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1. Introduction

will) mjrncf i»f hi.K.-h<nnal ilc
in tin- atncncr of finical «> nipmnii. It u JclineU
h> omftrutcj hi-oij WjJ lcxt.lv »<' .'-O-i-'i uj.ol 11-

viili Uf leveli of 5U-2JO 4-t,JI whole

twiimiMf it JelnirtJ jj fvi.nnf um:ne>er a
clulj Im in; i<nr nr mint of thr l'nllu« m;
I. T»n ttKic^iivc hlix<J ItjJ leveli cqiul to or

pc^tct than 70 uj/dl with ot without tynip-

The Jnr.iKW ami rurupenicni nf ciuldifn >'\-
to U'jJ i« . rapid!} ciur.piip ii<.-IJ Since the Sir. •

ji-un Central^<:atement "M.Jicjl .\»pe..t>««'Cliiidiii<«d

(•> the Crmrr Mr Oisnu Control (l"7.<l »rrc u*ucj.
.•><c>.Jcrabl< M* data froin clmiul. ephKiimiliifUjl.
.Tj e\perimcr.t..l studies tu%» become avatUhlc. TUc>c
Jju ILJ\C imrTiiied upon our LnowlcUfv' nf the CMC:.:
of lead txpinurf. iu soured, and llw rcquircinmts lor
fTc'r'ri and :;!uble ideiuificjiinn and marupmcnt >•>
cluUrrn at rul The CDC rec>»{ni/es that tlterc Kill
douhilcsi he lurihei devel>T1<1*nl in thu field whidi
nu> alter or u-J^fitK our current unjmtaikjint

TIM p<irp<sr of this suteincnl is In reflect current
knowkjff b) nukinf, rtns<0 reconunerijjtiuni lejjrd-
m( the screening, diagnosii. trejtmenl. and follnwup of
chiljifn with undue lead apwiption and lead potsuning.
The uJtinuie prcfeniite ji'jl is idenufiuiiinn and ie-
niuAjl of lead in the rmirriimcni hcfnre it enters llie
child Until this uoctirs, scieening, dia|ni»is, treatment,
and environmental nunjjfincnt will continue lo be
necciijn public health activities.

Definitions

The terms which Ml>«> in this section ace arbi-
trarily defined f>« the purpose of this document

ElnaieJ tV<W tied lf>rl is defined n a confirmed
blood lead 30 microfrjms per deciliter Ut/dl) or
peattr.
•Ltttl toncity is defined *t biochemical te g.
erj-thtocvte ptotpporpliytm* (CP» eijual lo or
peater than f>) 50 vt dlj of functional dcranfe-
menu caused by lead.

Undue ItaJ ibwrption raferi lo excess lead w the •*•!. OK Koio»eiF»«r"« mttlTut itfcntd u u EF.

2. LK lotl e>|uil l» ot pi.-ji.-r than 250 w-'JI
«li»le blood and a mnlitntcd elrtjitj hlunj
Irj.l kvcl eqiui i<< i» |reater than 50 xt'dl »uh
01 Kiihout <vmp<"mi

3. El' k«H pnici iluti 10" w( dl atst'ujicj »uh
a cvnlitmttJ clovju-d bl«uj lead le<el (>JO
l/p;dl) with coinpaiiMe symptoms.

4. Confirmed hliv>d IcjJ level peater fhjn 40 aj
dl with cimpiihle ninptonis and tviJtiKt of
loxicitv (r f jhnorinal Cl', .-jlcium Jisodium
FDTA nuilMh/jtion lent, uriiury annnnlcvulinic
aod extrtiion of urinary coproporphynn e.\-
neiKMi).

Item Jf/u i.mi- <\ists when a child has insufficient
iron available 101 ftyiluop'iou. This ma) b<
caused by irudcquatr infCMion, nuhbstf'pnon.
impaired transport, unpaired unli/juon of iron, or
blood loss. Iron deficiency Buy cull with or with-
out frank anemia.

Ikt ilk)I kTuir-xtiu iriO-IIO mrtKod iixl irpoiitd m muto-
•ntiicl %Hotc Mood. I •( lfc« r>ut^r« o( ihit 4oci*-



II. Background

U C'TVtKT.c. wilh lead wrcenmg tu\ gi.ttn.
j^jrc::.--. >•: the naiui* of ll.e eilccik n| lead on Iwjlili
h.-» b.'ili HivjJencd jrJ deepened In Hie pa»i ntcdi.J
rti.-ni.i'M hj» focii«> ! piuicirVK on ihe ellc.t« of ve\ere
t \povirc anj roitlu:'.'. tet) hiy!i KsJ» hurdf.it «lucli
an adulated with tla»ical signs and uniptnitii of in-
i.<u.3iioti. I-2.J.*..' |t a now jppjrcril ilui les>cr
lexis oi'exf.nure refill in impi<rlanl bi.vlicml.J alien-
ti.-ni. *•' A grow-in;: hiidy of km-wlcdpr injujtes that
•uhilr flff.i* nf lead nuy be e\prcv»-J in altered ncuro-
ft\ch>iliV-~ai heiiavvf of cvmsidrrjMe wpiilujncT. es-
pecially lo ilit griming child (see Appendix A). These
altered behaviors mjy be ucifru/cd b> parents,
leathers, and clinician* at ailennoiul disordrrs. learning
disabilities, or emoti.iu) disturbances «luch impair
rtoprss in sJioul. *•* I0 Botauw >>f the liift ninnhcr
01 ctuldren invnU-ed. liiese aJterse effects would appear
to be the nuin dine for sncteial con.cm.

Uirtc scale sctf.'ninj studies of children without
>\nipti>m< iuvt deni<tn»iraied that tlw nunilwr of chil-
dren found mih undue lejd absorpin<n is greater than
p-.-iouil) t!iou(lu. It was once considered l<< be a ptoh-
ler.i rinrur-.K of the inner part of Urge cities in the
s> •.Jlcd "Lead Belt" uf the Northeast. Ikm-ever. when
children unjer the afe Jl'6)carj »ho live in a ha/ahlous
c:.»-r.T.r:i-:.i conlainmj; excess lead are iciu-d. ? lo :0
r.r.Yni »jll be idrnin'ied with elevated blond IcjJ levels.
T.i> is true »hethtt those children live in the List or
U.-st. Nurih or Soiuh. or in a rural or urhan x-itinj
Thus, the njjniiudo of the problem is peatei and the
crntequen.es more severe than previously ilwught.

At the same :ime. the multiple murces of lead
have come under increasing scrulim . Lead-bated paint it
the most important "high dose" source nf kaj and the
r.:ost common duse of serious lead pi'uxnini; m chil-
dren * • • ' i: The total body burden of a given indi-
vidual, however, is a complex sum of many different
>.-.iors. inciudinl air. dust, >1-14 dirl. and diet (set
Appendix A I.

A nui:*et of uciots can affect the ahu>rpnon of
icjj ^lvul:ter i-hildrcn absorb a peatet prnpnrtMin of
tlie available lead than older ones. Both respirator)- and

ali:.:mlary ah««plron of (cod aif di-r>i>d\-iit on pjni.;c

si/c-.*- '* Cnnil»«ili«m vt H:t diet l\ n:i[>tiani. In-
.KJ^-d dietary fat and d>\»-awd dielarv ir'Ac of .j|.
tun:., ir.m.and pnuiliry inlk-i nutrientt cnluii.r ihc j».
virflion of Icaj from the Hilcvliiw in e\pcn:.ici;ial ar.i-
n-,l> ».H.'*.I7 AhsiHbeJ lead i> ditirihuied Ihrnu^!..
n:i: u<fl Hnuc and bone. IU.i.0 k-jd levels rcllect ihc
et|iiilrhrium between jhvnipu.m. exaeium. and w^uet-
tration in soft and lurd IIUMM:.

The IH«UCN and oipiiv nt.nl srvtrelv allectej h\
lead are the Hone marrow. kklnc>. and bum line of [lit
hinjiemical s\<ieni< IIHXI vn»i»e In lead ellecis is tlu-
IK-UK biosynlhelic pathway A.-mmg ilk* cailie>i «fn> of
implied function is an elevated IP level »ln.li «M|U
finm direct action of kid >«i tlie niiioclioudnj K •<!•.;
V elevation is an earl) anj leliahle meaMire of lu:u-
Imial impairnienl due In lead and became its deiernuni-
tioii avmds thr pn-t'ltm ol Ijl-o liî h value> due to ion-
lamination »ilh lead. L'P lu« become an iinporianl tool
in early screening of js>inpii<ri.iiic children.

It n vtial in foll«uii>|: (lie lev! of llm J,<cunioni
llial screening be vrarau-il n MII JU;II"M» Scrccnn^
rtKam the apr<K-aii«n of Jei.\iion tecli:nqiiei to large
nunihers of children .-oiiMdeu-J a>vniponiaik in o-^ot
In dcternune the degree of lc.nl e\po>urc and risk DIJ{
notis, nn lh> nUiei lianU. mejn- the caie[>-ri/jtion of i
given child appealing lo luu excels e\;<<->iie tu Icja
according lo the seven! v ofhuiden and loxieuy in otdrr
lo uiMilute apprnpiuif nunatenieni. No child wnli suy
gcMive tjnirMomi of lead tuvuitv slioulj he put iluoufli
the screening process Ik or she should be brouglu di-
rectly to medial atiennun.

The symptoms of lead pmvmmg are often »3jue
AnKing the nuldrr tvmptmns and »ifns are fatipbiln>,
pjlor. nulaise, appetite Inu. iriiuhility. sleep disturb-
ance. Sudden heliavioral clia'i(e. and developinenial 10-
pension. Of mure serious import are clumwnns. ataxia.
weakness, abdominal pain. pei\i»icnl vomiting consiipa-
linn, ind changes in <.-onttioufio\t which can preuce
emephalopathy Children »li.i divplav n-mpuirns requir.-
ureenl and llioiougii diapuMi. evalualinn and prompt
inutmcnt should the disase then be confirmed.



