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I. Introduction 


The detection and management of children ex
poi_ to lead is a rapidly changing field. Since the Sur
geon General's statement "Medical Aspects of Childhood 
Lead Poisoning" (1970) and the subsequent statement 
by the Center for Disease Control (1975) were issued, 
considerable new data from clinical, epidemiological, 
and experimental studies have become available. These 
data have improved upon our knowledge of the extent 
of lead exposure, its sources, and the requirements for 
prompt and reliable identification and management of 
children at risk. The CDC recognizes that there will 
doubtless be further development in this field which 
may alter or redefme our current understanding. 

The purpose of this statement is to reflect current 
knowledge by making revised recommendations regard
ing the screening, diagnosis, treatment, and followup of 
children with undue lead absorption and lead poisoning. 
The ultimate preventive goal is identification and re
moval of lead in the environment before it enters the 
child. Until this occurs, screening. diaposis, treatment. 
and environmental management will continue to be 
necessary public health activities. 

Definitions 
The terms which follow in this section are arbi

trarily defmed for the purpose of this document. 
E/evattd blood l~ level is defmed as a conflmled 

blood lead 30 micrograms.per deciliter (}lg/dl) or 

greater. 

Lead toxicity is defmed as biochemical [e.g., 

lIT')'throcyte protoporphyrin • (EP) equal to or 

greater than (» SO ~g/dl] or functional derange

ments caused by lead. 


Undue lead absorption refers to excess lead in the 

blood with evidence of biochemical derangement 
in the absence of clinical symptoms. It is defmed 
by confl11l1ed blood lead levels of 30-69 ~dl as
sociated with EP levels of 50-249 ~dl whole 

blood. 

LetJd poisoning is defmed as existing whenever a 

child has any one or more of the following: 

1. Two successive blood lead levels equal to or 

greater than 70 JlIIdl with or without symp

toms. 
2. 	EP level equal to or greater than 250 IJg/dl 

whole blood and a confirmed elevated blood 
lead level equal to or greater than SO JJ81dl with 
or without symptoms. 

3. EP level greater than 109 JJ81dl associated with 
a confirmed elevated blood lead level (:> 30 
IlIIdl) with compatible symptoms. 

4. Confirmed blood lead level greater than 49 IlII 
dl with compatible symptoms and evidence of 
toxicity (e.g.. abnormal EP, calcium disodium 
EDTA mobilization test, urinary aminolevulinic 
acid excretion or urinarY coproporphyrin ex

cretion). 
Iron deficiency exists when a child has insufficient 
iron available for erythropoiesis. This may be 
caused by inadequate ingestion, malabsorption, 
impaired transport, impaired utilization of iron, or 
blood loss. Iron deficiency may exist with or with

out frank anemia. 
.~ protopGtpfty1ri:l! (i!P) l'UulU U1t:zeuac1 in equi¥
alenu or fne erythrocyte protoporphyrin (FEP) extracted by 
the ethyl acetate1Cetic acid-HC mettrocl and reported in micro
pams per dedllter whole bloocl. For the purpose of this clcx:u
malt, zinc protoporphyrin and FEP ue referred to as EP. 



c 

II. Background 


As experience with lead screening has grown, 
awareness of the nature of the effects of lead on health 
has both broadened and deepened. In the past, medical 
attention has focused principally on the effects of severe 
exposure and result:lnt very high body burdens which 
are associated with cl:tssical sip1s and symptoms of in
toxication. 1,2,3,4,5 It is now apparent that lesser 
levels of exposure result in important biochemical altera
tions. 6.7 A growing body oC knowledge indicates that 
subtle effects of lead may be expressed in altered neuro
psychological beha~or of considerable significance. es
pec:ially to the growing child (see Appendix A). These 
altered behaviors may be recognized by parents, 
teachers, and clinicians as attentional disorders, learning 
cUsabWties, or emotional disturbances which impair 
progress in school. 8.9.10 Because of the large number 
of c:hildren involved. these adverse effects would appear 
to be the main cause for societal concern. 

Large scale screening studies of c:hildren without 
symptoms have demonstrated that the number of chil
dren found with tmdue lead absorption is greater than 
previously thought. It was once considered to be a prob
lem primarily of the inner part of large cities in the 
so-c:alled "Lead Belt" of the Northeast. However, when 
c:hildren under the age of 6 years who live in a hazardous 
en~ronment containing excess lead are tested, 3 to 20 
percent will be identified with elevated blood lead levels. 
This is true whether those children live in the East or 
West, North or South, or in a rural or urban setting. 
Thus, the magnitude of the problem is greater and the 
consequences more severe than pre~ously thought. 

At the same time, the multiple sources of lead 
have come under increasing scrutiny. Lead-based paint is 
the most important "high dose" source of le:ad and the 
most common c:luse of serious lead poisoning in chil
dren. 6.11 .12 The total body burden of a given incH

vidual, however, is a complex sum of many different 
vectors, including air, dust, 13.14 dirt, and diet (see 
Appendix A). 

A number of factors can affect the absorption of 
lead. Younger children absorb a gre:lter proportion of 
the available lead than older ones. Both respiratory and 

alimentary absorption of lead are dependent on particle 
size. 6,15 Composition of the diet is important. In
creased dietary fat and dec:reased dietary intake of cal
cium, iron, and possibly other nutrients enhance the ab
sorption of lead from the intestine in experimental ani
mals_ 6,15,16,17 Absorbed lead is distributed through
out soft tissue and bone. Blood lead levels reflect the 
equilibrium between absorption, exaetion, and seques
tration in soft and hard tissue. 

The tissues and organs most severely affected by 
lead are the bone marrow. kidney, and brain. One of the 
biochemical systems most sensitive to lead effects is the 
heme biosynthetic pathway. Among the earliest signs of 
impaired function is an elevated EP level which results 
from direat action of lead on the mitochondria. Because 
EP elevation is an early and reliable measure of func
tional impairment due to lead and because its determina
tion avoids the problem of false high values due to con
tamination with lead, EP has become an important tool 
in early ~g of asymptomatic c:hildren. 

It is ~tal in following the text of this document 
that saeening be separated from diagnosis. Screening 
means the application of detection techniques to large ... numbcn of children considered asymptomatic in order 
to determine the degree of lead exposure and risk. Diag
nosis, on the other hand, means the categOrization of a 
liven child appearing to have excess exposure to lead 
according to the severity of burden and toxicity in order 
to institute appropriate management. No child with sug
gestive symptoms of lead toxicity should be put through 
the saeening process. He or she should be brought di
rectly to medical attention. 

The symptoms oj lead poisoning are often vague. 
Among the milder symptoms and signs are fatigability. 
pallor, malaise,appetite loss, irritability. sleep disturb
ance, sudden behavioral change, and developmental re
gression. Of more serious import are clumsiness, ataxia, 
weakness, abdominal pain, persistent vomiting, constipa
tion, and changes in consciousness which can presage 
encephalopathy. Children who display symptoms require 
urgent and thorough diagnostic evaluation and prompt 
tre:ltment should the disease then be confmned. 
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III. Screening 


Goal 
The goal of any childhood lead poisoning pre· 

vention effort is the prevention of undue lead absorption 
and lead poisoning. 1ltis requires the early detection of 
children with undue lead absorption followed by effec· 
tive medical and environmental intervention before the 
child reaches the stage of overt le:l.d poisoning. The 
achievement of this goal can be accomplished only by 
the implementation of the following: 

1. A screening program structured 	 to enroll the 
maximum number of children in need of fol· 
lowup while at the same time excluding chilo 
dren not unduly exposed. 

2. A referral system that insures a comprehensive 
diagnostic evaluation of every child with a posi· 
tive screening test. 

3. 	A method of monitoring for quality and appro
priateness of the treatment and followup of 
every diagnosed child. 

4. 	A system to insure elimination of the source of 
the child's lead exposure. 

Screening is of no value without prompt, 
thorough, and ongoing medical and environmental fol
lowup of those children found to have undue lead abo 
sorption or lead poisoning. 

Target Population 
-, The screening effort should be focused on asymp· 

tomatic children known or suspected to have been un
duly exposed to le:l.d. The target population for :rerfi'ft

ing is children from 1 year of age until their sixth birth
day who live in or frequently visit poorly maintained 
housing units constructed prior to the 1960's or who are 
exposed to other hazardous lead sources (e.g., residence 
near lead smelters and processing plants or roadways 
with heavy motor vehicle traffic, attendance at day-care 
centers or other institutions where lead~ased paint had 
been found, etc.). Priority should be given to children 12 
to 36 months of age, those who have a history of pica, 
or who have siblings with undue lead absorption or lead 
poisoning. Pica, the repetitive ingestion of nonfood sub
stances, is prevalent in preschool children, especially 
those less than 3 ye:rrs of age. Excessive mouthing of 
foreign objects is also prevalent in this age range. 1 8 

Screening Schedule 
Children included in the target population are at 

risk throughout the Ye:l.r and should be screened at least 
once per year. Children are at higher risk during the 
May-October period. 19 Ideally, children 12 to 36 
months of age who are at risk should be screened every 1 
to 3 months during this period. 

It is important to realize that negative screening 
tests in children from a hazardous environment do not 
rule out subsequent exposure. Children known to be at 
risk should therefore be rescreened at regular intervals 
until they reach the age of 6 years or until their hazard
ous exposure is known to have been terminated. 

Screening Methods 
Currently, the most useful screening tests are EP 

and blood lead determinations.20 ,11,22,13 Samples of 
venous or capillary blood· may be used for both tests, 
but capillary samples are more widely used because of 
the relative ease of collection. 

Blood lead and EP represent different parameters 
of undUe lead absorption or poisoning. Blood lead re
flects absorption while EP measures the adverse meta
bolic effects of lead on heme synthesis'24 While there is 
usually a close correlation between the two measure· 
ments, one may be elevated without concomitant in
crease of the other. Studies have indicated that when 
such discrepancies exist, EP provides a better indicator 
of the risk of lead poisoning and of the urgency of diag
noane emuatioQ. At blood lead levels below 50 ~g/dl, 
the EP better identifies children with rising blood lead 
levels and may not detect those children with stable or 
declining blood lead levels. Current evidence suggests 
that these latter children are at low risk.2S Moreover, EP 
levels reflect individual responses to lead toxicity and are 
usually elevated before clinical evidence of poisoning ap
pears.20,21,22,26,27 Another advantage of EP over 
blood lead is that it is unaffected by contamination with 
environmental lead and does not show wide fluctuations 
due to sporadic exposure to lead or changes in the 
child's physiologic state (infections, acidosis, etc.). 

*Capillary blood may be tr:msported in the liquid state in an 
appropriate anticoagulant containing container or in the dry 
state on filter paper. 

3 



EP is also elevated in iron deficiency states. 1 a and 
increased EP levels may precede the appearance of anem
ia. Iron deficiency should therefore be ruled out before 
an elevat.ed EP level can be attributed to the toxic effects 
of lead. However. undue lead absorption and iron defi
ciency do coexist. and the latter tends to potentiate lead 
toxicity. 

Iron deficiency is gener:illy associated with moder
ately increased EP levels (50-249 ~dl) while markedly 
elevated values (>300 ~gfdl) are usually due to lead toxi
city. The only known exception is erythropoietic proto
porphyria,%9 ,3 0 a rare genetic disorder characterized by 
severe cutaneous photosensitivity and very high EP levels. 

EP may be measured by fluorometry lIiter extrac· 
tion from the red cells or by direct measurement of its 
fluorescence in intact red cells.31 ,3 % This metaboUte is 
present in me red cells as zinc protoporphyrin, but zinc 
is removed by the extraction procedure, leaving the EP 
"free." Measurement of zinc protoporphyrin and EP 
after extraction reflects essentially the same compound. 
For unifOrmity, it is recommended EP be expressed as 
equivalents of free erythrocyte protoporphyrin (FEP) 
~gfdl of whole blood by the ethyl acetate-acetic acid
HCl extraction method. 

Unlike EP, blood lead is specific for lead absorp
tion. Wide fluctuations in blood lead values can be due 
to physiologic variations or sporadic acute lead exposure. 
Measurements of blood lead, particularly when done on 
capillary samples, are highly sensitive to contamination 
with environmental lead. Therefore, only low blood lead 
values can be considered valid; high values must be con
firmed. If capillary samples are used for blood lead 
analysis, at least two specimens should be collected so 
that high values may be confmned on the dupUcate 
sample. 

Laboratories performing these blood lead and EP 
determinations should participate in the Proficiency 
Testing Program of the Center for Disease Control or 
an equivalent program to help insure accurate test results. 

Screening Schemes 
There are three possibilities for the screening scheme: 
I. Initial screening with EP, followed by blood lead 

measurement in positive children. 
2. 	Initial screening with blood lead, followed by EP 

measurement and repeat blood lead in positive 
children. 

