repor ted 
in children with lead encephalopa thy . In  child ren , lead encephalopa thy 
is usually assoc ia ted wi th blood l ead leve ls great er than 1 20 � g Pb/ dl . 

Relat ionship Between External Dose and Internal Dose . An es timat e  
o f  the external dose ( lead intake) necessary t o  produce a spec i f ic int ernal 
dose (blood lead) concent rat ion must abcount  for the chemical and physical 
form of lead ingested ( see Append ix A) . In  children , up to 50 percent 
o f  dietary lead may be ab sorbed and 50 percen t  excreted in the feces . 
Although balance data in children are limi ted they are in agreement wi th 
data from suckl ing animals wh ich show a high ra te of lead absorption 
( see Append ix B) . Animal s tudies have also shown that lead in pa int 
films is less well absorbed than d ietary l ead . Lead chromate,  one o f  
the leas t well absorbed compounds found i n  paint , is ab sorbed approxi­
mately one- third as well  as the free sal ts of lead when added to the d iet . 
Other lead compounds found in paint, such as lead naph thenate , have 
higher ra tes of absorp t ion but are s t ill absorbed to a lesser ext ent 
when incorporated into a paint matrix .  Thus , 17 percent ( 1 / 3  x 50% ) 
would be a conservat ive es t imate for the amount of lead absorbed from 
paint by a young child ( see Appendix E) . 

Barl trop found a mean daily fecal excret ion of  67 . 8  �g Pb/day 
in a group of two- to three-year-o ld children wi th a mean blood lead 
level of  20 � g Pb/dl . Thes e  data would be cons istent with a d ietary 
intake of 135 �g Ph / day if 50% is absorbed . On the bas is of body we ight 
for an average thr ee-y ear-old child weighing 1 5  kg . ,  Barl trop ' s  group of 
children with a mean blood level of 20 �g  Pb /dl would have a daily intake 
of 9 . 0  � g Pb / kg/ day with an absorpt ion of 4 . 5 �g Ph/kg/day . This agrees 
well with Alexander ' s  es tima t es of d ietary intake in young children ( see 
Appendix D) . 

6 

Copyright © National Academy of Sciences. All rights reserved.

Recommendations for the Prevention of Lead Poisoning in Children
http://www.nap.edu/catalog.php?record_id=18520

http://www.nap.edu/catalog.php?record_id=18520


There are no published data relat ing external dose to internal 
dose in ch ildren wi th  b lood lead levels in th e range of 40-60 � Pb/ dl . 
Kehoe added lead to the diet of adult vo lunteers . His stud ies have 
shown tha t  the absorpt ion of 1 . 4 3 � Pb/kg/day due to the added lead 
was assoc iated over a per iod of approxima tely nine mon ths wi th an in­
crease in blood lead level o f  1 7  � Pb/ dl ( see Append ix E) . One can 
calculate that if the absorption of 4 . 5 �g Pb/ kg/ day will produc e an 
average blood lead level o f  20 � Pb/dl in a two- to three-year-old 
child , then an ab sorpt ion of an add it ional 1 . 4 3 � Pb/kg/ day or  a 
to tal o f  5 . 9  �g/ kg/ day could produce a blood lead level of 3 7  �g Pb /dl . 
Similarly one could calcula te tha t  the to tal ab sorpt ion of 7 . 4  �g Pb /kg/ day 
could produce a blood lead level of 54 �g Pb / dl . The external dose  
(amount of inges ted lead) necessary to  produce thes e blood lead levels 
will depend in part on  the chemical and physical form of lead inges ted . 

Becaus e of the dear th o f  informa t ion relat ing external dose to 
int ernal dose (blood level or o ther t issue concentra t ion) in children , 
the calcula t ions given above are only es tima tes based on  the best available 
data . 

WHAT IS THE ESTIMATED LEAD INTAKE IN A CHILD WITH P ICA FOR PAINT?  

P ica, the r epet i t ive inges tion of non-food sub stances , occurs in 
approximat ely 50 percent of chi ldren between one and three years of age . 
This hab it is cons idered normal behavior until about three years of age . 
Psychoso c ial fac tors or organic brain damage may cause the persis t ence 
of p ica beyond three years of age . P ica for paint generally begins a t  
the t ime of ambula t ion o r  at about 1 0  t o  1 2  months o f  age and i s  believed 
to be episod ic , occurr ing perhaps two to three t imes per week ( see 
Appendix D) . 

Abdominal x-ray films showed rad iopaque ma terials in the 
int es t inal tract in 35 percent of  child ren at tending the Chicago Lead 
Clinic . The best available c l inical evidence ind icates that children with 
pica may inges t  one to three grams of paint per week ( see Append ices D ,  
E) . I f  the paint contained the present legal limi t of 0 . 5 percent lead 
( 5 , 000 � g/g paint ) , then the daily inges tion of l ead from pa int would 
be 714 �g Pb/day , 1 , 4 29 �g Pb/ day or 2 , 14 3  �g Pb/day , respec t ively , for 
one , two or three grams of paint ingested per week . Calcula ted on the 
bas is of body weigh t  for a two -year-old ch ild weighing 1 2 . 5  kg , and 
us ing an absorpt ion fac tor of 17 percent  for lead from paint , the amount 
of lead absorb ed would be 9 . 7  � g Pb/ kg/ day , 19 . 4  � g Pb / kg/day and 29 . 1  
�g Pb/ kg/day , respec t ively , for one , two and three grams of paint ingested 
per week ( see Appendix E) . The daily abso rpt ion of  4 . 5  � g Pb/kg/day has 
been found in chi ldren wi th essent ially normal blood lead levels of 
approximatly 20 � g Pb/dl . The es t imated daily absorption of lead 
from paint mus t be superimpos ed on the est ima ted absorp tion of l ead 
from d ie t ,  in order to ob tain a to tal daily absorpt ion . Thus , the daily 
abso rpt ion of l ead in a child wi th p ica for paint ( conta ining 0 . 5 per­
cent Pb) may be thr ee to seven t imes that found in a child receiving a 
normal diet . For a child with p ica for paint , a l evel of 0 . 5 percent 
lead in paint clearly represents a hazard . 
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WHAT IS THE LEAD CONTENT OF CURRENTLY AVAILABLE HOUSEHOLD PAINTS? 

The l imit of 0 . 06 percent lead in paint was proposed to allow 
for trace amounts of lead present in the raw materials , for poss ible 
contaminat ion during process ing and for limi ts of precis ion in the 
anal ytical methods of determining the l ead content of paint . An industry 
fo rmulary indicates tha t alternative , less toxic subs tances such as zinc 
and calc ium sal ts may be used in place  of lead as auxiliary driers . 

A market place survey conduc ted by the CPSC found tha t 7 0 . 8 
percent of oil-based paints and 96 . 1  percent of  wa ter-based paints con­
ta ined less than the propo sed l imit of 0 . 06 percent lead in paint ( see 
Append ix G) . The four colored oil-based paints which cons is tent ly 
exceeded this limi t were black ,  green , yellow , and whi te .  Among these 
paint colors ,  50% of the black , 7 6% of the green , 62% of the yel low 
and 81 . 5% of the white contained <0 . 06% lead . These figures s trongly 
suggest that at leas t some paint manufac turers have found it techno­
logically and economically pos s ible to mee t the proposed limi t of 0 . 06 
percent lead in most  pa ints . 

None of the members o f  the ad hoc Commit tee on Lead in Paint are 
paint technologists . Therefore , we-could reach no conc lus ions relat ive 
to any possib le change in paint quality if lead levels are reduced to 
trace amounts . In addit ion,  the Commi t t ee members d id no t have the 
expertise necessary to predict  the economic impac t of meeting the proposed 
limit of 0 . 06 percent l ead in paint . 

Based on the evidence in chjldren and experimental animals , thi s 
Committee concludes tha t 0 . 5 percent lead in paint represents a hazard 
to young children with p ica for paint . 

WHAT FUTURE RESEARCH IS NECESSARY OR PESIRABLE? 

Numerous studies of lead ' s  ef{ect s  have been carr ied out in 
experimental animals and humans ; never theless , no s ingle study has 
provided a comprehensive model for es tablishing a " safe level" of lead 
intake in children . This Commi t tee could arrive at es t imates of 
safety only by collating the resul ts of various s tudies . We feel that 
a comprehensive s tudy , des igned to determine the interrelationships 
between lead intake , absorpt ion and effec t s  would provide a more prec ise 
method for estimat ing a safe level of lead intake . Properly designed 
animal s tudies s imulating cond i t ions in human infants are needed to 
ident ify the rela t ionships between external dose ( dose of lead administered) , 
absorption rat e of various forms at  various ages , internal dose , vul­
nerability of th e  b rain (at  var ious ages) , influence of nutrit ional 
factors ,  time between exposure and appearance of effec ts , and permanence 
or reversib ility of effec ts . 

In addi t ion , we feel that stud ies in preschool- age children are 
necessary to define more accurately the relat ionships between lead 
intake , absorp tion and effec ts and to provide more prec ise data regard ing 
the amount of paint which a child wi th p ica may inges t .  Informa t ion 
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rela t ive to the ab sorp t ion and effec ts of minimal lead exposure in the 
human fetus and infant less thau 12 months of age is vir tually non­
exis tent . S ince stud ies in experimental animals indica te that the 
suckl ing animal is extremely vulnerable to the effec ts of lead , we 
feel tha t primary considerat ion should be given to examining the effec ts  
of lead in  human infants l ess than one year of age, par ticularly in 
regard to effects in the neurologic sys tem.  

CONCLUS IONS AND RECOMMENDATIONS 

The conclusions given below are based on wha t is known from 
studies in experimental animals and humans . Unfortunate ly ,  some fac tors 
which may influence a child ' s  suscept ibility to lead are poorly under­
stood . S tudies in both experimental animals and children have shown 
that the brain is par ticularly vulnerab le to permanent damage if inj ury 
to the deve loping brain occurs during infancy . In add ition , young animals 
and children have b een shown to absorb a higher proport ion o f  ingested 
lead than adults . Animal experiments have shown a higher reten t ion of 
ingested lead in animals receiving l ipids or milk in the diet than in 
t ho se receiving dry feed . In add i t ion ,  d ietary deficienc ies of  calcium, 
copper , and iron increased the absorp t ion of lead in exper imental animals .  
No data relat ive to these po int s  are available in children .  However , 
the average child ' s  d iet conta ins bo th l ipid s  and milk . Dietary defi­
c iencies , part icularly iron deficiency , have been shown to exis t  in a 
s ignificant number of American children . No firm data are available 
to elucida te genet ic fac tors which may pos s ibly influence susc ep t ibility 
to lead . Al though the bes t available evidence sugges ts tha t some 
children may inges t 1 to 3 grams of paint per week, there is no basi s  
for assuming that 3 grams of paint i.s the maximum amount inges ted . In 
summary , the conc lusions and recommendat ions , where pos s ible ,  are based 
on known available informat ion in children ; where informa t ion is  lacking , 
they are based on the extrapolation of data from studies in either 
adul ts or in experimental animals which mos t  closely approximate the 
c onditions found in preschool-age children . 

Conclusions 

1 .  S ince the CPSC-supplied s tud ies did no t adequa tely simula te 
the condi t ions found in young children, part icularly in rela tion to 
age and diet, we were unable, on the bas is of these s tudies , to det ermine 
tha t 0 . 5  percent lead in pa int is safe . 

2 .  S ince the fir s t  metabolic effects in child ren become evident 
when the b lood lead concentration exceeds 30 �g/ d� and since the most  
desirable means of controlling disease is prevent ion , we recommend tha t 
the to tal daily lead exposure , including exposure from food , amb ient air 
and paint , for a one- to five-year-old child no t exceed level s suffic ient 
to ra ise the blood lead concentration above 30 �g Pb/dl . In order to 
al low for varia t ions among individuals , the mean blood lead concentration 
for groups should no t exceed 20 �g Pb /dl . Among two to three year old 
children an absorption of 4 . 5  �g/ kg/day is apparently asso c iated with a 
mean blood lead concentration of 20 �g/Pb/dl . 
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3 .  S ince control o f  the lead paint hazard is diff icult to 
accomplish once mult iple layers have been appl ied in homes over two to 
three decades , and s ince control  is more easily regulated at the time 
of manufac ture , we recommend tha t  a limi t for the lead cont ent of paints 
be set and enforced at  the t ime of manufacture . 

