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1. Introduction 3 ;

The detecion and tonagement of Juldien en-
el e fead s o orapadly charpmg ficld Sinee the Nu:-
geon General’s catement =M. Jical Aspeats of Childbend
Lead Poisomin™ (1970) and slwe subsequsnt statemes:
*v the Center for Disease Control (1975) were issund.
somadurable aow daty fron dinical. epdenilopieat,
b enpetinwnial studies have hevome avalable. These
dats e improved upen our kaewledge of the exten
of lead exposure. its sources. and the reyuircments for
prom™ and roluble idennfication and manapement of
Juiczen at rik. The CDC recognizes that there wiil
doubiless he Lurther development in this Held whach
may alter or redefing our current undercianding.

* The purpose of this statement is to retlect current
knowledge by making revised reconunendations regard-
ing the screening. diagnosis, treatment. and lollowup of
children with undue ead absorplaun and jead possoning.
The ultimate preventne godl s Wenufication and re.
mozl of lead 1 the environment hefore it enters the
cluld. Until this uccurs, screemng, diagnosis, treatment,
and environmental manugement widl continue to be
necessaty public health actinues.

Definitions

The terms which fullow in this section are arbi-
trarily defined {or the purpose of this document.

Eievared dood Icad lerct u defined as 3 confirmed

blood lead 30 micrograms per deciliter (ug/dl) or

greater.

-Legd toxicity is defined as biochemical leg..

ervthrocrte protoporphvem® (LP) equal o or

greater than () SO ug'dl] or functional derange-
ments cused by lead.

Undue lead adsorption refers to excess Jead in the
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blod with evidence of buwhemical derangersent

i the abwence of duncal sympions. 1t s Jetined

by coalirted hicund tead bevels o0 301 pp. ol as-

sunwied with LP levels of 50-249 45,41 whole
hlinnd.

Load pusming 15 deluied s exnting wuenever a

chuld has any one or muwe of the Tnliowing

1. Twn successive bl Jead levels equal to or
greater than 70 wg/dl with or without symip-
tons.

L LP devel eqwil 1o o gregtar than 280 up'dl
wirde blowd and 3 contirmed elesated bluml
lead bevel equai 1o or greater than S0 ug'dl with
ot without symptoms,

3. EP bered grener tlun 109 wg db 3ssonisted with
3 conhirmed elevated bloud lead level (2 30
#p/dl) with compatibie symptoms.

4. Conlirmed hlood lead devel grester than 49 ug!
3 with companible sympionis and evdence of
toviaty (eg . shnormal CF, alaoum disodium
EDTA muluhizanon test, uringry anunolevulinie
aad excretion of uninary coptopotphynn ex-
cretwn).

fron dejicieney enists when 3 child hay insufficoent
iron avadable tor erythropouess. This may be
auwed by nadequate angestion, malabsurption,
impaired transport. impuired whilization of iron, or
blood luss. lron deficrency may exust with or with-
out {rank anemia.

"

*Leythsonyie protopaphs an (DF) tesults are evpressed in equis
alents of free eryibrocy v pratoporphytin (VEP) eairacted by
the iy | auetate-awenic aend-31C method and 1eporied in muto-
pram per decilies shole Mood. Tet the putpuse of 1ha docu-
ment, ¢ protoporphysn and FEP are seferted 1o 1 EP.



11. Background

\s evpenence with lead wreeng tas guan,
e atenis 1l e nature of the eibects o lead on bealth
hes Dol brocdencd and deepened. In the paat. medical
steemant bas focose f ponagally on ihe ettects of severe
aapesure ana resulznt very hugh bady hurdens wiuch
are assosuted with clssical signs and sy mproms of an.
wuaton. 12345 |1 8 pow apparent thas desser
kerels of exposure result in important biochemitoal sfters-
wons. 87 A growimg bady of kews kdge indicates that
subtle etfects of ead nmay be expressed in altered neuro-
Py hatogical heanw of aomsuderahle signilicance. es-
peaatly 1o the growing child (see Appendin A). These
altered behuviors may be secogruzed by  parents.
teachers. and chinicianc a3 attentional disorders. fearning
Jigbilines, or emotional Jisturbances wiuch impair
rrogress in school. $910 Buiauce of the lurge numher
of Juldren involved, tiese sdverse effects would appear
to be the muin Quse for uteral conoern,

Lorge saale screening studies of duldien without
smpoms e demonstrated that the number of hil.
Sren found with undue lead abdsorpricn as greater than
rraously thought. 1 was once considered th be 3 prob-
e prananhy of the mnet pan of lurge oues in the
ta-walled “Lead Belt™ of the Northeast. lkowever, when
vhildeea under the age of 6 years who live in 3 hazarJous
CLAICRMONL Jontanung encess lead are wsted, 210 20
rercent witl be Wentified with elesated Moo lead levels.
This 1s 1rue wheiher those children Ine 1n the Last or
West, Nurth of South. of i 3 rural ot uthan witing.
Thus. the nagnitude of the problem is greater and the
censequen.es more sesere than previously thought.

At the same ame, the multiple sources of lead
have come under insressing scruuny . Lead based paint is
the most important “tugh dose™ snurce of lead and the
st common Quse of serious lead pusomng n chil-
dren. 81112 The 10tal body burden of a gven indi-
vdual. however, is 3 complex sum of muny different
vestors, mciwding air, dust, 13:14 dirt, and diet (see
Appendix A).

A nunber of 1astors can affect the shawption of
icad Yourger children ahsord 3 greater proportion of
the sulable lead than older ones. Both respitatory and

ahzzentary ahsoeption of kead are dependent on pangic
s, ®35 Compusation o (ke dwet & mpaant, In.
dicarod dietary far amd dvoreasd dietars wake of -
onzs iton, and sy ottt natrients cilunge the an.
sption of iced from the mecvme m esperianial ani.
nialsy $380807 Angaibed tead v distributed thioug!.
ou: Wit tissue and bone. 1o lead devels selledt ilig
equubthtium hetween shuwprion, exarenuon. and scyues-
tration in ol and hutd s,

The tissues and organs anwt severely aliected by
fead ate the e marrow  hidney . and bran. (e of the
boddienmical sy <tems nnnt wnstine to lead ctiects is the
wine biosynthetic pathway  Aawng the eatlicat ugns of
impaired function is an elevarcd TP iesel wha b resnles
fiom direct action of Iead oo the nutochondig B snae
CI* elevation is an carly and rcluble meavwure of .
trenal impoirment due 1o lead snd becaure its Jetermuna-
tion avewds the probiem ot (alse high values due to con-
tarnnation with fead. LP has become an unporiant too!
in early screening of ass mptoesae Jduldren.

It s wial in followwg the 1088 of this ducument
that screeming be swpatated 1 Jiggnosis Sereenig
means the apphaanon of Jasiion wehagues 10 large
nuntbers of Guldren consadered asympronatie i osdet
to Jdeternune the degree of lead exposure aind nish. Dug-
s, o the othes hand . mcans the categetization of 3
groen child appeating 1o huve exvess expeaane 10 lvad
according 1o the seventy of burden and toxany in order
10 ustitule 2pprogiate aunagenent. No chdd wath suyg-
pecaive sympromns of fead tonaaty should be put through
the screeming process Lie or she should be brought di-
rectly 1o mediail attention,

The sympioms of lead poronmg are often vague
Among the mulder symptoms and agns are fatigabiuy
pallor, mualsise, appetite loss. intahihity. slecp disturd-
ance. sudden beliavoral change. and develormental te-
possion. Of more serious import are clumness, atavia,
weakness, sbduminal pain, perasient vonuting consiips-
tiun. and changes in consciouness whach can precge
encephalopathy . Children who Jisplay sympioms requis
urgent and thotough diapnentie esalwition and prompt
treatment should the disease then be conlirmed.
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I11. Screening

Goal

The godt of any childlod lead porwsng pee-
sentn Rt is the prevention of widue lead abwvption
and kead rosming. Thas requires the early dotedtnm of
claldten with uidie lead absorprion fidlowed by eliy-
tine madical and environmienial intersention hefore the
hild reaches the stage of overt lead powscnmg. The
aclevement of tlie gaal can be svcmmplished only by
the imptementation of the folloming:

L. A steening program siractared to ensoll the
maximuis namber of Jduldren in meed of fol-
b up while at the same time excluding chil-
dren not anduly exposed.

. A refenigl sugiem that insures 3 comprehensive
Jdiagnostic evaluation of every duld with 3 posi-
tive wrecning tesi.

3. A method of muaitening fir quulity and appro-
priatences of the treatment amd followup of
every diagnused chiid.

4. A system Lo insure ehmmnation of the source of
the child’s lead exposure.

Scrcening is of no  value without prompt,
shotough. and ongoing medical and environmenial fol.
lowup of those ctuldren found to have unduc Jead ab-
sorption of lead poisoning. :

"

Target Population .

The screening effort should be focused on asymp-
tomatic children known or suspected o have been un-
duly exposed 10 lead. The target population for screen-
ing is children from 1 vear of age unul their sixth buth-
day who live in or frequently wsit pooily muntained
housing units constructed prior (o the 1960°s or who are
exposed 10 other hazardous lead sources (¢, resiJence
near lead smelters and processing plants or rmadways
with heawy motor vehucle traffic. attendance ai day-are
centers or other institutions where 1ead dased paint had
been found. etc.). Priotity should he given to children 12
to 36 months of age. those who have 2 lustory of pica,
v who have siblings with unduc lead absorpuion or lead
poiseaing. Pica. the repentive ingestion of nonfood sub-
siances. is prevalent i preschool children. especially
those less than 3 vears of age. Excessive hing of

Screening Schedule

Chaldren included m the target population are gt
nsk throughaut the year sl swinld be soreened at lea
once per vear. Chaddeen are ot gher ik during the
ALy Ouinber pened 1Y Weally, dhikisen 12 10 36
ieths of ape whe are ot ik abould be screened every 2
10 3 nienths Juring tius et

It 15 tmpaetant (6 tealize that neganive screening
ety in chitdren {rom 2 hazardoud envitonment Jo not
tde ot whwyuent expesure. Children bnown (o be a1
nsh dionid theretore be iescreened 3t regular antenals
uniil they reach the age of 6 scars or unl ther hazard-
wus exposure u known to huve been ternunated.

Screening Methods

Currenily, the most useful screcning tests are EP
and bload tead deternumnanions 20212220 §inmples of
venous of capiilary Mo ® may be wed for both tests,
bul copillary samples are more widely used because of
the relative easc of collecim

Blood lead and FI* reprosent different pazameters
of undue lead abunption o1 poasosung Blood lead re-
flects absorption while TP meatures the adverse meta-
bolic effects of lead on heme synthesis 24 Whde thete is
unally 3 close correlation between the 1wo measure-

nents, one muy de elcvuted without corconutant n- |

crease of 1he other. Studies have imdicates that when
such discrepancies exist. TP prowdes 3 botter indicator
of the nsk of lead puisoning and of the urgency of diag-
namlic esaluation. At blood lead levels below S0 up'dl,
the EP better identifies chilren with nsing blood lead
levels and may not detect those children with stable or
Jdeclining biood lead levels. Current evdence suggests
that these lateer children are at low nish 23 Moreover [P
levels reflect mdividual responses to lead toxiciy and are
usually elevated defore oinical evidence of possoming ap-
pears 20.21.22.26.27 Anather adrantage of EP over
blood lead is that it is unaffected by cuntamination with
environmenta! lead and does not show wide Nluctuations
due to sporadic evposure to lead or changes in the
child's physivlogic state (infections, sndosis, etc.).