III. Screening

Coal
Tlie g»tal i'f any childhood lead pmsosnng pre-

•-evtHin et'l'.irl is tl-? prevention ol undue lead oMwrtption
ar.J leac! rvmtri:-; This require, the caily deUMi»n of
.l.ikircn with u:tduc lead ahsivpii.ni fnllimed bv ellcc-
live mcJi.al and environmental miervenlion before the
.lulj reaches thv stage of overt lead (vivnnif Hie
ichieven:eni of ih:« ;oal can be accnmplislied only by
the implementation i,f the following-

I. A screening program <tr;i.-t'ired In enroll ihe
maximum number nf children in need of fol-
io* up while al ihc same lime excluding did-
drcn mil xvluly exposed.

r. A referial <>siem that insures a c.miprrhenute.
dognosn. evaluation of every Juki with a posi-
tivt screening lest.

3. A method of monitoring for quality and appro-
priaienett of Ihe treatment and followup of
evxry diagnosed child.

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

Screening is of no value without prompt,
•.horo.ijh. and ongoing medical and environmental fol-
lowup of those children found lo have undue lead ab-
sorption or lead poisoning

Target Population
The screcnm; effort should be focused on asymp-

tomatic children known or suspected to have been un-
duly exposed to-lead. Tlie target population for screen-
ing is children from 1 year of age until their sixth bulh-
day who live in or frequently nsii poorly maintained
housm; units constructed prior to ihe I9n0°s or who are
exposed to other hazardous kad touicei (e.g., residence
near lead smellers and processing plants or roadways
with heavy motor vehicle traffic, attendance at day-are
centers or ether institutions where lead-based paint had
been found, etc.). Priority should he given lo children I?
to ."6 months of age. those »ho have a history of pica,
of who ha*t siblings with undue lead absorption or kad
poise-rung. Pica, the repetitive mtestion of nonfood sub-
sances. is prevalent in preschool children, especially
those less than 3 years of age. Excessive mouthing of
foreign objects is also prevalent in this age range.' *

Screening Schedule
Children included mi Hie taifei population ate al

ruk ihrrMifhoul lite year ami tlHiuU he screened al lc:i<t
i-n.e per vear Oiiljien are at higher ;.<i durinj the
Mjy-Uctnbcr rctiml.1* Ideally, ditkiren i: to M<
;:k«ilik of ace whi> aie at ritl, UwuKI be screened every 2
10 3 months during this period

It is important in teali/e that nepnvc screening
iexts in children from a ha/ardou< envirnnnu-ni J" not
lulc out uAx-quenl expotnir Children known to be al
n4. Oiould Ihcrelore be it<kcreened at regular internals
until they reach the age of (• vears or in:il their hazard-
ous exposure is known to have been terminated.

Screening Mvtliotb
Currently, (he mn>t u>rful k-reenmg tests ire EP

and blood lead dcicrmiiiaiiom.-"'-1'---^' Samples of
venous or cipillarj blood* may be u>etl for boiM tests.
but capillary samples are more widely used because of
the relative case of collection

Blood lead and f I* repre>enl ditleroni parameters
of undue lead ahunptum »i pmsonmg Ul.nxl lead te-
(Wets absorption while IT measures the adverse meta-
bolic effects of lead on hemr vvntliesis -' Ulide there is
usually a clo>c correlation between the two measure-
ments, one .ma) be elevated without ew.onmam in- .
crease of ihe other Siwlie> Imr indicated thai when
such discrepancies exist. fP provides a better mdi..ior
of Ihe risk of kad poisoning and of the urgency of diag-
nostic evaluation. At blood lead levels belo» SO uc.'dl,
tlie EP hcner identifies children with ruinc, blood lead
levels and may net detect those children »uh stable or
declining blood lead revels Current evidence suggests
that these latter children *re at low risk •' Moreover, CP
levels reflect sndirtdiial responses lo kad loxicity and are
usually elevated before clinical evidence of poisoning >p-
pears.10-21-15-1*-1' Anollier advantaje of CP over
blood kad a thai it is unaffected by contamination with
environmental lead and docs not slum wide fluctuations
due lo sporadic expi'surc to kad or clian;e> in Ihe
child's physiolofic state (infections, sodosis. etc ).

W-vwl MO) N lijn-
••iKo>

tttm lapti.

m ihc 1141*1 suit * in
• l»t <rr



.1.1* • also elrxaled in iron dcfkiencv uates." and
increased IT level* may piecedc tbe orpcaranvc ot anem-
u Jinn deficiency should llierelore he nikd out rv'.wc
an elevjifd IP level can K attributed to ihe i.vxi. . --.ecu
nl lead.!!••*ever, undue lead a*«<fr>tmu and "IMI i!eti-

•cv docivvu: an<i r1:e ulier tetu« 10 poicniuie kad

l:.m dei'i.xncx it ̂ .-̂ .•rollv DM. uud -vlL taudcr-
i;:.rea«.J 1-1' le>.l> 1*0 -4O u. Ill *liilc nuikcdly

IVuo \?'>Ki j>: all are uuullj due to lead K-.VJ-.
.ttv. Tlie oiflk liiitwn exception i»eiulm-(«i»eii. p.ito-
p.iil'-..vna." '** a rjie j.iiet!«- di*':.)*'! clHiiacleii/cJ by
*»»ve .t!ntr:.,u» pl:oii~.-sii7viiyandse::. !;ieJi LP lev.U.

D' ma> PC mea»j..-J by llu.«ro:iKii) allei exnac-
not. from the led cells i*r by direct ':u'a>uieiiK-iii 41! us
fluorescence in inuocl red cells.11 J: Tins iitetaholiie u
P.-O.MI in the red cells a> zinc nroioporpliyrin.bui /in.
a removed bv the extra.lion pnvejuie. leaving tlie |-P
'free.' Ucauirement nf 'inc pro4nf«orpliyrtn and I:P
after extracik<n reilecis essentiallv ilie uine compound.
F>v uniformity. ii ss recommended LI* he eNpiewcd as
equivalents of free er>tlirocy(c proiopoiphjnn (I'lTl
lif. Jl of whole blood by the ethyl acctatc-acttic *cid-
11C'I extraction meilioJ.

tnlike tf. blood kad to sorcifw fm lead absorp-
tion, wide fluctuations in blood lead value* tan be due
10 physiologic variations or sporadic acute kadexpnMire.
Mea>jremeni> of blood lead. parlkuUrly when done on
capillary samples, are highly sensitive in contamination
»nh envirnnmenial UaJ Thcielore. only low blnoj lead
valje> can be considered • alid. higli values must be con-
firmed If capillary samples are used for blood kad
anjvsis. at kast two specimens should be collected so
•Jut !ujh values rruy be confirmed on Ihc duplicate
sample.

Laboratories nert'orming these blood lead and EP
determinations should participate in the Pml'i.-cncy
Tckiiug Program of the Center for DiKaw Control or
an equivalent v'ogiam to uelp insure ac.uute test results.

Screening Schemes
There arc three possibilities .for Ihe screening scheme:

1. Initial screening »ith EP, followed by blood lead
measurement m pokitivc childien.

:. Initial screening with blood lead, followed by EP
, nienuremeni u4 repeat blood lead in positive

children.

3. Initial screening »nli both EPand blood lead.

The difficulty 01 pen'omiing vciupunciurc at inany
wreer.irf sites and envtronnMntal £miia:iiiruiinni>fcapil-
Urv sjnjles senously unui Ihe use .it blond lead deier-
miiunons as Use initial test n large scale screening ef-

foils. The children at peatest ruk are those »uh adveix-
n>fUh.4w cllects ol k-jj and noi llune wuli a niodei.

aleK elcvjtcJ M.us! lead level «illiniii aitverM1 niciah.-li.
SII.MJ s* I'm it..- or..«, ru« -n. jud due In Ihc Hailj.
bihl> .:! k-ri|4. :n.-!li.ij\ I.H n\ JeteiminalKm.': the I I'
ii|..:. iieiiicnt as ;ne miiial lc>l Hill allou .... pcaUi
mm rvr> ol Jidtlien lo b. Scieciwd wiUi fess uniiect>^r<
luUimup

Tlie Center tm Oscjv (.«idJ recun::,u-nd< ihoi
an I H irst hcusedlnr scicenme, lor lead pmvin:ae luli.iu.

Cd b'. Mnnd lejj itVJ*:irem.iK IIH all cluidre.: with in

eU-v .ted Li'. Tim uviTinvnJjii««r. is rnadf Iv.ause me
tP lu» llu- urikwir; advantages.

1. l.ateofiik-a<iueiiki>l.

2. KeMillsnni aiie.icd hv niviioamenlaJ lead.
.*. C.rcater >.o»t elfcctiveneu

4. Value in Mrparaiitig lli.'»e duldren »nii rising
hlnod kad levels Ironi ilw«e with stable or dcjm
ms; blood kod leveli.

5. KelkctHHi 01 indivHlual's mciobolic rettfonse to
lead

6. Added benefit of detecting ehtldien wli>> nay luvc
iron deficiency.

Since tlit nia)or cost incurred in Ihe screer.m^ process
is finding the child, suffkieni blond inu.t be obtained
at t!ut lime foi It1 u »ell at bl<«>d lead and hematocnt
(II.O nr lieinufl.ibiii tllcH) Tins »ill eliniinatc a se.nnd
visit In obtain aJdilitmal samples If ihe El* detcriiin.j
lion is leu than M e^ual to ( i -I" v^'dl »lmle blood.
Ihe reiiiamdei of ihc sample i:u\ be discarded

When El' is Ihe prinurv tcicemnc, tonl two ap-
proaches are possible

1. EP measured ontiie. Under this plan, .l.ildrrn J..
not kave the screening u:t until ihe rouli of the
EP ts known Cliildten l'.n.i:J to tu«e CP >aloc, ol
< 49 ug/dl inav be Jiwliaiged lo routine lollou .1-
For those with \-aluek of > 50ug'Jt bU'od s*e..
nieru should ilien be uken. if potiiblf bv venous
umple, for bboraiory analysis of biood Wad jr.J
Mel or llgb If irempun.-ture is not puuible. w[u
litt cjpillaiy uniple> to: iwu bl.vod lead analyses
and Ikl and H;l; sl.ould be untamed

?. EP nKasureinent oflsite Under this plan, blood
samples are ..Ule^Kd al ihe scieemng site and «"'
to ihe bhoratory for analysis. Thus, sufficient
sample should always be collected mitially not
only for tP hut also foi confirmatorv tests Tlie
remainder of specimens Inuii those cluUren »!.">;
I.P kvels are ^ 49 wg dl nu> be ducarded f or
those specimen, wuli LI' tallies of ^ 50 t-t dl.
Mood lead and Hct or llgb should be determined



* If screening is being performed M part of •
cnmprelwnsne health are pro(rjiii in area* «lveie ihe
prevalent of undue kad ahtorption b pies.r.ubly
low, obtaining duplicate npillaiy samplo ;.f blojd
kad JeierimnaiHins on all chJJreti ma) oc e»ce>-
tvely cosily. li kc^ovs blood has not been nriuincd.
it may be preferable for die pr.igrani in recall those
children whose UP a > SO Ml dl for blood lead deter-
nsMtwa.