3. 	Initial screening with both EP and blood lead. 
The difficulty of performing venipuncture at many 

screening sites and environmental contamination ofcapil
lary samples seriously Umit the use of blood lead deter· 
minations as the initial test in large scale screening ef· 

forts. The children at greatest risk are those with adverse 
metaboUc effects of lead and not those with a moder· 
ately elevated blood lead level without adverse metaboUc 
effects.%S For the above reasons, and due to the availa
bility of simple methods for its determination,3 % the EP 
measurement as the initial test will allow for greater 
numbers of children to be screened with less unnecessary 
followup. 

The Center for Disease Control recommends that 
an EP test be used for screening for lead poisoning follow

ed by blood lead measurements for all children with an 
elevated EP. This recommendation is made because the 
EP has the follOwing advantages: 

1. Ease of measurement. 
2. 	Results not affected by environmental lead. 
3. Greater cost effectiveness. 
4. Value in separating those children with nsmg 

blood lead levels from those with stable or declin
ing blood le:ld levels. 

s. Reflection of individual's metabolic response to 
lead. 

6. 	Added benefit of detecting children who may have 
iron deficiency. 

Since the major cost incurred in the screening process 
is finding the child, sufficient blood must be obtained 
at that time for EP as well as blood lead and hematocrit 
(Het) or hemoglobin (Hgb). This will eUminate a second 
visit to obtain additional samples. If the EP determina
tion is less th~ or equal to (<) 49 ~dl whole blood, 
the remainder of the sample may be discarded. 

When EP is the primary screening tool, two ap
proaches are possible: 

1. 	EP measured onsite. Under this plan, children do 
Dot leave the screening site until the result of the 
EP is known. Children found to have EP values of 
<: 49141dl may be discharged to routine followup. 
For those with values of ;;. 50 IlIIdl, blood speci
mens should then be taken, if possible by venous 
sample, for laboratory analysis of blood lead and 
Hct or Hgb. If venipuncture is not possible, sepa
rate capillary samples for two blood lead analyses 
and Rct and Hgb should be obtained. 

2. 	EP measurement offsite. Under this plan, blood 
samples are collected at the screening site and sent 
to the laboratory for analysis. Thus, sufficient 
sample should always be collected initially not 
only for EP but also for eonfumatory tests. The 
remainder of specimens from those children whose 
EP levels are <: 49 ~dl may be discarded. For 
those specimens with EP values of ;;. SO ~g/dl. 
blood lead and Rct or Rgb should be determined. 
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If screening is being performed as part of a 
comprehensive health care program in areas where the 
prevalence of undue lead absorption is presumably 
low, obtaining duplicate capillary samples for blood 
lead. determinations on all children may be exces
sively costly. If venous blood bas not been obtained, 
it may be preferable for the program to recall those 
children whose EP is ;> SO IlgJdl for blood lead deter
miDation. 

~.--...-----'. --- ._..-- ." ..... ., . _.... -.. - -- ._.... 

Interpretation of Screening Results 
A single screening test, either EP or blood lead, 

cannot be used to categorize children for priority of 
followup. Both EP and blood lead values must be used 
to determine the potential risk of lead poisoning in chil
dren screened. 

Children may be divided arbitrarily in four classes 
based on their EP and blood lead screening results (Table 
I). 1ltis classification merely suggests the relative risk of 
lead poisoning and the priority for medical evaluation 
and environmental intervention. It should not be used as 
a diIJgnostic classirlCtltion. Moreover, the table should be 
used as a general but not as a rigid guideline. For ex
ample, the urgency for follow up is greater for a 2 year 
old child whose EP is 109 I4Idl and blood lead is 49 
I4Idl than for a 5* year old child whose EP is SO ~dl 
and blood lead is 30 p.gJdl. Yet both children fall into 
Class ll. Since a certain range of both EP and blood lead 
values is used in the classification, children whose EP 
aud blood lead values fall into the upper ranle of a class 
should be given priority over those at the lower range, 
and younl children 12 to 36 months old should be dealt 
with more urgently than older ones. 

Class IV children are at urgent risk oHead poison
ing and should be provided immediate medical evalua
tion. In no case should they be evaluated later than 48 
hours after the results of the studies are known; if pos
sible, this should take place within 24 hours. Class III 
children are at high risk, Class II are at moderate risk, 
and Class I children at low risk. 

Some Class I children may be placed into two 
additional categories. Oass Ia are children with iron defi
ciency, and Class lb are children who appear to have 
transient, stable, or declining blood lead levels and are at 
low risk for lead poisoning.25 The trend of exposure 
should be determined bv repe:tt testing of these children. 

The results of EP and blood lead will usually fall in 

the corresponding range. However, in some cases, there 
will be discrepanci~. In these cases, the result of the EP 
should be used in establlshinl the priority for medica! 
evaluation. When the EP value is significantly gre:1ter 
than the blood lead would predict, this rlllding is most 
likely due to the combination of iron deficiency and 
undue lead absorption. 

The screening effort should be focused on asymp
tomatic children. However, children may be found to be 
symptomatic only after screenin& has been done. In such 
cases, these children should be referred for immediate 
evaluation reprdless of the classification. 
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TABU I 
~KC~flCAnONSFORA~OMAnc 

CHD..DREN 
fTo Rellect Priority for Medi.ca.\ Evaluation fTom the 

Scnenina R.esuJl5.. 
Not to be used for Oiagn01dc Purposes] 

Test Erythrocyte Protoporphyrin (paIdl 
Results Wbole Blood) 

..... «9 SD-l09 110249 >250:01NOldone I • • • 
~ <29•.!f 30-49 

150-69 
CI 
iii ;>70 

I 
1b 
•• 
•• 

La 
II 
III 
•• 

Ia 
ID 
III 
IV 

EPPT 
fit 
IV 
IV 

:El'!'1 • Etythrapa edc prvloporpbyrla - Althouah rarely 
iron, dafic:ia:u:y IIIQ' caUM EP de'fatJOlIJ to 300 

""dL 
• CDmbbmtloA of telullJ not ,lmenlly obxrved m 

pna:lClC; it olncrftld. mest WIth omOIla bloocl m
mldiatdy. 

NO'IE: DiqDonlc: -uatiDa Jbould 1M proWled more ~ 
pod,. l!wI 111. d,,';1jcadoa would olblll'Wbe indicate 
in th8 followinJ _ : 

1 . 0JiI,drm wi1h .,. rymptoml CDmpotibt. with lad 
poUcmizq. 

3. Childre:rr. whoM! blaocl Icad. IUId EP valuu pW;z them 
in 1M UppcI' puI of a pu1ic:ulal cba.. 

It mUll be om~ tM sugatcd IWdelinas refer to the inlCf' 
pnm&1io1l or ~I remlu. bitt tbII (lmJ dlqnoAs UI4 ~u. 
Iioft nst an a IXlOTII compleu ruedk:aI ~ boboruory natnina
don. or th8 IndI'Iidua.I cI:I.II.d. 



IV. Diagnostic Evaluation 


a 

Screening tests are not diagnostic. Therefore, every 
child with positive screening tests should be ewluated 
iDdividually to determine the seriousness of the ex· 
posure. At the initial diagnostic ewluation, if the saeen
ing test was done on capillary blood, blood lead must be 
repeated on venous blood. for confumation of saeening 
test results. Additional blood may be necessary for such 
tests u complete blood counts, serum iron, total iron 
biDding capacity, and serum ferritin if available. The 
amounts necessary for these tests, which usually exceed 
the amount obtainable by capillary sample, can be ob
tained during a single venipuncture. 

Hematologic tests assist the clinician in ewluating 
the relative contributions of increased lead body burden 
and iron deficiency to the degree of elevation in EP that 
is found. A biood lead measurement is absolutely essen
tial if EP is used u the sole $Creming test. 

After confumatory venous blood lead and EP 
tests, the diagnostic ewluation should include the fol
lowing: 

1. 	Detailed history to include the presence or ab
sence of clinical symptoms, child's mouthing 
activities, existence of pica, nutritional status, 
family history of lead poisoning. possible 
source of exposure, and previous blood lead or 
EP determinations. 

2. Physical examination. 
3. Nutritional status and hematologic ewluaiion 

for iron deficiency. Not only does concurrent 
iron t:ol1tn1.nne to .. clev.ued epl8. 
but there is evidence that it may enhance lead 
absorption and toxicity. 17,33 

4. Confumatory diagnostic tesu. 
An initial plan for management requires that all of these 
interacting factors be taken into account. The initial 
plan should be modified as indicated by long-term trends 
in lead absorption, exposure, and clinical status. 

Tests 
In addition to confumatory and serial EP and 

blood lead determinations, the following tests may be 
useful if available in assessing the patient's lead absorp
tion status: 
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1. flat Plate of Abdomen 
Radiologic examination (Oat plate) of the ab
domen may rewa! radiopaque foreign material 
but only if such material has been ingested duro 
ing the preceding 24 to 36 hours. In view of the 
sporadic nature of lead ingestion, this examina
tion is significant only if positive. but does not 
rule out lead poisoning if neptive. When posi
tive, it indicates recent ingestion of large 
amounts of lead. 

2. X-ray of Long Bone 
Radiographic examination for bands of in
creased density at the metaphyses of the grow
ing long bones. Bands of increased density (col
loquially referred to u "lead Unes") are usually 
measured in posterior-anterior x-ray views of 
the distal ends of the radius and ulna and the 
knee (distal femur, proximal tibia and fibula). 
Bands of increased density. when present, re
flect disturbance in the deposition of bone min
eral and indicate past exposure. Their width 
and intensity reflect prolonged previous lead 
absorption but do not indicate current inges
tion. They are seldom seen in children under 24 
months of age. Negative tests do not ru,le out 
lead poisoning. I 

3. Calcium DisocIium EDTA Mobilization Test
Olildren who are symptomatic or whose blood 
lead exceeds 70 IlIIdl should not receive a pro
vocative chelation test. Instead. appropriate 
chelation therapy should be instituted. It is par
ticularly useful when the screening tests indi
cate that the child has undue lead absorption 
(not lead poisoning as defined), and there is 
some question u to whether chelation therapy 
is indicated. Its use should be given serious con
sideration. This test provides an index of the 
mobile or potentially toxic fraction of the total 
body lead burden.24 Operationally, it most di
rectly demonstrates whether chelation therapy 
will provoke a Significant diuresis of lead. 

r 
.> 

-Sodium EDTA which does not contain Cllcium should not be 
used UDder any circumstance. 



The ideal method is to administer calcium cli
sodium EDT A with added proc:line by deep in
tramuscular injection in two doses of 500 milli
grams per square meter (mg/m2 ) of body sur
face area per dose given at 12-hour intervals. 
Urine is collected for 24 hours with "ead-free" 
apparatus· after the initial injection.34 A single 
dose, fO.llowed by a 24-hour collection of urine, 
will also suffice.3S In either case, results are 
expressed as the ratio of ~ of lead excreted per 
milligram of calcium disodium EDTA injected. 
A ratio (Pg Pb/mg CaEDTA) > I is indicative of 
a fivefold increase in the mobile or a potentially 
toxic fraction of the tot..£ body lead burden.24 

Correlation studies suggest that such levels are 
usociated with a significantly increased risk of 
toxicity due to lead.24 

Practical considerations make this test diffi
cult in young children. Alternatively, a single 
intramuscular dose of SO milligrams per kilo
gram (mg/kg) of body weight of calcium di
sodium EDTA (maximum dose 1,000 mg) fol
lowed by quantitative 6- to 8-hour collection of 
urine is more convenient." Under these condi
tions, an excretion rauo ~ Pb/mg CaEDTA) 
of> 0.5 or lead content greater than 1 mg per 
liter is considered "positive". 

4. Increased excretion of o-aminolevulinic acid in 
urine (ALA-U)3S 
ALA-U greater than 3 mg/m2 for 24 hours is 
considered a significant deviation from normal. 

S. Increased excretion of coproporphyrin in urine 
(CPU) 
A strongly positive semiquantitative urinary 

coproporphyrin test is associated with blood 
lead concentrations >100 ~dl.37 

6. 	Inhibition of 6-aminolevu1inate dehydratase 
(ALA-D) acti~ty, as assayed in ~tro in circulat

ina erythrocytes . 
1llis test is limited in its availability but if avail
able is useful. Reduction of ALA-D activity to 
15 to 20 percent of normal for the 
method38 ,39 is generally considered positive; 
however, the reader is advised to consult the 
references cited. 

7. 	Examination of red cells for basophilic stippling 
Since basophilic stippling is not universally 
found in chronic clinica11ead poisoning and is 
relatively insensitive to lesser degrees of lead 
toxicity, this is not considered useful in diagno
sis. 