*Capllary Blownd Mgy be tranportcd v the hiquad siaie i an

foreign objects is also prewlent in this age range.}$
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JEP m ako clevated in sron defieney ates, ¥ and
increased TP loveh may prcvede the appeatanee ot anem-
1 _Jrn deficrency should theretore b rubled out botone
an elevated HF fevel can he attribuied 10 1he tonsg L ticehs
ot Jead. However, undus lead abwwptum and it Oeti-
sy doavist ang Bie latier tends to paoteniaie lead
[N T

Bon doticency i coseradh 3w Lt Ol wedsr-
atess sorcatee B lesads 130-249 wl th winde markedly
el 22 (o 30U 2o dh are usially due 1o had tone,
M. The onls Kimn encoplion s ey thiopoctic proto
porp a3V o e conctic dnenden Shanastenised by
weowre oL photesasiiviy and vess Sigh L Jevals.

TP may b micasaicd by flusasawtry after entiac-
uon fron she red celis o1 by Jdircat swcasurcient o s
luotesence in intact sed cells.? '3 Tius uctabulite is
it i the red cells 4 pus protoparphy nn, but /ang
B8 1removed by the extraction provedute, leaving the P
“free.” Memutement of anc protoparpliynia and EP
afier extraction retlects essentisily the sane compound.
Foz unifomuty . it is sevommended £ be onpreascd 2
equinalents of free ery throcyle protuporphynin (FEP)
#g b of whole blood by the sihyl acetate-aueie ad-
U1 extraciion method.

Unhike £P. blood lead is speaific fiw bead absorp-
tivn. Wide fluctuanions m blood lead valucs «an he Jue
10 phymologic varistions of sporadic acute lead expanure.
Messurements of blood Iead, pastivularly when done on
capdlary samples. are hughly semgitive 10 contanmination
with envitonmental lead. Theretore, only bow blowd lead
values can be considercd salid. high values must be con-
firmed. If capdlary sumples are used for blood kead
anJyvseis, a1 least twou specimens shuuld be collected so
thet lugh values may e conlirmed on the duplicate
samiple.

Laburatories pertormung these bloud kead and EP
determunanon should partitpaie m the Prolicency
Teaung Program of the Center fur Diswase Contnt ot
arn equivalent program 10 el insure ac.utate sest results.

Screening Schemes

Thete are three polsibilities.for the screenuing scheme:

). Inuual screening with EP, foliowed by blood lead
messurement m positive children.

2. Iritial screemang with blood lewd, tollowed by EP

, measurement and repeat blowd lead in pumtive
children.

3. Inital screening with both EP and bluud iead.

The Iifficulty of perfomung vempundiure at inany
sireeang sites and eaviroamental sontasmngtion uf capul-
lary samples serously it the use .11 blaod lead deter-
minatioas as the initial test in jarge scale screening ef-

forts. The children a1 preatest nsh are those with advernse
metshlic ehicets of lead and m those wihi o muoder.

Al clevated Bt 1ead kevel sathout adverse metaho, -

et 2P T ot among reasons, and due 10 the v aila.

bilaty it aeipls snctionds L s detarmimation. e |

mesarenent 3¢ e wtial teat waill allum s greag
nunbers OF caldicn to Be sctveied wath less uniecira.n
tullowup

The Center ton Drsease Comtrd recuniacnds thy
an FPaest e used for serenimg loe kead porsonsing todlaw
ed b Bood lead measarements T ol chsidee.: with an

elov ted BB This wecommendation is mads inause g

EP luss the tallowir: s antages:

L. Lase of mwasumcment.

2. Results oot gitectvd by environmental lead.

3. Greater vost etfectineneas

4. Valve m sepuratng desse duldren witiv nsing
blood lead lerels trom those with siable or dela-
ing blowd kead lesels.

5. Reflection o1 nadividual’s meabolic raponse
lead.

6. Mded benetit of deresing dnldien whne way have
iton defiaency.

Since the majur vt incutred i the wreening process

s findimg the chald, sulficient blond must be vbtained

at that time for £ aa well gy Mo 1ead and ematoent

(1ct) or hemoglobia (Hgh) Tius wall chimmaie 3 second

wisit to obtain addstunnal samples Wahe EP detenmng-

ton s less than o cyual to (0 149 w201 whule blowd,
the raimamder of the sampie 125y be Jiscarded
When EP 15 the primany stcening toul. two 3p.
proachics are pussible
1. EP measwrod omaate. Under this plan, chidren 3.
not leyve the screcning e unnl the resutt of 1he
EP u annwn. Cluldten fvwnd to have TP valuci 1
€ 49 yg/dl gy be discharged to rosting tollow ap
For those with walues of > 80 ug dt dload spees
mens should then Be ichen, of possible by venous
wmple, (o1 boratory analysis of Bivod kead ard
Het o1 Hgh. If vempuniture 8 not pusathle, sepa-
121e capillary samples (o 1w blood lead analyses
and Hitand Hgb gl.ould be uhiamned.

. EP meussurcivent oilaite. Under this plan, bluud
wmples are willecied at the screening site and sent
10 the laborstury for analysis. Thus, sufficient
sample should alwavs be collected mually not
only for EP but also for conlirmatory rests. The
remander of speaimens trom thuse Juldren wlhane:
LP levels are 7% 49 4y d! may be Jucarded fur
those speamens with LI values of > 50 4y di.
biood lead and Hct or tigh should be derermuned

12
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* i scveening is being performed 33 port of 3
comprehensive health care program in arcas ahiere the
provddencze of undue lead ahaorpion s prestubly
low, chizimng Juplicate capillary samples it Sload
kad deternumaiwns on all Jhildien nu) oe excts-
sively comtly. 1! wwavus blawd has not been ohtained,
it may be preferable for the program 1o recsll those
chaldrea whose P is D 50 ug Jifor blowd lead deter-
aunaton.

Inicrpretation of Screening Reults

A sagle sarecming test. enlwr LP o bload lead,
N Be used o categorize culdeen for praonity o
followap. Both P and blond fead siver must be used
to Serrisune the potential nish of kad posoning in dul-
dren srecned. ’

Chuldren myy be divwded arbitranly in four dasses
based on their £ and blood Jead <arcening results (Table
B This clasmtioation merely siggests the relatne mak of
fead poneming aad the pontiny for madical evaluation
amd emvironmenta! inierventios. /t ikl ot be used a3
@ JiSpric a1 clessfiatien. Mosaner, the 1ahle should be
used 23 2 pencryi but not 2 2 npd gudeline For ex-
ampie, the urgency for toullow up 13 greater fix 2 2 year
old culd whose LI' 15 109 5g di and blond lead 15 49
wg/dt than 1oe 3 S4; year old child whose EP s 50 pg/dl
and blowad lead 1 30 pgigl. Vet both Juldren fall into
Class 11. Since 2 certain range of doth EI* and blood lesd
walues s used v the claaticstam, duldsen ahose CP
and blood lead ralues fall into the upper range of 3 Jass
shuuld be given privnity ovet thuse at the lower range,
and young children 12 10 J6 saontits old should be dealt
with more urgently than older ones.

Cluss 1V children are at argent nak of lead poison.
g and should be peonided immediate medical evalua.
non. in no case should they “e evaluated luter than 48
hours after the resulis of the studics are known; if pos.
sible. this should t1ake place wilun 24 hours. Class MI
children are 3t high tisk, Class 1] are at moderate nsk,
and Claas [ chuldren at low nsk.

Some Class | children mav be placed into twy
additional categonies. Class 13 are children wath iron defi-
aency. and Class Ib are children who appear to have
trannem. stable. or decliming bloud Jead levels and are 21
tow tish for lead puisoning.$ The trend of exposure
shoud be determmed by repeat 1esting of these children.

Th.e results of EP and bloud lead will usually fall 1n

B i

the awrecponding range Flowever, in sme cases. there
will B disciviativies. In these cases, the result of the EP
<oid be wawed ke Otbhidung the prionty for nicdical
evalatim Mot tive 1 gine 18 sgatioanth greates
than the Blowd dead woiad picdict, i tding 11 ost
ldely due tu the combinstion of sor Jefizensy and
unduc lead abrorpium.

The screcung etfort diould be fisued on aymp
tomatwe dhibdren. Fhvaever. dlubdien s be Tound 1o be
svimpeomiatic amly after soievmng havbesndone € iy
cused, these duldeen o uld be reteried dor aancediate
svalwatum tepardives of the dussificatae,

TARLE |
RISK CLASSIFICATIONS FOR ASYMPTOMATIC
CHILDREN
[To Reflect Prionity b Medicat Evaluztion from the
Screenming Rewits
Not 10 b used lor Duagnantie Purpases|

Test Eryihrocy te Protoporphyna (ug'dl
Results | Whole Blood)
i <49 S0t H0-249 2250
BNordone | . . .
< 1 b b EPPe
3 3019 ™ 1" m il
50-09 oo {1} t v
>10 hid bl v v
|1, M ® B iRt te G i o MIROugh Tasely
wn felinmem) W) wown LP clevaimns 19 W
'l

o Bl il At Uy o UMl sk,

had o Combrasion ol :evudis aut guierslly obsetied m

« P ling, of oD ved, Teiest WL wRu Dieod M-
meduately

NOTE: Dugnestic svaluation ould be gended more o
gently 1haa 1he claruficauns wvould siherwise mdicate
i the foliow g caaes.
1. Ohidien wik say sympioms sompmibis with lssd
Poisnmng.
2 Oluldcen wndet 16 monthvs of age.
3 Qhidren whese bloud irad 2ad FP veluss place them
i e wpper Port of 2 purticular dass
h mat b emphasised the tugstiied gudtimen refer W the wist-
prrianion of wrecnung resulis, but 1he fimal disgnoms and disposr

o oomme - s —

Lon M3 R 5 Mere ’ dical and Lk Y
tion of e wlindwal chad.
~



IV. Diagnostic Evaluation

Screemin; tests are not diagmntic. Therelore. even
g with posative socenmg tesis should be evahuaied
urdividugly 1o detcriune the se. cisones of the e
peure Al wetial dusgmestic evalustwn of the saven-
uig tedt w3 done on wapillary bleed. Moad bead it be
semvatad on venous bhudd for confitation of screcmng
test resufts. Additiona! blood may be necessary: for such
16313 33 vompete bload. counts, setum ron. total iton
binding capacity. and serum ferntn f available. The
amounis necessary for these tests. whnvh wualhy exceed
the amount vhtaingbl: hy pillary ample. @n be ob-
Lned Juning 3 ungle venipunciute.

Hesnatdogiv tests assst the climicran m esalusting
the zelatne contnbutions of increased Iead budy hurden
and rron deficiency tn the degree of elesaton in LI that
is found. A hiood lead measurémens i ahsolutely essen-
tia) if TP is used as the wie screening test.

Afier conflirnaiory venous blid feud and LP

tecis, the diagnostic evalwauon should include the {ol-

bowing

1. Detaled hotony to include 1the presence or ab-
sence of dimcal symptoms. chuld's moutinng
actimnres. existence of pca, autational status,
faindy  history  of lead posuning. posble
soutce of exposare, and previous blood lead or
P Jecerminanions.