Inierpreijtion of Screen in j Kesults
A >u.gle k.ieening test, eiilwr LP or bkm>J lead.

cannoi he u-*d 10 calegi'ruc ciuljieii for pikuitv 01
uitlfW^p lloth M' and (V|OA<J lead vaiuc> IHUJ.I be. uwd
lo Stre-iiune ilie potential risk ol kad poiMiniiigia Jul-
dren terreneJ.

ClUdren nia\ be divided arbitrarily in four classes
based •« their IP and blood K-aJ screening results (Table
11. Tins .ljiMl'..jr.,m meitlv suggests the leUuve risk oi
lead poixMiinj; a:id the priority for mediwal evaliulion
and cmiiomnenia! interventinii.It tli-mU"••' Af uu-ii t\
t Jut'«'Hif ii.-jw/j.3(*«r Mnreoker. the table should be
used as a general but not as a rigid guideline For ex-
ample, the urgency for iitllnuup is greaiei tot a 2 year
old chOJ whose I P n 100 tv- dl and blood kad is 4<)
«rf/dl l!un for a V; y«i old child whose I:P is 50 wg/dl
and bl«fd lead is X) ugj'dl. \t\ both Jiildren fall into
Class I I . Since a certain range of both lil* and blocs) lead
values is used in live. cla»iiieai.kw.. childtcnjtlitnc CP
and blood lead values fall inlo the upper range of a class
should ft tiven prioriiy over iliose at the kiwer range,
and young children 13 lo Jei i.n-iuiis old should be deall
with more urgently than older ones

CUiS IV chiUten ate at -ardent risk ol* lead poison-
ing and should be prodded immejuie medical evalua-
tion. In no case should they *« evaluated later than 4S
hours after the results of the studies arc known; if pos-
sible, this should lake place uitlun 24 hours Class III
children are at high risk. Class II ait at moderate risk,
and CL>i I children at low nsk.

Some Class I children may be placed into two
additional categories. Class la are children with iron defi-
ciency, and Class Ib are children who appear to have
transient, stable, or declining blood lead levels and are at
low nsV for lead poisoning :* The trend of exposure
should be determined by repeal testing of these children.

TU results of EP and blood lead will usually fall in

Ihe cmretpnndinf range I (.merer, in some cases, there
t%ill he di», ic:\4iuicv In ilicv cases, the result of the EP
,..*;J he lord u< C»l-MiJiil-f ihc prinuiy fur medical

evoi.-jtio-.i Unei. tiie ! r v^u.- n ^-. ;i,.j>nl\ jicjiet
Iliali Ilk' Mnud kad ».>—id picjicl. ilu, luUinj u most
likely due lo the combination of Bur. defic.enc\ and
undue kad ab*>rplHia.

The wreenmf ell. it slumld he fn.u>ed on J<\mr-
Inniaik ciirfdren lb>wever. cluklren nu'. be f.v.ir.d lo br
•ymptomalic only at'iei «.:e\inng rushe.-u dou.- Iv »j,iv
.ases. tliev diiUren «!,. ^Id he releried i'or iiiiirediaK
.-valiution rci^rJIeuoi ihe

RISK CLASSIFICATIONS FOR ASYMPTOMATIC
CHILDREN

|To Reflect Priority loi Mrdi.al Evaluation from the
Screening Results

Not 10 be uwd lor Diaenottii-1
Test Eryuirocylr Pruioporpliyr

Wood I

IIIV-M9 >:50

1

[ Not oonc I

KM4 Ih
SO-sV)
>70 ••

b
II

III

b

III
111
IV

EPP»
III
IV

IV

Iff* • ti>iiu.«r«»<«i»-
m*i MUM kf 1UO

- prMi*.«. tl
•WiUIClt

NOTE: D»f"K naltuiiwi HanU kt *«id«* meet
t«*tlr iku KM dnxftauMi mild wMtwui

I Chl*«*
JL CW*« Klwtt ktkjd tnd wd W nnm pUer Hum

h SMI kt tiKffuuwd i*» w|ftut4 swttten nf« u dx win-
ynuiiMi •( mmuix rtuln. km i>« fiMl 4i^iiMi wd 4iwo»-
nw ml OT • IMrc cemH'it •rdol Md bk*olwr •«!«•«-
<•. »l ik> M*«dial ckjld.



IV. Diagnostic Evaluation

in; lesli jre not diapmsii. Tlterefore. every
.: i'j with poialivc scieenmg lens -J-.nuld he evaluated
mdikidujUy to deiertniiw Ihe sci. .i.nen of the ex-
p,-vi'.re At tl:c ir.ttial du;m>tlic evaluation, if the icieen-
uv 'e<l wa> done on .arillary blri<J. blood kad mu»t he
tepcai.'d tin venom W.i4 for conlitr.sation »1 screening
test results Additional blood may he necesiarv f»r such
tests as complete hlood. counts, xerum iron, total iron
biuding Capi.it>. and serum fernini if available. Ihe
•mounts necessary for these tests, which usualh exceed
Ihe amount oruairuh!.* by apillary sample, can be ub- '
lamed during a single venipunciurc

llcnuinlofic ie«ts assist the clinician in evaluating
tin- relative contributions nf increased lead hod) burden
and iron deficiency tn ihe degree of elevation in LI1 that
is found. A hlood IfJi! measurement is absolute!) essen-
tial if Cr is used as the sole screening test.

Afier confirmatory venous bl"«d lead and LP
ie<;> the diagnosiic evaluation should include the fol-
low ing

1. Detailed ru>u:v to include the presence or ab-
sence rf clinical symptoms, child's mouthing
activities, existence of pica, nutruiorul status,
family hisunx of lead poisoning, possible
source of e\po\«re, and previous blood leoj or
CP dc:erminaiions.

2. Phv»,.al examination.
3. Nutritional status and hertuiolngic evaluation

for iron deficiency. Not only docs concuirent
iron deficiency contribute loan elevated El'*',
but there is* evidence, that n may enhance lead
absorption and toxicity. " J3

4. Confirnjatorv diagnostic lests.
,\r initial plan for management requires that all of these
interacting factors be taken into account. The initial
plan should he modified as indicated by long-term trends
in lead absorption, exposure,and duucil status.

TeM*.
In addition to .confirmatory and serial I.P and

bl" -J lead deterniirutront. Ihe following tests may he
usctul if available in assessing the patient's lead absorp-
tion status:

I . Fbt Plate of Abdomen
Kodiotofuv examination tiljl ptatct .<: il.r jh
diNticn may reveal laJiopaiiue IOIC-CM inau-rul
but only il uk.li matmal kit been inccsted dur-
ing Ihc pieccdin; ;j I" .'(• hours. In view nf the
sporadic nature of k-jj i i iyeMkin.l l i iNfxaii i i i i j .
IKHI it tifiulicanl milk il p>xitive. hut does 1101
rule mil lead puiM-niii: il fK-jjiive When po-i
live, il indicates rtiTtil snfestion of lai|;t
amount <otU-ad

1. X-ray of Long Burse
Radi>va|''iik- examinaii.ni lor hands of in-
creased density at Ihe meuphyses ol the gr.m-
ing long hones ttjnds "f increased de i iwiy (col-
liK|iiull> referred lo as "lead lines" I are utualh
measured in poslcrmi -anterior x-ra> news of
I IK distal ends of the radius and uliu and the
knee (distal femur, proximal lihu and fthub)
(sands nf increased deti.ny. when presem. it
fkct disturbance in the de|»>Mlion of hmic min-
eral and indicate past exposure Their widih
and iniemily re lie. i prolonged previous lead
absorption but do not indicate current info>-
lion. Tliev are seldom seen in children under N
months s>f are. Negaioe tests do not ruk out
lead poisoning

3. Calcium Uttodium EUT \ Mobiliuiion Text*
Children wlio are <v nipimnaiu or whose bloud
kad exceed' 70 wy/dl should not re.eoe a pro-
vocative clielaiion test. Instead, appropriate
clielation therapy should be instituted It is pjr-
Itculaily inelul when llie screening tests indi-
calf that the diild lus undue kad absorption
(mil teuJ ixitLnitiif n Jt-Jmrj). and there i>
some question is to whether dictation therapy

•is indicated. Its itte should be given serious con-
sideration. TViis tevi piovvjes an uvdex of the
mobile or poientullv MSI. fraction of the total
ht«ly lead bwden -•* "-. ' .i<"nallv. it mosi di
rectly deiiH-nsiram «lieiher clwLtioii therapj
will provoke a nfniiUani diuresis of kad.

