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tion of abnormal exposure provides an index of the period of time
a patient will require careful medical supervision after exposure ends.
Serial blood and urine lead determinations together with wurine
©OpTo urphyrm (UCP) zmd S—ammolevuhmc acid (ALA) measure-

cad dehydrataSe ( ALAD)
- in hemolysates ‘of blood and free erythrocyte

ripheral blood can probably provide comparable
i awriting, as well standardized as
Adm trat jon of chelating agents rapidly

estation of intoxication is acute
i ",‘jlen than in adults,

ced m Iqaﬂ detel-
effects of H‘IC!'E‘ISEd
current blood Tead
b indicates

] i bsgrp_

1 80, g Pb/100 g
Fsevere acuteuliness

T

CHILDHOOD LEAD INTOXICATION

Lead pmsomng in childhood should be approached as a chronic
disease because of the long-term high-dose type of exposure to which

N 27045
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Tahle 1. Environmental Exposure of Young Children
m l.eud in Urbcm Housmg

Chﬂdren with
Abugrmgf yn’ng Pl,umbism
_ No. of - e o ] )
Residente children No. - % =~ MNe. % o
Old hausing 801 M w3 47

Newhousing project 105 3 o~ 9 0

- *Qoncenfm‘hon ef haﬂ; !ead and coprcporphynn mcreased a
[From Griggs et al (10)] : :

same household so that all preschool children should be tested for
plumbism wherever an index case is found. Prospective screening
: programs are currently in operatlon in Chicago and New York.

/ Recently, cases of severe lead poisoning have been traced to the con-

‘ tamination of juices (and other acidic beveérages) stored in improperly
lead-glazed earthenware vessels

Prompt Diagnesis

An indirect epidemiologic approach is -essential for prompt clinical
diagnosis since a history of pica often is vot elicited at the first 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 posted in all pediatrie clinics to aid physicians

Table 2, Uncommen Mon-industrial Types of Potentially Hazardous \
Environmental Lead Exposure

Children

Adults

Children -and adults

Toys and child furniture
{beware of items repainted
by relgtives )

Lead toys and baubles*

Lead nipple shields

Bootleg -whiskey

Ceramic and pottery g(uzmg
in home:

Home bgattery manufacturing

Lead dust in shooting _gu'ﬂery-'

{attendant ot risk)

Artist's paint pigments {hand-

_mixing)

lmproperly lead-glazed dish-
ware and cockware

Soft well-water conveyed in
{ead pipes

Ashes and fumes of painted
wood and battery casings
used for fuel in stoves and
fireplaces

* {Plastic beads, necklaces and jewelry coated with lead fo simulate & pear] appearance, are

sources, offen unnoticed,—Ed.]
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Tabfe 3. Loboralary Determinations Required for Diagnosis of Lead
Intox:cuﬁon in Chrldfen

Test

Tochmcal factors

lnferprefaﬁcn

EMERGENCY TESTS FOR RA?ID PRESUM?TIVE ﬁlAG'NQSlS
Sbe Appendix p412'fr  intense orangé-red Auorescence {4+ or

Glugiitative urinary
coproporphyrin
{UCP) test (2}

Xerays .
Fiat plate of
abdomen

PA views of wrists
dand knees

Hemogilobin,
hematocrit,
reticulacyte
count, smear for
morphology

 [basophilic
stippled cell”
count}

Use KUB technique; look

F4++) often assaciated with blood lead
"> 100 ug Pb/108 g Whole bleod and,
‘therefore, is héicnﬁgn for immediate
haspitalization and chefation therapy in
‘symptomatic children even'if all.other pre-
Ssutnpfive tests neguhve-lest may .give
misleading neggftive resulfi iniitially in
maribynd patien and sy ely iron-deé-
pleted ;‘h;rdm T

carefully in rectosig-
‘moid ateq: for radio-
poque fecs when rest
of intestine appears .
negative

Must be differentiated
from growth arrest
lines: “lead lines™ at
metaphyses are broad
{>2 mm} confinuous
bands of increased
density, whereas
growth arrest fines ap-
pear as mujtiple nar-
row discrate lines;
study films under
bright fight

Basophific slippleé celt
.count requires
speciafized technique
not usually available
in general hospital
laboratories

: cpprc;: 50% of symptomuﬂc
young cHildren; rqm]y positive in adults

Interpret bone films with respect to child's age:

a}l <2 ye “lead fines” frequently absent

in symptomatic coses
b} 2~5 yr: “lead lines" usyally present

and miay show “seasonal banding™
€ >5 yr: “lead lines” rarely prominent.