4 .  Since 0 . 5 percent lead in paint represents a ha zard to a 
child wi th pica for pain t, and since most currently available household 
paints contain <0 . 06 percent lead in paint , thus demons trat ing that lead 
is not an essent ial ingred ient for all paints , and s ince a reasonable 
allowance mus t be made for varia tions due to contamina tion of raw 
materials and detection limits and prec ision of  analytical methods for 
analyzing the lead content of _paints , we recommend that the deliberat e 
addition of lead to paint for resident ial build ings or  o ther surfaces 
accessible to young children be immediately discont inued and that a 
le vel no t to exceed 0 . 06 percen t  lead in the final dried produc t be set 
for regulato ry purposes . Since paints without lead addi t ives may co n­
tain up to 0 . 03 percent lead , a l evel o f 0 . 06 percent l ead provides 
reasonable lat itude for regula to ry purposes . 

5 .  Since a time allowance is necessary to implement these 
recommendat ions , and s ince extensions may be sought to delay compl iance , 
we recommend that var iances be allowed only on the bas is of demo nstrated 
economic hardship and tha t none be allowed to ext end beyond five years . 
A t ime limit of five years will prevent accumulat ion of lead to dangerous 
levels from repeated applicat ions . 

6 .  Since most cases of ser ious childhood lead po isoning found 
today are clearly related to the ingestion of old lead paints , and since 
this hazard may be expec ted to exist in older homes for some time , we 
strongly recommend that research be conducted to determine me thods for 
the removal of old lead pa int s ,  which will provide adequate safety for 
both the res idents and the wo rkmen performing the renovation procedures . 

7 .  Since the infant is most vulnerable to the effec ts of l ead 
and since l i t tle is known about the relat ionship between lead dose and 
effec t in the child from birth to one year of age , we recommend tha t the 
lead content of paints or coatings on infant toys and furniture should 
no t exceed 0 . 06 percent lead and tha t food commonly fed to infants 
should conta in the lowest prac tical level of lead as determined by FDA. 

8 .  Since few s tudies in exper imental animals have provided 
adequate designs to s imula te the cond itions found in a young child and 
s ince no research has been conducted on the relationship between lead 
dose and effec t in the human infant less than 12 months of age , and 
since few s tudies in preschool- age children have provided adequate 
info rmat ion on the dose-response relat ionship for lead in the one- to 
five-year- age gro up ,  we recommend that future research focus on these 
areas . 

9. Lead cont inues to have diverse uses , the regulat ion of 
which falls under numerous different governmental agencies depending on 
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its use . We recommend that these various agencies coordinate  their 
research efforts in relation to the dangers of  lead and that they coor­
dinate their policies regard ing the l imits for human exposure from 
indus trial sources , consumer produc ts , a ir ,  food and water so tha t an 
individual ' s  total exposure from various sources falls wi thin a range 
which allows a margin of safety for those individuals in the population 
who are affec ted by relatively low doses . 
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Appendix A 

Dose-Ef fec t ,  Dose-Response Concep ts o f  Toxicology 

The dose-effect , dose-response concep ts of  toxicology provide 
a framework for examining the biologic effects  of toxic metals . These 
concep ts and the ir application to human exposures to heavy metals  are 
discussed fully in "Effects and Dose-Response Relat ionsh ips of  Toxic 
Metals . " 11 riere we will ini tially summarize these concep ts through a 
series of  definit ions and then discuss  their spec ific application to 
lead . 

Crit ical Effect - The critical effect is no t the most  serious , 
but rather the most sens i t ive and spec ific b iologic 
change , beyond acceptable phys iologic var iat ion , which 
is caused by the presence of a toxic substance . Although 
many different effects  may occur , the crit ical effec t  
is def ined a s  the f irs t measurable adverse effec t .  
"Sub-critical effects" are measurable biologic changes 
which do no t impair cellular func t ion , but which are 
direc tly related to the concent rat ion of a toxic 
subs tanc e .  

Critical Site  - The critical s i te is the locat ion in  the body 
where the crit ical effect occurs . I t  may be a sys tem,  
organ , cell type or cell component . 

Dose - In experimental animals , an adminis tered dose is readily 
quantif ied but this is no t true of humans . For humans 
we can es timate the amount taken in and for this we use 
the term " external dose . " S ince this is  an indef inite 
amount for humans we mus t relate response to a t issue 
level such as blood concentrat ion and we use the term 
" int ernal dose" for this tissue level . The " external 
dose" is the quant ity of a toxic agent wh ich ent ers the 
organism through the lungs , gas trointest inal trac t ,  skin , 
etc . , a port ion of  which may be excreted before reaching 
the " critical site . " The " int ernal dose" is the quant ity 
of  a toxic agent which is absorbed and reaches the critical 
site . Since the concentrat ion of a toxic agent at the 
critical site can rarely , if ever , be measured in human 
s tudies , the concentration is measured in a body fluid 
such as blood or urine . The concentration o f  a toxic 
agent in blood or urine is then used as an indicator of 
the internal dose . 

Dose-E ffec t  Relat ionship - The dose-ef fec t  relationship is a 
relat ionship in which a quantita t ive change in a metabo­
lite  �f fec t)  is direc tly r elated to the concentration 
( dose) of a to xic substance . A typical dose-effec t  
relationship i s  graphically illus trated by an " s" shaped 
curve when dose is plo t t ed on the abscissa and d egree of 
effect  on the ordinate . 
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Dose-Response Relationship - The dose-response relationship is 
a relationship in which the percentage (response) of a 
population exhibiting an effect is related to the con­
centration (dose) of a toxic substance. Those exhibiting 
an effect are termed "reactors," and those not exhibiting 
an effect, "non-reactors." A typical dose-response 
relationship is illustrated by an "s" shaped curve when 
dose is plotted on the abscissa and percent positive 
reactors is plotted on the ordinate. 

DOSE-EFFECT RELATIONSHIPS FOR LEAD 

The effects of lead are seen in the neurologic, hematopoietic and 
renal system. Acute adverse functional effects in the kidney are 
generally seen in association with symptoms and high levels of lead 
exposure in adults. Similarly, late lead nephropathy is also associated 
with prolonged high levels of lead exposure. Therefore, the kidney is 
not currently considered the first organ affected by lead.29,7l 

Derangement of hemoglobin synthesis in the erythroid cells of 
the bone marrow is currently considered the critical effect for 
lead.20,36,70,71,105 Increases in urinary 6-aminolevulinic acid (ALA-U), 
urinary coproporphyrin (CP-U) and erythrocyte protoporphyrin (EP) are 
indicators of lead's effect in the hematopoietic system. In lead 
poisoning (and iron deficiency), it is the metalloporphyrin, zinc 
protoporphyrin, rather than free protoporphyrin IX which is present 
in excess in the circulating erythrocytes. 55 Increased ALA-U and EP 
reflect in vivo inhibition of the enzymes ALA-D and ferro chelatase by 
lead.70,71 The mechanisms responsible for the coproporphyrinuria of 
plumbism are not well understood. Inhibition of ALA-D by lead has 
been extensively studied. lO, ll,lOS In a number of epidemiological 
studies in which ALA-D activity is measured in vitro in hemolysates 
of peripheral blood, a significant negative log-normal relationship 
has been found between ALA-D activity and whole blood lead concentration. 
This relationship is found over a wide range in blood lead concentration, 
including the normal range (�

7
to approximately 40 �g Pb/dl whole blood). 

More recently, Granic et al have developed an assay for ALA-D in 
which the ratio of activated to non-activated ALA-D activity can be 
measured. With this particular assay, a positive linear relationship 
between the ratio of activated to non-activated ALA-D activity and 
blood lead concentration is found over a range of 20-90 �g Pb/dl whole 
blood. On the basis of this and kinetic studies, they37 propose that 
inhibition of ALA-D by lead is non-competitive and that there is probably 
no interaction with lead at concentrations of <15 �g Pb/dl whole blood. 
Under physiologic conditions in man, however, accumulation and increased 
excretion of ALA-U, the substrate of ALA-D, does not begin to occur until 
Pb-B exceeds approximately 40 �g Pb/dl whole blood, a level at which most 
in vitro assays for ALA-D indicate substantial inhibition. This has 
been interpreted as evidence that there is a substantial reserve of ALA-D 
adequate to meet physiologic needs at lower concentrations of lead in 
whole blood. For this reason, reduction in AlA-D activity, as measured 
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in vitro in peripheral blood, is considered a sub-critical effect within 
the context of the above definitions; wh ile increases in ALA-U, CP-U 
and EP are considered indicators of lead's critical effect on hema­
topoiesis. 70, 7 1, 105 

Significant dose-effect relationships are found between these 
metabolic precursors of heme and the concentration of lead in body 
fluids. As an example, a dose-effect curve, using blood lead concen­
tration ( Pb-B) as an indicator of internal dose and quantitative 24-
hour output of ALA-U as an indicator of effect, is given in Figure 1. 
One can begin to see the typical a- shaped curve usually associated 
with this relationship. Differences in individual susceptibilit� can 
also be seen at each dose (Pb-B) level. Zielhuisl05 and others 7 , 81, 86 
have found similar relationships for lead's effect on the hematopoietic 
system. These effects begin to occur when Pb-B levels reach the 4Q-60 
�g Pb-B range, although preliminary data suggest thft EP begins to in­
crease as Pb-B rises above 30 �g Pb/dl whole blood. 05 Adverse effects 
in the hematopoietic system are reversible. 

At the present time, there is no well-defined set of sensitive 
biochemical indicators of lead's effect on the nervous system. However, 
preliminary studies in rats91 use ne:urochemical tests which may become 
useful as measures of neurologic changes in humans. Published reports 
to date have used functional tests to measure lead's effect on the 
human nervous system. A relat ionshi.p has been tentativelv suggested 
between decreased intelli�ence, 3, 23, 24, 7 3  hyperactivity, 22 behavioral 
and psychological changes,24 and loss of fine motor function, 78 in young 
children with blood lead concentrations in the 5 0- 7 0 � g Pb-B range. 
In some instances, the effects of lead on the nervous system are clearly 
irreversible. Sequelae are related to the severity and duration of 
signs and symptoms. The risk of permanent neurological complications 
increases with repeated acute clinical episodes of lead poisoning. 19 
Whether the effects reported in subclinical lead poisoning are reversible 
is unknown; howeve� de la Burd�'s most recent study suggests that they 
are not. 24 

Currently, no data exist to show whether neurochemical or 
neurophysiological changes precede changes in the hematopoietic systew. 
The hematopoietic system is currently considered the "critical" or 
first system to be affected. If this is true, then medical intervention 
based on evidence of reversible effects in the hematopoietic system 
should prevent possible irreversible effects in the nervous system. 

DOSE-RESPONSE RELATIONSHI PS FOR LEAD 

The results of population surveys which measure both dose and 
effect in each individual may be expressed as dose-response curves. 
Figure 2l8 illustrates th is relationship for lead when Pb-B is used as an 
indicator of internal dose and erythrocyte protoporphyrin as an indicator 
of effect. Positive reactors are those individuals who exhibit an 
effect greater than the expected mean plus two standard deviations. 
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The percentage of pos itive reactors for each blood lead group is plotted. 
Highly susceptible individuals show a positive response at relatively 
low blood lead levels, while h ighly resistant individuals show a normal 
response at relatively high blood lead levels. Similar dose-respons e 
curves can be plotted for each measure of lead's effect! so that a 
series of dose-response relationships may be shown. l05, 06 

For the groups charged with recommending "safe levels" of toxic 
substances, this approach to analys is of the data is helpful. However, 
appropriate interpretation of the data requires that the population 
under study be well-defined for factors such as age, sex, concurrent 
illnesses, etc. , which may influence test results. Background response 
must also be considered . Background response refers to the percentage 
of the populat ion exhibiting an effect caused by factors other than 
the specific agent under consideration .  When using erythrocyte proto­
porphyrin as a measure of lead's effect, some "background response" may 
be expected due to the presence of iron deficiency in the population . 
Separate dose-response curves may be drawn to correct for background 
response. Based on inspection of Figure 2, an ep idemiologist seeking 
to prevent early hematologic effects in 90 percent of the preschool­
age population, would recommend that environmental lead sources not 
exceed a lim it known to raise Pb-B levels to the neighborhood of 30 �g. 

Dose-response relationships for lead are generally not available 
because of inadequately designed population surveys which consist solely 
of the collection and analysis of biologic samples. The population 
characteristics, including those which influence background response, 
must be known. No published data are available for children less than 
one year of age. 
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FIGURE 1. Dose-effect relationship between an indicator of 
internal dose ( Pb-B) and an·· indicator of effect 
( urinary excretion of ALA, ALA-D) . 

(From Chisolm, J. Julian Jr. , Barrett, Maureen B . , 
and Mellits, E .  David : 20 Dose- effect and dose­
response relationships for lead in children. J .  
Pediatr. 8 7 : 1152-1160 , 19 7 5 .  Reprinted with 
permission. ) 

Note : 2 indicates 2 superimposed data points. 
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FIGURE 2 .  Dose-�esponse relationship for the effects of internal 
doses of lead as Pb-B on erythrocyte protoporphrin. 