-5pec:ial .,ead-free" collection :lppuatuS must be used for valid 
test results. Tho Iabon.tory performinl the analysis may supply 
the proper collection apparatus. It is preferable that llliDe be 
1Oidec1 directly into polyethylene or polypropylene bottles 
wbic:h haft been subjected to the usual deaniDJ procedures, fol
lowed by wubiDa in 1 percent Ditric add, followed by copious 
zinsea with deionized, diJtiI1ed water. For cbildren wIlo are not 
toilet trained, double compartment plastic: pediatric urine col
lectors may be used. Urine collected ill this manner should be 
ttmsfared directly ill the urine collection bOttles. Appropriate 
preservation oC the collected urine with hydrochloric :ldd will 
stabilize not only lead but :Wo ALA.' • 

_r '.!"C!4~ '. '''--~~~~'~'-'-'~''~;.~~---~..-:'' 
. ',' '. .-. . ...;.' ...... -! 

,~~~N:, "':':::;.-:~"<"~ :'--::. "._ .. 
If lUmbar. puncture is ~CiISSarY to rule out menmgltiSor Other serious disease, it shoUld be performed cau- ' 
:~·Iiur only after careful sarch for sip.and . 
'~SymPtoins ofinc::rased ~ pressure- .. ~,' , 
~4•.~._.•• :"......... __"_'._ ..:....::.... .............. • __ ~_~ .• 


Since trends are important, serial measurements of 
blood lead and EP (and other tests as indicated) are far 
more valuable in diagnosis and management than data 
obtained at a single point in time.25 
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v. Clinical Management 

The d:wific::ltion system described under the 
saeening section is to be modified by the results of the 
diagnostic evaluation. In this manner, after all informa
tion is aYllibble to the clinician, the child's true risk 
dassific::ltion is established. Oinic:al manapment in
dudes reduction of the child's lead exposure, pneral 
pediatric c:u-e , fantily educ::ltion for all, chelation ther
apy for some when appropriate, and correction of nutri
tional deficiencies where they exist. The plan for clinical 
management requires that all of the interacting factors 
of lead absorption, exposure, lie, and. clinical status be 
taken into account. In addition, the child mtm be fol
lowed until the risk of further dama.ge is minimal. Re
duction in ingestion of lead is the si.n&le most important 
factor in pediatric management_ 1'he family of the c:bild 
with undue l=d absorption or lead poisoning must be 
fully informed of the condition and what clinic:al and 
environmental actions to expect. 

Treatment of lead poisoning requires a dear under
standing of the pathophysiologic:al effects of lead in the 
human body. The physician and others c::aring for the 
child mUst recognize that lead poisonina is usually a 
chronic disease, related generally to the chronic inges
tion and absorption of excess quantities of lead. Body 
stores of excess lead may be quite larp and ue quite 
inefficiently removed by chelation therapy. Acute illness 
is only a period of acute decompensation in this chronic 
disease proceu :md should be viewed as such. Tre:lting 
during a phase of acute illness will relieve symptoms but 
is only the initial phase of care. 

The cornerstones of dinic:al management are care· 
ful clinic:1l and labof3tory surveillance of the child with 
m:ljor reduction of l=d exposure to prevent further ac· 
cumulation of lead. This also allows spontaneous excre· 
tion of previously absorbed lead. Chelation therapy will 
not be necessary for most children. Sugestions for the 
dinic:1l management of children are outlined in this sec
tion and 3I'e dependent upon the risk determinations 
made during diagnostic evaluation. 

For the purposes of clinic::1l management, the risk 
c::ltegories 3I'e defined as follows: 

Urgent Risk - Children with confmned lead poi· 
soning as defmed, regardless of the presence or 
absence of dinic:U symptoms. 

High Risk - Children whose repeat EP and con

firmatory venous blood lead levels faU in the same 

range as Class II and Class III or the screening tests 

but who also have a positive CaEDT A mobiliza

tion test or other conrumatory diagnostic tests. 

Oass In children who have not bad confirmatory 

diagnostic tests should be considered high risk Wl


til evidence is available to place them in another 

risk category. 


Moderare Risk - Children whose repeat EP and 

venous blood lead levels fall into the same range as 

Oass II of the saeening tests but whose other con· 

rmnatory diagnostic tests are negative. 


Low RUk - Children whose repeat EP and venous 

blood lead levels fall into Oass I of the saeening 

tests. These children ue usually not liven other 

diagnostic tests. 


The above categorization is arbitrary and allows indi

vidualization. For example, a 20-month old child with 

persistent pica whose environmental lead hazard cannot 

be controlled satisfactorily, even ifhis/her repeat EP and 

't'eDOUS blood lead lewis fall in the range of Clus n and 

other diagnostic tests ue negative, may nonetheless be 

considered High Risk. 


URGENT RISK 
Children with confmned lead poisoning as defined, 


regardless of the presence or absence of clinic:al symp

toms, should be treated with the same intensity as chilo 

dren with frank neurologic manifestations. The higher 

the confmned venous blood lead, the gre:lter the need 

for chelation therapy. Severe and permanent brain dam· 

age may occur in as many as 80 percent of children who 

develop acute encephalopathy.2 Tre:ltmen{before onset 

of encephalopathy will improve this grim prognosis. 


Chisolm 3.40 and Coffin et al4 have described 

appropriate protocols for inpatient chelation therapy of 

children with lead poisoning. Multiple courses of chela· 

tion therapy may be necessary. It is essential to consult 

such references before treating children in order to prop· 

erly appreciate the inherent d:mgers, precautions, and 

rationale for such treatment. Special attention should 

be given to the proper use of British anti-lewisite (BAL) 

in the tre lltment scheme witlt c:llcium disodium EDTA. 
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Penicillamine is I/Ot recommended as the initial treat· 
ment for children in this category. 

The chronicity of lead poisoning and undue l~ad 
absorption as a medical problem for the individwichild 
must be emphasized. Children who require chelation 
ther:tpy will require long·term medical surveillance and 
care. A transitory elevation of the EP may also be ob
served during and immediately after chelation therapy. 
After an apparently successful course of therapy with 
calcium disodium EDTA incorporating BAL as neces
sary, the "rebound" phenomenon may be observed. The 
blood lead level, having dropped during treatment, ale 
most invariably rises 3g:tin. This phenomenon reflects 
reequilibr:ttion of stored lead and is not a reason to in
terrupt treatment. The decision to repeat chelation ther
apy is based on the blood lead level after the "rebouiui" 
has occurred. 

Reduction of lead intake is urgent for all children 
in this category, both as part of immediate therapy and 
as a part of the follow up preventive procedure. Children 
receiving chelation therapy should not be released from 
the hospital until lead hazards in their homes and else· 
where in their environment are controlled or suitable 
alternative hOUSing arranged. Thus, the appropriate pub· 
lic agency in the community must be notified imme· 
diately to initiate environmental investigation and inter· 
vention. 

After hospitalization and removal of lead from 
their environments. these children are still at high risk 
and should be. followed with blood lead and/or erythro
cyte protoporphyrin determinations at I to 2 week in
terv:lls until those levels show a continual decline for at 
least 6 months or stabilize. Thereafter, they should be 
followed at 1 to 3 month intervals (at least 6-week inter
vals in summer months) until 6 years of age or older to 
prevent repeated poisoning. 

Neurological and psychological :assessment should 
be obtained at the time of diagnosis and in following 
ye:lrS so that proper therapy and school placement can 
be instituted. Additional clinical and laboratory evalua. 
tion should be conducted when indicated to assess other 
sequelae of lead poisoning, such as renal, myocardial. 
and metabolic disorders. 

HIGH RISK 
Many children in the high risk category will have 

been given a calcium disodium EDT A mobilization test 
to determine the utility of chelation therapy. If the cal· 
cium disodium EDTA mobiliz:ttion test suggests the 
need for chelation therapy. inpatient chelation should be 
performed if feasible. Under some conditions. it may be 
possible to treat the children without urgent risk factors 
as outpatients. However, this should be reserved for cen
ters c:lpable of providing closely monitored outpatient 
c:lre !ltId foHowup 
should be placed on the "rebound" phenomenon and 

environmental intervention and monitoring. In addition, 
the parents should be cooperative and demonstr:tte that 
they are able to follow instructions. In such circum· 
stances, calcium disodium EDT A may be administered 
according to Sachs'41 protocol. . 

Penicillamine, though receiving increasing atten· 
tion for the treatment of lead poisoning in children, is 
not licensed by the Food and Drug Administration 
(FDA) for this purpose. Therefore, any physician or pro
gram wishing to use this drug as a chelating agent for 
children should use it in accordance with current FDA 
policy. In no case should it be used in children without 
or in lieu of control of lead haz:trd in their homes since 
data from studies of animals indicate it may increase the 
absorption of lead.42 

High risk children should be followed with blood 
lead and/or erythrocyte protoporphyrin determinations 
at least monthly, especially in the summer, until the 
sources of lead in their environment have been removed 
and until their blood lead and/or erythrocyte protopor· 
phyrin levels have declined for 6 months and stabilized. 
Thereafter, they should be followed at I to 3 month 
intervals (at least 6-week intenals in the summer) until 6 
years of age or older in order to detect repeated lead 
exposure and prevent poisoning. Careful neurological 
and psychological assessment is advised to detect any 
behavioral or neurological deviation early so that proper 
therapy and school placement can be instituted. 

MODERATE RISK 

Based upon present evidence, children in this cate· 
gory generally will not require chelation therapy. Reduc
tion of lead intake from all sources and careful monitor
ing of the child will usually suffice. 

Until the lead hazards are eliminated from their 
environment, these children should be followed at 
monthly intervals in summer and otherwise at 2-month 
intervalS until at least 6 years of age. After they are no 
longer exposed to lead hazards, they should be evaluated 
at 3-month intervals. Such follow up should continue un
til the child is at least 36 months of ap Wltil the 
blood lead/erythrocyte protoporphyrin levels return to 
normal. 

.. .... .-.--.. . .-..--.......-~--.
--~-

AlI children in the Urgent, High, and Moderate 
Risk categories may have concomitant nutritional de- : 
·ficiencics. These defidencies may increase the child's. 
_ from lad by iDcreuiDa the absoqltion. retention •. 
.n toxidty.6.16.17,43 All children in these risk. 
categories should receive a careful nutritional evalua
tion•. including appropriate labotatory tests.. In addl-: 

. tion to the care provided for undue lead. absorption ~ 
or lead poisoning. appropriate nutritional therapy· 

. should be provided. It may be particularly important 
to correct iron deficiency and maintain an adequate ' 

. calcium intake when increased lead absorption is· 
.found.4.~...__ ... _ ' .. ___ ~.. ... ~ ......_ ..•.:......_. 
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LOW RISK 
These children did not have significant evidence of 

undue lead absorption at the time of testing. However, 
they require periodic rescreening until they reach their 
sixth birthday. Children whose EP elevation is not 
caused by lead absorption should receive appropriate 
medical attention and care for the medical condition 
determined to be responsible for the elevated. EP. aw· 
dren with elevated blood lead in the absence of toxicity 
should be evaluated at monthly intenals until a deter· 
mination is made that the child does not have undue 
lead absorption. 'Ibis decision can pnerally be made 
within 3 months. 

In conclusion, clinical manaaement of lead poison· 
ing must include appropriate treatment, adequate fol· 
lowup, environmental intenention, and family educa· 
tion. Ole1ation therapy is indicated for some children 
with undue lead absorption. Thoush indiscriminate 
chelation is unwise, withholclins or delayinl chelation 
therapy is also unwise when it is indicated. The physi. 
clan providing clinical manqement must know the cur· 
rent status of the child's environment. The optimal fre· 
qucncy of followup is dependent on many !acton in· 
chxlinl the child's ap, environmental status, and trend 
of laboratory results. 
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VI. Environmental Evaluation and 

Lead Hazard Abatement 


Environmental investigation and intervention 
should begin as soon as lead poisoning or undue lead 
absorption status is conf1I1lled. Lead hazards must be 
identified and removed from the environments of chil
dren with lead poisoning and undue lead absorption. Pri
orities for action should be determined by the child's 
risk classification. Children who require hospitalization 
and chelation therapy are at highest risk of permanent 
neurologic damage from a recurrent episode and con
tinued high level exposure. Therefore, children in the 
Urgent and High Risk categories should receive rust 
priority for environmental investigation and interven
tion. The next priority is given to the environment of 
children in the Moderate Risk category. 

The identification of lead hazards and the reduc
tion of lead intalce of these children is as much a medical 
necessity as is clinical management_ The effectiveness of 
environmental intervention is judged by the response of 
the child and not by the services performed. Environ
mental management is nor successful 01' complete until 
the child's EP and blood lead levels have declined and 
stabilized for at least 6 months. The identification and 
removal of one source of lead exposure does not neces
sarily mean that the child's exposure to lead has ended. 