EUTA svkicli diirs wi muim -lM M< kc



Ihe ulcal method r» In aOViinuli-r caUimndi-
todimii I I>T A with added p.Kauie by deep in-
lijniUKuUr injection m ivodnxrs .>: *i») milli-
grams pei v*iare meiei mi; .n-1 >.i l>.u\ »ui-
lac.' area *wr JiK eiven al IC-li.'.i n-' .-r-J»
l"rme i- .••l.c.icd lor ~:4 hnuiswiih "u-jJ-irce"
apruiji.: ' alter the initial mkMKW '• \unyk
joxr. i,i:lo»ed by a "4Ji4xn .nllectinn ol urine,
will al- jiitlce." In either cav. results are
cxpics..\l j> use r-iu.. r'.i ol k-od ex.-uted per
:m!.'i*:rjir of calcium di --dim-i 1.1)1 \ HIKCICI|
Alalio ujPh.'nig t'.il III Al > I i :.kii.alive ol
j live). !J ..-i.iejse in ilk- iu4»ile 1,1 . p >ieuuJI>
: <xic ;i.. Mil of Ilk- loial hodv I.ad biiiJeii.-*
Cwrrela.n-.. studies >nwc\i dial sjch lev .-Is arc
aisncuicd with » stfiiiiicanlly increased risk ul
loxi.it) due to lead *4

l*rac:i.al conudcralions nuke tins ie\t difli-
oilt ir, vising chsldrer. Alteiiutiv.-lv. i single
Ullianii.-.uljr dose of 5U iiillllfunis pel kilo-
e*ari (r:).; k^) of h.- '.\ weiflit ol caKiuin di-
»>diuii< I I'TA (nuximnii d"V l.iHW uij:) (ol
i.iwed by i|ujntitatikc rv. in Munir ..4le.'tii»n of
unite i> I..HC xfl-.iiii.-nt '* I nJer tliew .ondi-
lini:> :̂i .x.ieliiMi ratio (y* I'b t;:̂ : Cat DTA)
•>i -• li ••: kad cont.-iu ereater than I ing per
liter i>. oMsidered "positive",
musculai dose of SO inllipjiiis |vr kilogram
lineljil of body »ei$ln ol cjl.ium di»-Jiuin
I DTA liruximum d-». Uklll mgl f.illowed by

•SfCiUl "koJ-Hr'*' .glleeiinn arriaiut mn%i hv «xd lot kjlij
mi ICMJIV The L.i«.ijliK> pcil.*: im; ilu ^iult.is mu\ w-Tl)

k-r cr4lc.li. n >rr>ralu>. Il it preli-f jl'U l!.jl mine U
il«nl) ir.l,< (Hilki-iri)kll* in -»lv rr..p> km li..tllc.

«hi.-k Sjk.< k.-en -ul-f-iu-J to iKv M.IU! .leanm' r'**.v4uti;«. f,4-
k.««J bi »4»iiin; ir. I svi.rtl m:ru asij. l.4k.wi-J t>> .**TM<IH
nr»«s «uh dektni vj JiuilkJ «ju-i I'.H .liiktuT. v.n.i jic rwt
l.̂ 'l :i.:neJ. J.>Mt*ib- ttsmr-jrofw-n* flj^i. p.Jt^UK vrini- i«»l-
lr.u«t n~i\ Kr vx-d I'lMK i.-ll.-.uj in lln. m .tinrl -h.'ukl b>
rrjn>'rrr«J dn..;i> in ikr mirw >.4K-,ii.«i K.Mli>- \rpi.Tikjlc
pi-«rin.« »l iti.- ...llc.i.-J imn. -..in k>Jiu.W.MK >.•! wOl
sutatku wi «nl) Icaa kv< al-» ALx "

qionniaiive i- lo H4ioin c<4le.iHin of urine is
. iru-ie ."niTnH-ni '* IHsder ihev? cinidiiions. in

ex.reli.'ii IJM.I ijif Ph nig Cal OfAi ol>O.5 or
U' ...... i. "i -.-luier ilun I nu; per biei is con
• u.-iec ••[••• n»e.™

4 liuinwd e\.tk-ih«i nf i-amiiMile-.iilinic aeid in
mine I \L\lt I "
Al \V erealei tl'in • mfni- l,u ^4 lhi..r% :j
ciHiMderrd a si^riluant JevuiH.n ir.Mii n.ir itl

5. l-k-reased evcrcn.«i nf eaprutvurphv rui in urine
la-i.i
A «ii..i!tlk |«*^iike winu|«...:iiiiative jrin.irv
• , r-.;'.«i»li\iiii le>l i\ a>« .u,.d will-. :>l.>.s!
it-^tl ..•n.ei.:ial***i> -Iml^v Jl '•

6. InliilMiinn uf ' -aniitii4evuliitale debvdrji.iM-
I VL \ 1)1 actnilv.a* a*wye«l in kilro in cireulji
inf ery ihrncy irs
l!ns ie.1 u lin.ii.-.l •r. Ms availjI'Hitv but if akj.l-
al'ic n useiul KeJikiHMi ol Al A-f) acioi;v lu
15 lo **> p.-i.ent of n.Hnul for the
uicih. •d'"5 ' ' I- r.iieiailv coiiMdered |K->iii\.-.
houevei. I he reader u ad»%.-d to consult the
references .ned

7. Exaininalion •»( red relit fur ba^ophilic siipplin|
.Siike has.>|'lii!i. Mij'i-linj; i. i.iti unoei.jIK
found in Jtioin. cli:ii. al lead p -i>.imr.j and is
relaiively nix-n-inve io U^ser degiees 01 lead
loxjcii) . this is ILU .onudercj useful in diagno-
sis.

CAUTION:
If lumbar puncture n m'..-\vii\ to rule out meningitis
or oilier serious divasc. u diould I'. |-e[lorii..'J cju-
twusly and only alte: .aretul >eai.li lor signs and
sympionis of increased intracranul

Sin.e ticiklt are if;- nuiil.wrui i.»-j»uren..rt, 01'
blood lead and EP land >:l-.-i test> a> indicated i ate far
mme raluable in J Î.UM. -IK! nianageuwnt il̂ .i data
obtained at » >n>gle DUIIII .1 mr.c.--'



V. Clinical Management

Ihe c:a><il*icau.<n «ssteni JV«crihed under Ihe
».-.•itmis se.-fi.--n i» ,-n l>e mnjrfiej by ihe resulK"! the
di:fn >*:i. .•-.aliuitor. In Ihrs manner, alter all triform--
t . .- available lo ihe clinician, the child's true n4.
»L'«'l:ca!io". is esuHiiJied Clmi.jl management m-
.iajes reduction of the chiU's lead exposure, general
rediairic cjre. famrfv education for all. thelajinn ther.
arx for (one when -rr-inprijie.and ccnrcclinn of nutri-
ti.-;a! doi'tciencies »l-.;t- they exist The plan for clmi.al
marvaccmcr-i :ei)uiies :!at all of the interacting factors
o:' lead ar>«.<?->tii<n. v-\p.<*Bre. age. and clmical status he
las.en mto a.cotim. In addition, ll-.e .hikl must he foi-
kmeJ until lite risk of further danuge is minimal Re-
duction in rngfttion o! lead is ihe single must important
IJ.-I.-H in pedjtnc r-jnagement. The fanuly of the child
w::ti undue lead absorption or lead poisoning must be
i'_:h informed of ihc condition and what dirucal and
cr.vitonr.temal actions lo expect.

Treatment of lead poikming rri|iiiies a clear under-
su-id-.ng of th« pjihrr-hisiologicjl elfrcis of kad in the
h^i.-in body. The physician and others caring for the
cl.ild must recognize ilia I kad poisoning is usually *
civoni.- disease, related generally 10 the chronic inges-
tion and absorption of excess quantities of kad. Body
stores of excess lead may be quite large and are quite
zufli-nr-t-.l} removed by dielalion therapy. Acute illness
is -r.lv a period of acue decompensation in this .hronic
di---j>e process and should be vw»cd as such Treating
during a phl>e of acute illness wiD relieve symptoms but
is only the initial phase of care.

The cornerstones of clinical management are care-
ful clinical and laboratory surveillance of ihc child with
mjj.': redo.(ion of lead exposure to pretent further ac-
cumulation ol lead. Tins also allows spontaneous excre-
tion of previously absorbed kad. Chelation theiapy will
r.ot be ne.-essjrx for most childrer.. Suggestions for the
cl::...-j! management of children are outlined in this sec-
lion and are dependent upon the risk deiermmatiom
H-..JC during diagnostic evaluation.

For !'•--• r-otpcsci of dinial management, the nsk
iiejones are defined as follows:

t'-icr; Kak - Children with confirmed lead poi-
soninj as defineJ. reprdless of the presdnee of
absence of dinical sxtnptoens.

Kit* - nuldren whose repeal LI* and cim
lirnulory sem>u> blo-J !rad kvel» fall in tlie sjn-.c
range *> Cla« II and (la>s III of the wieenmg icsis
(Mil wlso also luve a piKiiive J'al 1 ) 1 \ muhil;;j.
li*«n tes: or other tonlirinatory dujni*siic test*
("last III children wlm iiare not had ..<i.firr.uior\
diagnostic tests klmnU Kr i..-i^-l^r,-,| hifli risk un-
til evidence n available <.< piite them in another
nsk category.

<irWiT»(<- Rut - CluMim «|M-,- ..-p-ji FP and
venom blood lead levHs ljt\ mi .> Ilk- \anie r m^r t\
Class II of ihe vieemii; lesubul «)..,.« ..ihcr ...n.
firmatory diaeix'sn. tesis are ne^atike.

io« Rut - Children «kh.<se repeat CPand vrnn,,,
blond kad kvels fall irto Cl.iss I of the scTCcnr-f
tens. These children are usually not given oilier
diagnostic tests

Th.- above cate;ii;i*atHvii b <ib<:'a:v and allows u.di
vidiuhrjlion For example, a *il-n:i*n:h oid .Inld »i:!i
petvi-lent pea »liose env-.r.'nae-iijl lead ha/aid cannot
be controlled salisfa.-tivilv. ek,-n il lus/lier repeat EP and
venous blood lead levels tall m the range of Class II ar-.J
othei diagnostic tests are negative, may nonetheless b<
con^deied lligli Risk.

URCEMT RISK
CluMren willi confirmed lead poisoinr.); as defmej

regardless of the prewiue or jhx-nct of .lir,,.-al sx:-.p-
l.-ms. should be treated »nli the ume iniem.iy 11 J.»-
dren with frank neurologic n-jiiifestations The hi*).er
Ihe cnnfirmcd venous blond lead, the greater the need
foi .-delation therapy Severe and permanent brain dam-
age nut- occur in as mans it *0 percent of children u .'i«
develop acute treeplialopaili) • Treatment riefnrc onset
-rtcneephalopaihy wdl improve ihis gnm prognosis.

Chit-vim'** and Coffin el al * and others have
JewnbeU appropriate pmnKnl-, for mpaiient cheljn.m
llieiapv of iliildn-:' miih kad poisonmp. Multirlc couises
af .helalion Ihcrapy may be ne..csury. Il i> e»eni.a! f
consult such tcfticnces *>eiiMC ircaltn* children in or Jer
lo pitrperly appreciate the uilierent dangers, precautions.
and rationale for tuc!i treatment. Special attention should
be pven to the proper use nl British inn-lewisite I UAL)
in the treatment scheme with calcium dtsodium EDTA.



rViu.Ouimne a »•» lev.-mmctkled at the tn-lul treat-
men! for duldien m this category.