(From Chisolm, J. J. , Jr. 18 Arb. Hig. Rada Toksikol . 
(Archives of Industrial Hygiene & Toxicology) , Suppl. 
to vol. 2 6 ,  19 7 6  [in press]. Reprinted by permission. ) 
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Appendix B 

Toxicology of Lead in �xperimental Animals 

SELECTION OF A PROP£R MOuEL 

Ethical considerations dictate that potentially dangerous 
experiments involving toxic metals be carried out in animals, not man. 
Unfortunately, no one species of an imal is a perfect model for man. 
Therefore, it is crucial to insure that the organs or systems known 
to be affected by the toxic metal in man are closely approximated in 
the experimental animal species. Many recent animal studies involving 
lead have sought to study lead's effect on the nervous system. If the 
results of these studies are to be used to predict comparable effects 
in young children, then the stage and rate of brain growth in the animals 
studies are of crucial importance. 

Neural Development in Humans - Dobbing and Sands have described 
the quantitative growth and developntent of the human brain for the period 
from 10 weeks gestational age to seven postnatal years.27 The "growth 
spurt," the time of most rapid growth, begins in humans during mid­
pregnancy. Three major components of the brain were examined to delineate 
the period of growth spurt. Glial replication and differentiation 
extends to at least the end of the first postnatal year and quite possibly 
beyond 18 months (see Fig. 3). Myelination continues into the third 
and fourth years (Fig. 4). Cerebellar growth is most rapid during the 
first lEi months of postnatal life (F:lg. 5 and Fig. 6) . A�proximately 
83 percent of the human brain growth spurt is postnatal.2 

Sutdies of malnutrition in human infants have shown that the 
brain is particularly vulnerable during the growth spurt. Klein and 
associates studied the relationship between starvation, caused by 
pyloric stenosis, and intelligence.48 Pyloric stenosis occurs between 
birth and three months of age, is surgically correctable and is not 
associated with any particular socioeconomic or cultural group. Klein 
found that the brief period of starvation in infancy, prior to surgery, 
had permanent effects on learning abilities and general adjustment, as 
measured 5-14 years later. Hertzig et al39 found reduced I . Q . levels 
in school-age boys who had been malnourished during the first two years 
of life. In humans, the initial exposure to lead in paint usually 
coincides with ambulation and so begins at 10-12 months postpartum, 
while exposure to lead from some canned nutrients may begin at or shortly 
after birth. 

Neural Development in Experimental Animals - Dobbing and associates 
have demonstrated the vulnerability of the developing brain to moderate 
hyponutrition in experimental animals.2 Hyponutrition occuring during 
the growth spurt produced a permanent reduction in both body and brain 
weight as well as behavioral changes. Hyponutrition before this critical 
period had less severe effects on CNS development. 
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The growth spurt in rats occurs during the first 25 days post­
partum. 25 Glial cell multiplication occupies the first half of this 
period. The second half extending to about the 25th postnatal day, 
is a period of rapid myelination. Dendritic authorization and synaptic 
connections are also occurring during this period, along with dramatic 
metabolic and neurochemical development and rapid cerebral growth. 
Demonstrable and permanent clumsiness is associated with cerebellar 
deficits caused by hyponutrition during the growth spurt. 25 

Figure 7 shows the velocity of human brain growth compared to 
the rat, pig and guinea pig. Striking differences are apparent in relation 
to the stage of brain development at time of birth. There is a dearth 
of information regarding the rate of brain growth in primates other than 
man. Nothing could be found concerning the rate of brain g�owth in the 
baboon which would have permitted a direct como&rison of the CPSC studies 
with man. However, Portman and associates, 76, 7 7 in studying the. 
rhesus monkey, found that 70 percent of the adult brain weight was 
obtained bS 165 days gestational age (mean age of birth) . Allen and 
associates produced obvious behavioral abnormalities in infant rhesus 
monkeys exposed to lead. No obvious behavioral abnormalities occurred 
in adolescent or adult mankeys exposed to a similar dose. These findings 
are consistent with the concept that the baboons in the CPSC studies were 
beyond the comparable period of growth spurt in young children. 

Absor�tion Factor in Relation to Age - Studies in both humans and 
animalsl3, 31, 3 indicate that the rate of absorption of lead from the 
gastrointestinal tract is greater in the young than in the adult. 
Studies in rats ( See Tables Bl and Bl. a) illustrate the rapid decrease 
in absorption of lead as age increases from birth. The balance data 
of Alexander et al in children are too limited to permit any statement 
concerning possible differences in the rate of absorption during early 
childhood; however, the average absorption of dietary lead found in these 
ch ildren (53%) is substantially greater than the 5 to 10% absorption found 
in adults. 

Scientists seeking to evaluate the CNS effects of lead in human 
infants should select animals experiencing rates of brain growth and rates 
of intestinal absorption comparable to the human infant. 

Mom�ilovic and Kostial68 found that the uptake of lead in the 
brain of suckling rats was six to eight times greater than that found 
in the brain of the adult rat. Krigman et al, by adding PbC03 to the 
diet of the mother, induced a four-fold increase of lead in the brain of 
sucklings over the amount found in the mother. 53, 54 Total brain growth was 
inhibited and myelin production was reduced in the brain and in the sheath 
about the axons. Reduced amounts of galactolipids, cholesterol, plasma­
logens and total phospholipids were observed in these animals. No data 
were reported for the lead content of milk or blood. 

SELECTION OF PROPER EXPERIMENTAL CONDITIONS 

Once the proper model has been selected to simulate a comparable 
rate of brain growth and comparable rate of intestinal absorption in 
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man, the experimental conditions, particularly those relating to diet 
and method of lead administration, should be selected to simulate those 
conditions seen in man. 

�- Most experimental animals are fed optimal diets. Studies 
in rats47, 6 ,92 reveal that dietary deficiencies of calcium, copper 
and iron increase the absorption of lead from the intestinal tract. 
Dietary deficiencies have been shown to exist in a significant number 
of American Children. l,98 In addition, fats and milk have been found 1 
to increase the absorption of lead in experimental animals.43, 51, 52, 68 
In two groups of rats of the same age, lead absorption decreased to a 
greater extent in the group switched from a milk diet to a dry dood 
diet, while those who continued to receive a milk diet showed only an 
age-related decrease in absorption Sl (see Table I, p. 28). Experi­
mental animals receiving dry feed diets containing all nutrient require­
ments do not simulate a child's diet, which may contain both fat� and 
milk and which may be inadequate in other respects • 

. 
Method of Lead Administration - Administration of lead by injection 

in animals is the easiest method of determining the exact quantity 
administered, but does not simulate the method of exposure in man. It 
is difficult to determine the amount of lead ingested from loose feed, 
some of which the animal scatters about his cage. Studies designed to 
determine the rate of gastrointestinal absorption in relation to dose 
administered must contain a provision for accurately measuring the 
quantity of lead actually ingested by the animal. In order to make 
valid comparisons, the chemical form of lead administered to the animal 
should be the same as that ingested by a young child. 

Measures of Internal Dose - Many animal studies do not provide 
a me&sure of internal dose such as blood lead or tissue lead levels. 
Because of this, it is difficult to compare the results to human studies 
in which levels of lead in the blood are known. 

Measures of Subtle Metabolic or Functional Effects - Experiments 
designed to produce dramatic effects, such as death, are only the first 
step in demonstrating the toxic effects of lead. We do not believe 
that the absence of dramatic clinical symptoms at a particular dose 
level demonstrates the safety of that dose. Testing of animals for 
subclinical metabolic or functional effects, particularly those effects 
seen in the hematopoietic and neurologic systems, would be far more 
helpful in attempting to extrapolate the results of such studies to 
humans. 

RESULTS OF LEAD EXPOSURE IN YOUNG EXPERIMENTAL ANIMALS 

The work of Brown13 appears to be an appropriate experimental 
model in terms of dose administered, age and neurodevelopmental stage. 
In addition, blood lead levels (Pb-B) were determined. Brown used 
suckling rats to investigate the vulnerability of the brain in relation 
to its developmental stage. Lead acetate was administered to the dam 
by gavage (35 mg/kg/day). The pups were dosed through the maternal 
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milk either during days 1-10 or days 11-21. No further exposure to lead 
occurred throughout the study and the dose was controlled to prevent 
impaired physical growth. 

Suckling rats fed maternal milk dosed with lead during postnatal 
days 1-1 0 showed significantly slower learning compared to those fed 
maternal milk with equal doses of Pb during da ys 11-21. Learning ability 
in the 11-21 day group was not signific antly different from controls. 
Blood lead levels were significantly higher in the 1-10 day group (45. 8 
� g Pb/ dl) than in the 11-21 day group (20. 4 �g Pb/ dl), which did not 
differ significantly from controls (21.75 � g  Pb / dl) . The higher blood 
lead levels found in t he younger rats suggest a h igher absorption rate 
for Pb dur ing the 1-10 day per iod than during the 11-21 day period. 
It is signif icant that learning deficits persisted at the 8-10 week 
level, even though Pb-B levels had returned to normal. The persistence 
of effeiS was also seen in lambs a fter Pb-B levels had returned .to 
normal. 

In an attempt to produce slowed learning in the 11-21 day group, 
Brown administered higher lead doses to the dams (35, 70 and 140 mg 
Pb/ kg/ day). Only when the dose was increased four-fold, did the 11-21 
day group show slowed learning comparable to that found in the 1 -10 
day group. This indicates that the brain is s t ill vulnerable at the 
latter stage of development, but that a much higher dose is required 
to produce the same effect as seen in the younger animal. 

Additional a nimal experiments show impaired CNS function due 
to lead. However, none contain the combina tion of appropriate dose, 
age, neuro-developmental status and blood or tissue levels seen in 
Brown's study. The most common information lacking is the blood lead 
concentration. Pentschew and Garro introduced an experimental model 
for studying the development of lead encephalopa thy. 72 At parturition, 
maternal rats were fed a diet containing 4 percent lead. The sucklings 
received maternal milk conta ining 45 . 9 ppm Pb. Paraplegia was observed 
in 90 percent of the young animals near the end of the suckling period 
(23-29 days) and 85-90% of the paraplegic animals died. There were no 
data on blood lead levels in the pups. Rosenblum and Johnson8 3 used this 
model, but used mice fed smaller doses of lead than did Pentschew and 
Garro. These mice had a high mor tali ty rate, retardat ion of growth, 
delayed eye opening, broad-based gate, poorly developed righ t ing reflex 
and changes in vascular and glial cells. There were no data on the lead 
concentrat i ons in maternal milk or suckling ' s  blood. 

More recently, Michaelson and Sauerhoff, us ing a mod if icat ion uf 
the lead- in-maternal milk feeding model, were able to produce hyperactivity , 
aggressiveness, tremors, and repetitive grooming behavior without extensive 
his topa thology.6 5, 66 The maternal milk contained approxima tely 25 ppm 
lead. No blood lead concen trat ions were repor ted. Both Gol ter and 
Michaelson, 35 and Silbergeld and Goldberg, 90 have experimentally produced 
hyperactivity using this same model . Golter and Michaelson found a 
slight increase in norepinephrine. S ilbergeld and Goldbe�f ' s  work 
linked hyperactivity to altered catecholamine metabolism. In addition, 
they applied current drug therapy, used in the diagnosis and treatment 
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of hyperact ive children, to the ir control and exper imental animals. 
CNS stimulants (�- and l-amphetamine and methylphenidate) suppressed 
hyperactivity, whereas phenobarbital increased the activity in the 
animals exposed to lead. The same drugs given to control animals 
produced the opposite effects. Chloral hydrate suppressed the activity 
in both groups. The suppressed activity from �-amphetamine is similar to 
the response observed in some hyperactive children.9 0,91 Ther e were 
no data on the lead concentration of the maternal milk or of the suckling ' s  
blood. 

Sobotka and Cook wer e able to demonstrate long-te�5behavioral 
def icits in neonatal rats administered oral doses of lead. Initially, 
the dose level did not produce obvious CNS disturbances. Feeding started 
at 3 days and continued through day 21 at dose levels of 9, 27 and 81 
mg lead/ kg body weigh t. Blood lead concentrations performed after 35 
days showed 9 �g Pb/ dl for control animals and 24 �g Pb/ dl for those 
receiving the h ighest dose. Activity in the high-dose lead group was 
decreased by administration of 3 mg amphetamine/ kg body we ight. 

We believe that properly designed animal studies, simulating 
conditions in human infants, are needed to identify the relationships 
between external dose (dose of lead adm inistered), absorption rate (at 
var ious ages), internal dose (blood or tissue lead levels), vulnerability 
of the brain (at var ious ages), time between exposure and appearance of 
effect, and permanence or r eversibility of effec t. 
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FIGURE 3. Velocity curves showing incremental rates of DNA 
(2 peaks, ), cholest erol (single peak, ) 
and fresh weight ( ----) in whole human bra in:-­
Note the bimodel curve for DNA, represent ing 
neuroblast followed by glial multiplication. 