Lcad-based paint on interior and exterior surfaces 
is usually the most important single source of lead for 
severely poisoned children. However, there are other 

.. sources which contribute to the child's total lead body
"' burden. Lead contained in air, dust, and soil may also 

comtirute a ha:z::ud for children. Lo:ad in and foad 
supplements, household utensils, ceramic pottery, and 
printed matter may serve as contributory sources. The 
burning of le:lded materials, remodeling of old homes,4S 
automotive emissions, and some industrial sources lo
cated near residences or schools contnbute to airborne 
lead and le:ld in dust and soil. Lead in dust and soil is 
becoming increasingly suspect as a source of lead ex
posure for young children, especially that within 3 feet 
of the house's foundation, inside the house,13 along 
heavily traveled roadways, or on vacant lots where hous· 
ing has been removed.46 -S3 

It is also important to consider the occupation of 
the parents and assocmtes. Workers in lead-related indus
tries45 can bring home lead-rich dust on the work cloth· 

ing, shoes, and hair. Lead poisoning in children has been 
traced to these sources. 

Although the child's home usually contains the 
source of his lead exposure, this is not always the case. 
Hazards may also exist in other places where the child 
spends or has spent a considerable amount of time, e.g .. 
prior residences and homes of relatives and friends. In
vestigators should consider all sources of lead asui should 
appropriately sample all potential hazards for their lead 
content. These sources other than lead-based paint must 
be reduced or removed, or the child removed from the 
source. 

Portable x-ray fluorescence analyzers can be used-
in identifying lead-based paint hazards. These instru
ments can measure lead content in painted surfaces with
in ± 0.2 mg/cm2. Readings of 0.7 mgJcm2 should be 
considered positive. It is important to note the lead an
alyzer is a probability sampling device and repeated read
ings are necessary for proper reliability . 

A lead-based paint hazard exists when (a) XRF 
reading is positive and (b) the surface being tested is 

reachable and chewable or contains damaged paint 
(cracking, chipping, loose, chewed). Lead-based paint on 
intact walls, ceilings, or other surfaces not aCceSSlble to 
the child does not constitute an immediate hazard. In
spectors should obtain measurements on any interior or 
exterior surface that may constitute a lead hazard. 'This 
includes walls, doors, window frames, baseboards, guard
rails, fences, and siding. Outside inspection should en
compa$li prages and other adjacent structures as well as 
the main building. 

After the lead hazards are identified, parents and 
landlords must be advised on the extent of the problem 
and what must be done to eliminate it. The investigator 
should recommend methods for eliminating the hazard. 
!his should include repair and housekeeping measures 
that can be undertaken immediately, safeguarding the 
child until permanent abatement can be completed. It is 
extremely important that the physician providing medi
cal care to the child be informed of the results of the 
environmental investigation and the course of interven
tion that has been recommended. If surfaces containing 
lead-based paint are identified that do not constitute an 
immediate hazard, the owner, landlord, and occupant 
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should be notified and informed that the surface, if 
properly maintained, does not present an immediate haze 
ard. 

The foUowing outlines some common methods for 
reducing lead-based paint ha:z:lrds. 

PHASE I - EMERGENCY INTERVENTION 
Emergency me:lSures provide temporary inter· 

wntion and immediate control of lead hazards until 
permanent hazard reduction is completed. Emergency 
hazard abatemeJlt includes scraping off and removing all 
peeling. flaking, chewed, and readily accessible lad
bued paint. All children must be remowd from the 
dwelling and adults must take due precaution durinl 
these activities. Covering with adhesive-backed paper. 
masking tape, or similar materials may also be used. 

Families should be instructed on methods of main
taining these area free of loose and flaking paint until 
the hazard is pennanently reduced. Housekeeping tech
niques such a thorough sweeping and wet mopping 
floors to remove dust are essential to maintain tem· 
porary in terven tion. 

Emergency intervention must be provided for all 
children, particularly those who are hospitalized or un· 
derao chelation therapy. They are at hiJbest risk of 
permanent body damage from repeated exposure. 

PHASE n - PERMANENT HAZARD REDUCTION 
Permanent lead hazard reduction measures are in

tended to reduce to a minimum the possibility of the 
identified lead sources causing a problem apin. Perma
nent hazard abatement consists of the remowl or perma
nent covering of the lead hazards. Occupants should be 
advised of the proposed actions to be taken and the 
possible dangers during abatement procedures. All chil
dren must be removed from the dwelling. and adults 
must take due precaution durina these activities. In addi
tion to the workers foUowing the usual good industrial 
hygienic practices, approved respirators and protective 
clothing should be worn. Lead~ontaining materials re
moved during this process must be disposed of in a safe 
manner. 

Wall coverings, use of heat, sanding and scraping. 
and liquid paint removers are the most frequently used 
methods for permanent ha:z:lrd abatement. These meth
ods are outlined below: 

Wall Coverings 

This method is the safest to use. In many c:lses, it 
is the most acceptable and le:lSt expensive. It is most 
often used for large interior are:lS. Acceptable wall cover· 
ings include wallboard. hardboard. fiberglass. plywood 
paneling, or a similar fire·resistant durable material. 

These materials must be firmly applied by nailing, 
cementing, or gluing to prewnt their removal by a small 
child or by normal wear. The application must be vermin 
proof and in certain areas of the dwellin&. rue retardant 
(e-l., next to furnaces, stoves, and in common hallways). 

Heat 
This method uses heat from gu rued torches, in

frared lamps, or other heat sources to softt!JI the paint so 
that it can be scraped off easily. It may produce lead 
fumes which are toxic if inhlled .in concentrated 
unounts. Ewn small concentrations over a sl:o'licient 
length of time can Pose a hazard. It should be done only 
by experienced persons with an awareness of the poten
tial danger of igniting the surface, adjacent wall area, or 
nearby combustibles. 

Scrapiq And Sandin, 
All lead-based paint that is chipping. loose, peel

ing. or chewed or that is readily accessible to children 
should be sCraped off. Ally remainin& painted surface is 
then sanded down to the bue material, patched, sealed, 
and repainted with nonlead-containing materials. This 
method requires the most physical labor and is expen
sive. 

While scraping and sanding is beinl done. large 
unounts of lead dust and particles become airborne, 
thereby temporarily increasing the lead hazard in the 
immediate environment. Tarpaulins or plastic floor cov. -.
erings could be used during the process to conect the 
waste products. Similar procedures must be used for ex
terior surfaces to a~id soil contamination. Careful 
cleanup procedures including dusting, wet mopping, and 
washing must be used in the interior. 

Uquid Paint RemOYeft 
Solvents are generally used for small areas such as 

window sills and doors. Most solvents evaporate rapidly 
and are flammable and toxic. They should be used with 
the utmost caution. Proper protective equipment, cover
ings, and clothing must be used. The work area must be 
well wntilated at all times. 

The approach described above is reasonable and 
workable in the environmental management activities for 
children with lead poisoning or undue lead absorption. 
Ideally, it would be most desirable to deverop a com· 
munitywide code enforcement program to completely 
elimin.:lte all lead-based paint ha:z:lrds in housing. But 
until such time as societal commitment exists, lead haz
ard identification and abatement for children with un
due lead absorption or lead poisoning must be the re
sponsibility of the appropriate governmental unit where 
the child lives. 
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VII. Health Education 


The commWlity and especially parents of pre· 
school children who live in older, deteriorating neighbor· 
hoods should be informed at every available opportunity 
of the need to have their children screened periodically 
for lead. poisoning. Basic preventive measures should be 
emphasized, such as regular sweeping and removal of 
accessible paint Oakes and dust to reduce potential lead 
hazards in the child's environment. The danger of ingest· 
ing paint chips, dust, and soil should be stressed. Older 
siblings of children at high risk should also be educated 
to the sources and risks of lead poisoning. as they often 
provide a major contnoution to the younger child's care. 

If a child is screened and does not have W1due lead 
absorption, there is still a risk and rescreening is reo 
quired. particularly during the summer months, until the 
sixth birthday. Until hazard-free housing is available for 

an. periodic screening and the practice of basic interven
tion measures will reduce the risk oflead poisoning. 

The educational process should start when the 
child is screened and should be reinforced by physicians, 
nurses, environmentalists, and aides eacn time the child 
is seen. Where a child is found to have undue lead ab
sorption, education of the family is essential to success
fully follow the child. The family of the child with un
due lead absorption or lead poisoning must be funy in
formed of the condition and what clinical and environ
mental actions to expect. The parents' responsibility is 
to see that the child is not exposed to lead hazards in ~ 
future. This can only occur when they have a full under
stmding of the child's condition, its cause, and the pos
sible result oflead poisoning. 

VIII. Reporting of Lead Poisoning 

and Undue Lead Absorption 


. Presumptive and confumed cases oflead poisoning 

....and undue lead absorption should be considered a notifi· 
able condition which must be reported to the appro
priate health agency by primary care physicians and 

by persons in charge of screening programs. All labora
tories performing blood lead or erythrocyte proto
porphyrin determinations also should report abnormal 
fmdings. 
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Appendix A 

EXPOSl:RE TO LEAD: SOURCES AND EFFECTS 

by Herbert L. Needleman, ~D. 

Reducing exposure to lead and its consequences to 
health continues to be an important unfinished task in 
the public-health area. Recent recognition of lead in 
some glassware decorations has focused attention on 
the many sources of lead in the human environment 
and raises for re-examilUtion the definition oC critial 
thresholds for measurable health effects. 

The early work of Massachusetts physicians such as 
Drs. McKann, Blackfan, Aub, and Byers led to an en
riched understanding of the serious consequences of 
childhood lead poisoning. More recent data indicate 
that the sources of lead for children are multiple, and 
that body lead burdens below those associated with 
clinical symptoms can affect biochemical functions, 
and neuropsychologic performance. 

The increased vulnerability of young children to 
lead is a weU accepted clinical maxim. Increased ab
sorption of lead across the child's gut has been dem
onstrated by Alexander et al. I and is supported by 
studies in the immature rodent by Kostiai et ai. Z At 
the same internal dose of lead <as measured by blood 
lead concentration), children have recently been 
shown to have more impairment in heme synthesis 
than adults, as measured by Cree erythrocyte proto
porphyrin.' 

Because anemia is a long recognized effect of lead 
exposure, and blood is a tissue readily available for 
study, initial studies of the biochemical changes asso
ciated with lead have centered on the heme pathway. 
Additional stuclia have dcmomtratee that lead af
fects other heme enzymes, notably cytochr.Qme P-450 
in the liver.' Red-cell o-amino levulinic. 'acid dehy
dnue (D AL~-D), an enzyme necessary fOr the conju
gation of levulinic acid into porphobilinogen, is in
hibited at lead levels as low as 10 I'g per deciliter. I 
~lil1ar et a!. have shown that brain levels of D AL~-D 
in the rodent parallel peripheral blood levels, sug
gesting that oxidative metabolism in the brain may be 
affected a' blood levels as low as 20 I'S per deciliter.' 

Lead inhibits brain adenyl cyclase at low concen
trations in cerebellar preparations~ and in nigrostri
atal preparations. I Lead has also been shown to in
hibit pancreatic adenyl cyclase. 

Funher Informauon may be obtained from Herbert L. Needleman. !\.1.0 .. 
CIIilclren's HospiLaI !\.1edicaJ Centt:r. JOO Lonlwooci A"t: .. BoSIOII. MA 
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Interference with globin synthesis' and collagen 
synthesis" has also been demonstrated at relatively 
low concentrations of lead. In the heme pathway it
self, lead acts at a number of sites. In addition to the 
previously.cited inhibition of red-cell D ALA-D, lead 
acts on the red-cell mitochondrion. Here, it interferes 
with the incorporation of iron into the tetrapyrrole 
ring, resulting in its replacement by zinc. Conse
quently, increased levels of zinc protoporphyrin or its 
extraction product, free erythrocyte protoporphyrin, 
occur in penons with elevated blood lead levels. Re
cent studies indicate that this effect begins at 15 I'g 
per deciliter." Increased urinary amino lcvulinic acid 
excretion begins to appear at blood lead levels of 40 I'g 
per deciliter. 12 

For the young child, the most important target or
gan is the brain. The catastrophic effects of lead en
cephalopathy and the protean symptoms of lead poi
soning have caused many clinicians to ask whether 
lesser levels of lead than those producing frank en
cephalopathy result in subtler forms of brain injury. 