2. Physiaal examnnnstion.

3. Nutritional status and hematolopic evaluation
for iron deficieney. Not only does concurtemt
iron defiziency contribute 1o an elevared EP28,
but there is evidence that n may enhance lead
absorption and toxinity. 1733

4. Coniirmatory disgnosuc 1es1s.

Ar sl plan for management requires that all of these
mieracung factors be taken into account. The imtaal
pan should be modified a5 indicated by Jong-term trends
in lead absorpuion, expusure, and duucal s1atus.

Teans

In addition 1o cenflirmatory and serial LP and

bl lead deternunatans, the following tests may he

utiul if vailable in assessing the patent’s Jead absorp-
tion status:

I. Flat Plate of Abdumen

Radwioae exanvnatin tilat plated o the ah.
domen may reveal sabiopague boveses maiengl
but onh i sh marenial has been mgened Jur-
g the precoding 24 10 2 houny, Invew of the
spotadic nature of kead mgestion, this exaniig-
o 08 mpmlicant oaly i peestive, but does not
rule out Jead powsonnng al acgative When poue
tive, it indicates revent geston of Large
amounis of lead.

. X-ray of Loug Bone

Radigraple esamunatnm dor bands of m.
creased denvty 3t the mctaphyses of the grow .
ing long bones. Bunds of increased Jematy (col-
loquaally referred to as “lead lines™ ) are waualiv
measured 1N POSICIUN JNIcTair \4av Wews of
the distal ends of the radius and wing and the
knee (distal femia, provunal tths and Nhula)
Bands of aincreased denaty. when present, re.
Nect disturbance i thie depaaation of hoae nun-
eral and indacste past expesure. Therr width
and ntensity reflect prolongad previowns lead
shsurption but do oot indicate Surrent inges-
tion. Thes are scldovn seen i children under 24
months of ape. Negaine 1ems do not rule vut
lead musoning.

3. Calcium Disodium EDT \ Mobilization Test*
Chidren who are sy mptanain ot whose bloud
fead exceeds 70 p/dl Miould not receive 3 pro-
vinative chelation test. Instead. appropriite
vhelation therapy should be insituted. It s par-
ticulatly usetul when the screening tests ind-
cate that the duld hay unduce lead absorpuion
(nor lewd puusoring 85 defined). and there 1
some questiion 8s to whether chelatwon therapy
«is mdicated. his use should be prven wnous con-
sderation. This test provides an idey of the
mobile or potentualis 1ove frachon of the totdl
by ead durden 2 coumally o oawst de
tectly demonstrates whether chelatwn therapy
wdl peovoke a sipniticant diurests of lead.

*a

*Swliutt COTA which dawt 80t contam aiciom shusld nev b
wed undes any CHCUMAINCE.
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6. Inhition  of * aminedesulinate  deh drataw
(AL VB ity o avayed in vitro in arculat-
ing ervihracy tes
Tis test i hacd on ds availab gy bat of Jvaa-
abic i ustal. Rediwoon of AT AD acnnany w
13 w0 20 paent of nommal for ke
wethed ™3 iy condired ponine,
howaver, e reader i advsad 10 consult the
refercties ved

7. Examaation of red celis fue hasophilic stippling
Sice bavoplulic suppimg v Ll wnnerally
found i o, chinead fead ponoming and s
telatively insenanive io oot Jegrevs of lead
tonaany . ths i nor conadered useflul in disgno-
(U

CAUTION:

If lumbar puncture i necary to rule out meminging
o1 other wrious disvase. ot Mwwld by yerfonned cau-
tiously and only afie: caretul acdih for ugns and
sympionys of increased intracranul pressute.

Since Lionds are 1nPotant, alal Causut Nty of
blood lead and EP tand chor tests ox mdicated s are far
wore valushle an disghuss aid aunagement than data
wblained 3t o aigle Puinit & e 23




V. Clinical Management

The Jascilication svstem Jescribed under the
2UITMNG AINIA 1 (o be maditied by the resuli< ot the
Jugnaaie Sabtten In thie marner. atier all mfonag.
Lo aadable 1o the dimcue, the child's true
dasetication. i estabinhed. Climival manggement .
Judes redustion of the cluld's dead expusure. general
redutnic care. fandhy cducation (or all. chelagnm ther.
am for some when spmopriate. and correcuon of autn-
ucial deficiencies wlers they exisi. The plan for clmical
maragemert segquites 1hat all of 1he mieracuing facrors
of iead absirption, vapsure, age. and dmical status be
taken miu sucount. In addition, (e Jhild must be nl.
kmed unul tive nisk of further damage is minimal. Re-
dJuction in ngestion of lead is the single must mponam
tacton in pedaatne ranagement. The fanuly of the child
with unduc lead abs.wplion of lead puoisomng must be
v informed of e condition and what dinical and
envronnwental actions 10 expect.

Treatent of kkad puisoming reyuites 3 clear under-
standing of the pathoplisiological eifects of dead in the
hutian body. The physician and others caring lor the
duld mst recognize that lead poisoning is uswally 3
chromis disease, related generdly 10 the chronic inges-
uon aad absorption of excess quantities of lead. Body
niores of envess lead may be quite larpe and are quite
mafiaently removed by chelation therapy . Acute iliness
15 only a pen:ad of acuie decompensation in thus chronis
Jiscase provess and should be viewcd as such. Trcaung
duning 3 phase of acute Uiness will reheve symptoms but
is ordy the minal phase of cate.

The :crnerstiones of clinia! management are care-
N dimcal ard laboratery surveillance of the child with
e teduction of lead exposure to prevent further ac-
corwlation ot [e3d. This also allows spontanesus excre-
tion of previnusly absorbed lead. Chelauon therapy will
rot be necesun for most childrer. Suggestions for the
cl:r.c3l management of chikdren are outhined in this sec-
tion 3nd are Jependent upon the risk determinations
rde Junng Jaagnostic evaluation.

For 122 turpesey of dinial management, the rak
sstegnnes 3re Jefined as foliows:

Urgew: Rsk - Children with confirmed lead poi-

soning 3s defined, regardless of the presence ot

absence of clinical sympoms.

e A———————— = — . — = -
— - —w——

Hrch Risk - Civddren winwe repeat LF and con-
firmatory venous blevad lead Jevels Ll in the ame
range as Clase 1 ang Clas 11 of the wreeming 1esie
bhut who gise have 3 poanve Cat D) S mobilirg.
T test o other confinnaiovry dugnestic tes,
Class I children wlis igve mot had confirracorny

duagnostic tests shonhl he comsstered tugh risk un.

il endence is availabls (s place them in anothe:
risk ctegory.
Ahdorate Rk - Chubhien winee sepeat TP and
venous hliewd fead fevels 1t e the wnve 1inge 3
Class 1 of the Giceming tests bt wbne wther won.
firmatory diagnostic 1esis 3re negating.,
Low Risk = Children whose repeat P and venu,
blond lead lesels fall 110 Clase § of the serecrirg
tests. Thew children are wsually not given otier
diaghostic teus.
Th: shove categunizatum v aabieay 3nd gilows indi-
wdushization. For example. 2 2-moach oid Jad wach
persstent picd wlwse environiientat lead hazard cannat
be vontrolled sausfaciondy . even ot hin/her sopeat EP and
venous blood 1ead levels 14!l m the range of Class 11 3020
other diagnoctic tests are negative, may nonetheless be
con.dered High Rusk.

URGENT RISK’

Chaldren with confirmed leasd posomiry a3 defined
tegardiess of the presence ot absence of (bl sy
toris, should be treatcd with the ame mtcnyy a3 chu-
dren with (rank mewraligic nuamfestations The higher
the confirmed venous hliwd lead. the greater the need
fin chelauon therapy. Severe and permanent brain dam-
ag¢ 3y Ot 0 a5 muns 3y RO pereent of duldren w o
desclop acute ercephalorathy 2 Treatment heinre onsel
of encephaiopathy wil impeove this gnm prognosis.

Chisalm 4% and Coffin etal ® and vthershase
dessnbed appropuate protovls fur inpatient chefauon
theiapy of cluldren wath lead posomng. Muluple courses
of (helanon therapy may be neessary. [t enential 1o
sonsult such references Seiwre treatmg chudrenan orde:
to properly sppreciate the mherent dangers. precautions.
and rationale for such treatment. Special attennion should
be pven to the proper use of Brtsh antilewisite (RAL)
in the treatment scheme with caloum disodium EDTA.

e ——ten e T WmMr e T S LS )
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Perucsliammne 5 a0f secommended 8 the mitaal teat:
meni for childien in this Stegory.

. The chionicity of lead poisuning and undue lead
abuwprion 35 2 madial problem for the ndividut Juld
must be emplusized. Children who requitre icainn
tictapy will requare bong-term micdical punedluiice and
are. A lransiey deaton of the L muy als+ he vb-
served Junng and smmadiately afier chelution therapy.
Alter an apcatemly soocesful coure of therapy with
claum dimuiumt EDTA incorporating BAL 2 aever-
ta1d . the “1edound™ phcnomenon muy be ubserved. The
blinnd lead lesel. havng dropped dunng trcatnwent, al-
nhwt imanably rises sgun. This phicnomenon teileots
recauilibrauien of stored lead and 1< g 3 teamen o in-
teirupt treatment. The Jdecision 10 repeat chelation ther-
apy 13 based on the bliud lead levei aiter the “rebound”™
has occurred.

Reduction of lead intake is urgent for all childsen
in this ategory. both 2 part of immediate therspy 3nd
23 a3 part of the followup preventive provedure. Children
recening chelation therspy should nut be released frmn

. the hospital unti! lead hazards in their humes and else-

where in thea emviionment are conttolicd or switable
alternative housing arrarged. Thus, the appropriate pub-
lic spency in the community must be notified umme-
Cutely to imate environmental investigation and witer-
vention. )

After hospitalization and removal of lesd from
their environments, these children are still a1 hegh nsk
and should be followad with blood lead and for en thiro-
ovte protoporphytin determinations at ) 10 2 week in-
tervals until those levels show 3 contmual dechne for at
least 6 months or sabilize. Thereatter. they should be
followed at | to 3 month intervals (3t least 6-week inter-
vals in summer months ) until 6 years of age or older 10
Ppresent repeated porsoning.

Neurolegiaal and psychological assessment should
be obtained at the time of disgnosis and m (ollowing
years 30 thet proper therapy and school placement can
be instituted. Addinoaal dinical and laboratory evalua-
tion should be conducted when indicated (o assess vther
sequelze of lead puisoning, such a3 1enal, myoardial,
and metabolic disorders.