( From Dobbing. 26 Bibl. "Nutr. Diet. " 17 : 36-4 5, 19 72. 
Publisher, S. Karger AG, Basel. Reprinted with per­
mission. ) 
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FIGURE 4 .  Total cholest erol in whole bra in 

( From Dobb ing and Sands . 2 7 Arch. D is. 
Child. 48 : 7 57-76 7, 19 7 3. Ed. : Douglas 
Ga irdner and Roger Robinson . Reprinted 
with permission . )  
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been calculated as a percentage o f  adul t value , and 
smoo th lines drawn through the po ints . 

(From Dobb ing and Sands .
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(From Dobb ing. 2 5 Pediatrics 5 3 : 2-6, Jan . 19 74 .  Re­
printed by permission. ) 
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Age of Rats 
(days)  

9 

15 

25  

3 7  

Table I 

The Effec t  of Milk on the Absorp t ion of Lead 

Ra ts Rec eiving Milk Diet Control Rats* 

(Percent203pb absorbed)  
203 

(Percent Pb absorbed) 

65 . 01 (16)  71 . 50 (12)  

7 0 . 46 (15)  65 . 28 (16)  

5 7 . 4 7 ( 14 )  6 . 7 5  (15)  

52 . 7 2 ( 1 7 ) 2 . 50 ( 1 5) 

* Control rats rec eived only milk until day 1 5 ,  when they began ea ting 
their mo ther ' s  food . Number s  in parentheses show the number of  
animals in  each group . 

Adap ted from Kos t ial , K . , Kel lo , D . ,  Jugo , S .  and Gruden , N . : 
effec t  o f  milk diet on toxic trace element absorption in rats . 
sented before the XVI II International Congress on Occupat ional 
Brighton , England , S ep t .  14-1 9 , 197 5 . 51 

The 
Pre­

Heal th , 

Ace 

days 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
27 
29 
32 
33 
37 
39 
89 + 

Table I -a 
Gcutrc:inteJtinal absorption as a function of age ( avg : sD )  

at Fe 
% 

1 00.2 : 9.9 ( 4 )  I 
90.0 : 1 1 .2 ( 8 )  
97.0 : 9.4 ( 12 )  
90. 1 : 8.0 ( 9 )  
86.5 : 9.7 ( 7 )  

71 . 1 : 13.7 ( 16 )  
78.4 : 1 5. 1 ( 5 )  
72.5 : 3 1 .5 ( 6 )  
32 . 1 : 9.9 ( 18 )  
25.6 : 12 . 1  ( 14 )  

26.6 : 4.8 ( 4 )  
1 9 . 1  = 4.4 ( 8 )  
23. 1 : 13 .5  ( 7 )  

9.7 : 2.5 ( 8 )  
1 5.6 : 4 . 6  ( 8 )  

4.7 : 3 . 7  ( 14 )  

atSr 

84.8 : 6.4 ( 7 )  

79.4 : 6.2 ( 8 )  

73. 1 : 8.5 ( 5 )  

54 .4 : 10.6 ( 7 )  

35.6 : 1 5.0 ( 7 )  

1 5 .3 : 1 1 .8 ( 6 )  
8.2 : 8 . 1  ( 5 )  

IIIPb 

83.3 : 3.3 ( 6 )  

84.9 ::t: 3.6 ( 6 )  

89.7 ::t: 6.7 ( 6 )  

74 .0 : 13.3 ( 6 )  

42.4 : 1 1 .9 (6)  
36.9 : 1 0.2 ( 6 )  
1 5.2 : 12.3 ( 6 )  

16.0 : 3.4 ( 3 )  

I Number of animals I D  pareothe11e1. 

(Adapted f rom Forbes and Reina . 31 J .  Nutr . 1 02 : 64 7-652 , 197 2 .  Re­
printed by permission . )  
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Append ix C 

CPSC-Supplied Animal S tudies 

Of the four s tudies submitted to the National Research Council 
for evalua t ion,  thr ee were ini tial ly intended to answer the ques t ion 
"What is a safe level of lead in paint? " The four th s tudy carried out 
by Barl trop under a contrac t from the Center for Disease Control was 
intended to s tudy the rela tive absorp tion o f  var ious lead compounds . * 
In evaluat ing these s tudies , this Committee sought to determine whether 
or no t the animals s tudied represented a proper model for comparison 
to a young child . The two crucial po ints  cons idered were age and d iet . 
A summary of  the study des igns and resul ts ar e g iven in Tables I and I I . 
Supporting data for statements made in this appendix relative to diet  
and age are given in Append ix B .  

AGE 

Age is an impor tant fac tor in bo th the susceptibility of the 
brain to the effects of lead and the intes tinal absorp tion rate of  lead . 
Young animal s ,  par t icularly suckling animal s ,  are more suscep t ible to 
nervous system inj ury than j uvenile or adul t animals . 5 , 13 , 25 , 26 In 
addition,  the intes t inal absorp tion rate of lead is s ignif icantly higher 
in suckl ing animals ( see Appendix B) . 

The s tar ting age o f  the ra ts used in the Midwes t  s tudyl6 ranged 
from 30- 34 days , and in the S t .  Mary ' s  s tudy6 from 30-32 days . In  rats , 
the " growth spur t" of  the brain occurs during the first  24 days post­
partum. In humans , the " growth spur t" cont inues well into the third 
o r  fourth year pos tpar tum. In rats , the intest inal absorp t ion rate of 
lead drops s ignificant ly at  the t ime of weaning (approxima tely 2 2  days)  
and reaches adul t values at  about 30 days . Thus , the rats in bo th 
studies wer e too old for compar ison to human infants and young children . 

This commit tee could f ind no da ta rela t ive to the ra te of  brain 
growth in the baboon .  In rhesus monkeys ,  7 0 perc ent of the adul t brain 
weight is  r eached at  the t ime of birth . The baboons used in the South­
wes t s tudy7 9  ranged in age from 18 . 2- 31 . 0  months , and in the NYU s tudy , 
f rom 3-23 months . The fac t that all animal s wer e weaned sugges ts that 
they were essentially beyond the vulnerable period . Extrapo lat ion of the 
data on brain growth in rhesus monkeys also suggests this . 

Diet - The intes t inal absorption o f  lead is influenced bo th by 
dietary compos i t ion and dietary def icienc ies . In par t icular , a diet 
containing l ip ids or milk increases the absorp t ion of lead . S everal 
dietary def ic ienc ies , including def ic iencies of iron , calc ium and copper , 

* The fac t that B arl trop ' s  study (S t .  Mary ' s  s tudy) d id no t meet the 
cr iter ia es tablished by this commit tee should no t be interpreted as a 
critic ism of  s tudy des ign , since this s tudy was no t intended to determine 
a " saf e  level" of lead in paint . 
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also increase the absorp tion of lead . The average child ' s  die t  contains 
bo th fa ts and milk.  In addi tion , a s ignificant percentage of children 
in the U . S . A .  have been found to have d ietary deficienc ies o f  bo th calcium 
and iron . l , 9 8 

None of the animals in the CPSC-supplied s tudies received milk in 
their die ts .  With two except ions , the diets did no t contain added fats 
or o ils . Two baboons from the New York study were fed l ead oc toate 
( 100 pg/kg/day and 500 pg/kg/ day) in olive o il . Af ter approxima tely 100 
days , blood lead concentration ranged from 60 to 80 pg/ dl in these animals . 
The S t .  Mary ' s s tudy showed that lead compounds dissolved in vegetable 
oils were absorbed better than the same compounds no t mixed with oil . 

All animals rec eived diets formula ted to provide op timum nutrition 
for the par ticular spec ies of animal used . In add ition , the baboons 
f rom the New York s tudy had die tary supplements of frui t and muLtivi tamins 
twice a day and Imferon ® ( iron) inj ec t ions to prevent anemia . 

We are forced to conclude that the nutritional s tatus and dietary 
components of the study animals did no t s imulate the cond i tions found in 
the young child at  risk for lead po ison ing . 

Method of Lead Administra t ion - Neither o f  the baboon s tudies 
used old paint . The paint was pulverized to simula te the wea thering 
found in old paint s . Never theless , there is no as surance tha t this 
method closely approxima tes the wea ther ed old paint films ava ilable to 
a child . The Midwes t rat study may be condidered a r epl icat ion of 
ear lier stud ies by Gage and Litchf ield . 32 , 33 The resul ts conf irm the 
earl ier work and further document the higher availabil i ty of  lead in older 
paint fo rmulations . 

Both the S t .  Mary ' s  s tudy and the New York s tudy had adequate 
controls for measuring the dose o f  lead administered . Barl trop (S t .  Mary ' s  
s tudy) combined the lead dose wi th feed and baked it  into a hard s t ick 
form to prevent scat ter ing . The diet was weighed before and af ter f eed ing 
to determine the amount ac tually consumed . The New York group f ed the 
lead dose in a gela tin capsule so that  the consump tion of the entire 
dose was easy to determine . In the Midwes t s tudy lead was mixed in the 
loose diet and in the Southwes t s tudy lead was adminis t ered in a Fig 
Newton . 

Mea sures of Internal Do se and Effec t  - All s tudies provided blood 
lead values for the control per iod and at  various intervals during the 
study per iod . The control b lood lead levels  (mean approximately 10 pg 
Pb/dl)  for all animals were significantly lower than those fo und in the 
average child l iving in an urban area ( range o f  means 1 7- 32 pg/ dl) . 4 0 , 59 
Tissue lead concentrat ions wer e provided as follows : Brain (SW and MW) , 
bone (SW , NYU ,  MW) , kidney (all studies) , liver (SW ,  NYU and MW) . The 
Southwes t study provid ed the greates t number of measures f or metabolic 
change . These included ALA-D , FEP , erythrocyte porphyrinogen synthe tase , 
plasma acetylcholinesterase , blood choline concentrat ion , cor t ico s t eroid 
acetyltrans f erase and choline acetyltrans feras e .  Both New York and 
Midwest provided measures of ALA-D , FEP and hematocrit . Mo s t  results 
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showed values indicating no significant change after lead administration. 
Unfortunately, since the animals did not adequately simulate the 
physiologic s tate or dietary conditions of young children, we feel that 
these results cannot be used to determine that similar doses of lead are 
safe for young preschool children, especially children less than three 
years of age. 

Signif icant Findings - We feel that several significant findings 
resulted from these studies. They are as follows : 

1. The presence of lipids in the diet increases the absorption 
of lead (New York and St . Mary ' s - see Table I I I ) . 

2 .  Lead octoate is absorbed more readily than lead chromate 
(St. Mary ' s). 

3. A dose of 100 llg Pb/ kg/ day (as 0.28 percent Pb paint) is 
sufficient to increase blood lead levels by approximately 12 llg Pb/dl 
(from 10 llg Pb/dl to 22. 3 llg Pb/dl) in j uvenile baboons (New York) . 

4. ALA-D activity is itmnediately depressed in all baboons when 
blood lead levels reach 50 llg Pb/ dl (New York) . 

5. Plasma acetylcholinesterase is significantly decreased in 
baboons fed lead napthenate or lead octoate at 200 lJg/ kg/ day (Southwest) .  

6 . Younger baboons show a greater uptake of lead in bone than 
older baboons (New York) . 

7 .  The chemical form and particle size influence the absorption 
of lead (Midwest, St . Mary ' s  and New York). 

8. Comparable doses of lead compounds incorporated into a paint 
matrix are less well absorbed than the simple salts (New York) . 

9. Absorption and retention are related to the dose fed (St. Mary ' s). 

10. Considerable variation in effects occurs in animals fed the 
same dose, thus indicating that even inbred laboratory animals have 
varying degrees of susceptibility for lead (all studies) . 