This controvenial question is made more difficult 
by the often close association of lead exposure with 
poverty and its attendant troubles, by the lack of sen
sitive clinical indicators during the peak exposure pe
riod in early childhood, and by problems in reliably 
measuring past exposure in older children - epide
miologic issues that are not peculiar to lead. It is not 
surprising that some investigators have found neuro
plycbologic deficits in children with low level expo
sure whereas othen have not. Among the studies of 
low level lead and brain function, two are acknowl
edged by many as more rigorous and controlled. 
Burde and Choate followed children identified as lead 
exposed, and controls matched on socioeconomic sta
tus and race, and found that the exposed group had a 
higher incidence of gross and fine motor dysfunction. 
irritability and impaired cognition at thll aJC' of four 
years. When the children were retested at seven to 
eight years of age the incidence of dysfunction had not 
decreased. This finding suggested that the deficit was 
fixed. n Perino and Emhart studied black preschool
ers with blood leads greater than 50 or less than 30 J'g 
per deciliter." Controlling for socioeconomic status. 
the authors reported a statistically significant deficit 
on the McCarthy scales of mental development. AI. 
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though the correlation between parental and child IQ 
in the low-lead group was 0.52, in the high-lead group 
the correlation was 0.1 . This finding suggests that an
other factor, presumably lead, disturbed the par
ent~hild IQ correlation. 

The effects of lead exposure during pregnancy de
serve close consideration. Because lead crosses the 
placenta, it has been found in the umbilical-cord 
blood of newborns. II It has also been shown to be as
sociated with severe reproductive damage in occupa
tionally exposed women, and to be teratogenic in the 
laboratory animal. In Glasgow, Moore et al. identi
lied n retarded and normal children matched for s0

cioeconomic status and geography. The mother's res
idence during pregnancy was visited, and a first-nush 
water sample obtained. No normal children came 
from homes with a high content of lead in the water, 
although 11 of 64 retardates did. The discovery of 
blood samples on file from old phenylketonuria cards 
allowed retrospective blood lead determinations to be 
made on some of these subjects. ' Blood lead levels in 
retardates in the lirst week of life were significantly 
higher than in normal controls. U Wibberly reported 
higher placental lead levels in malformed and still 
born than in normal infants. If 

The sources of lead for children are many and ubiq
uitous. Although new paint for household use will 
soon contain less than 0.06 per cent lead, thousands of 
houses have paint that contains well over 1 per cent. 
Many of these surfaces are naking and peeling. Those 
that are not often chalk and contribute to lead in dust. 
Air-borne lead of small particle size is readily ab
sorbed through the lung; large panicles fall out into 
dust and are swallowed by children. The largest con
tribution to lead in the atmosphere is automobile 
emissions. F oodstufTs contribute a substantial amount 
of lead to the daily intake, much of which is added to 
the food during processing. Water may be a source 
in areas where the mineral content is low, the wa
ter acidic, and old leaded pipes still in place. News

-, print and some ceramic tableware may contain lead. 
Decorative decals and glazes on the exterior of some 
glasses contain consi~erable amounts of lead. 
This lead, leachable by dilute acids, can also nake 
off the glass, and represents a potential hazard for 
some children. 

Although the relative contribution of each source 
varies with an individual's age, habits and circum
stances, rough estimates can be constructed as guide
lines. Dietary lead provides 50 to 250 J'g per day ex
ternal dose, of which 20 to 100 J'g is absorbed by chil
dren. Urban dust contains lead in concentrations be
tween 1000 and 5000 J'g per gram. The ordinary 
hand-ta-mouth activity of children transfers consid
erable quantities of dust-borne lead to the gut. Inges
tion of 100 mg of dust containing 1000 ppm of lead 
would add 100 ~g of external dose, of which 40 ~g 
would be absorbed. Urban air lead levels range be

tween 2 and 5 J'g per cubic meter, but can be higher at 
selected sites and at peak traffic periods. Children 
~ave higher metabolic rates, are generally more ac
tive. and therefore have higher respiratory volumes 
relative to body size. Air-borne lead could provide an 
internal dose of between 16 and 40 J'g per day for an 
adult, and 8 to 20 J'g per day for a child. Paint, of 
course, provides lead in the highest concentration for 
children with pica. One single paint flake containing 1 
per cent lead delivers an external dose or 10,000 J'g. 

Clearly, the lead burden of a given person is a sum 
of the multiple sources experienced by that person. 
The importance of one source should not be played off 
against another if effective prevention is to be 0b
tained. lead should be discovered lirst in the envi
ronment before it gets into children, and then re
moved. ElI'ective housing inspection and abalemenl 
are complex, difficult and often contentious enter
prises. They must, however, be pursued. Remov
ing lead from air and dust are urgent public-health 
goals. 

Each source has its own control or abatement cost, 
and each has a vested interest. The costs of removing 
lead from the environment are formidable, and many 
who identify themselves as realists say thaI society 
cannot support these costs. 

The worth of the human brain is incalculable. The 
value we assign to it will be defined by the intensity 
~ith which we pursue or avoid the protection of its op
tlmum development. Excess lead in the human envi
ronment is man-made and is, therefore, preventable 
by man. 
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Appendix B 


Comments on "Treatment of Lead Poisoning" 
Modem Treatment. Vol. 8, No.3, August 1971 

. by J. Julian Chisolm. Jr.• M.D. 

January 1978 

The following article on the treatment of lead poisoning 
was fll'St prepared in 1967 and revised slightly in 1971. Although 
the basic principles of clinical management remain unchanged, 
newer information suaests that the various risk categories in chil
dren, according to blood lead groups, should be revised as follows: 
Currently, 30 ~g Pb/dl whole blood is considered the upper limit 
of normal in children, not 40 ~g, as previously stated. Where the 
original text refers to 60 and 80 ~g Pb/dl whole blood, 50 and 70 
~g Pb/ell whole blood, respectively, should be substituted. Correc
tion of blood lead concentration according to hematocrit, as origi
nally suggested, is probably inappropriate, although still somewhat 
controversial. Calculation of dosage of chelating agents on the 
basis of body surface area, rather than body weight, is phanna
cologically preferable. In particular, this change will minimize 
overdosage in older children. These changes are reflected in the 
revisions of Tables 4 and 5, which are attached. 
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Table 4. AftiMd Ooage Schedule for Ch...tinl Atenu. January 1978 

Dru, Roure 

BAL.oCaeOTA in combl· 
nation (BAL. • 2. 3-d!
mwcaotapro_ol avail· 
abl... BAL. In 011 for 
1M u.only. EDTA· 
.t• ..,,11 caldum diNa' 
dlum ICANa2 eOTA. 
V.~_I; _ ..Iabl. in 
20" 101. to be dllut.t 
for IV admlnlnration,· 

CAeOTA only (1tI.ra
\MU1I0:1 

CAeOTA moblllza1lon 
_ (dlagnonlo:l 

Oral D-oenldll-.ina II#
cllma1t1ylc:vnalne; avail· 
abl... CUDrimina In 
25o-m, _I... In-u· 
_onal dru, In USA; 
_ reo:ommendatlon. of 
AM A Coundl on DrutII 
for pr.c:au1l0n. In u. 
(1)) 

BAL.  500 "''' 
",1124hr!liven 

1M 

Indlvid_d_ 
q4h 

eaeOTA·,I00 1M 
meI",2124 hr 
!liven In dhrid_ 
d-.q4h 

1000 m"m1124 hr Children: d..p 
1M 

Adula: Con. 
1Inu_..._ 

IV. Cono:an· 
tntIon of 

EDTA In '" 
OIW or NS 
Ihould not ••• 

o:ead 0.." 

Give ....ng/. 
1M Injenlon 
or InfuM IV 
_, "rp.. 

rIod (0"" In 
5" OIWI 

100 melm 1 Iday Oral 

For ftret dOH. injet 
BAL. only. B"nnln, 
4 hr 1_ and wary 4 
hr 1tIer.ft.r. injet 
8AL and CAeOTA 
"muUanaously at 
-.raft ,.." 1M "t_; 
ueuaI Clilu'" - 5 day. 
(30 ~,. ISM t ••t 
for Indlo:atloM for 3
and 7-day o:ou,....) In 
.tula. 0:0n1lnuou. 24 
ht' IV Infusion of 
CAEDTA may b. pre
fwracI 

Children: In dlvid_ 
d__rv8to 12hr 

for 3-5 day. 
Adula: Infu•• tou! 
dally dOle in 12·24 hr 
(",In...f. Infulion 
1Ime I. 8 hrl Ma. 
oourea I. 5 day. 

All: AII_ "'Inlmum 
Nat parlod of 2 day. 
between o:ou,... FIest 
IMriodI of 2-3 wk ar. 
bo1tl ..far and mora 
effIatent in promoting 
lead dlur_. 

Collet urlna quan1lu
1IwlV for IMCI analysi. 
for 24 hr If .....1 funo:· 
1tan normal; 3-4 day 
ooIlanion '*lulr_ln 
ranal IMUfflo:iano:y (II 

Yount c:hlldren: Give 
on ."pry _mac:h .. 
lin". early moming 
dOH. 2 hr before 
break'''t. For young 
o:hlldran un.bla ta
-.l1__ul_. 

-IRV contena of 
o:aoauIe Into s",all 
amount of d'lilled 
fruit or fruit juio:. im
medla.y p ..lor to MI' 
mlnlnr_lon 

Adula: Glva on emptY 
_ao:h 2 hr apart 
fro", ma.I•• May be 
....... In divided do.. 
2 or 3 tt",.. , day . 

·Sulll"tad pr_,tlon of calcium dillOdlum EOTA for inwamu.ul... inj.o:tion: U.. 
procaina IWdroc:hlor/da o:ryau!. 80 to 100 m ..... USP and calcium dlllOdlum EOTA. 20% 
IOlutton. 5 ml amoul.. for Inw_ous u". Add 0.3 , cry_Ilin. procaln. hydrod'llorid. 
to 12 vial. of calcium dlllOdlum EOTA (10 mil. Scrub. rln.. end naam st.rllize all vials 
end _ppare. U.. fr_hly-dlstilled and filtered w_ 1'..... through a 0.22 mio:ron 
MIUlpO" filter. Aftar cryltals of proo:alna hydroo:hlorida ... dl_lved dlreo:tly in the 
aldum dlllOdlum EOTA. the enttr. solution is CIeaad through a 0.22 mlo:ron filter and 
wen.....ed. uncSer _Ptic c:ondltlonl. Inta vial. o:onulnln, 5 ml _h. Fin.. cono:antra· 
tlon In the inw.musc:ular prap,,.1Ions ar.: Calo:ium dlllOdlum EDTA 200 mgtml and 
proo:ain. hydroc:hlorida 0.5". 

..! 
r 

~ ~ 
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Tabla 5. A..,...

A. CHIL.DRRN 

Choice of OIeiatine Atents BIlled on Svmptomlltology Ind Blood Lad 

1. Symll..mlldc __ 
.. 	Acua_....... 

I_.thy BAL-caEDTAIIM) fllrst OOUI'M 5-7 deya: gI... _ond 5
dey COUI'M If blood I... l'IbOundi 
.. >70 ,.. PD/dl wltola blood , .... 
21 davs after first COUI'M: transfer 
lIatient to convel_ant facilitY 
for 2-45 mo cou,.. of or. o-..enl
clllamln_ 

b. 	 In...lcadon wllh SAL-caEDTA(lM) First COUI'M 5 days only: Indication 
out .,,~It"o for _ond course ..",. _ abova: 
palhy (e1__cat follow witlt orlll O·penicillamlna 
clinical IIlumblsm (2-45 mol If blood Iud >501>&11 PDI 
wllhout Inc:rNMd dl wltola blood. Lon..... cou..... 
Inarcranlel ..,.  may ba nllded wit." lonll bona 
sura or ltaxlal Xof'ays s1tow prominent ..,... 

11_." If symPtoms abew wllhln 
2. Itr, SAL sItould ba stopped £II 
Itr later. If Inltl. blood I... <70 
,.. Pbldl wltOl1 blood. SAL usu· 
ally not Indicated 

2. AaymDtarftatio __ 
Blood I... 
>'00 ,.. PD/dl SAL.-caIlDTAIIM) Choice of first course baled on im
wltola blood tiel blood I.... Ivldence of ~ 

IIOIIe toxicitY sItould be damon
ftnItId. 

BAL.-caEDTAIIM) Wltan PD-B axceadl 70 1&1. E~ 
..."ar81ly > 250. Give calEOTA 
5 dava, but limit SAL to first .. 
Itr 

caEDTA(lMI E~ ""'_elly > 110. Give caEDTA 
3-45 deys: follow wllh Oop."lcllla
mini. apaclally If lonl IlOna 
x_va oositlVl. 

3. Lon"""",, foil_II 
.. 	Inarcu~ In.  caEDTA only(lM) GI... 3-day coursa wltan_ slgni

don, damln_allz ftcant Incr_ in UCP and/or 
Inl bona dl_ ALA occurs. _ tltouglt no in
den c- In aimar blood laed or 

EP _Uri. 

b_ 	 Recurrent In.... BAL.-caEOTA(lM) Cltolce saml _ for asvmotomltlc 
don or CaEDTA only __ above (HC1Ion 2) 

(1M) 
O-oanlclllarnina· Do not UN ....v cltllatlnll agent 
(oral) orally If risk of l'ftIdu8I la.o in 

bowat. Followinlllnitial tltaraov 
wim paranwr. BAL-caEOTA or 
caE OTA only. u" orlll Oopani
cillaminl only wIlan tlta rlak of 
continued Ituardous anviron
mental I... axposura is or. 
eluded. 