. The chionicity of kad poisoning and undue koj
ae>w<rption as a medical problem fa tlie injiviju.1 Juld
must be emplusued. Children wU> require ......jikm
lUrapy mill require k«if-ieim medical >tnvedUice arU
care. A iron-iiorv clc.ation of Use LP BUY alt-- he ob-
served during" and rtn.iwdiaiely aftrt chelaiiun therapy.
.-Vier jn a-y-.rcmlv >_ceisful course nf therapy with
calcium dikkliuin CDTA incorporating BAL a* neces-
s*iy . the "rebound" phenomenon nuy be i*scrvej. The
blo><d lead level, having dropped during neatiiienl. al-
nu-st invaiiahly rises afoin. This phenomenon rcilc.-u
ref.nulihraiu<n ol" stored lead and i« not a reaw n to ir.-
te::upt trcatmmt. The decision to repeal dictation ther-
apy a ba»ed on Use bl>H<d lead kvei alter the "rebound"
has occurred.

Reduction of kad intake is urgent Tor all children
in this category, both it part of immediate therapy and
as a part of the folio* up preventive procedure. Children
receiving .Hub lion therar-v should not be released from

. the hospital until lead hazards in their homes and else-
where in then environment are controlled or iuitabk
alternative housing arranged. Thus, Ihe appropriate pub-
lic agency in the community must be notified imme-
i!uuly 10 initiate environmental investigation and inter-
vention.

After hospiializaiion and removal of kad from
their environments, these children are still at high nsk
and should be followed with blood lead and,'or crythro-
cyte protoporphyrui determinations at I lo : week in-
tervals until those levels show a conuuiul decline for al
kast 6 months or stabilize. Thereat let. they should be
followed at I to 3 m.mth intervals (at kast eVweek inter-
vals in summer months) until 6 years of age ot older to
•prevent repeated poisoning.

Ncurologic-J and psychological assessment should
be obtained at the lirr.e of diagnosis and m following
(•ears so lh.t proper therapy and school placement can
be instituted. Additional dimcal and laboratory evalua-
tion should be conducted when indicated to assess other
sequelae of lead poisoning, such u lenal, myoardul.
and metabolic disorders.

HIGH RISK

'Many diJdren m Ihe high risk category wdl have
been given a calcium disodium EDTA mobilization test
to determine Ihe utility of cheianon therapy. If the cal-
cium disodium EDTA mobilization test suggests the
need (ot delation therapy,inpaiieni dictation slwuld be
performed if feasible. L'ndei some condiuons.it may be
possfck to treat the children without urgent risk factors
as outpatients. However, this should be reserved for cen-
ters capable of providing closely monitored outpatient
care and followup supervision. Particular emphasis

be placed on the "rebound" phenomenon and

cmirnnnu-ntal mleivemion and -MU-IIIOUII-:. In addition.
Use patents should be cooperative and demons! raie tliai
they are able to follow imt ructions In such cjrcum-
siaii.tv calcium, di^sliuri IDlA may be administered

. .*> pi.i.vol.

*. though le.eiving increasing alien-
ln<:i tor tlie lic.tii:.cT,i ot kad puu-ming in .i.ildre:i. is
not Ikvnsed by UK Food and Ikuf .-Vdniinistratio..
ll l)\l fin this purpose Tlicictnte. am phyu.uiior p-j-
pa:-.: rnnlung lo uw this Jruf a- a chelaiinf agent 101
cbldien slkiuld use u in accordance wuli cuireni ID A
policy. In iki .j-rf ilkiukl H be iu>-d in children«ulioui
01 u. lieu ol contiol o: lead l.a.-ard sn tlie.i l>oine»i:i.e
d.iU troiii uudie> ol autnuls indiuiie it nav uicre^sc the
aliKiirtioii of lead4*

Iligli risk childtcn should he followed »uli blood
kad and/or cryihrocyie pioinporpli)-rin determinations
at least monilily. especially ui ilie suminet. until the
sour.es of lead m Ilicir enkirnnmeiit have been removed
and until their blood lead and'or erythrocvte protopjr-
pl-.\ nn levels have declined loi P months and stabilised
Tlieteal'ier, they sli.iold he 1,^1.-wed al I to 3 month
imcivals (al kasl o-*«k uiienjU in the tumnier) until 6
)eais of age or older in ordei to detect repeated lead
exposure and prevent poivning. Careful neurological
ai.d ps> cliologicjl assessment is advised lo delect any
behavioral or neurological deviation early so that proper
therapy and school placement tin be instituted.

MODERATE RISK

Based upon present evidcn.c. children in this cate-
gory generally wdl not require Jiclation tlicrap) Reduc-
tion of lead intake from all so.u.es tiid Cf.ic.ful monitor-
ing of the child will usual!) suffice.

Until the lead hazards are eliminated t'rom then
environment, .these duldten should be followed ai
m>«ithly miervals in lumnwi arid otherxv^c si 2-mor.trt
intervals until at least 6 years of age Afie: they are no
longer exposed 10 lead haiarj>. they should be evaluated
at 3-month intervals Such follow up sfiould continue »r-
til tiie child is at kast .V- months of age 01 until the
Mood lejd/eryihrocyte proioporphyim kvtls rtlum to
normal.

' ' All children in the Urgent. High, and Moderate
Risk categories may have concomitant nutritional de-
ficiencies. These deficiencies may increase the child's
risk from lead by incrca.ing the absorption, retention,

.and toxiaty.*'1*-17--- All diudren sn these nsk
categories should receive a careful nutritional evalua-
tion, including appropriate laboratory tests. In addi-
tion to the care provided Tor undue lead absorption
or lead) poisoning, appropriate nutritional Iheupy
should be provided. Il may be particularly impoiuni
lo correct iron deficiency and matntaia an adequate
calcium aiukt when inenastd kad absorption is
found."



LOW RISK
Thoe cruldren did not have sijnili.anl exiden. e nf

-mjik- kad absorption al the IIIIK ol Wsiins llo*.-vei.
•KA require pettodi. le-.-TCvnittJ mini llii-v tea.i l':ei:

vxlli Iviihdav . ("hiulicti fchosc I'l* esvvain ': i« '-'I
caused hy kad jbs^tpii.n ilwisU te.eive ar-pi >i 'ale
mcj...i alier.ik4i and ..'ie tor Ilk* • edi.al eondiu-m
dcterr:iiik-d lo be responsible lor ihe elrvaied I P Oiil-
dren » nh devaied blooj lead in the ahrfnce of loxicily
J«"..;d r<e es-aliuted at :itonihly mlersaU uniil a deter-
mmation is nude thai the child docs not have undue
:e-jj abs.<rpiior. This dc.iuon car, generally be r.ude
wuru.i 3 montl.s

In .iKi.luu.ai. .hiatil m.m.ieement of lead pntv-n-
taf I:M»I mclikle jrp'T"-"1' Hcaink-nl. adeiiiuir Inl-
l.mii;- -ii-.i:onruiiij| uilrrk<-iiiM-n. and tamilv, edn>]-
:i.m < lu-l.r-uMi il-.eup-. i< indicated Inf Mmie ,l.iljien
«kilh iniJue lead O»>MII|'|I.«I Ilkmrh Hklis.iiin,ii n<
ctieh:i<-n l> iin«i\e. «ilhh.4dnn: •>« d.'lavn.g .:..-ljin,n
llk-i.rx is altai unwtM.- when n ^ mJic-ated The pi'<».-
ciai: rr.ivklinp klnu.jl nun^-iik.i.1 r:,usi kn- A <•:. cur-
u-tii MjUi. <%| the .-<iiU\enviionnseni. The opi.. ^1 l i e
qik-i,.v i if lidlownp it dependent on nuiu la.ini. in
.l;j>l:n; ilie diild'- aje. envunnnienial status. ji-J ii.-ij
nf L!«Malory lesulis
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VI. Environmental Evaluation and
Lead Hazard Abatement

Environmental hireMn*.iiti-n arid mieiietitinn
on-.JJ *>cpn as ><«m as lco>l p"iM<nine. «• undue lead
art«orpt.on tlalu> is cvmlitnscd lead haraids mu>i be
identified and rei:uweil imni t!.e e*iviioni:ients of chil-
dren nil!'. lc*d pi',s.«ning and undue lead absmpimn. I'll-
oitttes :'.sr actior. -!.ould he determined by the child's
nsk cla-ificj;ior Children wltu requite hospnali/alion
and chelaliun ihciafiv arc at lu;!se<l risL of perniancnt
neur.>lop. dxn^-e from a ic.mreiil cpi^de and con-
tinued high level exposure. Therefore, children m Ihe
I'rgent and Ili-h Risk caie;<-iie* should icceive first
prnmi> for emiionmental imTsnrjiion and tnierven-
tk<n. The next pnorily is given 10 the environment of
children in the M.-derate Risk category.

Tie sdentu'icaiion of kad hazards and the reduc-
tion of kad intake of these children is as much a medical
necessity as is clinical management. Tie effectiveness of
environmental mieneniion is judged by Ihc response of
the child and not by the services performed. Environ-
mental management is nni successful or complete until
Ihc child's EP and blood kad levels have declmcd and
siabilired for it least 6 months. The identification and
removal of one source of lead exposure don not neces-
sarily mean thai the child's exposure lo lead has ended.

Lead-based paint on interior and exterior surfaces
is usually the mo>i important single source of kad for
severe!) poisoned children. However, there are other
sources «hich contribute to the child's total lead body
burden, Lead contained m aii. dust, and soil may also
constitute a hazard for children. Lead in food and food
supplements, houtchold utensils, ceramic pottery, and
printed mailer tray serve as contributory sources. The
burning of leaded materials, remodeling of old homes.41

automotive emissions, and some industrial sources lo-
cated near residences or schools contribute to airborne
lead and lead in dust and soil. Lead in dust and sod is
bccominj increasingly suspect as a source of kad ex-
posure for young children, especially thai wiihm 3 feet
of the house's foundation, inside the house.'J alorg
heanlv traveled roadways, or on vacant lots where hous-
ing has been removed.4*'* '

It is also important to consider the occupation of
the parents and associates. Woikcrs in kad-relaied indus-
tries45 an bring home lead-rich dust on the work doth-

n.:. slMirv and Inn. lead p.i»iiing in d.iklren has been
traced lo thes» sources

Alihou|*)i the cluU's home tiMuKv eoni-iiu ihe
>-.urce ol hit lead exposure, this is nni j!uays ihc >ase.
!L/ards mav also exist in oilier pLicv> where the cluld
s|<ci«ls or has spent a tonshlcrohlc arnoiuii nf time.eg.,
prior residences and IHMIICS of reiaiikcs and friends In
vcstif.ilors >liould ctMiuder all sources of lead and should
appropriate!} umple all p-lential haurds for ilicu lead
..Hitenl. Tk-xr MIUICCS other than lead-has«d paint must
IK- reduced or removed. 01 the child removed from the
source.