Additional Studies - The studies of Gage and Litchfield32, 33 are 
often quoted as evidence that negligible risk is associated with the 
ingestion of lead in modern paint formulations . Their studies did 
show that lead in paint is about 1 / 3 - 1/4 ·as well absorbed as inorganic 
lead salts. Thus, the New York study on lead octoate is corroborated 
and the two studies form the basis for estimating that the paint matrix 
reduces absorption by a factor of 3-4. The studies of Gage and Litch­
field were carried out on rats weighing between 105 - 120 g which 
indicates that the animals were more than 3 0 days old. Thus, the neuro­
logic development and intestinal absorption rates were not comparable 
to those of a young child . Based on the studies of Chisolm and Harr ison19 
in which a mean fecal lead output of 44 mg/day was found in children 
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wi th s evere lead poisoning , Gage and L itchfield concluded tha§ an intake 
of  approximately 50 mg/day would represent a dangerous level . 2 What 
the authors failed to realize was tha t this mean fecal Pb output was 
found in symp tomatic children ,  mo s t  of whom had encephalopathy , and tha t 
al though the � fecal lead output was 44 mg Pb /day , the median output 
was 27  mg/ day (range 5 . 04-104 . 0  mg Pb/day) . In addition , the asymptomat ic 
group of children described by Chisolm and Harrisonl9 all had > 60 �g 
Pb/dl in whole blood with pos i tive roentgenographic evidenc e of lead 
storage in the bones and a median fecal lead output of 1 . 11 mg Pb/ day . 
Thus , Gage and L itchf ield ' s  estimate of a dangerous level of lead intake 
was based on a fecal lead output 40 t imes grea ter than that found in 
childr en wi th pos i t ive evidence of long-term l ead exposure and blood 
lead levels in a range assoc iated with the appearance of neurologic damage . 

In summary , this Commi t tee was unable to recommend a " safe level" 
of  lead in paint on the bas is of the four s tudies provided by the CPSC . 
None of the s t ud ies were carried out on animals whose  age and d{etary 
components s imulated the conditions of  a young child . These s tudies 
do show that lead sal ts  used as driers in paint are less well  absorbed 
than the same sal ts not incorporated in a paint film. 
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Table II Result s  from CPSC Supplied Data 
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Table II 
Resul ts (Cont ' d ) 
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Table III 
a Comparison of Lead Accumulat ion in Tissues of Weanling Rats .-

Dietary Udaey Blood Bone 

Coac:eatration Total lead e& )II lead/100 al Total lead p& 

Lead acetate 0. 02% 11 . 28 56 . 31 5 . 8 7 

11 . 52 51 . 81 6 . 08  

Lead acetate iD oil 0. 02% 20. 25 97 . 5  9 . 03 

22 . 75 93 . 3  11 . 53 

.! Data froa krl trop .6 
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Appendix D 

Etiology and Consequences of Childhood Lead Poisoning 

The National Bureau of Standards estimates that 600, 000 children 
in the United States have unacceptably high blood lead levels ( ;4 0 �g 
Pb/dl) . 34 This estimate was based on data from large to medium s ized 
standard metropolitan statistical areas (SMSA) in the East and Midwest 
only. The incidence of lead poisoning is highest among one- to five-year­
old inner city children who live in substandard housing containing 
multiple layers of old lead paint . l2,60, 70 A relatively small number 
of cases result from exposure to improperly glazed pottery or exposure 
to industrial point sources such as smelters and battery factories . 56 

RISK FACTORS 

Multiple factors serve to increase the r isk of lead poisoning 
in the 1-5 year old child . Among these are age, pica, diet and multiple 
sources of expos ure. 

Age - The process of growth itself produces stress, making the 
child more susceptible to a host of disease agents which affect adults 
to a lesser degree . Both increased vulnerability of the brain and increased 
intestinal absorption of Pb have been identif ied a$8

two significant risk 
factors related to age . Studies in both humans39, 4 and animalsl3, 72,8 3,9 0 
have shown the brain to be most vulnerable during the "growth spurt" 
which, in humans, begins during the sixt�5month of pregnancy and continues 
into the third or fourth year postpartum ( see Appendix B for a detailed 
discussion ) .  

Balance stu��es in adults have shown an intes t inal absorption 
rate of 10 percent . Alexander and co-workers carried out lead balance 
studies over a three-day period in healthy children ranging from 3 months 
to 8-1/ 2 years of age. They found that healthy children absorb an 
average 53 percent of ingested l ead and retain 18 percent . 4 Animal 
studies also show a higher rate of intestinal absorptionl3, 31, 4 3 prior 
to weaning than after weaning . 

P ica - The young child f irst learns to explore the world oral ly. 
From the time he is able to grasp and l if t  obj ects, he places everyth ing 
in his mouth . This is a normal �ctiyity, which persists in SO percent 
of the chi ldren until age three . 01 •94 Beyond this age, pica is generally 
considered an aberrant behavior. P ica may be defined as the compulsive 
ingestion of non-food substances . The older child with p ica may be 
h ighly selective in his choice of substances . Psychosocial factors 
are important components of repetitive and selective pica . 94 P ica 
for paint is believed to be essentially · episodic, occurring perhaps two 
to three times per week. 1�aria tions in f ecal l ead output tend to 
conf irm this observation . Pica for paint generally begins after the 
child learns to crawl or walk ; however, later onset of pica for paint 
has b een observed. 2 1 Abdominal x-ray plates showed rad iopaque material 
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in the intestinal tract in 35 percent of children s een in the Chicago 
Lead Clinic . 84 

Diet - Both dietary component s and nutritional defic ienc ies have 
been found to increase the absorption of lead from the intes tinal trac t .  
S tudies in rats6 and baboons49 have shown that the presence o f  l ipids in 
the diet increases absorp t ion . Kos t ial ' s  s tudies of rats show greater 
absorp tion of lead if adminis tered in milk than if adminis tered in dry 
feed . 51 , 52 Animal studies involving dietary def icienc ies of  calc ium , 
copper and iron have shown tha t these defic iencies increase the absorption 
of lead . 6 , 4 7 , 64 , 92 In long- term experiments in growing ra ts , restric tion 
of dietary iron and calcium to 20 percent of the Recommended Daily Allow­
ance for growing young ra ts increased the absorption and retention o f  
lead b y  a fac tor of two or  more . 64 , 9 2 This degree o f  r educ t ion i n  dietary 
intake of  calcium and iron has been re�orted in two- to three-year-old 
children from low-income families . 63 , 9 A populat ion survey of American 
children showed less than op timal calcium intake ranging between 12-14 
percent for white children and 23-25 percent for black children , 1 Iron 
deficiency , def ined as hemoglobin levels <10 grams , was seen in approxi­
mately 4 percent o f  white children from families above the poverty l ine , 
10 . 8 percent of  white children in families below the prover ty line , 1 7 . 6  
percent of N egro children in families above the pover ty line and 1 5  �ercent 
of Negro children f rom families below the pover ty line . l Others93 , 9  
have also r epor ted dietary deficiencies o f  calcium and iron in young 
children . Iron def ic iency is mos t  prevalent among children 12- 24 months 
of age . l , 9 3  

Sources of  Exposure - The preschool-age child is exposed to mul­
t iple sources of lead . These include dus t ,  canned foods and l iquids , and 
paint . The last is usually cons idered a "high dose" sourc e of l ead while 
the o thers in which the concentrat ion of lead is much lower , are con­
s idered " low dose" sources . I t  is the cumulat ive intake and absorpt ion 
from these various sources tha t is impor tant . Direc t inhala t ion of  average 
urban air ( 1-3 �g Pb/m3) is considered insignificant in compar ison with 
the sources g iven above . 

Recognizing tha t c i ty children showed a higher preval ence of ele­
vated blood lead levels than did rural children and that no t all children 
with elevat ions had a history of  pica for paint , Lepow59 dec ided to 
examine the possib ility of exposure from dus t and dir t .  She found a mean 
level o f  11 , 000 �g Pb/ g house dus t . Samples of dus t  from the hands of 
children residing in these houses contained a mean level of 2 , 400 �g 
Pb/ g  dus t with a mean weight of 11 , 000 �g dus t  per hand sample . The 
authors sugges ted tha t lead emiss ions from automobiles contributed 
significantly to the high dir t  and dus t  lead levels found in the city . 
Sayre and Vos ta188 , 102 found that house dus t levels in inner c ity homes 
contained median concentrations o f  lead f ive times greater than that  
found in suburban homes and tha t the concentra t ion o f  l ead on the hands of  
a child was r ela ted to  the concentration of lead in house dus t from his 
home . Their f irs t s tudy88 did not differentiate between old and new 
inner city housing ; the s econd s tudy d id . 102 It  was found tha t o ld 
inner city housing contained 3 3-4 8 6  �g  Pb / sq .  foo t floor surfac e ,  new 
inner c ity hous ing contained 2-24 �g Ph / sq . foo t and suburban hous ing 
contained Q- 60 �g Ph/ sq . foo t .  S ince the dust lead l evels in the newer 
inner c ity houses were s ignificantly lower than in the o lder inner c i ty 
houses , the authors concluded tha t  the source of l ead originated from with­
in the homes , pr�sumably from the powdering of old l ead paints .  
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Ter Haar99 examined dirt samples around 18 paint ed frame farm houses 
remote f rom traf fic . The concentrations of lead in dirt were 
s imilar in bo th rural and c ity yards and decreased in relat ion to dis­
tance from the house . In  addition , Ter Haar s tudied the relative 
contribut ion of  lead f rom fallout dust by measuring the f ecal output 
of both s table lead and 210 Ph in two groups of children . A naturally 
occurring tracer , 210 Ph is almost  absent from paint , but occurs in 
s ignificantly higher concentrations in air-suspended particulates or  
dus t fall . The . fir s t  group o f  children was suspected o f  having elevated 
body lead burdens ; the second group lived in good housing in which lead 
poisoning was no t a problem. The f ir s t  group had f ecal lead outputs 
ranging f rom 4-1640 �g Pb/ g ;  the second had outputs o f  2-7 �g Pb/ g .  
Despi te the wide difference in to tal lead output , bo th groups had essen­
t ially identical outputs o f  210 Pb . 99 The conclus ions reached were tha t  
lead paint from the houses was the principle cause o f  elevated soil lead 
levels and tha t  lead from air-suspended par t iculates was no t a s ignif icant 
source of lead intake in the children s tudies . 

Canned foods , particularly ac idic foods such as f ruits and f ruit 
j uices , have b een found to contain higher concentrations of  l ead than 
simila�

7
food packaged in glass or plas t ic containers .  Mitchell and 

Aldous found a .mean lead conc entration of 202 �g Ph/ liter in canned 
foods and 35 �g Ph/ liter in bot tled produc ts . Many of the canned baby 
foods analyzed in this s tudy were f ruit j uices , some of which contained 
> 500 �g Ph/ liter . Canned evaporated milk had from 10  �g Ph/ liter to 
820 �g Ph /liter (mean 202 �g Ph / l iter) . The National Canners Associa tion 
sponsored a s tudy of lead intake in 333 infants aged 1-12 months (unpub­
lished but c it ed by Kolbye , e t  al5� . Their estima t e  of dietary intake 
was 93 ± 36 �g Pb/day , or approximately 50 percent of  the adul t dietary 
intake . To one observing Mitchell ' s  data , it seems obvious that  wide 
variations in Pb intake could occur as a resul t of the parents '  choice 
of food for their child . 

Paint provides the mos t concentrated source of lead pot entially 
available to a young child . House paints containing the present legal 
limit of 0 . 5 percent lead would provide 5 , 000 �g Pb/ g paint . Sachs85  
has indirec tly est ima ted the quantity of paint inges t ed by  a child with 
p ica for paint . Model x -ray films were made ,  using known quantities 
of paint . These were then compared to abdominal x-ray f ilms taken of 
children known to have pica for paint . S even out of  10 randomly 
selec ted f ilms showed radiopaci t ies equivalant to an estimated 1 gram 85 of paint . 4 6 At least one f ilm was es timated to show 20 grams o f  paint . 

Generally speaking , lead intake in adults is f rom " low dos e" 
sourc es such as food , water and ambient air . The child has additional 
sources of lead exposure from dir t , house dus t and paint . Based on the 
data presented above , the mos t  hazardous "high dose" source available 
to the average child is paint . 

Average Daily Intake of Lead in Normal Children - Alexander ' s  
s tudies in eight healthy childr en receiving a normal diet , showed a mean 
daily intake o f  10 . 61 �g Pb / kg body weight . 4 Of this amount , 5 . 4 7 
�g Pb/ kg/ day were absorbed and 5 . 13 �g Pb/kg/ day were excreted in the 
f eces . Thus , the children absorbed approximat ely 50 percent of the lead 
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available from dietary sources . In contras t ,  Keho e ' s  s tudies in adul ts 
showed an absorp� �on rate of approximately 10 perc ent for lead from 
die tary sources . These findings are in agreement with s tudies in 
exp erimental animals which show a higher int es t inal absorp tion rate in 
the young than in the adult .  Barltrop , et al s tudied the rela tionship 
b e tween fecal8lead output and blood l ead�evels in two - to three-year­
o ld children . A mean fecal l ead output of 67 . 8 �g Pb/ day was obs erved 
in a group of 3 5 children with a mean blood lead level of 20 �g Pb /dl . 
Recalcula ted on a body weight basis for an average three-year-o ld 
chi ld weighing 15 kg , the daily f ecal lead outpu t  would be 4 . 5  �g Ph / kg/day .  
As suming a 50 perc ent absorp tion rate , the daily intake nec es sary to 
produce this excretion would be 9 . 0 �g Ph/ kg/ day . This is no t far different 
from Alexand er ' s  f igur e of 10 . 6 �g/kg/ day . In addi t ion , the mean blood 
lead level of 20 �g Pb /dl is comparable to that ob served by o ther s in 
normal "unexposed" children . 4 0 , 59 , 7 0 

CONSEQUENCES OF CHILDHOOD LEAD POISONING 

P ermanent eff ec ts of lead po isoning include bl indness ,  mental 
retardation , b ehavior disorders and dea th .  Clinically obvious ef f ec t s  of 
this magnitude are associa ted with the later s tage o f  l ead po i soning in 
which encephalopa thy occur s . 14 , 74 Therapeutic intervention at this 
s tage is only par t ially successful in prevent ing severe p ermanent def ic its . 17 
Lead encephalopathy in children &enerally does no t occur until blood 
lead l evels exceed 120 �g Pb/dl . 70 The curr ent focus of research inter est 
involves s tudying whether or no t mor e  sub t l e  but permanent eff ec ts 
resul t from less severe cases in which no symp toms , o r  only mild symp toms , 
are apparent . 