·~NClutlon.: O-oanieillamina oontrlllndlcaWd In panlclllln_a1t1V1 IndlviduaiL 
caE OTA4ntramuacullr ..NDlRdon contelr.. IIrocaina. 
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Treatment of Lead Poisoning 


J. JULIAN CHISOLM, Jr, MD 

From tM Dqartmcnt of PnliGtril:l. 101m HoplciJu 
UnilU1rsit!l School of M~jcine. tmd In. IJGltimore Cit, 
Hoqitllh. WunorcJ 

TUE CHUClAL ASI'.:cr 0.' TlIF.MPY in all ~lgl' !,rrtmps is prompt tmnina
tion of undue lead l·xpusun·. de6nl-d as exposure to lead from souJ'ccs 
other than those found in normal unc()ntaminated food, bcvcnge 
and ambient air. Whl'n indicnkd. the use of chclating agents must 
be considen-d an adjunct to the pn'vl'l1tion of continued dangerous 
environm(''11tnl lead cXpolIlun·. TIle ratiunale uE this therapeutic ap
proach is blUed upon our knuwk-dge of the absorption. metabolism 
and excretion uE lc.".ld in mnn (13). Inurgnnic 1c.-ad compounds a.re 
poorly absorlx-d intu the budy fnJln the gtL'ItrointestinaI tract so that 
repetitivc ingl'Stiull uf small amuunts ill usunlly far more hazardous 
than single m~lSSive exposure (Sl'C p 610). Plumbism, thus, n'Su1tS 
from the I1CCUmulatiun UVl'r a pcri(xl uf wl·dcs, months, or years of 
an e:cccssivc body burden of lend. This burden is distributed between 
bone and soft tissuc:s, \vith the major portion being stored in bone. 
There is no known signi6cant toxicity nssociated· with the portion 
that has been well in(.'Orporatcd into the matrix of bone. Rather, the 
acute toxic effects of lead arc apparently associated with increments 
in the lead concentration in 50ft tissues. Undl'r conditions of pro
longed. but pt'rhaps intermittent c:cccssive exposure and absorption 
of inorganic k-ad snits. the clinicnl course is une of recurrent, acute 
symptomatic episodes which. in tum, appear to be associated with 
sharp increments in the concentration of lead in various soft tissues. 

Once abnormal is virtually all of the lead 
remaining in the body is grndunlly shifted to bone. The studies of 
Kehoe in human adult volunteers indicate that it takes at least twice 
as long to excrete a given burden of lend 3S it does to accumulate 
it. Since chelating agents probably do not remove Significant quantities 
of lead which have been incorporated into the matrix of bone, they 
cannot be expected to accelerate this process. Estimates of the dura-

Supported in put by United States Public Health Service Crant 5 R01 EC 
00201-18 from the National Institute for Occupational Safety aDd Health. 
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tion of abnormal exposure provides an index of the period of time 
a patient will n.'quire careful medical supervision after exposure ends. 
Serial blood and urine lead dl'terminations together with urine 
coproporphyrin (UCP) and S-aminolcvulinic acid (ALA) measure
ments proVide thl' bl'St index of soft tisSl1(, lead toxicity (3,11). Al
though measurements of S-aaninolevulinic acid dehydratase (ALAD) 
activity in vitro in hctnol\-satl'S of blood and free cn·throc\"tl" 
protoPorphyrin ill pl'rip hera!" bl()(;d can probably provide co~parable 
information; they are not, at this writing. as well standardized as 
the other measurements. Administration of chelating agents rapidly 
reduces the lead content of soft tissues. 

The most severe clinical manifestation of intoxication is acute 
encephalopathy, which is more frequent in children than in adults. 
carries a Significant mortality and results in severe permanent brain 
damage in at least 25 per eent of survivors. Since one of the main 
goals of therapy is to prevent injury to the central nervous system. 
it is axiomatic that treatment must be started before classic signs 
of increased intracranial pressure make the diagnosis of encephalop
athy obvious. 

Accurate lead analvses mav be di£6cult to obtain but are essential 
to proper treatment ..Blood ;amples must be collected into lead-free 
equipment and analyzed by a laboratory experienced in lead deter
minations. Risks with respect to the acute adverse effects of increased 
lead absorption may be estimated in tenus of current blood lead 
concentrations as follows: a) >40 ~g Pb/loo g whole blood indicates 
undue lead exposure; b) ~79 ~g Pb/1oo g indicates excessive absorp
tion, is associated, in most instances, with metabolic evidence of im
paired heme synthesiS and may, in some instances, be associated with 
mild symptoms compatible with lead poisoning. Such cases require 
careful medical supervision and should be considered possible cases 
of plumbism. especially in anemic patients. Blood lead concentrations 
of mOre than 80 ~g Phi 100 g whole blood indicate risles which in 
children are unacceptable; virtually all cases of severe acute lead 
poisoning, including those with acute encephalopathy, are _ugA!l.CQ 

with blood lead concentrations of 100 ~g Pb/100 g whole blood or 
greater. At blood lead concentrations of more than 80 ~g Pb/lOO g 
whole blood, symptoms may be absent, but onset of severe acute illness 
is unpredictable. 

CHILDHOOD LEAD INTOXICATION 

Lead poisoning in childhood should be approached as a chronic 
disease because of the long-term high-dose type of exposure to which 
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children might be subject. espec:ia1ly in old deteriorated housing. 
Elective therapy calls for solutions to three diSicult problems: a) 
early diagnosis and treatment of acute toxic: episodes, b) permaDeDt 
separation of the child from environmental lead sources. and c:) pre
vention of pica. Most children with plumbism require close medical . 
supervision until they reach school age and some need cue much 
longer. The comprehensive therapeutic: program described here re
quires the coordinated long-tenn elorts of physician. pediatric psy
chiatrist, medical social worker, child guidance personnel, health de
partment personnel. and visiting public: health nurses. 

Once minor symptoms of poiso!,ing are present, acute encephalop
athy can develop with unpredictable and startling rapidity, especially 
during the summer months. For this reason, Gm) claild with 8!J'I'&peom.s 
thGt suggest plumlJum or blood letJd concentratioN >80 '" Pb/IOO 
g of lit whole blood Ihould be mated DI G mediCtJl emergency Gnd 

h~tDIi:ed immediGtely. Delay is one of the main reasons for poor 
therapeutic results. Early diagnosis depends upon a high index of 
suspicion a knowledge of the epidemiology of plumbism and the 
interpretation of specific emergency laboratory tests. 

Epidemiology 

The vast majority of cases of childhood plumbism in the United 
States today are found in children who reside in old, deterioruting 
urban hOUSing. Rccent studies in Baltimore, Maryland revealed that 
50 to 70 per cent of the old houses in selected slum areas contain 
dangerous quantities of 8alcing le:ld pigment paints (14). The interior 
wood work. painted plllStcr and wallpaper of houses built prior to 
1940 and still in usc may cuntain layers of lead pigment paints which 
have never been removed. Several tiny Rakes of such paint may con
tain 100 mg or more of le:ld; the safe daily intake of lead is <0.5 
mg (13). Table 1 summariZt'S the results of a prospective home survey 
of preschool children in Clevelnnd, Ohio (10). A comparable situation 
exists in most of the harge cities of the continental United States. 
particularly those cast of the Mississippi River. It is abundantly clear 
from these data that young children in substandard urban housing 
should be screened periodically for plumbism. Table 2 lists unusual 
sources of le:ld. 

Repetitive ingestion of small quantities of lead in paint apparently 
must continue for 3 months or longer before a potentially lethal quan
tity of lead is absorbed into the body. For practical purposes one 
must assume that ingestion begins by one year of age in children 
who live in urban slum areas. Multiple eases arc often found in the 
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Table t. Emrir_efttal Expcnure of y~ Children 
10 Lead in Urban Housing 

He. .,..'- ...... H.. " H.. " 

ow..... 101 216 27 3. '.7 
Hew ....... pntject lOS 3 0 0 


• c:._......... of ...... 1_" OIl" .....porphyrill ~_..... 
["- Gri... et .1 11 011 

same household so that all preschool children should be tested for 
plumbism wherever an index case is found. Prospective screening 
programs are CUrTently in op~ration in Chicago and New 'York. 
Recently, cases of severe lead poisoning have been traced to the con
tamination of juices (and other acidic beverages) stored in improperly 
lead-glazed earthenware vessels. 

Prompt Diagnosis 

An indirect epidemiologic approach is essential for prompt clinical 
diagnosis since a history of pica often is not elicited at the &rst clinic 
visit. We ask the follOwing questions: a) Does the child live in or 
visit a house built prior to World War II? (A list of high-risk 
addresses should be po~ed in all pediatric clinics to aid physicians 

Table 2. Uncommon Non-industrial Type. of Potentially Hazardous 

Emriranmental Lead Exposure 


T.,. ... dmd~ 
(b...r. of it_ repaint... 

by r..." .... 1 
Lead toys ..... baubl..• 
L..d nippl. shi.lds 

..............., 

C_1IIic a .... pottery glazing 

III ....... 

"- battery .......facturinv 
Lea.. ...., in ~. vallery 

(aU.....ant at ritIIl 
Altilf'1 paint piV"- (hand.--.1 

!mJHIIIIIM'I'IT 1_111'_1'" ...... 
war...... CDalrware 

Saft w....wat.. _y.d III 

I..d pipes 

Ash.. an" """.. of paillteel 
woocI and battery calin.. 

"sed for fuel in ....... and 

Ilrellklces 

b.......alae.. and I••elry coal.d with I..d to Ii.....lat. a pearl appearanc., are 
~... aft... ..-te.d,~d.1 

2S 




not familiar with the city. b) How long has the child been walking 
or crawling? If the child lives in or visits a house built prior to 1940. 
has been ambulatory for three months or longer. and has any symptom 
suggestive of plumbism .he receives the emergency laboratory deter
minations listed in Table 3. Provisional diagnoN and the decUion 
to hO$pitali2 the ptJtient and institute cheumon therapy must be 
rra.at:U at the Fft clinic oUit. 

Symptoms that suggest enrly lead into:tication are: anorexia, apathy. 
anemia (hemoglobin <10 g). hyperirritability and other behnvioral 
disturbances. clumsiness. loss of recently acqUired developmental 
slcills and sporadic vomiting. The onset of encephalopathy is heralded 
by gross ataxia, persistent and forceful vomiting. periods of lethargy 
or stupor interspersed with lucid intervals and 8nally coma and 
intractable convulsions. Any of these symptoms. together with one 
or more positive presumptive laboratory tests (Table 3). calls for 
immediate hospitaliz.'ltion and institution of chelation therapy. Young 
children with pica. behaviornl disorders. convulsions. mental retarda
tion and symptoms suggestive of cerebral degenerative dise:LSeS should 
also receive these tests (4). 

It is unusual for all tests to be positive in a given case. The quickest 
presumptive test in children is the qualitative UCP test which is 
described in Appendix 1. Technical and interpretive considerations 
for ench test are included in Table 3. Lumbar puncture should be 
avoided unless essential for differential diagnosis which includes 
tuberculous meningitis. various encephalitides. and other causes of 
increased intracranial pressure (eg. tumor). If lumbar puncture is at
tempted, the least amount of cerebral spinal Buid should be collected 
dropwise. and never allowed to spurt out; 1 ml is more than sufficient. 
In acute lead encephalopathy the 8uid shows normal sugar content, 
mild pleocytosis and a moderate increase in protein content.· Attempts 
to obtain 8uid by ventricular tap are not warranted and usually fail. 

TREATMENT 

Supportive Measures 

It is our policy to treat all symptomatic children as potential cases 
of acute encephalopathy and, hence. to begin treatment immediately. 
Adequate urine Row should be established 6rst. As soon as the child 
with encephalopathy is admitted to the hospital, a continuous intra
venous infusion of 10 per cent dextrose in water (10 to 20 ml/kg 
body weight) is administered over a period of 1 to 2 hours. If this 
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Tabl.3. Laboratory D.t.rminations Reqvired for Diagnosi. of lead 

Into_ication in Childr... 


r • ., 

DAelGIt4CY TUTS fOl IAI'ID ..lauMrnYe DIAGNOSIS 
....__"..., ... Auor__• C+++ or Q_ltoe;,,_ un-ry See App.....i. p 612 fo, 

coproporphyrift proc......., pet'OAi.... ++++, oft......o.t... wllh IIIood I.... 

CUCPI .... C21 fr_ ....... ,.qui,..... > 100 ". "'-/100 ..................... 

t.., ....... wi..... 10 ......... ;. lII..ic.t.... for i-.dlot. 