HICH RISK

‘Many children i the high nsk category will have
been given 3 alcium disodium EDTA mobshimtion test
10 determine the utility of chelation therapy. If the aal-
cium disodium EDTA mabilization test suggests the
nead fou chzlation thesapy, inpatient chelation should be
petformed if feasible. Under some conditions. it may be
pssible 10 treat the children without urgent risk faciors
a3 outpatients. However, this should be reserved for cen-
ters capable of providing closely monitored outpatient
care and followup supsrwsion. Patuculsr emphans
dould be placed on the “redbound™ phenomenon and

EMUINMAKTII| lersentnm s monitonng. bt addition,
the paients should he cuoperative and denwnstirare that
they are ahle to fullow mstructions. In swh arcum.

dan.es. calopn dimidium LDTA nay be admuniptered

dsvtding 1o a3 paaal,

Peialaniia. thaggh weiening watessing atten-
el 100 the Ucainant ot Iad pusonmg v caldren, o
nt oensed by U Food and kug Adnumstratio..
DA for this purpose. Thwtetfime. any phy steisit 01 pro-
Pan: walung 10w this Jrug as 3 shelaung agent o
claldion should use 6 0 accordonce with cwzent FDA
Poly. In po cave shoukd it be used n duldien withou
vt bew of contned 0F fead Lacard m thea honws s
data trom studwy of Jemabs indicate it nay wcrease the
alnotpuion of jead 42

Thigh tisk children should he fullowed wath bloud
lead and/or ervihrocvie protoporphiynin delermunanions
8t least monthly. especilly i the sumincr. waul the
sources of lead m theie environment have been remos cd
and until their dlowd Icad and'or erythrovyte protopot-
phy an devels have Jechned tor o months and atadibired.
Thereatter, they sliould be todlowed ot 110 3 month
mteivals (3t least o-week mtervaly in tive sunesuntl ©
years of age o¢ older 1 order 1o detect repeated lead
expusure and prevent possomng. Careful neurologiat
ad pychological assessment 13 advised 1o Jetect any
behavioral or aeurolngical deviation early so that proper
therapy and school placement can be instituted.

MODERATE RISK

Based upon present evidence. cinbdren in thus eate.
gory generally wil not requnre Jhclation therapy . Reduc-
tiwn of lead intake from i smrur,es annd careful monito:-
ing of the uld will uswlly witfice.

Until the lead hazutds are ehimmated from theu
envitnment, these cluldren should be lollowed 3t
monthly mienals in suniner ot otherw e 3t 2-month
intervals untid at Jeast G years of sge. Afte: they are no
longer exposed 10 lead hazards. they should be ¢valuated
at 3-month miervals. Such followup giould conunue un-
t) tie chuld 1s at least 36 months of age ur uatl the
blood lead/erythrocyte protoporphynn lewels retumn to
aormal.

All children in the Urgent, High, and Modesate
Risk @ategories may have concomitant auintional de-
finencies. These deliciencres may ncrease the child's
risk from lead by increasing the sbsorption, retenuon,
and toxicity.$.16.17.43 Al children in these nsk
categories should receive 3 careful nutritional evalua-
tivn, including appropriste laboratory tests. In addi-
uon 10 the aare provided Tor undue lead absorpuon
ot lead poisoning, spproprisie nutritional therapy
should be provided. It muy be particularly impstant
to correct iron deficiency and maintain an adequate
cltium jntake when increased lead sbsorpuos is
found 44



LOW RISK |

These JRildren did mot have ugmiticant evden. e of
ol kead ahsorpinn a0 the ow oF g Thaw over,
aey requre petnadie festiviing wotil they teau 1o
wnth teprhday . Chitdien smbone B8 cievatne s s mem
catned by lead absrpinmt should tecene appsjuste
Mol o1 atienind and ote ot ahe cradical conditen
determuned 10 be respenvhile for the clevated L. Ul
Jren wal eevated blond Iead in the shamce of 10ty
shionid me evaluated 31 onthly micervals il 3 Jeter.
miszhion s twde that the child dovs not have udue
tad ahswpuon. This deasson an generally be malde
withia 3 montts.

f——— e - st & et . mees

In snchion. donecal manseement of lead posswn.
wg snnt mcide apmopie ucarneent, advaate ol
b cateneiontal mitenenten. and taanly eduya.
ton Clickewn ietaps 1o mdivated b e (ldien
with wndue fead ahsnpren  Thaaeh  mdicusn e
dhiclium b oanwew, wathleddme e dobavng coolaton
theram 1s abwe unwise when ot s uhicated . The priss.-
Qur rronading dinnal nunagemenl ant b e e
tent status of the Juld’s emwonomwent, The opi..af 1.
giwteer of Fudlownp og Jependent on pam daddine o
Wdinbing the duld's age, envatonniental 3tus. and 1101
of Lhagtny rosults

10
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V1. Environment

al Evaluation and

Lead Hazard Abatement

Lovitonmenial mvetipven and  wilenentaon
wndd hegin as won as el pousening or undue lead
sheaarpteen stalus 18 confirared. Dead hazaids muat he
wenified and rerioved Trom 1he envanonients of dul-
dren witis Ieud posconing amd undue fead shanpron, Pai-
wities 1 adtion should be determined by the child's
sk cdasuficaior. Chnldren who requite baepatabization
and chelation thergpy are at hugtweet rish of permanent
neurolope dansge from a secutrent epinads and con-
unced kigh level esposure. Thesefore, chuldren i the
Urpent and Thgh Rusk categenes should cceive firse
pronsy for envuicnmental nvestipaion and interven-
twn. The next prurity is given to the environment of
ehiidren 1n the Moderate Risk catepory.

The wdenniication of lead hazards and the reduc-
tion of lead intake of these children is as much 3 medicat
necesnity as is clinical management. The effecuvencss of
ervironmental intervention is judged by the response of
the child and nou by the services perlormed. Enwron.
menta! management is nor successlul or complete until
the child's EP and blood lead levels have deciined and
stabilized for at least 6 months. The Wennification and
temoval of one source uf lead exposure does nut neces-
sarily mean that the child’s exposure (0 lead has ended.

Leaddased paint on intenror and exterior surfaces
is uswliy the muat important single soutce of lead for
severcly puisoned children. llowever, there are other
sources which conttibute to the child’s total lead body
butden, Lead contaned in ait. dust, and suil may also
consutute 3 hazard for children. Lead in food and foud
supplements. household utensils, ceramic pottery, and
printed ratter may serve as contributory sources. The
burning of lesded materials. senidehing of vid homes $3
automotive enusaions, and some industrial sources lo-
cated near residences V1 schouls cuntnibute 10 arborne
lead and Jead in dust and svil, Lead in dust and sod
becomung increasingly suspect as a source of lead ex-
posure for young children, especially that within 3 fect
of the house’s foundation, insudc the house.!? alorg
heamly traveled rosdways. or on vacant lots where hous-
ing has been remunwed 9653

1t is also impurtant 1o vonsider the occupation of
the purents and associates. Workers in lead-telated indus-
triestS @n bring home lead <ich dust on the wotk dota-

mz. dwws, and hawre. Lead poasening in Jdikdeen has deen
t1aced 10 thew wsarees,

Atheagh the clld's Iwwe wsaalis gontaing the
aoutee ol his fead expominge. thes s not alwars the ase.
thsards muy abwe exint i ather paces where the Juld
spends o has spent 3 wealerable anount ol e ¢ .,
M rcsdences and honies of relatives and fnends In-
sedagatans should vonaader sl sources of lcad and should
approprately wmple all pvental hazaeds for the lead
sontent. These soutces other than lead-hased paint must
be reduced or removed. o the chid remaved from the
wwrce. .

Portable a-13y Nuoiescence analy 7613 can be used
n identifying leaddawed patat hycseds. These insiru-
ments can measure lead content in parted surfaces with.
m £ 0.2 mgfem?. Resdings of 0.7 myicm? should be
considered pusiive 1115 important 10 note the lead an-
alyzet 8 2 probability ampling Jevice and repeated read-
ings are neucsary for pqrupet relabality.

A lead based pamt hazard exists when (3) XRF
reading is pomative and thithe surface being esied is
reachable and chewable o contams danuged pant
(racking. dupping. kwne. chewed ). Lead hased paint on
intact walls. ceilmgs, o otiier sutfaces not accessible 1o
the Jnid dues not conshinute an imawdiste hazatd In-
spectors shauid ¢htamn mcasurements on any tenor of
exterior surface that muy conatitute 3 lewd hazard This
includes walls, dours. window trames, hawhoards. gusid-
rails, fences. and sding Outsde inspection showd en-
wompuss garapes ond other adjacent struciures as well as
the man buiding.

After the lead huzards are idennified, parents and
landlotds must be adwvised on the extent of the problem
and wint must be done to eliminaie 1. The mvesugator
should recemmiend methads for elimunating the hazard.
This should nctwle repuir and housekeepaing micasures
that an he undertaken immedistely. mfeguarding the
child until permanent abaiciment can he compieted. 1113
extremely important that the plivsiaan providing medi-
vl care to the dukd he mlormed of the results of the
envronmenial inveshigition and the course of interven.
tion that has been recommended. If surfaces containing
lead bascd paint are wentified that do ot constitute an
immediaie hazard, the owner, landlord, and occupant



dhopld be metsfied and tormed thut the surizve, il
properly mamianed. Joss not present an immadie haz-
ard.

The fullowing outhnes some comnon sirciineds tor
seducing lvad hawed pant hazaeds,

PHASE | - EMERGENCY INTERVENTION

Fmergency  awawres provale  tomponary - mer-
wrvian, aid immedute onoirol of kad haands wid
oromnent Sazard redioen i wompeied. Lantpeny
tasard sharerzent uhades scrapeng ot and connnug all
peching. flaking. chewed, and teadiy acooable Iad-
haed pant A cduldicn must be semened fions she
duiiling amd adults i ke Jiw precautien Juung
these activttws Covesing with adbesschached paper,
=iaRing tape, of similat matenals muy almebe uwed.

Fanutic: ibould be mstrucied oo mcthinds of mam.
1aming these ateas fiee of loose and Mlaking pant unl
the hazard s permanently reduced. thecarhoeping el
nigues such o tharough sweeping and wet moppmg
foors 1o remose duni aie essential 10 mamtan lem-
PN mtcescnion.

Emergency nichiention mst be proudad o ot
children, puriicularly ihese who are hospitshized ur un-
dozge Whelauon therepy  They are at bigheu ek of
permanent budy danage (rom repeated expusute.

PHASE il - PERMANENT HAZARD REDUCTION

Permanent bead hazard reductun measares are in-
tended 10 reduce 10 g mimmum the possihility of the
wentitied lead soutces ausing 3 problem agam. Perma-
nent hazard sbatement consists of the removal of perma-
nent covenng of the lead hazards. Ocoupunts should be
advsed of 1he proposcd actions to be 1aken and 1he
pussible dangers during sbatement procedures. All chl.
dren muat be removed 1rom the dwellng. and adults
must take due precaution duning these dcunites. In addi-
non 1o the workers fullowang the wusl good unustrial
hrgienic practices, approsed respurators and protective
Sothing should be worn. Lead~ontaming nistciuts 16+
moved dunng this provess must be dinpused of in o safe
mainer. . .

Wall coverings, use of hest, sanding and scraping.
3d hQwd paim removers are the most frequenily uaed
methods for permanent hazard sbatement. These meth-
W are putlined below:

Wall Coverings

Tius method is the salest v we. In many cases. it
B the Mmost avceptabic sud least expensine. 1t s most
often wsed 101 1arge internor ar€as. Avceptahle wall cuver-
g~ indude wallboard, hasdbuard. fiberglass, phiwoud
punching, or 3 simuar firesessiant durable maienial.