Lead exerts i ts toxic ef fec ts in the r enal , hema topo ietic and 
nervous sys tems . Kidney damage is a r evers ible eff ec t  s een in severe 
cas es and no published da ta are available to sugges t tha t damage occurs 
in asymp tomatic cases . Advers e ,  but rever s ibl e ,  effec ts are s een in the 
hematopo ietic sys tem in asymp tomatic cases . A cur r ent controver sy 
c enters around conf l ic t ing r epor ts of neurologic damage o ccurr ing in 
asymp tomatic or mildly symp toma t ic cases . 

Hema topoietic E f f ec ts - Lead- induced anemia has b een r epor ted 
in bo th adults and children . Lead caus es mul tiple inter f erenc es in 
the format ion of hemoglob in , 70 including inhibi t ion of the enz2Wes , 
6 -aminolevulinic acid d ehydratase (ALA-D) and f erro chela tas e .  The 
inhib i t ion of these enzymes r esul ts in an accumula tion of 6 -amino levul inic 
acid in urine (ALA-U) and " f r ee" erythrocyte pro toporphyrin (FEP ) in blood . 

European s tudies have shown that increases in free ery throcyte 
pro toporphyr in begin to occur in women and children when blood lead l evel s  
r each a r ange o f  25- 30 � g Pb / dl , and in men a t  35-4 5 � g Pb/dl . 81 , 97 , 104 , 105 
I t  is now known that it is zinc pro toporphyr in rather than the free 
pro toporphyr in IX which is pr esent in exc es s in the c irculating erythrocytes 
in lead po isoning and iron def iciency . 55 Population s tudies o f  children 
in the United S tates have rarely includ ed a suf f ic i ent numb er of children 
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with < 20 �g Pb/dl to determine this lower threshold level . A second 
threshold is seen in children when blood lead levels reach the range 
of 35-40 �g Pb/dl . 20 , 41 , 7 5 , 87 Ohe excretion of ALA-U begins to rise in 
both adults89 , 100 and children2 when blood lead levels reach the range 
of 40-50 �g Pb/dl . In children ,  quantitat ive collect ions of urine are 
required for ALA-U . The determination of  ALA-U in random urine spec imens 
from children is of little value . 71 , 96 

Hernberg has demons trated that lead shortens the life span of  
the red blood cell and tha t this is a mechanism by which lead produces 
anemia . 38 Tola has demons trated a signif icant decrease in hemoglobin 
levels in new workers occupationally exposed to lead . 100 Decreased 
hemoglob in levels became evident within two to three months , as Pb-B 
approached 50 �g/dl . Pueschel found a s ignificant negat ive relationship 
between hemoglob in levels and blood lead levels in children . 7 8 Blood 
lead levels >60 �g Pb/dl were almost always associated with hemoglobin 
levels <10 g/dl . Betts ll found hemoglobin levels <11 g/dl in 36  percent 
of children wi th 3 7-60 �g Pb/dl , 7 1 percfi�t wi th 60-100 �g Pb/ dl and 89 
percent wi th >100 �g Pb /dl . Ro sen e t  al found a negative relat ionship 
between hematocrit  and blood lead concentrations at levels exceeding 4 0  
�g Pb /dl . 

Neurologic Ef fects - Subtle deficits in neurologic functioning 
are difficult to measure and even more diff icul t to attribute to a 
single cause such as lead po isoning . There is currently no set of  
neurochemical tests for measuring changes in the nervous sys tem that 
is comparable to the set of tests (ALA-D , ALA-U , UCP and FEP ) available 
for measuring changes in the hematopo ietic sys tem. Current measurements 
of neurologic changes are accomplished through the us e of  functional 
tests such as I . Q .  tests . Confounding fac to rs such as parential I . Q . , 
parental education level , socio-economic status , birth trauma , etc . , 
also influence the results of these tests . S tudies purpor t ing to show 
a rela tionship between I . Q .  and exposure to lead should include control 
subj ects carefully matched with s tudy subj ects for age , birth rank, 
parental I . Q . socio-economic status , nutrition , p ica , etc . In addition, 
they should be prospective studies in which the presence or absence of 
expo sure to lead in the early y.ears is well documented . Most of the 
current cont roversy results because studies were undertaken without a 
proper des ign and lack either a proper control group or f irm documen­
tation of the degree of lead exposure during the early years of life . 

The s tudies of de la Burde23 , 24 meet most of the criteria of a 
prospective s tudy . Bo th study and control children were drawn from an 
on-go ing Child Development S tudy at the Medical Col lege of Virginia in 
Richmond . Mothers were followed during pregnancy and delivery and 
children followed for eight pos tnatal years . The s tudy group cons is ted 
of 67 asymptomat ic children who had a positive history of p ica for paint 
or plas ter , lived in deteriorated old hous ing , had positive ur inary 
coproporphyrin tests and either a blood lead level >40  � Pb /dl or blood 
lead > 30 �g Pb/ dl and positive radiographic f indings for lead lines in 
the long bones . Becaus e of the analyt ical problems inherent in blood 
lead methodology , as performed in the 1960 ' s , 44 we feel that this 
combinat ion of criteria for select ing the study group was mor e  rel iable 
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than a s election based on blood lead levels alone . Even so , the 
absence of serial blood lead levels ,  which were not feas ible at the t ime ,  
i s  the maj or weakness o f  this s tudy . This weakness is  largely overcome 
by dependence on x-rays and repeat edly positive urinary coproporphyrin

10 t es ts .  Positive bone x-raysll and positive urine coproporphyrin t ests  
are generally associated with blood lead concentrations equal to 
or greater than 60 �g Pb/dl . Lead levels in shed deciduous t eeth were 
performed several years later on teeth from 29 of  the lead-expos ed 
children and 32  of  the control children . The mean tooth lead level for 
the s tudy group was signif icantly higher than the mean tooth lead level 
of the con trol group . The control group consisted of 10 children 
who had a negat ive his tory o f  pica for paint o r  plas t er , l ived in 
modern housing , did not visit o lder hous ing for day care and had negat ive 
tes ts for coproporphyrin in urine . In addition , all children were 
excluded from both groups who showed neurologic abnormalities o r  develop­
mental lag either during the newborn period or at four months , i� abnor­
mali t ies were noted on the Bayley s cale at eight months , or if conf irmed 
or suspected disease o f  the central nervous system was no ted anytime 
before s even years of  age . In add i t ion , the groups were comparable in 
age , sex ,  race ,  mo ther ' s  non-verbal I . Q . , socio-economic s tatus , family 
compos i t ion and possible sources of family upheaval such as death in 
the family , foster home placement or working mo ther . 

Neurological and psychological tests  were  adminis t er ed to both 
groups at  four years o f  age and again at  s even years of age .  Fif ty-eight 
children from each group also had tests repeated at  eight years of  age . 
At four years o f  age , the mos t  s ignif icant differences between the groups 
were in the areas of f ine mo tor coordination and behavior .  Failure on 
f ine mo tor tes ts occurred almo s t  twice as frequently in the lead-exposed 
group as in the control group . Deviation in overall behavior ratings 
occurred almo s t  three times as frequently in the lead-exposed group . 
Mean I . Q .  scores , as measured by the S tanford-Binet test , were 89 ± 13 . 1  
for the lead-expos ed group and 94 ± 1 0 . 5 for the control group . At 
seven years of age , neurologic examination revealed deficits  in more  
than twice as  many children f rom the  s tudy group as from the  control 
group . Full-scale I . Q . , as measured on the Wechsler Intelligence Scale 
for  Children revealed that the maj ority o f  children from both groups had 
average intelligence ,  although the mean I . Q . ' s  were statis t ically signif icantly 
(p  < 0 . 01) lower in the lead-exposed group . The frequency o f  r esults  in 
the borderline or  mentally def ec tive range was higher in the lead-expos ed 
group . Short  attention span and minimal goal orientation occurred in 
32 percent of lead-exposed children and 14 percent of control children . 
Poor academic progress was no ted in 27 . 8  percent of lead-expos ed children 
and 4 . 1 percent of control children . The number o f  children rep eating 
at leas t one grade was higher in the lead-exposed group ( 25 . 9  percent) 
than in the control group ( 6 . 1  percent) . Eleven lead-exposed children 
and four control children were rec eiving speech therapy for speech 
impediments . 

The authors felt tha t  the mo st significant difference between 
the groups was in the area of behavior and that this was the primary 
cause fe r poor school performance .  Among the lead-exposed group , f ive 
had been seen by psychiatrists , one had been institutionalized and three 
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were subj ec t to seizures . None of these findings occurred in any o f  the 
control children .  A review of school records revealed tha t  hyperactivity , 
explosive behavior and frequent t emper tantrums occurred in 19 lead-exposed 
children and 5 control children . The behavior problems which had been 
apparent at  four years of age , but whieh were adequately handl ed in the 
home environment , pers isted at seven years and prevented appropriate 
functioning in the school environment . It is o f  interest to note  that  
these f indings in  asymptomatic children are similar to the f indings of  
Byers and Lord in symptoma t ic children . l4 Although Byers and Lord found 
little difference between lead-poisoned and control children ,  in rela t ion 
to overall I . Q . , the lead-poisoned children were found to have s ignif i­
cantly poorer school performance. 

The resul ts of  several additional s tudies have sugges ted a 
relationstip between increased l ead ab sorption and neurologic deficits 
in young children . Albert et all obtained data on 3 7 1  children with 
varying degrees o f  lead exposure . A r ecord of blood lead levels· was 
obtained f rom the New York C i ty Heal th Depar tment blood l ead regis try . 
The mean age at  t ime o f  blood tes t  was 2 . 5  years . Relocation and 
evaluat ion o f  the patients took place 3-11 years af ter blood lead tes ting . 
The children were d ivided into f ive groups according to degree o f  exposur e .  
Group I contained six children wi th lead encephalopathy , Group II  contained 
154 children treated for lead poisoning who did not have encephalopathy . 
Group III contained 65  children with bl ood lead levels > 60 �g Pb/ dl 
who were no t treated , Group IV contained 57  children with < 60 �g Pb/ dl , 
but elevated tooth lead level s ,  and Group V contained 89 children with 
both low blood lead and tooth lead levels . Neurologic disorders , including 
mental retardation , organic brain syndrome , seizure disorder s  and behavior 
disorders , were found in 66 . 7  percent from Group I ,  11 . 0  percent from 
Group II , 18 . 5  percent f rom Group III , 3 . 5 percent from Group IV and 4 . 5  
percent from Group V .  Psychometric tes ts were performed on 159 of  the 
371 children . A composite rating based on Intelligence Quo t ient , Bender­
Gestalt quo tient , Figure Drawing quo tient and Purdue Pegboard error 
score was made by a clinical psychologist . Groups I and I I I  had s ignifi­
cantly lower rat ings than Group V .  Groups II  and IV did no t differ 
significantly f rom Group V .  I t  is  not surprising tha t  the encephalopathy 
group showed neurologic d eficits . The fac t that the untr eated children 
with > 60 �g Pb /dl (Group III ) showed a higher frequency o f  neurologic 
def icits than the diagnosed and trea t ed cases of  lead poisoning (Group I I ) , 
led the suthors to conclude that this group contained children who should 
have received chelat ion therapy . Clinical records revealed that 3 7  of  
the 65 children in Group III  had symptoms compatible with lead poisoning . 