/IIi" .ft... ..ai..... "'pitollz.HoII .".. cheIotiall ......py III..,.....-1Ic chIIdr........ if .a other pre
_ptioN ..... _.a........ _y .1... 

........"'......tI_ ,MUIft illitlelty '" 

..,;....... patl................Iy i_.... 

plet." chil.., ... ..., ' ........at... h__

....n"""" p.tI...t. u_By ha... "Iyeo_i.

OIl" oilier uriIIo .a.-....lltI.. 
X.,.y. 

l'I.t plot_.f U•• K\l1 techlliqu., look Ab"a......1 fIot plot. pOIie;". for ....i.paqu. 

oba",... co,.fuUy ill ,oct•••• _torlol ill .pp.... 5~ of .y"'p...... tie 

• .. 0'•• for ....io ,.... childr..., ,a,.ly politi..... a"uIts 

paqu. fteo wh... , ••t 

of illtftfill. OPP_" 
.....tI_ 

.. A ,,;._ of wriItI MIItI b. di".......lot... 
 ................... ftl_ with , ..poet I. chil..•..... 


..... l1li_ heM ........ arred 
 al <2 yft .,.... lilies" ft..,......, ......
..... "........."at 
 •..,.....-IIc_ 
.....phyMea......... .., 2-5 yft .,.......... _1Iy prOlOftl 

C>2 _I _til soui .... _y __·_I ..a"...." 

........ of iIIcr...... d >5 1ft ..........." ..,..., ......,..... ......,.......... 
 w-.- of .,_......" ,OAOCt dIoratIaII of lot

ttOWth .rred ......p- _ .... 1_.. a"""I"" ..... i.....010'''' to 
p.., •• _ltIple "a" SY"'pIa-

row "ncr". 1iIIft,

""y fIIIIIs ""...,

1Hi.'" Ii.'" 
H_.lobill. lasophilic .tlpp.'" c.1I Hb _1Iy <10 til ft"..",...... UIItr..,." 

"-atocrit, _ '''"lui''' i.... d.flciency .,.,••••c.pt ,oticulocyt.. 

retlcuIocyt. .pociaGzod lodwoiqu. aft... iIIcreo...., ba--"'Iic stlppl... can 
__By .'fOilobl. ca.tt. l1li_' for -" .. periph....1 bloo .. of chil.., ... tao 

-rpho!ovy ..........I ...pit.1 
 ...rIa.... to b. helpful but basophilic 

Ioba,._i.. stiPP.....f __..lasts .. boll. _rraw '''...philie 
stippl... eeft l1li_" Ullifarlllly iller...... C>50er.1 ioo 

pIu",..iaIII ill childr........ a ..ulta-h_tacril COUII" 
'''"lui'''' for illterpretatiolo .f blood loa.. 
siIIc. 90,.. of 1_" .. w..... bloo.. i. 
att.ch... to , .....Iood coli -*.':0. corroct 
....... I_d dalo for very low h_atacrih 

...... 
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Table 3 (Continued) 

r.. 

UCP , ... tell.. !Wee...• 	 G~ 1+., ++, ...... ...., cIwoIOicor...., ...___ ...., ._ l1li4 _ •-,-v-.I 
........ for reduc'" 	 .... oft.. thew pretaifturie. ha_lwIe• 

...." liD. 0"..,;,..., 	 callular ..... 4Ift4 IeuIIocytas ............ 


I.................. cri'iatl poll'" i' 

UCP '........m.el 


Sl'tClPlC DIAGNOsnC TESTS 

Whol. Itlaocl ..... Spacial ......free 	 "--01 _ ....... ~ U-4O ,.. 


-"lia. I,.,.,.. ..... "'-/100 ........ ....... 

..... -'-;". -" UHua ••...-.. >40 ,../100 ........ It..... 

Ita .......n" ofteft IU" ......... intak........ .we.. othar thats 

......led It,. I.... __I ...-...In........let 


tory po"""""" MIl...,.....- -.y It. pr....... 60-10 ,.. 
....Iytia, 10 IDI ...... PIt/l00 , whoI. It..... 
"'_ 1-0 V.cuta..., Syln"ao..s _,. Ita .1tMnt. Itut riIk of __ph

_.,daly ...il- ......th,. ._b >100 ,.,'It/l00' ....... 
• ltle. Dr•• _,h It..... 

WaMnOIDl_1y 


,......, CIS ""'1
cient ...,.1•• _,. 
yiaW err......", Weft ,..... 

u......".. ....... 	 ..... _'Ita .......... (iD............... 
......,.............. ........ ..,... ..... __I .... (>10,.•


It, leltoretery per. 	 "'-/2' hrl in .... _phe..,......,!. C-
........nelylia, .... .w-.acrett.t >1.$ .. 1"-/2' hr ........... ...,... ....... lint 2' hr ........ 1IIere" ....tneeIIC ., 
"-_ quellllltatiwa ~ ill ."".......'Ic._ 

24oiw ....... ,..
....... ,.-.
...... 

fails to initi:lte mAnoitul (1 to 2 glkg body weight) is 
infused intravenously as a 20 per cent solution at a rate of 1 mil min. 
Once urine 80w is established. further intravenous 8uid therapy is 
restricted to basal' water and electrolyte requirements and to a min
imum estimate of the quantities needed for convulsive activity. and 
fever and the replacement of deficits due to vomiting and dehydration. 
Careful parenteral Suid therapy is vital to survival and is best 
monitored by measuring the ratc of urine 8ow. This may require 
indwening bladder catheterization in unconscious children. a risk 
which must be carefully weighed by the attending physician in each 



case. The rate of intravenous infusion is adjusted hourly until that 
rate is found which will maintain the rate of urine flow within basal 
metabolic limits (0.35 to 0.5 ml urine secreted I cnIorie metabolized/24 
br). This is equivalent to a daily urine output of 350 to 500 ml/sq m/24 
hr. Children with encephalopathy behave as though their secretion 
of antidiuretic hormone is inAppropriate; the above technique is essen
tial to avoid excessive 8uid administration which can further increase 
cerebral edemL 

All oral intake is prohibited until the child is greatly improved. 
Body temperature is maintained at normal but not hypothermic levels 
by using a cooled oxygen tent, supplemented by cooling blankets 
when necessary. Oxygen is administered. 

For the quiek control of seizures, Valium' is effective. In patients 
with acute encephalopathy, control enn be maintained thereafter dur
ing the 6rst few dAYS of treatment with repeated doses of plll1lldehyde. 
Barbiturates and diphenylhydantoin are better reserved for long-term 
anticonvulsant use. During the acute phase, one should not await 
frank seizures. Better control enn be achieved if doses of pamldehyde 
are given whenever there is a signifiennt increase in muscle tone or 
muscle twitching. Administration ofpamldehyde should overlap the 
institution of long-term anticonvulsant thempy with barbiturates in 
order to prevent seizures from recurring during the early convalesccnt 
phase. Barbiturates should be avoided during the Snt few days be
cause severely depressant amounts are often heeded· and even then 
may be ineffectual. 

Chelation Therapy 

After urine flow is established, which should require 2 to 3 hours 
at most, chelation therapy is started with 2.3-dimercaptopropanol 
( BAL) and edathamil calcium disodium ( CaEDTA, calcium di

"", sodium venenate) in combination according to the dosage :schedule 
shown iD Table 4. This combination is used in all symptomatic 
patients. 

In cases of acute encephalopathy, the usual 5-day course may be 
extended to 7 days if great clinical improvement has not occurred 
by the fourth day. In symptomatic patients without encephalopathy, 
who show a quick and dramatic clinical response, and in those 
asymptomatic patients with whole blood lead concentrations in the 
:range of 100-100 ,.g Ph/lOO g. BAL may be discontinued after 2 
to 3 days and the dosage of CaEDTA may be reduced to 50 
mg/kg/day, in divided doses, as either two 6-hour intravenous infu
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GTable 4. Dotage Schedule for Cheiating Agents 

0",,, ...... Sell....D••'. 

IAL·C.EDTA in _binoti_ 

IIAL - 2.3·dilaorca....,.,..po"" ....laltlo ., IAL in Oil 
for 1M _ GIlly. EDTA 
....thalllil c.JQu. clillNl~ 
IC..... .eI)rA, V_t.), 
....ila.,. ito 20~ so&. .... 
dilut'" for rv ...MiniItnI..... 
for 1M ..... procaine .. 20~ 
...... ,i.. c-. of .. rae.in• 
of 0.5~~ 

C.EOT A anly Ithor ...outid 

EDTA _1Mb.....011 
(di••-*I 

0,.1 D·..onici........ 
(~~...i..othyIcytt...., 
....ila.l••, Cuprilllift. in 
2.JG..... c.p....... /n¥esIi,•• 
tion.1 .. "" in USA; _ 
'_on".tiaM of AMA 
Council ... 0",.. for pr.. 
caufi_ in _ 1111 

0;1",_ 

IAL - ~'"./
1I./dow 

C.mTA 
12.J ....1 
11.1..... 

Ad.... 
1AL-2.S 

_./11.1..... 

CamTA 

LO ,".1 
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·Table S. Choice of Ch"atlr"~ Agents lased Oft Symptomatology 
and IIaod Lead Concentration 
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sions or two intramuscular injections at 12-hour intervals during the 
succeeding 2 to 3 days of the total 6ve-day course. While this ap
proach c:m reduce the number of injections during a &ve-day course. 
it probably also somewhat reduces the diuresis of lead. Immediate 
followup of initial parenterul chelation therapy with oral D-pcmici1
lamine virtwllly always obviates the need for repeated courses of 
parcnternl chelation th,.'rapy. Some of the toxic effects of lead may 
be intensi&ed if CaEDTA is given alone in the presence of very high 
tissue concentrations of lead (3). 'The addition of BAL to CaEDT A 
minimizes these toxic eff(.'CtS, greatly accelerates urinary lead excretion 
and causes a signi&cantly more rapid decrease in blood lead concen
tration ("). Medicinal iron should not be given concurrently with 
BAL. The patient should remain in the hospital or convalescent 
home until chelation is aeeording to indicunons in 
Table 5. 

Other Measures 

No time should ever be wasted in attempts to evacuate residual 
lead from the bowel by enema. Such attempts are futile, and in cases 
of encephalopathy the attendant delay jeopardizes the chfld's life. 
There is no evidence that parenteral administration of BAL-CaEDT A 
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enhances the absorption of lead from the gut; on the contrary. there 
is evidence. in animals, that BAL enhances the excretion of lead 
through the intestinal tract. Neurosurgical o~rations for the relief 
of increased intracranilll pressure are contrnindicated. There is no 
decisive evidence concerning the effectiveness of steroids in com
batting cerebral edema in lead encephalopathy. In view of evid~nce 
in animals which shows that steroids enhance the renal toxicity of 
CaEDTA, these compounds are not used by the author. Repeated 
doses of mannitol appear safest and most dlicacious for the relief 
of persistent cerebral edema. as indicated by persistent deep 
unconsciousness. 

Asymptomatic ChUdren 

Asymptomatic children should be separated from their environ
mental lead sources promptly. Usually this entails brief hospitalization 
for diagnostic study. preliminary evaluation of c.'nvironmental lead 
sources, and protection of the child until temporary safe residence 
is found. The laboratory tests in Table 3 are performed and chelation 
therapy is given according to the doses in Table 4 and the indications 
in Table 5. If the UCP test givt'S a 3-4+ result \V(' do not await the 
results of blood lead analysis but Ix-gin BAL-CaEDTA immt'tiiat('ly. 
This policy is based upon pnst clinical e~ricnce; the condition 
of young childr('n with plumbism can deteriorate precipitously even 
in the hospital. It is safer to start chelation therapy promptly :md 
then stop if blood lead determinations later prove the initial diagnosis 
in error. 

Recently we have been using penicillamine on an investigational 
basis; it has been administered orally for periods of 1-8 months to 
32 children without serious side-effects. The treatment is started in 
the hospital and completed in a convalescent home or inspected lead
free temporary foster home. It is possible with this drug to maintain 
blood lead concentration within the normal range during early 
convalescence. 

Precautions with Chelating Agents 

The main toxic · effects of BAL are nausea and vomiting which 
can be avoided if oral intake is withheld. Due to the formation of 
a toxic BAL·iron complex medicinal iron may not be given 
concurrently. 