Portofile x-ray fluoietcence aisalv/ers can be used
in idenlifyin; lead-based paint lu/jrds. Ticsc in-uu-
ments an measure kad emitenl in pained surfaces w i t h -
in i 0.2 nrg/cm*1 Reading, of 0.7 nig/cm* should be
considered positive It is imporuni 10 note Ihc lead an-
aly /ei rt a pri*iahilny uinplmg device and repealed read-
ings are necessary for pioper reliability.

A kad-hascd paint lu/ard exists when (a)\RF
reading is positive and Ihiihe surface being tested is
reachable and chewatilc 01 contains damaged paint
(cracking, chipping, ktote. chewed) Lead based paint on
iniacl molls ceilmp. or miier surfaces not accessible to
the child does not commute an immediate hazard In-
spectors should <4>iam measurements on any interior or
exterior surface thai nuy constitute a k*d hazard Tus
includes walls.doors «nsd>>w Iramcs.baseboards, guatd-
rails, fences, and ssding Uutsidc inspection should en-
citmnass garages and other adjacent structures as well as
the main building.

After Ihc kad hazards are identified, parents and
landlords must be advised on the extent of the problem
and wliat must be done to eliminate it. Tie investigator
should recommend mcth.-Jj for eliminating the haurd
This should inctude repair and housekeeping measures
thai an be undertaken immediately, tafeguardmg the
child until permanent abatement an he compieird. Il is
extremely important that the physician providing medi-
cal are to tlie dnld he informed of the results of the
environmental investigation and the course of interven-
tion that has been recommended. If surfaces containing
lead-based paint are identified Uiat do not constitute an
munediaie ha-ard. the owner, landlord, and occupant
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-nould he notified and -nloemed ilui the turiace. if
properly «uinuincj.doe> am present an imniediaic ha/-
ard.

TThe follow mg mil lutes some cnnintun iik-,ii»J» lor
reducing lcoJ4vjsed p-aint lu/uids.

l-ll \SE I - EMFKUENCy IVTERVENTIOX

Inie-ieticy mea.ures provide iciiir>uarv niter-
ter:.oi. aiJ immediate cimtrol of k-ad ha/ards wml
pcri.ia<tvnl !:a/jrd ied::.tk*t is tnmp'cied. Linerpeii»y
ha/ard jhaiei::eni uiclikles scraping nil aid rcioovmj all
peeling, flakinc. chrweJ. and readily -..c«iM.- U-aJ-
hatftl paint All diildien mssst he ifinntvd finn: ihe
dwelling and adults i:iu>t lake due prctaulkut duunf.
these actmiH-i Co>e:ui|i wild aJIn-MU-hacked pap*'.
r-_i-»:ii^ lap-.-. of'similar iiialeiials nuy also he uvd.

F«n>i!i.-. Jinuld he instructed on incihod. .H mam-
iait:i:if these area* fre.- • •" loose and lljkm; paint until
th: hazard is perniaiu-nily reduced Hou-tfk-fpiin; ttcli-
itiquet such a> llioio:ij:ii sweeping and wet mopping
fVx'ti lo remove dusi jie essential lo mainiaiii tem-
porary tniervemion.

Emerecncy intervention mutt he prnkided l>w all
children, narti.ularh ihosc who are li.ispiijli/ed or un-
dergo ciieiaiion thcr.-pv They ate al hî iesi risk of
permanent body damage from repealed exposure.

PHASE II - PERMANENT HVZARD REIIfCTION

Permanent lead lu/ard reduction iik'a>ures are in-
tended to reduce lo a minimum tlie p.>v«ihihiy of ilie
identified le«d K'nrces causing a pn'-lem a^aui Perma-
nent hazard abatement consists of the removal or perma-
nent covering o:' the lead liaords Occupants should be
^lused of ihe proposed actions to he taken and ihe
posMble dangers during: abatement procedures All chil-
dren mutt be removed irom ihe dwelling, and adults
nvjst take due precaution during ||KW J.IIOIK-> In addi-
tion to the workers fi-.ll.>ssmg the usual good utdustrial
h\f enu practices, approved respirators and piou-ciive
.-billing should be worn. Lead-s-oiiiaimng niateiuU re-
moved during this process must be disposed of in a safe
snaimer.

Wall coserinp, use of heal, sanding and scraping.
aiJ liquid paint removers arc the mo>l freqik-ntly u><d
methods for permanent hazard kbaiemeni. Thew meth-
ods are outlined below:

Hall Coverings

Tins method is llie safest to use. In many cases, il
a ihe most acceptable and least expensive. Il n most
otieri u»ed lor large interior areas. Virptahle wall cus-er-
inj- in.lude «aJlboard. hjrdboard. fiberglass, plywood
paneling, or a similar firc-resuunt durable materul.

These materials must be firmly applied hi ruiling.
cciikiiiinf . o< Cluing lo prevent llieii removal r>) a small
child or by normal weai Tie appd.aimn nnisi be reirnin
pio.tt M\4 i.*. ,!.:i.ii. aie.- ••: ilk- dwdling. tire rei'jijjm
lev next lo lau_.v». w.ises <iid m cunmion lullwav >/.

llral

Tus metlkid use> Ik-at IHHH gjv liiej I.HCIICS. in-
fraieJ lamps. ur oilier (seal WM.I.O. in k'/'/.-n in.- pj:iu .
llu:. n .an he s.i*|X-J olf easWv |i may pi.sju.e le._
lun.i. which aie luxic u Jinoicd « co:i.en:r^:e.l
iii.ki_ni>. tkCn »:.ull c>ni.eiuiJii<wu ovei a .jlli.ieri
hnicih of tune cat. ,'.•%.- 1 lu/aid II should he done uiil\
hv i-viH-riciiced p»i -MI» will, an j«jinie>s 4,1 me pnm..
lui danger >.l icniiui| I lie Malace.aduceui wall areas. 01
uejinv contbitttihlcv

Scntiin

/Ml lead-liasvd pa MI I ilui is chippnc. !>-,>K. peel-
•<k'. >*> elk-wed or il.ai is lead i U a.cesuhlc I.) Jiildren
slm l̂d be M.-r>ped oil Ail) rei.iainiii): panned vnrfa.r is
Ilien wndcd down lo the bass- i:uu-iul. pat.lud. sealed.
and lepamled w-n!> n.n.lcad .iiiiaiiiiiin iiuicî als Tlu>
iik-tliod requires (lie mu»i ph;>icjl laboi and is expen-
sive.

Willie scraping and saiklm; is being done, large
amounts of lead diut and pjiti.les become atrboiiu1

Ilierelu lempniaiilv increa>i"i: the kad luAiid in Ihc
imi:iediaie emiionnviil TaiP-Kilirs or -Hj»lu l\<or .."•
erinp could be used duiin^: il ;• r'-^vu lo .o!leci ihe
wa>ie products. Similar pio.eduie> mu>i be »wd tor ex-
terior surfaces to avoid -'il . .Tijinnuiu'ii Careful
cleanup pfikcdure* in.-lbdiii|; duncig.wct mop^mg.and
Wo<liing must he u>ed u: Ihe UIICIKM

Liquid Paint Resnvsen
Siilkenis jre eeneiali> uwd < < > i >rull area- SL.1i j>

wmdnw sills and dovirs. M>»| u-Kenis e\aroiaic rapidl>
and are flammable and loxu Tiey sjiould he *»cd HII).
the UIIIKISI caution Proper poie.nvr equipnk-i.i. cover-
mc> and clothing m.isi be used The work area must be
w-ll kmiilaied at all times.

Tse approach Je>crnVd above is reoMMioble and
w.wkahle in Ihe eiikiiiMiineiiial niaiiaeemeni activities lor
ct ildren with lead f«Hi.>iiiiie, or .mdue lead alssorptior.
Idcall). il would be most deniable lo develop a con;
mm m > wide code enforcement program lo compleiel)
eliminalc all lead-based paim lu/ards in housing Uui
until -uch time as vs-k-ul ciHiimiiineni exists, lead ha/
aid identification and ahatenieiii for children wuli un-
due le^d abuirpiiim or kjd pi-ixHiiiig r,iu>i be the re-
sponsibiliiy of tlie appropriate goicrnmenul unit where
the child lives.



VII. Health Education

Tik cfinin-unity and espi-.ulK parent of pte
U:oo! children w!.o ;rvc in older deieriorantiy iici-Hihor-
!-.ouds li-'i^d be u.lori:icd a even avjJJ-'.e oprx i:.unty
of the reed to ly.e their cluldrcn hieencd -vrnsiieally
for kad rv.somr.g Hatic pr.-.enme measures -'..<u'.J be
e.r.rliasired. s«el- is regular swccpinc, ji\d i.-inoval of
i..essil-!c faint iLi.es and dust to reduce potential lead
ha/jrdi m ihe child's emironrucni. Tie dancer m inccsi-
mg pa.nt chip-,, dus:. and snil -l-.MiIJ be vressed. Older
siblings of children at high risk should also be educated
to the sources and risks nf kad pommme.. us they often
provide a uuior .vntiihuiion to ihe ynunger child's care.