Thew matenals must be fumiy applnd by naig.
Comening. o ghamg to present it renmunal by 3 g i
suld or by mormal wear The application muni he vernun
Mool and & e aivas i ihe dwelling, tae reCad
2 BN L Battaiva, s aind 1t coninn hallwgy ).

HHeat

This mctinad uses heat foonnt g fed toegines. an-
fiarcd Lnips. or vther Beat wraces bee woffom 1 paeng -
e at can be adaped oIf eandy It may prode tean
tunw. wiadh e tonic ot il B conaeniraed
atmanty. Bren swdl conecnttisinmis mver 4 sabfioen
bength ol time Sui pone o Bazard 1 shwald be gone only
by cvpenienced putanns wath st am s cness ol e e
ol danget of gmimg the amtace, adiacent wal ateds . o1
weai vy ambusishics.

Scraping And Sauding

All lcad-tased pamnt that o cuppang. hose. pect-
Wy % hewod of shat s vadily accesmble 1o chaddren
should be scraped oli. Any setaaing panited weiace is
then wnded down (e the hase sl patched. sealed,
and repanted with aodegd contgimng tuicials Tl
ncthud fegquirey the must phyancal labur and 15 expen-
e,

While scrapmg and anbing 1 boing Jdone, large
amounta of tead dust and particdes beswaw anbotne.
therehy temputanty mureasmg the ead hazsd i ihe
imewdiate ensironteent. Tarpauhes o plotic Boor oove
ermps could be wsed Juring e proness o wollest the
wiste products. Sirmlar procedures must be wsed tor en-
tenr suriavey to gvond b Lertgnmaton Careful
cleanup privedutey mcduding Justhing, wet mopzing. and
waling nust he used u: the mienor

Liquid Paint Remusen

solvents are gencraliy uswd 1or serall areas s vs
window sl and Jours. Mast weliente evagotaee rapudly
and ore Tumnuable amd tone They should be waed Wil
the utmost vaution. Proper protecive equipang, coser-
ings. and clothing mast be used. The wori arca nust be
w2l ventilated 8t all unees.

The approach destibed ahove is reaswngble and
w.whable in the envitonmental manggemen) actimnies for
children with lead ponoming or undue lead sbswrpuor
Mdeally . it would be nunt demtahle 1o develup 3 cone
muunwide code enforcement program o compleich)
ehiminate all lead-based pamt hazards in huwng. But
wntil sach tume 35 swictal commnutiment exis, leaa has-
ard sdeatification and ahatewent for duldeen with un-
due fead absurpuion ot foad peavming Blwt he the 58
spunvibility of e appropruale gurvernmental unit where
the duld lives.
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VI1I. Health Education .

Tin comecunny and espeadly pareris of pre.
Chont childzen wiloiive in older detenerating seiphher.
noods shocid be stonned at eveny avadatle oppeiiamty
of the recd to hove their claldeen sareened pernslically
for lead rouming Hane proventine nwasures Lauld be
conphusired. s ¢ regular swecping and ronwnal of
accentle pamnt tlies and dust to reduce potennial lead
nazards 1 the chid’s ensitonmicnt. The danger o1 mgest-
mg pant cups, dust, and soil gound de rened. Older
shlings of children Jt high risk should slso be educated
10 the soutces and nsks of lead pevisoning. as they often
provide 3 muier contubution to the younger chitd's care.

i1 5 child is s.reened and docs not have undue kead
adsorprion. there is $tidl 3 risk and rescreening i te-
quired. partwudarly Juring the surimer montln, until the
uxth binthday. Unul hazard-free housing 13 asailable fos

all. petundic satecming and 1he practicd f haug vt caven.
i mressures will reduce the tnd of ead porsoning

The ciucatomal peeaess should sttt when the
Jald as screvned s Shenld be remloned by phydoans,
wares. ennaronmeniabint sl andes calh tane the Juld
e Where a child s teuind 10 have widue lead 05
swpiion, educatun of the tannly is eswntial 10 success.
tully follow the ctld. The famdy of the chidd wals un-
Jue lead abuvption or Jead pononing mast be Tully -
formed of the condition and what chmcal and environ-
mental actions 1o espect  Thie parents’ responsituluy 18
1 see that the child 1y not exposed 1o lead hazards in the
future. Thas can ety ovour when they have 3 tull under-
standing of 1hie culd’s condition, its cause, and the pos-
sible result of lead porsonig

VI1II. Reporting of Lead Poisoning
and Undue Lead Absorption

Presumprive and confirnicd Sases of icad porsoning
and undue lead absotption should he conudered 3 noufi-
able condiion which must be reported to the appro-
priste health agency by pnmary care phymcans and

by persons an charge of wreening programs Al Libo-
tories performing blood lead o envthrocyte proto-
porphynin determunauuns also should report abnormal
findings.
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Appendix A

ENPUSURE TO LEAD SOUKCES AND EFFECTS

Oy flerhert L Newuho mas, MLD.

Reducing expesare 1o lead and its consequences to
heakh continues 10 be an imporiant unfinubed taskin
the public-health area Recent recognition of lcad in
some glassware decorations has fucused aticr.tion on
the manv sources of lead in the human environment
ard raises for re-examination the definition of eritical
thresholds ior measurable health effects

The carly work of Massachuseus physicians such as
Drs. McKann, Blackfan, Aub, and Byers led 1o anen-
riched undcrstand:rk of the serious conseyuences of

childhood iead po.soning More recent daia indicate

that the sources of iead for children are muluple. and
that body lead burdens below those associated with
clinical svmpeoms can affect biochemical funciions,
and neuropsycholougic performance

The increased vulnerability of voung children io
lead is 3 well aceepted clinical maxim Increased ab-
sorption of lead acruss the child's gut has been dem.
onstrated by Alexander et al.' and is supported by
studies in the immaiure rodent by Kostial et al * At
the same internal dose of iead (as measured by blood
lead concentration), children have recently been
shown to have more impairment in heme synthess
than adults. a3 measured by free erythrocyte proto-
porphyrin ?

Becsuse anemua is 3 long recognuzed effect of lead
exposure. and blood is a tissue readily avaiable for
s:udy, ininal studies of the biochemical changes asso-
c1ared with lead hasve centered on the heme pathwav
Additional studies have demorstrated that lead al-
fecis other heme enzvmes, notabiy cviochrome P-450
in the liver * Red-cell p-amino levulinic acxd dehy-
drase (b ALA-DJ, an enzyme necessary for the conju-
gation of levulinic acid into porphobilinogen, is in-
hibned at lead levels as low as 10 ug per decaluer®
Millar e1 al have shown that brain levels of o ALA-D
in the rodent parallel peripheral blood levels. sug-
gesting that oxidative metabolism in the brain may be
affecied 3 hiood le.cls as low as 20 ug per deciliter *

Lead inhibits brain adeny) evciase at low concen-
1ranons 1n cerebellar preparanions’ and in migrostri-
2131 preparstions * Lead has also been shown 10 in-
Nibit pancreatic adenyl cyclase.

Funiber nformauss ma. bs Bhiamed from Meviert L Nesgieman. M D,
Chatern s Honpna! Mogus! Coner, 20 Longnond Ave.. Bonon, MA
G113 ({617) 7244000 eas 34GD)

luterierence with glabin ssnthesis® and collagen
avathess'® has alsu been demonstrated wi relatine!y
kow concentrations ui lead In the heme pathway u.
o lf lead acte at a number of sies In adaiion 1o the
jreviousiy cucd inhibinon of red-cell ® ALA-1), lead
acts on the red-cell muochundrnion Here. it interferes
with the incorporation of iran into the tetrapsrroie
nng, resulting 1 us replacemen: by 2inc. Conse.
quently, increased levels of zinc protoporphynin or i:s
extraction product, free ervthracyvte protoporphrin,
oc ur in persons with elesated Llood lead levels Re-
cent studies indicate that this efiect bedins at 15 wy
per decilier ** Increased wrinary amino lerubinic ac.d
excretion beg:ns to appear at blood lead levels of 40 ug
per deciliter ¥

For the young child, the must important targer or.
gan is the brain The catasirophic effects of lead e
tephalopathy and the proiean ssmprams of lead oi-
suning have caused munt - lnuciars to sk wrether
lesser levels of lead than ti.ne producing frank en-
cephalopathy result in subter forms of vrain injury

This controversial question s made mu.e difficuht
by the often close asiociation of lead exposure with
porerty and its auer.dant troubles, by the lack of sen-
sitine clinucal indicators during the peak expuosure pe-
ri0a in early childhood. ard by probiems in reliabls
measuring past exposure in older children — epile-
miologic issues 1hat are nor peculiar 10 Jead 1113 nos
surprising that some invesugators have iound neuro-
psvchologic deficiis in children with low level expo-
sure whereas others have not Among the studies of
low level lead and brain function, two are acknow -
edged by many as more rigurous and controlied
Burd¢ and Choate follow ed children idenuified as lead
exposed. and controls matched on socioeconomic sta-
tus and race, and found thar the exposed group had a
higher incidence of gross and fine motor dvsfunciion,
irtitability and 1mpaired cognitron at the age of lour
years \When the children were retesied a1 seven 1o
eight years of age the incidence ol dysfuncuion had not
decreased This finding sugvested that the defici was
fixed ? Perino and Ernhart studied bluck preschovi-
ers with blood leads greater than 50 or less than JU u§
per deciliter.** Controlling for socioeconomic status.
the authors reported a staustically sigruficant deficu
on the McCarthy scales of mental development Al-

e wm  mte wm e g . o Wy 4o - P . P -
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1nough the cotrelation berween parentat and tinld 1Q
i1h the low-lead group was ) 22 in the high-iead group
the correlation was 01 Thas findine sugeests that an-
other [actor. presumably lead. disturbed the par-
ent=child 1Q correlation

The efiects of lead exposure during pregnancy Ce-
serve close consideration Because lead crimses the
:acena, 8 has been lound in the umbilical-cord
bleod of zewbures ** It has also been shown to be as.
sacated with severe reproduciine damage 1n occupa.
nonalh exposed women. and 1o be teratogenic in the
laboratcsy amimal In Glasgow. Muore o1 ol ulenn.
fied ™ rerarded and aormal children matched flor so-
cioeconoiac s1atay and geoeranhy The mather’s res.
.dence duning pregnancy was visied. and a itest-flush
water sample ootained No normal children came
from homes with a high conient of lead in the water,
aithough 11 of 04 rerardates did The discovery of
blood samples on file from old phenylketonuria cards
allowed retrospectine blood lead determinations to be
made on some of these subjects Blood lead fesels n
retardates sn the first week of hife were significantly
Righer than in normal conirols ** Wibberly reported
higher placental lead levels 1n mallormed and sull-
born than in normal infanis *°

The sources of lead for children are many and ubiq-
uitous Although new paint for household use will
soon cont1ain less than 0 06 per cent lead. thousands of
houses have paint that contains well over 1 per cemt
Many of these surfaces are flaking and peehing Those
that are not often chalk and coninibute to lead in dust
Air-borne lead of small particle size 13 readily ab-
sorbed through the lung, laree parnicies {all out into
dust and are swailowed by children The largest con-
tribution to lead in the aitmosphere is automobile
emissions Foodsiulls contribute a substannial amount
of iead 10 1he daily intake, much of which 13 added 10
the food during processing \Vater may be a source
in sreas where the mineral content is low, the wa.
ter acidic, and old leaded pipes still in place News.
print and some ceramic tableware may contair. lead.
Decorative decals and glazes on the exterior of some

lasses contain considerable amounts of lead.

is lead, leachable by dilute acids, can also flake

off the glass, and represents & potentsal hazard lor
some children.