Perino and Ernhart 7 3  repor ted a signif icant negat ive r elat ionship 
between blood lead levels and cognitive , verbal and perceptual abilities 
in 80 asymptomatic children , ages 3 years to 5 years , 11  months , who had 
blood lead levels ranging from lQ- 7 0  �g Pb/ dl . They also found a signi­
ficant negat ive relationship between parental education level and blood 
lead levels in the children . Their " low l ead" group ( 10-30 �g Pb/dl) 
did not dif fer s ignif icantly from the "moderate lead" group (40- 7 0  �g 
Pb/dl) in socio-economic status , s ex ,  age , parental intelligenc e ,  number 
of siblings , birth order or birth weigh t . 

43  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e c o m m e n d a t i o n s  f o r  t h e  P r e v e n t i o n  o f  L e a d  P o i s o n i n g  i n  C h i l d r e n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 2 0

http://www.nap.edu/catalog.php?record_id=18520


Landrigan5 7  and McNeil62 each s tudied different groups of  
asymptomatic children exposed to lead emissions from an ore smelter in 
El Paso , Texas . Both s tudies contained an exposed and a control  group . 
Landrigan found impaired non-verbal cognitive and percep tual skills , 
as well as slowed finger-wrist tapping in his expo sed group . McNeil 
found no s ignif icant intellectual or behavioral differences between 
carefully matched exposed and contro l groups .  S everal fac tors make it 
difficult to evaluate the resul ts of  thes e s tudies . The children studied 
had multiple exposures to metals , including lead , ars enic , copper , 
zinc and cadmium. 56 Landrigan ' s  criteria for selec tion of children for 
the s tudy group were bas ed on a blood lead level >40 �g/dl , while McNeil ' s  
criteria were based on res idence in proximity to the smelter .  In addition, 
normal hemoglob in and hematocrit levels found in thes e children 62 indicate 
that nutrition was probably adequat e .  This may have served as a pro tec tive 
factor in thes e children . 

Lansdown ' s58 s tudy of British children expo sed to lead �is sion 
from an ore smelter showed no s ignificant correlation between blood 
lead levels and either intelligence quo tients or b ehavior ratings . 
However , of the 215 school age children studied , only 12 had > 50 � g 
Pb /dl and 31 had 4Q-4 9 � g Pb/dl . Thus , the correlation co ef fic ients 
were heavily influenced by the 17 2 children wi th <40 � g Pb/dl . In 
addition, there was no attempt to match the study group with a control 
group of the same age , parental intelligence ,  soc io-economic status , 
birth rank , family size , etc . 

Retrospec tive s tudies carried out by Bea ttie et a19 and David 
et a122 have suggested a relationship between lead expos;re and I . Q .  
and lead exposure and hyperactivity , respec tively . Neither study , 
however , provided adequate documentation of the degree o f  early lead 
exposure in the children s tudied . 

This committee realizes the difficulties inherent in designing 
and executing longitudinal s tudies in children to detect  subtle neuro-
logic differences between groups . Although no s ingle s tudy cited repre­
sents a perfec t model , we feel that the general trends seen in these s tudies 
indicate a relationship between asymptomat ic lead poisoning and neurologic 
and behavioral handicaps . 

In conclusion , we feel tha t the quest ion of  individual susc ept ibility 
mus t be taken into account when setting " safe levels" of  toxic substances . 
S tudies of both hematologic effects  and neurologic effects show varying 
degre es of response among individuals with equival ent exposure to lead . 
Hema to logic eff ec ts begin to occur in some 1-5 year old children when 
blood lead levels r each the range of 35-40 �g  Pb/dl , while an increased 
frequency of neurologic eff ec ts have been demons trated only in those 
children with elevations in the range of  SQ- 60 � g  Pb/dl or above . 

44  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e c o m m e n d a t i o n s  f o r  t h e  P r e v e n t i o n  o f  L e a d  P o i s o n i n g  i n  C h i l d r e n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 2 0

http://www.nap.edu/catalog.php?record_id=18520


Appendix E 

Evaluation o f  the Hazard o f  0 . 5 Percent Lead Paint 

No single s tudy of children wi th pica for paint has combined 
the numerous measurements necessary to estimate a " safe level" of lead 
in paint . Therefore , a dec ision regarding the safety of 0 . 5 percent lead 
paint mus t be made by relating measurements found in various s tudies . 
Ultimat ely , the estimated intake of paint chips in a child with pica 
must be related to the appearance of adverse eff ec ts in that child . 

The po tential hazard of inges ting lead-containing paints is rela ted 
to the average amount absorbed on a daily or  weekly basis over a period 
of months . The percentage of  inges ted lead tha t is ac tually absorbed 
from the gas trointestinal tract into the body var ies according to the 
chemical and physical form of the inges ted l ead ( i . e . , paints , dus t ,  
etc . ) ,  age and o ther fac tors . Diff erences in the rates of absorption of 
lead f rom each source can be largely compensated , if  the available data 
are recalculated as pg Pb absorbed/kg body weight/day . In this way , 
a reasonable es timate of the amount of  paint containing 0 . 5 perc ent 
lead necessary to raise Pb-B to a hazardous level can be  made .  We 
will use two methods for estimat ing t he hazard of paint containing 
0 . 5 percent lead : 

Method A - The f irs t method of es timating the safe ty o f  0 . 5 
percent lead paint will be  made by relating es timated paint intake to 
fecal lead outputs found in children with blood lead levels (Pb-B) >60 
pg Pb/dl . P ica for paint has been observed to b e  episodic , occurring 
up to two to three times per week. The analysis of lead in consecutive 
fecal samples seems to confirm this observat ion . l9 Through the use of 
abdominal x-rays , Sachs has demonstra t ed tha t some childr en with pica 
for paint are capable of consuming more than 1 gram of  paint in the 
24-36  hour period preceding the ttme of x-ray . 46 One chil d was es ti­
mated to have consumed 20 grams o f  paint dur ing this time . 85 

An est ima ted range o f  lead intake can be  calcula ted , using a 
figure of  0 . 5 percent l ead in paint ( 5000 p g Pb/g paint) , a f igure o f  
1 gram paint per ingest ion and a figure varying from one t o  three for 
frequency of  inges t ions per week. The est imated weekly intake is then 
divided by s even to obtain an average daily intake . Using these f igures , 
the average daily intakes would be 714 p g Pb , 1 , 4 29 p g Pb and 2 , 14 3  p g 
Pb , respec tively , for one , two and three inges tions per week. 

I t  is esttmated that 50 percent of lead from foods is absorbed 
by a young child . However , s tudies in ra ts have shown that lead chromate 
in paint films is no t as well absorbed as the simple inorganic salts  of  
lead . Gage and Litchf ield32 estimate tha t lead chromat e  pigment in  paint 
is absorbed one-fourth to one-third as well as the simple inorganic sal t s , 
when incorporated into standard laboratory rat feed , and tha t  lead 
nap thenate is absorbed about one-half as well . S imilarly , lead octoate 
in dried ground paint , when f ed to monkeys , yields Pb-a ' s  one-third to 
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one-half as high as when lead octoate is f ed direc tly . These data indi­
cate that lead compounds , incorporated into a paint matrix ,  are ab sorb ed 
only one-fourth to one-half as well as the free lead salts . We will us e 
an average of one-third for es timating a child ' s absorption of  lead from 
paint . This average i s  used because a variety of lead compounds are used 
in paint . Thus, if children absorb 50 percent of dietary lead, experi­
mental data ind icate that they will absorb only one- third of this amount 
or an average of 1 7 %  of the lead from paint. Table I gives the est ima ted 
amounts of lead absorbed and excreted, based on an absorpt ion fac tor of  
1 7% and est imates of weekly intakes of 1 ,  2 or 3 grams of 0 . 5 percent 
pa int. Average daily intakes are also calculated on a per k ilogram basis 
for an average two-year-old child weighing 12 . 5 kg . 

Tabla 1 

calculated Lead Intake and AbHrbed Do .. fr� Paint Pica 

Amount of Palnt 
tnceetcd /W-.ek 
( ; rami paint) 

3 

lntak� lf Paint Contain• 
0. S pe r cent Pb (S,  000 

11g Pb Ia paint) 
(t&a Pb /day) 1111 Pb/ka /day)• 

7 1 4  S7, 1 

1 ,  429 1 1 4. 3  

2, 1 43 1 71 .  4 . 

•For a•e raae two yea r old chUd welahtna U, 5 /q, 

AmCNnt Pb 
Ab•orbed ( 1 7  . prcent) 

, ... Pb/ 

C111 Pb/day) ka/day)• 

I l l  

243 

9. 7 

1 9. 4 

Z9, 1 

Am-t Pb 
Exc reted la Fecee 

(8 3 perceat) 

""' Pb) 

59) 

1 , 1 86 

1 , 779 

Chisolm and Harrison found a median fecal lead output of  1 , 110 
� g Pb/day in asymptomatic children wi th blood lead levels > 60 �g Pb/dl 
and positive roentgenographic evidence of  lead s toragf in bones . Some 
also had elevations in urinary coproporphyrin levels . 9 Barltrop found 
fecal lead outputs ranging from 57 0 - 1 , 900 �g Ph/stool sample in three 
two-year-old symp tomatic children with blood lead levels ranging from 
68-92 �g Pb/dl , pos itive roentgenographic evidence of lead storage and 
hemoglob in levels <10 g/ dl . 7 From the es timates given in Table I and 
the studies of Chisolm and Harrison and Barltrop and Killala , it appears 
that the ingestion of between 1 and 2 grams of paint ( containing 0 . 5 
percent Pb) per week could produce fecal lead outputs equal to those found 
in children with >60 �g Pb-B . Clinical s tudies in children have indi­
cated that blood lead levels >60 �g Pb /dl are associated with increased 
risk of later CNS eff ects . 3 , 23 , 24 , 5 7 , 7 3 

In contrast ,  Alexander ' s  balanc e s tudies in eleven healthy children 
receiving a normal diet showed a mean lead intake of 10 . 61 �g Pb/kg body 
weight/ d ay and a mean f ecal lead output of 5 . 13 �g/kg/ day . 4 Us ing the 
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f igures from Table I ,  a 1 2 . 5 kg child consuming 1 gram of 0 . 5 percent 
PB paint per week would have a daily lead intake of  57 . 1  �g Pb/kg body 
weight , a f ive-fold increas e above that  found in a normal diet . Two 
grams of  paint would produce an eleven-fold increase and 3 grams , a s ixteen­
fold increase . 

S ince the best available clinical evidence ind icates that children 
with p ica can and do inges t 1-3 grams of  paint per week and , since the 
ingest ion of between 1 and 2 grams of 0 . 5 percent lead paint per week 
would be suff ic ient to pr�duce daily fecal lead outputs equival ent to those 
found in children wi th �60 �g Pb-B , a level of 0 . 5 percent l ead in paint 
cannot be cons idered a "saf e  level . "  

Method B - An al ternate method for determining the saf ety of  0 . 5 
percent l ead paint is based on the absorp tion s tudies carried out by 
Kehoe on adult volunteers . 42 Keho e found tha t blood l ead l evels. increased 
17 �g/dl over a period of  nine months for each additional mg of lead 
administer ed per day . Lead acetate or l ead chloride were adminis tered 
with the d iet at  dosages of  0 . 3 ,  1 . 0 , 2 . 0  and 3 . 0  mg Pb/day . Increases 
in blood l ead I,evels were proportional to d·o sage . For the sake of  s im­
plic i ty , we will discuss the subj ect receiving 1 . 0  mg Pb/day . An observed 
int es tinal absorption rate of 10 percent resulted in an absorp tion of  
100  �g  Pb/ day . Calculated on  a body weight basis for  a standard 7 0  kg 
man , this represented 1 . 43 �g Pb absorbed/kg/day . Thus , the ab sorption 
of 1 . 43 �g Pb/kg/day would be suff icient to produce a rise in blood l ead 
of 17 �g/dl and an absorption of 2 . 86 �g Pb/kg/day could produce a r ise 
of  34 �g/dl . S imilar increments in b lood l ead concentration have recently 
been reported by S tuik97 who has adminis tered lead acetate at 20 �g 
Pb/kg/day to 5 adult male and 5 adult female volunteers over a period 
of 12 weeks . I f  one assumes an absorption of 10% of  the dos e ,  the rate 
recently found by Rab inowitz et a1 , 80  then these healthy vo lunteers 
would have absorbed 2 . 0  �g Pb/kg/day . In S tuik ' s  subj ec ts b lood l ead 
concentrations increased by 1 7 . 7  �g Pb/dl in the f emales and 20 . 3  
�g Pb/dl in the males after 2-1/ 2 weeks . These sho r t-term s tudies 
essentially conf irm and extend the earlier long-t erm s tudy of Kehoe in 
adult volunteers . 