If a child is t.retned and dosrs mil luve undue kad
ahsorpiion. there is still a risk and ics.-irenin; is re-
quired prticularlv during the suninier monilis. until the
sixth birthday. Until hazard-free housing is available for

oil. pern Ji. kte.-ning and the practice of basic in i . - r \en-
Iktn nimures wiU reduce ll-e r<\k of le id ISIISOKIK^

The eiiiualis-iul p.-.ess slioulJ siail when lite
.Intd a SCTevik-tl and -lioiiU Ise remfnuej by pliv O..JMS.
.urscs. emiiomnmulisis. a.kl aides Cj.h i,inc the .luld
i- teen wTieie a child i< tosiiid lo ha>.- ui.duc lejd jb-
vnrnion. education of ihe lanuly is esx-mial lo success-
lullv fnllov. the child. Tie family of ihe child w i t h un-
due lead ahs>trpiion or leo.1 r»u>ninf nn»i he lu l l v in-
formed of il.e condition and wlut dimcal and e:iMron-
menial actions in expect Ihc parents' responti!uhi> is
in see tlul the child is not exposed to kad luurds m the
future This can only IK.III when they have a lul l under-
standing of tl-.r child's condition, its cause, and Ihe pos-
sible result of lead poisoning

VIII. Reporting of Lead Poisoning
and Undue Lead Absorption

Presumptive and confirnwd cases of lead poisoning
and undue lead absorption should be considered a notifi-
able condition which must be reported to ihe appro-
priate health agency by primary care physicians and

by persons in charge ol screening programs All labo-
lories performing bloo«! lead or ervih . roc .y ie pro-.o-
porphynn determinations also should report abnormil
findings.

13



References- •

1. . _:^—.i>. II S IV I .-I ri.O-k-m m I tiAlrcm IHctairi
.rj rVfc-1-u..C..F-. .'Yil-' fi4*r-. * I l"'i'

2. Krl.:.-n. X|. \. ,aj M'jU. St. N*vi-4,icii Siqm-tie el
i-.j st-nni:: (*»Urrn. .7 . - . P,itttr. 5 J1'J I»li4.

i. >-;ji-a.-j. JJ.. ;,. Tit i •. irtViaini- >,-mi« m ihe Ir.-ji-
r- • .<! A.C-. jn4 I •:."». le*d Inl -VkaliiM HI Chad-
S-..-J.J. rcJ^ir. 73. I !•«».«.

4. !.,-.::«.. R.. cl 4!. Tre^r- .ftl »l Lead ln«c|«luit*faihv m
IVUm./ rf.vi.-.T *• KK I«M.

i. •• m. RJs. jsj L.»J r.L. Liu I ff«.i» ,.r 1 nJ rM«.«»«
m XUmJ Ikxlormn:!. 4m. /. On (~ii.J. M 471 l«4).

i. (.--nmi:u.- .-• loxkk-S.-cs. K(VI<*KIIHT<|JI>.«- i»r ihr PK-
.eniion IM ii«l r\M..MMn. n ChiUikti. Nju.Mal WWcniy
M *.*->.<*. \4lulU k.-walch Cowuil. Wx«it«l««. Dr.
Jk.ts 1*7*.

7. Lead. Lim-.-i-Miiial lk-..ltH CIIUTU J. 1-u.J XaiKMi t*-
VH.«IIHTII Fi.-;iamirk- a«J Ikt »<MU llijllh Or-jruumm.
(•••esj.Swit-nlafiil. 14*7.

I. rVnik*. J. -nj tmhaii. CJI. The K.-ljluxi Hi Snfeliruc.il
IraJ les«l lo Cneniinf and *<n«orirr---.*r
K-.k rik-thunl-rs. /, /.-.-rn. OtwM. 7 H* |S)74

». J.- la Uvi Jt. h. jisd Ch.'j:<- M J. I jtl> V> mrtumilK Lead
I s|s»ii:e a«4 O»tlotii«e»i M School \te / ftittf. 17 :
<.:« HU

4. AHx-ri. «X..SKoi.. R.I.. V»crs, AJ.. SiirhUm. Cn cl al.
l..,l.-«t)-. ct OuUren O«»rt\-«t«d w LoJ. t."ran.
W,.-ri;rVn/' " Jl: l»74.

II . bn-Pvi. J. S. Lis4w At-- ^flwli of Uod Xmon^ Chiklitn -
A V-" Loot >i « OM ri«Mtm. .V. t«/r(. / .l/e« 21* 702:
I"?:.

II U:iJK.-"J, K. llumon l.srs-surc lo Lead Hum MOIM \>:>i.l«
I r-.i.M-ns. L'J. DtlEW. HIS. CDC. KIUSII. fsjk. 77-14].
l » < 7 .

I}. 5-krt . I.*.. iVxr-t). I... Vo'ul. J. anj rv-v I. II. ll.>ux
,,:.a ILmd Uuu >l j f-.u-iMul iour.-t tfi C Mdlicu* U-4
Exr»>rc. -I -i. /. Ou. O-./U 177 It7 1*74.

14. V.KUl. JJ. *a>r>. t.. Savrt. ).» inj < hamr> . L. l.ad
.\>al>ui cl llouv Du-i \ Meihwl i>- i UK l)ric.-i..n at
A-tolhn SdwrA of U-J I xfosHrt in Imrr CIIJT OuUirn.
rinRM. Hi*iliftrrr.- «l |«74.

II. Kabmowui. M.I.. Hctheiia.C.w. ind kopflt I.U. kificnc
.\iuls<» of lead Meubol.un MI Istjihy llununs. J. Cm.
h;ini. it :*0 1*74.

It. tirlir.-ji. D. ami Kho-v MJ. Th.- Iniliwnkc of Numnoiul
lotion w Uxl Absorption. ffHpvi Vti J. f t . 7»5:
I«TJ.

17. Sx. K.M. ami C->>n. R.A. T>< InlliKn.t ol lion IktV
vKncv un 1i..at Comrni jn4 luvjeii} nl InccuH Ltad M

-.4 Leo* U«ota

IS. IL:l:r»r. D. Tin Pnvakikc of ttu.AiJ. ftri. tWJ. 112
I I* IH4.

14. ^nk.ru. L.A_ n jl. ln.ide«.««r Muh
ml.1ii.acuOiiMm.A-it -mil 44 »*l

:o. ka*-mh>li. \.r.. ci il. Rand •toiorsMr
in Uctecuon of laud PottuM*-,. frotenn So. US. 1172.

21. h'i-H-* .V. n .1 IV I IP (In-* lrviki»>iv |-..:r*>t».i
I. : A .X\I.V«I:IL X
.-•-y.lJI. 2M I17J.

2-2. SV-w. Sk rl at. *uu.ln- .
In iS i i t^k ir H.«,,p,HrJ'M.- l»vds hk V.-.

...i .i-ii- M ilx- (Kit.I**! .H (lit.w. U«l l«:.'M.al
.1 . Vurkliiu.jl Kjncr *i.«l.-i. U. J « I)} | .7}

21. k l.i. -m. J.J.. It. ,r.J Hi.-on. I 'JI . Mki.-^J, n> :..l'.
-»i:ik.- l«u-rr.t«uiiMi »r "li.-i- l
,li.4ii«icri<)rin IM. Oiii < ™ » : . 21 !*»•». 1*75.

24. llm.4iii. JJ.. Ir. Ik-nK XI.-ijUO.Me> ill Hk»l jKj Utmr m
K . I J I M M in Lrjil I . IVKII \ jnj llxir HctctmiruiiiDi. .IJi
l7.il. Urm. Viil 2tl. O. H-JunO.-. c*, A.aJ(fMC Crtu.
N.V.turKs. I17J.

21. Kaaall. J.R. OM| Ul.iil.ML VII. I .uvuwliiul Ol<seikj|imi.
..I the RclaiHM.hir' Ht-ioct-n I i>* l i> iknH>ie Praf*)m«>
jn.l ttthilc Wnml I i-jj. A Jum, < 57 54 |«7o.

2i. rs..mdii. J. A MKlumfilh>tl l..t I irt l.lylhn«>» Pol
rliknm: TV fl f Test. J l*t- 11m. MtJ. *\ « J J . H7J

27. Si.Kkmait. J.A.. III. W-wn. L.S <im>.<i. r,.l!.. Sioari. M.I.
•fid Oslu. I .A TV MiM.mrmml nl I K\ l i t i lu ix tu -
^.•rtl)rln H ITl a> J Sutlptc M.-JIM ul Hnlm;Hi.liin; Iroi
IX-lkieik) Irumil-lluljkscima lull nt Xnkjccll * nil MKIO-
rrrciiu./ Lit UM. .Ui< 15 11' 1*7).

U. ft-mt*, t- Hn.-tmin. V. jn.1 < ..I.-. I . KafW »u:n.-M. of
IriHi DklkiriU) bs Mi-jMifvitL-nt ul I rcc L ik lhro«su
^.l^^')<!»' u>4 llciit»-l<<><iii ihr 1 1 P/ISmms-laoin Kjne.
I.Jtmn )7 t.<» 1*76.

I*. lk-l*o. V.A.. Pi*.In-raiikl. XI. X|jlk.-«vRu<li. M. and
lljrhrr. iJT. E»lliiup"*r»> f'.-i. r»'f*l'-l - 10 Yuri Ei-
r,,K+ct An. J. )kJ Ml * 11TA.

JO. M.%4. tr)lt>i.-r-».-li. Plol..r.<ir>li)lia -
rjiKk-m \.tnd J. ".J 2>7 *« l**7

JI:IJIK-. T Zin. **i.>i..-
-. I hi»iometiu Scrcra-
™ . : t . «J W3

}l. lani.0.3. A.A. J«nrii>sk. M. ami
porplikim iZFTi. A Simptc.airfi.il
gkt 7CM to Leaf) fii-miik- ( fan I

D.XI. TV Iteir.a'hil'luoi.ifnru-i t.'m C*,m 2J 27U 1477.
JJ. kjrbn. H.L.. ci al lithirniifk rftc.i .rf lion o-i th< Upiakt

in Uidvr IrvtliisKSus / i f r i i if. iju.v I«7S.
14. l>iisalin. J.J. . Jr.. HJII.-II M I. ami llanisun. II.V. In4<-

cjiori »f Inin-al U .̂ ul lead i* RrUnen 10 IK-raikcmv-fii
ilk IttflK S>MlK>iv J,+ntH<rli"t '''J- J. 137 6 I47J .