Although the relative contribution of each source
vanes with an individual's age, habits and circum-
stances, rough estimates can be constructed as guide-
lines Dietary lead provides 50 to 250 ug per day ex-
ternal dose. of which 20 1o 110 ug is absorbed by chil-
dren Urban dust contains lead in concenirations be-
tween 1000 and 300N ug per gram The ordinary
hand-to-muuth activity of chiidren iramsfers consid-
erabie quantities of dust-borne lead 1o the gut Inges-
tion of 100 mg of dust containing 1000 ppm of lead
would add 100 ug of external dose. of which 40 ug
would be absorbed. Urban air lead levels range be-

tween 2 and 3 yg per cubi meter. but can be higher a1
selecierd sies and a1 peak traflic perinds Children
harve ligher metahnlic rates are generally more ac-
te.e. and therefore Auve hocher respiraton rolumes
reiatn® th lhais sie Air-twrne lead could provide an
uiernal dose ul bietween 16 and 40 4 | ot day for an
adult, and » 10 20 gg per das by o ela'd Pane. of
caufse. provides lead in 1he tugrest comentrat:, lor
children with puca Cine uncle paint Rake contairarg |
per cent lead deliners an external dose of 10.0040 Y

Clearly. the lead burden of 2 given person is a sum
of the muluiple sources experenced by that perion
‘The impartance of one sourre shioiid nut be played off
acnunst anuther if effectne presention s to be ob-
taned  Lead snould be discovered firss in the envi-
renment hefore it gets into children. and then re-
moved Effecine housine inspection and abatement
are complex. difficult and often contentious enter-
prises. They must, howerer, be pursued Remos.
ing lead from air and dust are urgent pubhic-health
goals

Each sourre has its own control or abatement cost,
and each has & vested intereat The costs of remoing
fead from the environment are formidable, and many
who wdenufy themselves as realists say that society
cannot support these cnsis

The worth of the Auman brain is incaiculable The
value we assign 10 1t will be defined by the intensity
with which we pursue or a:01d the protection of its op-
timum development Excess lead in the human envi-
ronment i3 man-made and i3, therefore, preveriabie
by man.
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Appendix B

Conunents on “Treatment of Lead Poisoning™
Modern Trearment. Vol. 8. No. 3, August 1971
by 1. J. Chisolm. Jr.

January 1978

The following artwle on the treatment of lead poisoning
was first prepared in 1967 and resised slightly in 1971, Although
the basic principles of clinical management remain unchanged,
newer information suggests 1hat the vanous nisk categones in chil-
dren, according 1o blood lead groups. should be reviwed as tollows:

— Currently. 30 ug Pb/dl whole blood is consulered the upper imit
of normal in children. not 30 ug. as previously stated. Where the
ongnal text refers 1o 60 and 80 ug Ph/di whole blood. S0 and 70
ag Pbidl whole bload. respectively, should be substituted. Correo-
tion of blood lead concentration according to hematosnt. as ongi-
nally sugpested. is probably inappropnate. although still comewhat
controversial. Calculauon of Josage of chelating agents on the
basis of budy surface arca, rather than body weight. is phamma-
cologically preferable. In partcular, this change will numinize
overdosage in older children. These changes are reflecied in the
revisions of Tables 4 and §, which are attached.
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Reprmicd with permecen by the
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Treatinent of Lead Poisoning

J. JULIAN CHISOLM, Jv, MD

Frwm the Depuntrant of Podwatrics, Joba Hopdms
Cnncesny Schand of Modume, ond the Boltimore Cuy
Horpuals, Beltumore

THE CRUTIAL ASHUCT 06 YurKary in all age grps is prompt terisina-
tion of uxdue kead esponure, dodined as evposure 1o bead Froo sources
other than thase lonnd i mrmal wentantinated food, boverage
and ambient air. Whon indicatial, the use of elwdating agents must
he conudersd an adjit 1o the prevention of eontinad dangerons
onvironmontal kad evpoawie. The sationale of this therapeutie ap-
proach is based upon our knowliadge of the absorption, awtabolism
and excretiom of lead in man (13). hanganic kad compounds ane
pouth absorinad ity the hody Jimm the gatrointotinal tract so that
repetitive ingoetion of small ankmants is waally lar wore hazndine
than single masvive cvposure (sv p 610). Phunbism, thus, soalts
from the accumulbation aver a pesiod o wieks, months, or years of
an excussive budy burden of lead. This butden is distributed boetween
bone and soft tissucs, with the maor portion being stored in bone
There is no known significant tovicity aswaiated with the portun
that has been well incorporated into the watris of bone. Rather, the
acute toric cffects of lead arc apparently anwodiated with incements
in the lead cuncentration in wlt tsswes Wider cuaditions of pru-
longed. but perthaps intermittent ewcessive expusure andd absorption
of inorganic lrad salts, the cluncal courw: & une of rvurrent, acute
symptomatic cpisades which, in tum. appear to be associated with
sharp increments in the concentration of leald in various soft tissues.
Once abnormal absorptiun is temminated, virtually all of the lead
remaining in the bady is giadually shifted to bone. The studics of
Kehoe in human adult volunteers indicate that it takes at least twice
as long to everete a given binden of lead as it docs to accumulate
it. Since chelating agents probalily da not remave significant quantitics
of lead which have been incorpurated into the matrix of bone, they
cannot be expected to accelerate this process. Estimates of the dura-

Supponed i part by United States Public Heakth Service Cant S Wi EC
00201-18 irem the National Institute for Occupaiional Sefety and Health
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tion of vl cvuanne e e an welon of the poresd of G
3 patient wall soegaive canednd ecdical sperviseon atton g e ends
Sevial Y wnl aiel e bead determmnatens tosothe s with e
enprepoaplonn (UCPY amd F Loundesaling acud - ALAY o asne -
mnts pvanbe e fost mdeny 2wt e bl st 301 A
thanzh mcasrensents of & oo devehme aeid dilivde vase ALAD
actaty cu st homedvoates of Dlhmal il fiee envtbaoea g
'u--tnlu..;oi.um ™ |-|~|||||u|.|| llaal Can ‘n--luhl\ pren e u'mlul.ﬂnl-
nfrenctim, they are ot at Hos wotmyg as well stasdandiad o
the other measwements Adustastiatem ol dhelating agnty rapudly
reduces the kead coutent o soft tivans

The wunt severe elimeal mamltestation of intoscation s acute
encephalopathy . which is more fieguent in culdien than in aluln
cames 2 ugnficant maortalits and results in severe permanont brain
damage in at keast 25 per eent of survivons Since one ol the mam
poals of therapy i tn prevent injury to the evntral nervous svstom,
it is avinmatic that treatment mnst be started before clawic signs
of increased intracramal pressure make the diagnosn of eacephalop-
sthy obvious

Accurate lead analias may e difRcult to obtain bt are <awential
to proper treatment. Blioad samples must be cullected into lead-free
equipment and anahzed by a laboratory expenienced e lead deter-
minations  Risks with respect to the acute advere eflects of increased
ead alworption may be estimated in terms of cuncnt buod lead
concentrations as follows: a) >40 4g Ph/100 g whole bload indicates
undue lead cxposure. b) 50-79 .g Ph/100 g indhicates wxcessve absorp-
tinn, is assaciated. in most instances. with metabohe cvdence of aun-
pared hemie synthesis and may. in some mstances. e associated with
mild svinptoms compatible with lead poisoning Such tases require
careful medical wipervision and should be considered pssible cases
of plumbiem, especially in anemic patients Blond lead cumcentrations
of muore than 80 ,g Ph/100 g whole blood indicate risks which in
children are unaceeptable: virtually all cases of severe acute lead
poisoning, incliding those with acute encephalopathy. are ascnciated
with bloud lrad econcentrations of 100 g Ph/100 g whole blood or
greater At blood lead concentrations of more than 80 4 Pb/100 g
whole hlnnd. symptoms may be absent, but onset of severe acute illness
is unpredictable. ’

CHILDHOOD LEAD INTOXICATION

Lead paisoning in childhond should be approached as a chronic
discasc because of the long-term high-dose type of exposure to which
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children might be subject. expecially in old deterorated henusing
FRictive therapy ealls far solutions to three difficult problems. 3)
carls diagnosis and treatment of acute tucic episndes, b) permancat
separation of the child frum envitonnuntal lead sources, and ¢) pre-
veution of pica. Mt children with plumibism require close awdical
supcrvision unbl thev reach school age and some nerd care much
longer. The comprehemive therapeutic program deseribed et re-
quires the courdinated Jung term efforte of plivsician. pediatne psy.
chuatrist. medical sacial worker, child guidanme personnel, health de-
partment personncl. and visiting public health nurses.

Oncre minor symptoms of poisoning are present, acute encephalop-
athy can develp with gupredictable and startling rapidity, capecially
dun’n; the summer months. Fur this reason, any child with symptoms
that suggest plumbism or blood lead concentrations >80 g Phi100
€ of = whole bloo«! should he treated 3 a medical emergency and
hospitalized immediately. Delay is one of the main reasons for poor
therapeutic results Early diagnosis deponds upon 2 high index of
suspicion 3 knowledae of the cpideminlogy of plumbism and the
interpretation of specific emerpuncy laboratury tests.

Epidemiology

The vast majority of cases of childbood plumbism in the United
States today are found in children who reside in old. deterivrating
vrban housing Rceent studics in Baltimure, Marvland reveakd that
50 to 70 per cent of the old houses in selected slum arcas contain
dangerous quantitics of flaking lead prgment paints (14). The intenor
worxl work, painted plaster and wallpaper of houses built prior to
1940 and still in use may cntain laven of lead pigment paints wiach
have never boeen remwved. Soveral tingy fakes of such paint may cun-
tain 100 mg or morc of lead. the safe daily intale of lead is <08
mg (13). Table | summarizes the results of a prospective home sunves
of preschoal children in Cliveland, Ohin (10). A comparable situation
exists in most of the large oities of the continental Umited States,
particularhy those vast of the Mississippi River. It is abundantly clear
from these data that voung children in substandard urban huwing
should be serevned periodically for plumbism. Table 2 lists unusual

sources of lead.

Repetitive ingestion of small quantities of lead in paint apparently
must continue for 3 months or longer before a potentially lethal quan.
titv of lead is absorbed into the bodv. For practical purposes nne
must assume that ingestion beging by one vear of age in children
who live in urban slum arcas. Multiple cascs are often found in the
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same houschold 3o that Wl proschool children shinld be tested for
plumbism wherever an index case is fomd  Punpetine serevning
programe are currendly in opeoraton e Chicage and New Yord
Recently, cavwes of severe bead posiming have been traced to the eon
tamination of juices (and other acidic beverages) stored i improperly

lead-glazed carthenware vesscls.