Width of “lead lines” reflect duration of in-

creased fead absorpiion but is unrelated to
symptoms:

Hb usually <10 g; findings gs in unireated
fron deficiency states except reticulocytes
often increased; basophilic stippled cell
counts in peripheral blood of children too
variable-to be helpful but basophilic
stippling of normoblasts in bone indrcow
smears uniformly increased {>50%} in
plumbism in children ond cdults=hématocrit
required -for interpretation of blood lead
since 90%, of lead in whole blood is
attached to red blood cell surface, correct
blood lead data for very low hematocrits
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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/calorie metabolized/24
hr). This is equivalent to a daily urine output of 350 to 500 ml/sq m/24

ned at normal but not hypotherrmc olevels
tent, supplemented by ecooling blankets
rm'ﬁistcrcd

ku:h peate& doses of paraldehyde
oin are etter reserved for Iong—term

e achaeved 1f dose&.of paral&ehyde
mcrea,sc muscle tone of

gthe;e iyr mnvalescent
he ﬁr$1: £ew days ‘be-

Chelation Therapy

After urine flow is established, which should require 2 to 3 hours
at most, chelation therapy is started with 23-dimercaptopropanol
(BAL) and edathamil calciuin disodium {CaEDTA, calcinm di-
sodium versenate) in combination. according to the dosage schedule
shown in Table 4. This combination is used in all symptomatic
‘patients. ‘

In cases of acute encephalopathy, the visnal 5-day course may be

extended to 7 days if gredt clinical improvement has not oceurred .

by the fourth day. In symptomatic patients without encephalopathy,
who show 'a quick and dramatic clinical response, and in those
asymptomatic patients with whale hlood lead concentrations in the
range of 100-200 »g Pb/ 100| |.& BAL may be discontinued after 2
to 3 days and the dosage lof CaEDTA may be reduced to 50
mg/kg/day, in divided doses, as either two 6-hour intravenous infu-

hr Chlldren w1th encephalapathy behave as though their secrehon '
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Table 5. Choice of Chelating Agents Based on Sympiomatology
and Blood Lead Concentration

-

Clinieal presentation Chelating agent™ Comment
A. CHULDREM : s
1. All symptomatic cases . BAL-CaEDYA (IM)  Any symptoms in children call for at feast
. one 5-day course
a. Acute encephalopathy BAL-CafEDTA {IM]  First course 5-7 days; pive second 5-day
: coyrse if blood lead >80 pg Pb/100
o whole blocd 14-21 days affer fiest
course; fransfer patient to convalescent ’
haspital for 3-6 mo govrse of orgl )
D-pehiciifamine
b. Intoxicafion withoyt BAL-CaEDTA {IM}  First course 5 days enlys indication for sec-
encephalopathy ond icourse same as ahave; follow with

oral penicillamine {3~4 mo} if blood
fead 240 ng PB/100 g whole blood
and lfong hone X-rays show prominent
“lead fines”

2. Asymptomati¢ cases

«a. Blood lead ) Choice for first caurse indicgted by blood
© >100 pg PB/100:g  BAL-CaEDTA (IM) fead; follow with oral D-penicillamine
whols blood as above {section 1b)
<100 ug Pb/100 g CaEDTA only {IM)
whole blood .

3. long-term followup care
@ Intercurrent Infection,  CaEDTA only {IM}  Give 3-day course whenever significarit

demineralizing dis- increase in UCP and/or ALA aceurs
-arders . -even iftno increase in blood fead aceurs
b. Recurrent ingestion BAL-CaEDTA {IM}'  Choice sume as for asymptomatic cases
or CaEDTA only  obove {section 2a)
(124}
. Long:term chelation D-Penicillamine™ Do not use any chelating agent orally if

{oral) risk of residual lead in bowel. Use oral
. penicillamine under conditions preclud-
ing risk of hazardous environmental iead
exposure for followup after initial
therapy with parenteral BAL-CaEDTA
or CaEDTA only
B. ADULTS
1. Symptomadtic cases
a. Acite encephalopathy BAL-CaEDTA (IM}  Same as for children .
b. Abdomingl syndromes  BAL-CaEDTA {IM}  Course of 35 days followed by orgi D-

- {muscie-pain, weak- penjcillartine until urine lead <500 ug
ness, colic} Pb/24 hr or 2 mo, whichever is less
" CaEDTA only IVl Use if patient intolerant of BAL. Do not in-
{continued) fuse total daily dose in less than 6 hr
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enhances the absorption of lead from the gut; on the contrary, there
is evxdence in ammals that BAL enhances the excretion of lea&

of mcreased mtracramal pressure are qontramdxcated There is no
decisive evidence congerning the eﬂ'ectlveness of steroids in com~
baﬂmg cerebral edema in lead encephalopathy In view of evidence

Is which shows 'that steroids enthance the renal toxicity. of
mp@unds are not used by the author. Repeated
appeér safest and most eﬁcacwus for the: rehef

Asymptomatic Children

Asymptomatic children should be separated from their environ-

mental lead sources promptly. Usually this entails brief hospitalization
for diagnostic study, preliminary evaluation of environmental lead
sources, and protection of the child antil temporary safe residence
is found. The laboratory tests in Table 3 are performed and chélation
therapy is given according to the doses in Table 4 and the indications
in Table 5. If the UCP test gives a 3-4-- result we do not await the
results of blood lead analysw but begin BAL- CaEDTA immediately.
This policy is based upon past clinical experience; the condition
of young children with plum‘ ism can deteriorate precipitously éven
in the hospital. Tt is safer fo start chelatxon therapy promptly and
then stop if blood lead detetminations Jater prove the initial diagnosis
in error.