The average blood lead level in normal unexposed children is 
approx�ately 20 �g Pb/dl . 59 Early metabolic changes in the hemato logic 
sys tem begin to occur in children when blood lead levels r each the range 
of 30-40 �g Pb /dl . From the s tandpoint of  preventive medicine , it would 
seem appropriate to insure that  mean b lood lead levels for groups do 
not exceed 20 �g Pb/dl . An additional daily absorp t ion of 1 . 43 �g 
Pb/kg/day could increase blood lead l evels from 20 �g Pb/dl to 3 7  �g 
Pb/dl , while an additional absorp tion of  2 . 86 �g Ph/kg/day could increase 
levels to 54 �g Pb/ dl . 

Based on an absorption factor o f  17 percent  for l ead in paint , 
Table I I  shows the amount of  lead intake necessary to produce absorption 
of either 1 . 4 3 �g/kg/day or 2 . 86 �g/kg/day . Total daily intakes are 
also calculated for an average one-year -old 10 kg child and a two -year­
old 1 2 . 5  kg child . 
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lacreaae in 
llood l.ud (Pb-1) 

(pa/dl) 

17 
)4 

Tale 11 

Calculated lle11J latenal Don 8M .u-uted laterul DoH 

Lead Aba o rbed 
Each Day 

l!ll Pb /ka /day) 

1 • •  , 

z. 16 

Neceua ry � 
to Produce Correapondlna 

Abaorption• 

llll Pb /kc/day) 

I, C l  

16, U 

Total lr.take 
Neceaeary for 

10 ka child 
C..1 Pb/day) 

14. 1 

1 6&. z 

•Baa ed  on aba orption facto r ot l 7  pe rcent for lead 1a l"'iat. 

Aba orption ol lead from food• il approximately 50 percut, 4 

Total latake 
Neceua ry for 
u. 5 ka chlld 
Cl&l Pb/day) 

105, 1 

11Q. 3 

The safety of  0 . 5  percent lead paint can b e  determined from 
Table I I . The inges t ion of 16 . 82 mg paint/day or 33 . 64 mg paint per 
day containing 0 . 5% l ead would result in raising b lood lead levels by 
17  �g/dl or 34 �g/dl , respec�ively , in a 10 kg child . S imilarly , a 1 2 . 5  
kg child would need to inges t  either 21 . 02 mg paint/ day or 4 2 . 06 mg paint 
per day . King and Schaplowsky have summarized the work of Sachs wherein 
she demons tra ted that some children can con�gme more than 1 g ( 1 , 000 
mg) paint per week or 143 mg paint per day . For a child with pica 
for paint , a level of 0 . 5  percent l ead in paint clearly represents a 
hazard . 

Because multiple fac tors s erve to modify lead intake , absorption 
rates and individual suscep t ibili ty , the foregoing ma thematical calcula­
t ions used for determining the hazard of 0 . 5  percent lead paint , canno t 
be considered suitable for application to every child . Age ,  frequency 
of pica , dietary constituents , and nutrit ional s tatus all contribute 
toward increasing or decreasing the amount of lead absorbed by any one 
individual ( see Appendix D) . 

The firs t method used for 4etermining the hazard of 0 . 5 percent 
lead paint is based on relating lead intake to the appearance of early 
clinical illness and significant risk of later CNS effec ts . The s econd 
method relates  lead intake to b lood lead l evels known to be  associated 
with the appearance of early metabolic ef fec ts  in children . In either 
cas e ,  a level of 0 . 5  percent lead in paint cannot be considered a " safe 
level . "  
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Appendix F 

Daily P ermissible Intake , Reconsidered 

In 19 71 ,  an ad hoc commi t tee convened by the Bureau of Community 
Environmental Managemen�Public Health Service , DHEW , proposed the con­
cept of a daily permissible intake (DP I )  to be used as a referenc e po int 
for es tabl ishing polic ies to prevent childhood lead po isoning . 4 5 Based 
on the knowledge available at  that t ime ,  the commi ttee dec ided that blood 
lead levels should no t exc eed 40 �g  Pb/dl and tha t the DP I fo r children 
should no t exceed 300 �g Pb/day . Kehoe ' s  balance s tudies , 4 2 carr ied out 
on adul t volunteers , were used as a reference for es tabl ishing a daily 
lead intake which would result  in levels < 4 0  �g Pb/ dl . In adults , Kehoe 
found an intest inal absorpt ion rate of  10 percent for lead ingested in 
the diet . The one volunteer who se blood lead level did no t consistently 
exceed 40 �g Pb /dl had a daily intake of approximately 600 �g Pb/ day . 
Unfor tunately , the studies on this volunteer were discontinued af ter 15 
months . Therefore , the effec t of  chronic expo sure to 600 �g Pb/day was 
no t established . 

Mor e  recent evidence indicates that the absorp tion of dietary 
lead is approximately 50 percent in young children . Alexander4 found that 
an intake of 10 �g/kg/ day resul ted in a daily fecal excretion of 5 �g/kg/ 
day . Barltrop found tha t children wi th a fecal excretion of approximately 
5 �g/kg/day had a geometric mean blood lead level of 20 � g  Pb /dl with a 
range of 11-38 �g Pb/dl . 8 S tudies in suckling animal s sugges t that the 
intest inal a�sorpt ion rate of lead from milk may be as high as 7Q-90 
percent . 3l , S  Thes e s tudies sugges t that the absorption ra te of lead in 
children less than one year of age may be higher than 50 perc ent . In 
addition , the brain of infant §ats accumulates lead to a greater extent 
than the brain of adult rats . 6 

Based on this new informa t ion , the daily absorption of  l ead from 
diet can be r ecalcula ted . The caloric requirement of a three year old 
child weighing 15 kg is one-half of the caloric requirement of an adul t 
weighing 70 kg . Tepper , cited in King , 45 reported tha t  the average adul t 
diet contained 220 �g Pb/ 24 hrs . If  a thr ee year old child consumed the 
same diet , reduced to one-half to meet his caloric requirements , his 
dietary lead intake would be 110 �g Pb/ 24 hrs . Based on a die tary absorp­
tion fac tor of 10 perc ent , the adult would absorb 22  �g Pb/ 24 hrs or 0 . 31 
�g Pb/kg body weight/day ( ( 220 x 10 percent )  f 70  kg) . Based on the 
dietary absorp tion fac tor of 50 percent , the child would absorb 5 5  �g 
Pb/ 2 4  hrs or 3 . 67 �g Pb /kg body weight ( 1 10 x 50 percent 7 by 15 kg) . 
Thus , when die tary lead absorp tion is expressed in terms of body weight , 
it  can be calculated that the child would absorb 12  times as much lead as 
an adul t receiving the same diet . 

The safety of blood l ead levels in the range of  25-40 �g Pb /dl has 
recently been questioned . Early hematologic changes can b� seen in women 
and children when blood lead levels reach 2 5- 30 �g Pb / dl . 7 H , 9 7 Neurologic 
changes have no t been documented at  this low level . No data are available 
relating blood lead levels to possible adverse eff ec ts in children less 
than one year of age .  
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Because of new evidence ava ilable in bo th human and animal s tudies , 
this Commi ttee believes that the DPI should be r ecalculated . Spec if ical ly ,  
consideration should be given to : 

1 .  Lowering the currently acceptable blood l ead l evel o f  4 0  �g 
Pb / dl for children . 

2 . Accounting for a higher int estinal absorption rate in young 
children . 

3 .  Allowing a " saf ety fac tor" for children less than one year of  
age , since no data regard ing effec ts or absorp t ion rates is 
known for this group . 

4 .  Express ing the DPI on either a body weight ( �g Pb/kg/day) or 
calor ic ( �g Pb /Kcal) bas is . 

The World Heal th Organization , FAO , has recently r ecommended that 
lead intake in adults should no t exceed 3 . 0  mg of lead per week ( 4 29 �g of  
lead per day) . l03 For a standard 70  kg man , this would be equivalent to 
6 . 12 �g of l ead per kg/day . 
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Appendix G 

Lead Contents of Current Household Paints 

In 19 74 , CPSC conduc ted a market place survey to evaluate the for­
mulat ions o f  paint on the retail market . lOl Five hundred sel ec t ed house­
hold paint samples were collec ted by ten state agencies under contract to 
the CPSC . The paints selec ted for the survey were  representative of the 
types and colors in current usage . Table I gives the annual percentage 
of sales for each type of paint . 

Table I 

Household Paint Marketing Data 

1 .  Inter ior Finishes (wall , ceil ing , trim,  etc . )  

Water Emulsion ( la t ex) , acrylic , 
vinyl acetate , etc . 

Oil or alkyd based ( including enamels) 
Metal enamels ,  etc . 
P r imers and/or seal ers 
S tains and/or varnishes 

2 .  Exterior Finishes ( house , etc . )  

P ercent 
25 

20 
5 
5 
5 

Water Emulsion ( latex) , acrylic , 15 
vinyl acetate , etc . 

O il or alkyd based ( including enamels) 15 
Metal enamels ,  s tains , varnishes , 10 

primers ,  sealers , etc . 

Percent 
60 

40 

TOTAL 100 percent 

Four hundred and eighty-nine samples were analyzed for lead con­
tent . The results of paint analyses are given in Table I I  ( S ee next page) . 

N inety- two percent of  oil based paints and 99  percent of wat er 
based paints contained less than the current s tatutory limit of  0 . 5 per­
cent lead . In addi t ion , 70 . 8  percent o f  oil  based paints and 96 . 1  percent 
of  water based paints contained less than the proposed l imit of 0 . 06 per­
cent lead . Four colored oil based paints (black, green , yellow and white) , 
consistently ex�eeded the 0 . 5 percent lead l imit . Table I I I  shows the 
results  of lead analyses for these colors .  
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Table 1 1  

Lead Content of Houeeho14 Pelnte 

OU Baeed 

Pe rcent Lead• Nwnb e r  Pe rcent Nwnber Percent Nwnber Perceat 

Do not 
c e, �·. ��� rm to 
l <;7.; Sta tuto ry 
Lim i t  

co,!orm to 
1 9 7 4  Statut ory 
L i m it 

> I .  5 0  6 
1 - 1 .  4?  3 
0. S 0 - 0. 9 9  14 

0. Z S -0. 49 2 1 
o. 1 0 - 0 . 2 4  34 
o. 06 -0.  0 9  5 
<. O la 2 0 1  

TOTALS 284 

2. •t 0 
l .  I 8 perceat 0 
4. 9 2 

7. 4 
I Z. 0 92 perc eat ) 

1 .  8 2 
70. 8 1 97 

1 00 205 

. • P e r c ent by weight ba a ed  on· final drled aolld•. 

table I I I  

0� 6 
0 1 pe rc-t J 

I ,  0 1 6  

o .  5 zz 
1 .  5 99 pe rc eat 37 
I ,  0 7 

96, 1 398 

1 00 489 

Lead Cont eut of Oil  Baaed Houaebold PaiDta 

Percen t 
Lead* 

> 1 . 0  

O. So-0 . 99 

0. 06-0 . 49 

>0. 06 

Total 

l�ac:k** 

Per 

I Ceot 

3 u . s  

3 1 2 . 5  

6 25 . 0 

12 so. o 

24 100 . 0  

Greeo 

Per 

I Ceot 

2 a . o  

0 o . o  

4 16 . 0  

1 9  76. 0 

25 1 00 . 0 

*Perceot by vei&bt based on f inal dried aolids . 

**lnc:ludina c:barc:oal 

tallow 

Per 

I Cent 

3 19 . 0 

1 6 . 0  

2 13 . 0 

10 62 . 0  

16 100 . 0  

1 . �� 
0, 6 5 perceat 
J. J 

4, 5 
7, 6  95 percent 
1. 4 

8 1 . 4 

100 

White 

Per 

I Cent 

1 1 . 2  

1 1 . 2  

13 16 . 0  

66 81 . 5  

81 99 . 9  

The proposed l imit o f  0 . 06 percent l ead in paint was originally 
intended to allow for var iations due to impur ities in raw mater ials , con­
taminat ion during process ing and detec tion limits for the analytical 
methods us ed in determining the lead cont ent of paints .  The proposed 
limit does not allow a margin for lead add itives , including dryers . An 
indus try formulary30 ind icates that trace amounts of cobal t and manganese 
are used as essential drier s  and that lead is used as an auxiliary dryer . 
Z inc and calcium are lis ted as al t erna tive auxiliary dryers . 
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This Committee has no expertise in ei ther paint technology or 
economics ;  therefore , no conclusions could be reached relative to either 
a change in the quality of paint or the economic impac t which might re­
sult f rom reducing the level of  lead in paint to trac e amounts . Never­
theless ,  the data f rom Tables I I  and I I I  c learly demonstrate that the 
production of paint with <0 . 06 percent lead is possible . More  impor tantly , 
a large proportion o f  paints sold in the current retail market already 
meet the proposed l imit of 0 . 06 percent lead . 
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