Prompt Diagnosis

An indirect epideminlogic appraach is cscential for prompt chaical
- diagnosis since a history of pica often iy not elicited at the Rist clinie
visit. We adk the following questions. a) Dues the child live in or

visit & houce built prior to World War 11?2

(A list o high-nisl

addresses should be posted in all pediatiic elinics tu awd physicians
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not familiar with the ditv. b) How kmg has the child been walling

_ or crawling? If the child lives an or visits 2 house bailt prive t 1040,

has bwen ambulatony i theey avinths o huiger, and has any l\m‘ﬂnm
sugetive of plumlu\m he tevenes the cnergeney l..l-nu(ur\ dhter-
minations listed an Table 3 Provivional diagnosis and the decisum
to hespitalize the paticnt awd institute lclation therapy must be
made c? the first (e civig,

Symptoms that sugpet eacly lead imtmication are: anoresia, apathy,
aneniia (henioglilue €10 g, Wy peritritalulity: and othet betewuoral
disturhuhees, clumsiuss, loss of recenthy acquind  developniental
skills and sporadic vomiting The onset of vncvphalopathy is heraldid
by gross atavia, persistent and forecful vonnting. perids of Jethargy
ve stupor intenpersed with Jucid intersals and Bnally coma and
intractable convulsions. Aoy of these symptoms, tegether with wne
ot mune pesitive prosumptive laboratony teats (Table 3). calls i
immediate hospitalization and uetitution of chelation therapy. Young

© children with pica. behavioral dienders. comvulsions, nuntal retarda.

tion and symptoms suggestive of evrebral degeneralive discases should
also recenve these teats (4).

Tt is anusual for all teste to be penitive in 4 given case. The quickest
prosumptive toat in children is the qualitative UCP teat which is
described in Appendix 1. Technical and interpretive consideratumn
fur each test are included in Table 3. Lumbar puncture should be
avoided unless essential for differential diagnosis which indludes
tuberculous meningitis, varivus encephalitides, and other causes ol
increascd intracranial pressure (eg, tumor) If lumbar puncture is at-
tempted. the least amount of corebral spmal Auid should be clleeted
dropwisc. and never atlowed to spurt out, 1 ml is more than sufficient
In acute lead encephalopathy the fluid shows normal sugar content,
mild plencyvtosis and a moderate increase in protein content. Attemipts
to obtain fluid by ventricular tap arc not warranted and usually fail.

TREATMENT

Supportive Measures

1t is our policy tu treat all symptomatic children as potential cases
of acute encfphaiupatln and, hence. to begin treatment immediately.
Adequate urine Row should be established frst As s0om as the child
with enccphalopathy is admitted to the hupital, 'a continuous intra-
venous infusion of 10 per cent dextrose in water (10 to 20 ml/ig
body weight) is administered over 3 period of 1 to 2 hours. If this

26
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infused intravenowsh as a 20 por cont solution at a rate of 1 mi/mun.
Once wrine flow is «wtablishuad, further intravenous fuid therapy is
restricted to hasal water and clectroh te requirements and to 2 min-
: imum estimate of the quantitics needed for convulsive actinity, and
' N fever and the replacement of deficits due to vomiting and del dration.
4 Carctil puenteral fuid therapy is vital to survival and is best
momterrd Iy neeasmiing the rate of arine flow. This may require
indwelling hladder cathetenzation in unennscious children, 3 nsk
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caae. The rate of ntravcwns infuvion iy adposted ourhs antid that
rate is found which will matam tle: gate ol cone flow watlun basal

- mutabobic bmite (033 t6 03 ml urine seercted/ calone nuetabohagd 724

he). This is eqquis alent to a daily unne catput of 350 to M0 v m/24
he. Childre. with encephalopathy nhase ac though ther scretion
of antidiurctic hormone is inappropate, the atene todhmingue s essen-
tal to avend evermive Buid adminintration which can further increase
cerebral edema

All pral intake i probubited until the clold i greath improsesd
Budy temperature is mamtiined at sormal bt not by pethermce hacls
by wsing 2 cmled vrgen tent. wpplemented Iy euoling blankets
when necessars Oxs gen is adnunisters

For the quick control of scizures. Valimn® i offcctine Tn patients
with aeute encephalopathy, contral can e maintamed thereafter dar-
ing the Biret few davs of icatiment wath repeated dises of paralidiinde.
Barbiturates and diphen thy dantinn are better resessaad i long-term
anticonvulsant use. During the acute phase, one should nt await
frank seizures. Better contrul ean e achicved if doses of paraldehyde
are given whenever theee is a sigmficant increase m musche toawe e
muscle twitching Administeation of paraldechvde dhould merlap the
institution of jong-term anticonvuleint therapy with harbturates in
order to prevent seizures from recurring dusmg the earh comvaliscent
phase. Barbiturates should be avouded duning the first few davg be-
cause scverely duepressant amounts are often svded and cven then
may be ineflectual.

Chelation Therapy

After urine flow is established. which should requine 2 to 3 hours
st most, chelation therapy is started with 2.3-duncrcaptapropanol
(BAL) and edathamil calcium disodinm (CaEDTA. calcm di-
sudium vencnate) 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 usual S-day course mayv be
extended to 7 days if great clinical improvement has not occurred
by the fourth dav. In sy mptomatic patients without encephalopathy,
who show a quick and dramatic clinical response, and in those
asymptomatic patients with whole bleod lead cuncentrations in the
range of 100-200 .g Pb/100 g BAL may be discontinued after 2
to J days and the dosage of CaEDTA may be reduced to 30
mg/kg/day, in divided doses, as either two 6-hour intravenous infu-
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sions or twu intramuscular injections at 12-hour intervals during the
succeeding 2 to 3 dans of the ttal five-day course While this ap-
proach can reduce the number of injections during a five-day course,
it probably abw sonwwhat reduces the diuresis of lead Imnudiate
followup of imtial paremteral chelation therapy with oral o-pemicil-
lamine virtually alwayvy obviates the need for repeated cvurses of
parenteral chelation theraps. Some of the toxie offeets of lead may
be intensificd if CAEDTA is given alone i the presence of vens high
tissue concentiatioms of kad {3). The additim of BAL to CaEDTA
miimizes these toue offeuts, greath accelerates wrinary kead exeretion
and causes 3 simficantly more rapud decrease 1n blood lead coucen-
teation (4). Medicinal iron should not be mven cuncurrentlhy with
BAL The patint should remain in the bmpital o cvnvakacent
home wntil chelation therapy is completed accurding 1o indications in
Table §.

Other Meassures

Nu time should ever be wasted in attempts 1o evacuste residual
Jead from the bowel by enema. Such attempts are futile. and in cases
of encephalupathy the attendant delay jeopardizes the childs hie.
There is no evidence that parenteral administration of BAL-CaEDTA
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enhances the abaorption of dead frien the gut. on the comtran . there
is evidence, in ammals, that BAL enhunces the eneretiom of dead
through the intiahinal tract. Newsoanrgical operatwne for the relicf
of inereasil antractamal prissure aie contracidicated. There s no
eeive evedinee emeerumg the cfettivennss of sterods e come
batting evec bl eddema i lead ciephalopathy In swew o evidenee
n animais which shows that stenads enbaone the senal oty of
CaEDTA. thune componnds are aet wsed I the auther Bepeated
dowes of namnitol appear safest wnd nunt cthcacrnn for the relief

of penistid cercbral odema, a5 indicated by persistent  decp
UNCONSTIOUSNCSs.

Asymptomatic Children

Asvmptimatic children should bee separateil from their envicon.
wental kead sourees promptly Usially thae cntanls bricf hospatalization
for diagnntic stuv, prediminan evaluation of (avirommental lead
sources. and prtection of the child until tempueany afe n~idence
is found. The aboraton tests in Table 3 are pedformed and chelation
therapy i given according to the dines in Table 4 and the indications
it Table 5 1f the UCP tent pives 0 T4 revult we do et aseut the
resulty of bliexl bead analisis but hegn BAL-CAEDTA innediately
This policy i« hased apon past dhnical eypenonce. the cmditim
of voung children with plumbisni can detenorate preepitinish even
in the honpital It is safer to start chelation therapy prompily and
then stop if blond lead determinations later prove the initial dhagnons
in error.

Recently we have heen using penicillamine on an invedizational
basis: it has been adnunistered orally for perinds of 1-6 monthe to
32 children without serious side-cfiects The treatment is started in
the hospital and completed in a convalescent home or insputed lead-
free temporary foster home. It is pussible with this drug te maintain
blood lead concentration within the normal range during early
convalescence.

Precautions with Chelating Agents

The main tosic eflecte of BAL arc nausca and vomuting which
can be avuided il oral intake is withheld Due to the formation of
s toxic BAL-iron complex medicinal iron msy not be given
concurrently.

CaEDTA is not metabolized in the body: virtually all of this com-
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Pm:'ml i cxcroted wnclaged by tbe badiey 170 CaEDTA nant,
therefore, be withhold duniug perids 88 anuna. The dmage simuld
not excoed 50 notihg by woght/day exeept in the BAL-CLEDTA

“etnlanation. When EDTA is aduunitered by intermittent intra-

musanlar inpection acconting o the scladule givin in Tabde 4, the
ttlowing swle elficts Tase een olnerved in occasonal patients:
proteinuna, mcroseue bewatueia acul bage epitihal cells in the
wtinany sedineent, by percalienng, amd fever. Tiave wntoward seadtons
are it heguenthy uinessad toward e el of a socosd o sulne.
guetet Gainse b theraps amd call for inaneediate comation of CAEDTA
istrationr. Mot waete seadtions ase Ieen sepotd dming -
traserous adnunistiation and are most ikl o occur whien the wotal
dady dose in adinmistered w fos tham 12 hours (8 Sabe adininistea-
tien of this dog cequue the fallonong determinatunms on the lae,
Juekandd Sth day of vach auarse of therapy . sermm elivtroly tes, bland
wrea nitrugen. calowm, plonphiorus, ailaling phunphatase nucavare-
ity in bl and routine ynnahysis. The pationt should abse be
mantored for irregulantios of cardiac ihvthm. | Nephrosis, winch is
usially reversible, amd In pokalemia are two of the mae serious side-
eficets of CaEDTA —Ed ] p-Pemicillanuue is 3 degradation product
of penictlin, There s bevn eoiderable esperivnce with thae deug
in the treatment of lead iutovication in Europe (9 but at the prosent
tine it is avanlable in the United States on an investigatinnal basis
oy, [t is contraindicated in persom with 3 history of pevicillin sens-
tivity The Jullowving avere side-cflects of penitiilamine have buen
repnted (1) a; trancicnt einophilia, b) erythematins shan s,
) suporficial extravasations of blood, d) fever, o) prolomged blecding
time, 1) teubkopenia. agranulocstosss and thrombocy topenia, amd g}
ncplitatic svndiome. Paticnts receiving this drug must be momtored
with weeklv wimalises and blood counts (1), Adverse side offects
of v-penicillinune are apparently dusc-rclated. Senous reactions (i,
nephiotic syndrome) have been reported in patients receiving 1 to
2 g or more por day. Oliservations in this cinie indicate that dosages
not oveeeding 30 to 40 mg/kgiday in children have not been asso-
ciated with serions side cficets. In aduhs, dosages of 1 to 15 g are
eficctive in the treatment of lead poisoning.