Recently we have been using penicillamine on an investigational
basis; it has been administered orally for periods of 1-6 months to
32 children without serious side-effects. The treatment is started in
the hospital and completed in a convalescent horme 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 metabolized in the body; virtually all of this com-
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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 -

¢ published elsewhere. The family is evaluated with respect to the

eed for psychiatric copsultation to assist in | bringing the child’s pica
" under control. If the home is too deteriorated to permit adequate
Tepair, the family is assisted by the medical social worker to Bnd
tew safe housing. Modern public housing areas. are preferred In
o instance should affected hildren be allowed to remain in the

: whﬂe the necessary re rk is in progress. The procedures
‘ _for the child often require several
our policy to transfer the patient to

covering from acute encephalopathy usually exhibit
I rmal 'cs durmg the ﬁrst 3to 6 months of con-

.qad Start” program
Many of the mothers

cute mtoxwahon
emwal evidences
CP and ALA) (3)
gitpam administration ‘of
. be recOmmended at
- ‘bimonthly. intervals
160 g Rb/lOO g
rses of CaEDTA
Pb/ 100! g wh@le
g tmn whu:h calls

tin the normal

trol of | seizures
1 .es-wn:hOut Te-

tal and/or di- -
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Table 6. Laboratory Tests Used in Industrial Medicing fo Monitor
Occupational Exposure o Inorganic Lead

Lead workers

General Increased ‘ Dangaraus ’ e
. _population absorpiion absorption -
g _ Test {nonexposed)  {worker healthy) (mqy be symptomatic)
Blood lead '([.:g Pb/100 g whole <40 55-80 >80
bload) .
Urine lead{ {ug Pb/liter) <80 <150 >200
Hemoglobin {g/100 ml whole >13 >13 <13
blood)
Urine coproporphyrin* {ug/liter) <250 <500 >800 E
- Qualilative test] Oto 4+ ++4 B e o :
Urine*] 3-aminolevuliniz acid <6 <13 >19
[ng/titer}

* Based op analysis of overnight urine {flest morning voiding), but same data applicable to
24-hour yrine collections which are preferable,

'} Technique of Benson .and Chiisolm described in this article {2}

{ Method of Mauzerall and Granick {J Biol Chem 219:435, 1956); subtract 2 mg/liter from
each ALA value if method of Urata and Granick (J Biol Chem 238:811, 1943} used.

in UCP so that values <800 pg 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 specific for. plumbism (11), Findings

Table 7. Patterns of Increased Pyrrole Excretion in Urine of Acute
Symptomatic Patients™

Pyrroles -

Disease ALA PEGYT uye uce

Lead intoxication - A 0 + +++ .
Acute intermittent porphyria  +-+-4+4+ 4+ + to 444+ Fto +4+
Acute hepatitis {toxic and

infectious types) 0 0 [+] + to +4+
Acute alcoholism 0 o + 4+ to +++

* 0 = Norinal; - to -}-ﬂ-‘f—;l‘ = degree of i;:cregse; ALA = 8-aminolevulinic acid; PRG =
porphobilinogen; UUP = urine uroparphyrin; UCP = urine coproporphyrin
1 Qualitative Watson-Schwartz test for PBG
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from all industrial operations. As control procedures improve it is
likely that acceptable limits of “safe” occupational exposure (Table
6) will be lowered (18). The presence of chronic renal, bone er
other metabolic diseases are indications for ‘terminating Further occu-
pational’ exposure to lead. Up(m termination of exposure, medical
followup should be continued in all patients for a period of time

administered orally in the g:cesence of continued,

the mtestme Cﬁmparable ata for \pemc;llamme are mot 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 hardhr‘ég of these compounds in the petroleum
industry up to the. point. where the conc;entrated matenal is mixed
into gasoline as an annknock additive. Clemmg and repairing of
tanks used for storage oﬁ leaded gasoline may also be hazardous.
The number of workers at risk is limited. Tllness begms acutely with
insomnia, ‘»wﬂd and terrlfw g¢ dreams enmmonal mstablhty and hyper-

is enly shghtly high. No
ents are not used. Heavy
ba'rblturates in hospital
e. Fluxd and electrolyte
‘mav he dlfﬁeult due to

e\:cretxon Is verjer €
spemﬁc therapy 1s

a mortality Taty
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