CaEDTA is not metaboUzed in the body; virtually all of this com
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pound is excreted unchanged by the kidney (7). CaEDTA must, 
therefore, be withheld during periods of anuria. The dosage should 
not exceed 50 mg/kg body weight/day except in the BAL-CaEDTA 
combination. When EDTA is administered by intermittent intra
muscular injection according to the schedules given in Table 4. the 
follOwing side effeCts have been observed in occasional patients: 
proteinuria, microscopic hematuria and large epithelial cells in the 
urinary sediment, hypercalcemia. and fever. These untoward reactions 
are most frt.'quently observed toward the end of a second or subse
quent course of therapy and call for immediate cessation of CaEDTA 
administration. Morc severe reactions have been reported during in
travenous administration nnd arc most likely to occur when the total 
daily dosc is adn.inistcred in k'SS than 12 hours (8). Safe administra
tion' of this drug requires the following detenninations on the 1st, 
3rd, and 5th day of l'3ch course of therapy: serum electrolytes, blood 
urea. nitrogen, calcium, phosphorus, alkaline phosphatase measure
ments in blood. and routine urinalysis. The patient should also be 
monitored for irregularities of cardiac rhythm. [Nephrosis, which is 
usually reversible.., and hypokalemia are two of the more serious side
effects of CaEDTA.-Ed.J o-Penicillamine is a degradation product 
of penicillin. There has been considerable experience with this drug 
in the treatment of lead intoxication in Europe (9) but at the present 
time it is available in the United States on an investigational basis 
only. It is contrnindicated in persons with a history of penicillin sensi
tivity. The follOWing adverse sidc-effccts of penicillamine have been 
reported (1): a) transient eosinophilia. b) erythematous skin rashes, 
c) superficial extravasations of blood, d) fever, e) prolonged bleeding 
time, f) Icukopenia. agranulocytosis and thrombocytopenia, and g) . 
nephrotic syndrome. Patients receiving this drug must be monitored 
with weekly urinalyses and blood counts (1). Adverse side effects 
of o-penicillmnine nrc apparently dose-related: Serious reactions (ie, 
.nephroftc syndrome) have been reported in patients receiving 1 to 
2 g or morc per day. Observations in this clinic indicate that dosages 
not exceeding 30 to 40 mg/1cg/ day in children have not been asso

ciated with serious side effects. In adults, dosages of 1 to. 1.5 g are 

effective in the treatment of lead poisoning. 


Convalescent and Long-tenn Care 

The &rst precept of convalt:Scent and long-tenn care is: no child 

if ever returfUld to a leaded howe. All cases are referred to medical 

social service and reported to local public health authorities. The 
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procedures used by the Baltimore City Health Department for detec
tion (12) and eradication (14) of hazardous lead sources in the home 
are published elsewhere. The family is evaluated with respect to the 
need for psychiatric consultation to assist in bringing the child's pica 
under control. If the home is too deteriorated to pennit adequate 
repair, the family is assisted by the medical social worJr"l" to Sod 
new SJlfe housing. Modem public housing areas are preferred. In 
no instance should affected children ~ allowed to remain in the 
home while the necessary repair work is in progress. The procedures 
necessary to 6nd a safe location for the child often require several 
weeks. During this time it is our policy to transfer the patient to 
a convalescent home. 

Children recovering from acute encephalopathy usually exhibit 
seve're hehnviornl·nbnornlalitiM during the 6rst 3 to 6 months of con
valescence. It is our practice to transfer all such patients to a con
valescent children's home and to administer oral penicillamine during 
this period. These institutions usually have an active child life pro
gram which can be most bene6cial in terminating the child's pica 
and in revealing new areas of interest to him. 

Careful follow-up is continued after the child returns home. We 
encourage enrollment in n nursery school or "Head Start- program 
to provide continued stimulation for the child. Many of the mothers 
of children with plumbism show multiple maternal inadequacies and 
require constant support. During the first year after ~cute intoxication 
intercurrent infections may be associated with biochemical evidences 
of increased soft tissue lead toxicity (increased UCP and ALA) (3) 
requiring chelation therapy (Table 5). Long-term administration of 
penicillamine on an outpatient basis cannot be recommended at 
present. Serial blood leads should be obtained at bimonthly intervals 
or m~re frequently as indicated. Values in excess 60 ~g Pb/lOO g 
whole blood during convalescence call for repeat courses of CaEDTA 
or penicillamine in the hospitaL Values >100 ~g Pb/lOO g whole 
blood almost c:ertainly indicate recurrent lead ingestion which calls 
for review of the psychodynamic aspects of the case and recheck 
of environmental lead sources. The families at greatest risk move 
With the greatest frequeuey. This close surveillance should be main
tained until blood lead returns to and remains within the normal 
range (15-40 ~g Pb/lOO g whole blood). Phenobarbital and/or di
phenylhydantoin (Dilantin3 ) are adequate for the control of seizures 
that follow lend encephalopathy. Recurrence of seizures without re
current lead ingestion is usually indicative of a lapse in anticonvulsant 
medication. Both seizures and behavioral disturbances tend to abate 
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as puberty approaches. Behavior abnormalities due to lead intoxica
tion can be greatly intensified by persistently abnormal mother-child 
relationships. This long-term program may seem unnecessarily difticu1t 
and tedious. but it is essential if permanent brain damage is to be 
minimized. 

ADULT LEAD INTOXICATION 

TIle management of plumbism in adultsdifIers from that in children 
in: a) types of hnz.vdous elCposure and measures for their control 

and b) interpretation of certain laborntory data. Principles for the 

use' of chelating agents arc l'SS('ntially th(' same as in the child. 

Encephalopathy is rnre in adults; in the 'United States today it usually 


. results from the consumption of lead-contamina~ed illicit liquor 

(moonshine. "white lightl'ning") which can present quite a diagnostic 

problem in the chronic alcoholic. The other clinical syndromes are 

well described elsewhere (15). 

The following industri('5 prt'll('nt the greatest occupational haznrd: 
lead smelting. stornge battery manufacturing. ship breaking. auto
motive body painting. painting, printing. and pottery glazing. Some 
phases of the following industries also pres('nt risk: petroleum, cable. 
construction. cernmics. ammunition. radiation shi('lding. and noise and 
vibrntion control. In any industrial pr0c('5S the hazard lies in e~re 
to dust of inorgnnic Ic-ad salts and to £lImes resulting from heating 
or burning of lc-ad. TIl('$(' hazard.'! can be lnrgely controlled by proper 
ventilation, d.'\lllp-dusting in til(' "dusty trnd('5," automation of hazard
ous steps and us(' of respirntors and protective clothing by elCpOSCd 
workmen ( 15). Protl'CtiVl' clothing must be changed and hands 
washed before eating. Food sh'ould be eaten in a safe place sc-parnte 
from the work ar('a. TIll' phYSician must d('t('mline whether adequate 
occupational safety procedures arc available to and being used by 
the pati('nt. Nonindustrial· types of e:OCpo!iure arc listed in Table 2. 

The laboratory param(·tl'rs ll..cd in industry for medical sup('rvision 
of occupational exposed workers arc summarized in Tahle 6. The 
limits for "saf(''' occupational (":,<posure have been set arbitrarily and 
are based on the obs('rvation that symptoms rarl'ly occur in the ab
sence of complicating illness unless these limits are exceeded. Quanti
tative data are preferabl(': in cm('rg('ncil'5 thl' interpretation of the 
presumptive tests in Tahle 3 for children arc generally applicable 
to adults. with the exception of bone X-rays which are of no value 
in adults. 

A variety of diseases are associated with two- to threefold increases 
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Tabl. 6. Labaratory Tests Used in Industrial Medicine 10 Monitor 

Occupotlanal Exposur. to InorgOllic Lead 
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in UCP SO that values <800 "g UCP/24 hr cannot be considered 
diagnostic of plumbism (11). Table 7 shows pyrrole excretion patterns 
in diseases sometimes confused with plumbism. The combination of 
increased ALA and UCP is speaSe for plumbism (11 ). Findings 

Tabl.7. Patt.rns of Increased Pyrrol. excretion in Urine of Acute 

Symptolllatic Patl .....·• 


Di_ ALA ,.Gt UU, uc, 

Lead ......1caIian 0 ±+++ +++ 
Acut. intenIoItt_ parphyria ++++ ++++ + 10 ++++ + 10 +++ 
Acute hepatitis ltoalc ..... 

infect'- tyP. 0 0 0 + 10 +++ 
Acute alcoMlltm 0 0 ± + 10 +++ 

• 0 - Norma" + 10 ++++ - .... r.. at incr_••, ALA - I-aminCllrNlinic acidl ,..G 
porphaltilino.enl UU, - urine uroporphyrinl UCP - urine copr.porph.,rin 

t Qualitati.. Wa_Schwartz t.st far PIG 

37 



suggestive of acute nephritis (hematuria, casts, proteinuria) may be 
present in acute plumbism; cautious administration of BAL-CaEDTA 
is indicated in sllch cases. The CaEDTA mobilization test (Table 
4) is helpful in difficult diagnostic problems, particularly in the 
presence of renal insufficiency and in the absence of recent lead e!'t
posure (6). 

Treatment 

The identi6cation and control of hazardous exposure is mandatory 
for effcctiVl' thernpy. Indications for cllC.'lation thl.'rnpy are presented 
in Table 5 Olnd dosage in T.\blc 4. In .\dults, the following maximum 
daily dosf..'S of C.\EDTA shuuld not be cxc(.-cdcd: in patients with 
cnccph:\lop:lth~· , 7.S g; in p.\tic:nts with intoxication but without en
Cl·phalopathy. ~O g. Advlo'rs(.· side dfloctS of dru~ ;\flo' discussed above. 
Supportive tlwrapy for acuk l·ncl·phalopathy in :ulults is th(.~ same 
:lS t~lat for children. 

E.'Cperil'ncc wi.th BAL-CaEDT A cmnhination in adults is limited. 
I have obsl.'l"V('.o very prompt n·lid uf symptoms and metabolic ab
nonnaliti<'S in a few adults with lo'nceph.\l"pathy, severe colic, and 
profound muscle pain and weakness wh() rccl'ivt.'Ci combined 
BAL-CaEDTA. Goldberg has reported good responsc to o~ peni
cillamine alone (1.0 to 1.S g daily for 3 to 5 days) in mildly symp
tomatic cases. European e!'tpcrience during the past 10 years with 
o-penicillaminc in adults has been good. Oral therapy has the ad
vantage of home administrntion and avoids painful injections . 

.It is the ;\uthor's personal opinion that combined BAL·CaEDTA 
followed by oral penicillamine is indicated whenever blood lead ex
ceeds 100 Jolg Pb/lOO g whole blood even in the absence of obvious 
symptoms. Metabolic evidence of lcad tOXicity is univenally present 
and thc risk of sYOlptomatic cpisodes is considerable when blood 
lead c!'tcecds 100 /Ag Pb/100 g whole blood. This recommendation 
is not universally accepted. At is.'iuc: is thr question of whether treat
ment of Ic.'ad into!'tication should be limited solely to symptomatic 
epiSodes. The recommendations given in Table 5 are based upon 
the concept that chelating agents should be used in conjunction with 
control of environmcntal eltposure to reduce soft tissue lead content 
to levels not associated with signi6cant mctabolic evidence of toxicity 
( 4,11 ). This approach can greatly reduce the incidence of acute toxic 
episodes and quite pOSSibly, the incidence of serious sequelae. 

Vicarious lead hazards should be entirelv eliminated. Unfortunatelv. 
increased occupational e:-cposure cannot. ~ yet, be entirely eliminat~ 
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from all industrial operations. As control procedures improve it is 
likely that acceptable limits of Msafe" occupational exposure (Table 
6) will be lowered (16). . The presence of chronic renal, bone or 
other metabolic diseases arc indications for terminatiDg further occu
pational exposure to lead. Upon tennination of exposure, medical 
foUowup should be continued in all patients for a period of time 
equivalent to twice the duration of abnonnal exposure. Chelating 
agents should not be administered orally in the preseDce of continued, 
hazardous exposure. Oral EDTA increases the absorption of lead from 
the intestine. Comparable data for penicillamine are not available. 

Intoxication Due to Organic Lead Compounds 

Intoxication due to tetraethyl lead and tetramethyl lead presents 
a special problem (15). Exposure is limited entirely to the manu
facture, transport, and handling of these compounds in the petroleum 
industry up to the point where the concentrated material is mixed 
into gasoline as an antiknock additive. Cleaning and repairing of 
tanks used for storage of leaded gasoline may also be hazardous. 
The number of workers at risk is limited. Illness begins acutely With 
insomnia, wild and terrifying dreams, emotional instability and hyper
activity, and may progress to frank toxic psychosis. The hematolOgiC 
abnonnalities of inorganic lead poisoning are not found. Urinary lead 
excretion is very elevated but blood lead is only slightly high. No 
specific therapy is available. Chelating agents are not used. Heavy 
and prolonged sedation with short-acting barbiturates in hO!pital 
provide the most effective thera.py available. Fluid and electrolyte 
balance must be carefully maintained and may be difficult due to 
the patient's hyperactivity. Convalescence may be prolonged and 
punctuated by recurrence of irrational behavior. The disease carries 
a mortality rate of approximately 20 per cent. 
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