Convalescent snd Long-term Care

The first preccpt of cunvalus~ent and long-term carc is: no child
is ever returned fo ¢ lcaded house. All cases are referred to medical
social service and reported to local public health suthonties. The

PR ~



nracedurcs wsed by the Haltinore City: ealti. Depariment Lar detec-
tien 12° and conlication (34) of Lazardous kead sources in the home
are publiched elvewhere The fancly is evaluated with respeect to the
neﬂ}“"or peschiatric comnaltation to assist i bnnging the ciuld's pica
under control 3 the home is too deteriorated to permit adequate
sopair, the family is asvisted by the medical social worker to find
sew safe Juniing Meadern public jwunng arcas are prefeered. In
5 imstaae should affected chilileen e allewes] 10 renen in the
Lome while: the noeesan repair wesk is in progress. The pracedures
uecessany (o fnd a safe keation 14 the duld often 1 quire several
weeks. During this time it is our policy to transfer the patient to
a convalescent e .

Childien reonering from acute encephalopathy wsnally  exhibit
wvere behavional almormalitics during the first 3 to 8 months of con-
valescence. It is nar practice 10 trancfer all such patents ta 2 con-
salescent dluldrens hoawe and o adamister aal pemcillaming during
tis periend Thew institations usially have an active ched? Wb pro-
gram which can e most henefical in termmating the «dnld’s pica
ar in sevealing new areas of interent to him

Carcful fullow-up ix continued after the clal! returns home We

. enwourage emollinent in a nursers whonl o “Head Start” program

to provide continued stimulation fur the clild Mamy of the mothers
of childhen with plumbism show multiple maternal inadeguacies and
require constant support During the Arst sean aflter acute intoucation
intereurrent infections may be associated with biochemical evidences
of increased «oft tissue lead tozicuy (increased UCP and ALAY (3)
requiting chelation therapy {Table 3). Lingterm adivnmdtiation of
pericllamine on an outpatient basis cannat be reenmumended  at
prescut. Serial blood leads should he obtained at bimonthls mtervale
or mare frequently as idicated. Values in excess 60 ug L. 100 2
swhale Blivad during convaleseence call for repeat courses of CaLDTA
or penicillamine in the hospital. Values > 100 ng Pb/100 ¢ whole
blood almost certainly indieate revurrent Jead ingestion which calls
for review of the pachodynamic asprets of the ease and recheck
of environtuntal lead sources. The families at greatest rsl move
with the greatest frrqnmc_\. This clse suncillance should be mamn-
tained unt:l blood kad returns to and remains wathin the rormal
range (13~10 ug Ph/100 g whole blved}. Phenobarbatal and/or di-
phenslhadantoin (Dilantin®) are aderquate for the control of seizures
that follow lead encephalopathy Recurrence of seizures without re-
current lead ingestion is usually indicative of a lapsc in anticonvulsant
medication. Both scizures and behavioral distutbances tend to abate
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as puberty Sﬂm-.u')-* Rediavion abaumnabitics due b Jead intinica.

. b ean be preath inteavhicl Iy peontently almormal sacthe -chakd
selationships. This bag-tera program sy soom unecsssanhy difticult
an

d tedious, but st is essential if permanent bram damage 1 to be

ADULT LEAD INTOXICATION

Tiwe manazenwt of pliantusin in adu'ts ditiers fron that in childien
moad pes of hazodous exposnins and icasnes fin thar cmtiol
st b) interprctation of cettain ilwsatny data. Principles for the
wee of chelating agewts ate aavutualle the canee ac m the chald.
Ficephalopathy is aare in adubts, in the Uinted States tday it wsualiy
sosults from the cnnprion of Tead-contansnated slbiat g
tovwmchine, “wlite Tighteamg™) whic can prosent quate a diigintic
problen in the chmic aloabolic. The other clinicsl ssndiomes are
well deneribed el whee (130

The following iudustines prosent the greatest accupational hazand:
kead smelting. sorage hatteny mannfacturing, ship icaking. auto-
mative body pating, paintiog pranting. and pottery glazing Some
phaves of the Tollowing idustiics ale prosent sish . petroleuns. cable
eomtruction, comnices, ansmmntios, gadatios shickhog. amd noise and
vibration contiol Tnam industroal peocee the Bazad s in eypneiee
to dust of dnmgame ead salts amd o funws sealting oo hoating
or buming of Jead Thae hazaids can be Largeh comtiadied by propes
ventilation, damp-dusting i the “dudy trades” anteanation of hasad-
o steps and wee of respiatins and protctive dathing In eypraad
witkmen (13). Prstective cdothing must be changed and hands
washexd hofore vating Fosnd should e caten in a safu place <epanate
from the waub avea Tl phusician must ditesnnne whethes adegaate
occupational wafen pekcdores e available to and teing awsed by
the patient Nomindustiial tvpes of evpraure aie bdedd in Table 2

The laboraten paametens ased in dndustiv fin medical supervisen
of cocupational exposed workers are sammanzed in Table 6 The
limits for “safc” occupatiomal evpotitee have leen set arbatianly and
are based on the ulnertation that swmptome rarely oceur in the ab
sence of compheating ithiess unbiss thes hmits are evereded. Quanti
tative data are prefesable. in cmergenens the isterprctation of the
presnmptive tests in Table 3 for chilhen are generally apphicable
to adults, with the exception of bone X-rms which are of o value
in adults.

A varicty of discases are associated with two- to threvlold increases

L m———



I il T

L oven

T RN e ST AR A N, g it iy ¢

—————— - -

-

Toble 6. Lobe-stery Tas's Uses i ingoarial Mad.c.ne 9 Meniter

Ouvesianal E2poire 1o norgenic Lead

Tow

(ond werters
& P B
L4
Depuig.or Shesrptepn Do ptgn

(somecpomd; (worber booity) (mey bu wagpioneiy)

Sond ived (ug Mo 100 g winle
Slesd)

WUeine loedt pg PV Bier)

Newogiobn (/100 B whale
Sigad)

Vg cooreoerpbyre® (ug ‘boer}
[-

Urme®{ & emnsiorin; aod
=g Mo}

<& 3380 >80
< <150 >0
>3 > <"
<230 < 300 >000
0 ++ ++ v LA X X 3
<é <t3 >ie

© Besed on enairss o evermght e (iesl merang sedngl, et wwae de's epicatin to
34-00w wren collectom whuct gra proferable.

1 Tocwn qve of Bemen ond Chnroim doncribod o e arncie ()

T Merned of Moviere ond Gronch () Bt Chna 319 435, 1950), sbtract I ag/bier lrom
00 AlA volvs # mertnd ol Uretg ond Cromct (1 beol Chom 238 811, 194)) weed.

in UCP so that valucs <500 »g UCP/24 br cannot be comnidered

" diagnostic of plumbisin (11) Table 7 shows prnole excrction patterns

in discases somtimes confused with plumbism The combination of
increascd ALA and UCP is specific for plumbum (11). Findings

Tabie 7. Potterns of incrensed Pyrrole Eacretion -\ Urine of Acvte

Symplematic Parents®

Pyovales
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sopgestine of acute mphatic ematuna, gy, protemuna) wa be
present i acute plumibnsm; cactions o lonustiain of BAL-CAEDTA
iy indicatedd in sueh casas. The CuBEDTA avohilizatum tint ( Table
1) hedplul in difficult dhagmntic probleci, pasticulaehy i the
provonce of senal isulboeny and in the alnence of recent kead e

porure (8).

Treatment

Tl ibentelication aml cmtiol of oz dms expenare is mandatory
for cilitve thevapy. Dindicatios b ci lition therapy ace prosented
in Table 3 amd dinage in Table 4. In s dults, the lloswang, masunim
daly ddines il CalBDTA didd ot I encovded. in patrents with
encephalopathy, T3 2 in putunts with astovication it witheut en-
cophadipathy 40 ¢ Adverse e effects of dings are discussal alan e
Supportne thorapy Tor acute encvplalepathy w adults st s
as that log child:en

Esparience with BAL-CAEDTA canbumnation in adults i linutial.
P have odmerved venn prompt selicl of somptoms amd mctalohe abe
notinalities in 2 dew adults with arceplialopathiv, severe cnlic, and
profammd mincke pam and weakness sl eonad cnnbned
BAL-CaEDTA. Colillwrg has repottedd good aesponse 1o oral pueni
cillamine alone (10 to 13 ¢ dahy for 310 3 daysd e naldly somp-
tomatic cascs. European evpoerience duomg the past 10 vears with
p-puemcillanune i adults has Inven gl Oral theeapy has the u-
vantage of hiome administiation and avoids panful ingections

It a5 the author’s personal opinion that combined BAL.CLIDTA
follow sl by oral peniallamine is indicated whonever blood Jead es.
cvcth 100 ug PH/IO0 g whale bheod even in the alnetce of obsmis
ssmptoms Metabolic evidence of Tead tosicity s wnaversathy present
and the risk of cumptamatic episodin 16 conmderalile when blicad
lead cxcerds 100 o PL/1OO g whole blinxl Tlus recommendation
is not verversally acoepted. At issuc is the question of whether treat-
ment of lead intosication should be limted solely to sumptomatic
cpisudes. The reconmundations given in: Table $ are based upon
the-concept that chelating agents should be used in conpunction with
cuntrol of envirnemental expacure to reduce soft tissue lead content
to levels not assocated with significant metabolic evideree of touaty

“(4.11). This approach can greatly reduce the incidence of acnte tosie

episodes and quite prowibly, the incidence of serious sequelae.
Vicarious Iéad hazards should be entirely climinated. Unfortunateds,
increased occupational expusure cannot. as vet, be entirely eliminated
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from all walintod! vpoalry A comitrod pl.-ndmn woprne atoag
shels ot aceeptable Loats of "™ occupatioual eypesure {( Table
6 will by bewared  16) The proscucr of chrame renal. hone or
other metabolic discasos are indicatzons for termmating tucthee ocgu-
mational Gpestie to lead . Upen tommaaten of expraun: unalical
tollownp should be cotmned e Jl patents fur 3 pertod o tune
eqanalent @ twice e diaton ol abmonaad espresime Clabatig,
agents shonld net be adnanestered ciallv an the prese e ol wontined,
nazardogs o spense Onad IYTA morcascs the abwarplion o S foan
the mtestine. Conpuble data o pomallanine are aot avadable.

Intonication Due to Organic Lead Compounds

Intosicatim due o tetiactind load and taramcths ] ead presents
4 apetial peeblem 115 Uxpemure o hnuted cntaely to the wang.
facture. tranepoat, and handhing ol these compounds m the p\-lmlvum
industry up to the pont where e concentiated matenal s mised
it ginohine wan antbnodk addione Closang and apanng of
tanks used for stnage of leaded gasobine way o e hazardous
The numbcr of winkers at sk i linated Hness beging acutely wah
imsoninia, wild and tanfung dreams. emotional intabidits ad by per-
activity . and man Progies to fiank tosg P\_\(lli')l\ The e matelogic
abnoraities of v gamc dead poscming are ot foand Unon lead
exeretion v vers clevated hat bloosd Jead v only sheghtls gl No
speatfic therapy iy avalable. Choelating agents e oot weed . Heany
and prolonged sedation with sboatacting babturates we hoepatal
provide the most fective therape avarlable Flud and <leainhvee
balanee mast be carclolly mamtaned and iy be ddlicult due o
the patient’s hperactivaty Convadescence meay be prolonged and
ponctuated byoecunonce of irratienal bebavior. The disease carnies
a mortahity rate of approumatels 20 per cent.
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