II. Origin. IJ.. Jl.. \Wliis. 1 .U and Homil. M.ll ln:-n<li-
lhi«<IM|» AimiOi: MkKsl lud I u-i.rnlulkM. Osufitiun«e
OjiK A L V - U and I'rnuit U-nl Unipui loM.'«mt: Cilcmm
I U I A . tltttn «"«/ tiM, ffrtr-w Ki^inuni>iirii o/ lo\ie
V, all. Ul K«Kbei(. <«.. IJsrv-n. AsmMntun. ficthcr-
IjMlk 147*

M. (i4<ef. J.n.OuipaiivKt t v .<( i fes-lk-m U-J Muliliraiioo
lr>iMkClMtalufiT>i«jrs.A^jrr Her In 331 |4*i

17. ssnism. P.I . anJ (Titsolni JJ.. Ir. A R.HuW.- O-Jiljnve
\r* C'ae-ikp"fr*s no Irsi CM Uad sutoiaoiuo-i t» Yo»*4
CkiMrtm./ rY**ir. M: 751 l**0.

14



.**. I. -.... I.I X* I. N . trt*IM.I . %.. I - •• *• •>.*'• »*•* 41 I t.Mt* tk Jl. |, . | . .«.I*MMI. il. a II. rfll. I .*^ *MMfcwltJ

. f.arr-> V SayJv- MI lt+1 PIWXMOC II. <«mtiu>« He- .iih Ua«l PIM-WIV aitJ l.nlr-au. JAMS, 21? 2*27

Irk'ttluku %4kl IIHikJt̂ ta-.r c* ss.b.4* llk«.J ifkl ilk- hk«^
I.W Iori •*...„.,. U,J | |4SI |*| t 4!- •>»•'.-- <"•«• -«J «-•««> M.S. Uod I fi«if,wfiw-iul

)«. l^.l..ll.it.a«IV:-.-l..\.l.l«r,.-.JXSi.i..-Ji.-.x!..-... rT1-^,^'•.,'.''"!-"i-.'-V'<"' " l'**-•-*".'•• *••«
•HIM ..' 4,-llj- \t».r.J,tritm. V J lk-»>Ju'J-. V.-ISH( .J • "
Ih.™-Inihi.KH.-. (In <»,-. I- |..i» I-1T. 4, \-»-k. fjc el J l,-l«- »». m,̂ ijll. >. I. ll.«»juu

/r.^M<..ifrk 5">J I»TI. *«i|.iitK>n V!I.IM| (liiMi.r Ira., .XvMi.—,t • « / >.-u- .1
4. . X.-H- ll.k.nj \TitiolaMk li..iiuflii al leaJ Funnn- m,mJ Hfjti: - I /«. H.II llmr**. «J : -i. M,..,g1;

itii.- Ki-fim .« l.l<s t js.-..ft«*j|fxs4l. Jk« l*?n C«li--«*u. (••74

.2. J«. • • ! « . . VWii.iM.. I. itkl ki-aul. k. hill-vn..-1 I VvLic ^ ^ .̂j j (l i;J \i_,.\|aj., s II Inlrti.-! nj I M.M.I

4t. /a.^:.:. I'.k'.. t'J«4-J.. U.K.. Jen^n R.I.. Miltai:. k.K. 'Jxi |Ii-4
afkl I <« --n. S.J. \l̂ >npliiill alsJ Ri-u-tilltw <*l Ik-ad bl-
lnljr.l. r, jV-rr. Jr. i SflPio.. *'• I'I1"" • Xl-l •'' •"' Ime-nt-lkms •!.. S..M... ,,l u-jj »

44. $..n,-ll. M.. R.~i'.. JJ.aml K....«skk . XI IIU.I..II.HI. wl llfc l̂ imni-Micni kJ IM jn (SiOJi.il *ni».». x.k. IU 411
Lr«d. i'altiwin. \jjwifll ll.auj \Mliili*vn Ml lAjJ-ilwriK-fk-J

45. loU. x. IkntH-rc. S.and \Vwoi... R. lk.m-aii..ul lead "k"1 »-«""•» «»i lia»e«r. (an .«AJ. A*.* J. 114 474
I xruxuk- m I mljfcl VI. I uul Rrfnl. J»uJ J ••>< I47li.
»«..»• «• ->r»i : 11$ I17A 5-( L-i-Jt̂ j,,. p.|.. U-hll.j.h x.ll.. lt..»lkWi.in ilj'. Sl«.uh,.

4*. ll.ni.-9 I .1 .1 t.Jilu«»lJ-T'-'1'>( Nr>r.iJl> I.Mh j.a I.XI.. I j«J\l "u K \l H,:il,.l » .1 .. VI ..I Irkkim. t.-l
P.H.-nitJ IL/aid u« ffuMiCB (lut. fi-Juir. I? HIM. AhvirriMHi N.-JT ^n tin- Sn.livr. ISx Risk ol Pjru.gUtc
1*74. U-ad -V tud i. s<rJ. 2»: 12} 1475

15



RoptMkfl kkiih rvimi«>»-fi1>> rite
US DTPARTMIKTIH III \l 111. I in f \TION. ANDVIt l ARF.

rt hi H in vi H I M K V K r
»l Ml st ii>i: HIM \.i .DM pot

• Krw I NCI AMI loins VI ill v n i u i ' M k.a :«- v. IT im •-

Appendix A
IM-USLTIE TO LEAD SOl'kCtS AND EFFECTS

b) llrtknl L. VcOk-u.. XI.U

Reducinc exposure to leid and its consequences to
he.ihh continues to be an imparium unfinished ta»k in
thr public-health area Recent recotjninon of lend in
some glassware decorations has lucused atit-r.non on
the mans sources of lead in the human environment
and raises for re-examination the definition of critical
thresholds t'or measurable health effects

The early work of Massachusetts phvsicij.ru such as
Drs McKann. BUckfan, Aub, anrl Bvers led t.> an en-
riched undvrstand-r.it of the serious consciences of
.childhood lead po..onm| More recent dan inilic.iie
that the sources of lead for children are multiple, and
that body lead burdens below those associated with
clinical sk-mptoms can affect biochemical functions,
and neuropsycholbf ic performance

The increased vulnerabilitv of yourvf children to
kad is i well accepted clinical mjxim Increased ab-
sorption of lead acrt.st the child's gut has been d-m-
onsirated by Alexander et al.' and is supported bv
studies in ihe immature rodent by Kosnal ei a l ' At
the same internal dose of lead (at measured by blood
lead concentration), children have recently, been
•ho»n to have more impairment in heme synthesis
than adults, as measured by free erythrocyte proio-
porphvrin '

Because anemia is a long recoc,ru-ed effect of lead
exposure and blood is a tissue readily available for
i:ud>. initial studies of the biochemical changes asso-
ciated v«nh lead have centered on the heme pathwav
Additional studies have demorjtraied that lead af-
fects other heme enivmes, notably cytochrome P-450
in the liver • Red-cell o-amino levulmic acid dehy-
drase (e ALA-D), an enzyme necessary for the conju-
gation of levulmic acid into porphobilinogen, is in-
hibited at kad levels as low as 10 »g per deciliter »
Millar et al have shown thai brain levels of o ALA-D
in the rodent parallel peripheral blood kvels. sug-
eesting that oxidatike metabolism m ihe brain may be
affected a1 blood le-els as low as 20 «g per deciliter •

Lead inhibits brain adcnyl eyclase at low conren-
irauons in cerebellar preparations' and in mgrottri-
aial preparations' Lead has also been shown to in-
hibit pancreatic adenyl cyclaje

*«nt*r at»f*M-» ••• bi Him* rrco MMc-i I r jrlmn M D.
O.4M» Mmfutl --——• Cm*. «0 Lint at AM. O» MA
•il It ||t!7] 7X4000. «l H«0|

Interference ssith tlnh.n svnihetis' and collaeen
>v:tihesis" has also bcrn nViiiomiraied .1: r e l a t i v e l y
km concentrations ui le.iri In ihe hemr paihttav u.
wlf le.id acts at a numlx-r IM sues In adrimon to the
l-irkiously cued inhibition nf redKell o Al.A-l) Ir.irt
acts on the red-rell muoehundriun Here, it intertercs
wuh the incorporation ol ir.m into the tetrapvrro.e
rmc resultiru; in us re|il.iremeni by line. Const-
q.entlv. increased levels of tint protoporphyrin or its
emraciiun product, free emhrnote proioporphvrir..
ociur in persons with elruterl lilood lead kvtls Re-
ceni studies indicate that this effect bemns at 15 ug
per deciliter " Increased urinary ami no levulinic acid
exfretion befins to appear at blood lead lei ell of40«.,j
per deciliter "

Tor the young child, the mi<tt imponant target or-
gan is ihe brain The catastrophic effects nf lead rr.-
tephalopaihy and the )ir..:nn «vnipto*ns of lead poi-
soning hake caused m..tv. • ,'n.ici.irt to :<>k >%rethtr
le>ser kvtli of lead than i i . .<>r producir.g irank en-
cephalop.-ithv result in subtler forms of uram injurv

This controversial quesn.m u made rw. e difTicult
bv the often close assiKianon of lead exposure «nh
pokeny and its attendant iroutiles, bv the Lick of sen-
sitive clinical indicators durirvi ihe peak expvxure pe-
nce in early childhood, and b\ problems in reliabK
measuring past exposure in older children — epiJr-
miologic issues thai are nm peculiar to lead It is not
surprising thai some investigators have iound neuro-
psvchologic deficits in children *>uh los> level expo-
sure whereas others have not Among the studies of
loss level kad and brain function, two arc ackrvns> I-
edged bv many as more nc.orous and controlled
Kurd* and Choate followed children identified as lead
eikuosedr and controls matched on sociocconomic sta-
tus and race, and found that the exoosed »roup had a
higher incidence of gross and fine motor dssfunction.
irritability and impaired cuennion at thr air nf four
years When the children «rre reiesird ai s*>>rn 10
eight years of age the incidence of dysfunction had not
decreased This finding summed that the deficit »ai
fixed " Perino and Ernhart studied blitk pretch.-wi-
ers with blood kads greater than SO or less than M it j
per deciliter " Comrolling for socioccorsomic status.
the authon reported a statistically significant deficit
on the McCarthy scales of mental development Al-
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tnouth the coerelaiHin beiwren parental and iluld ly
in the snw-kad group was D -2. in the high-lead group
the correlation was 0 I This finding sutfsts thai an-
other factor, presumably kad. disturbed the par-
em-child IQ correlation

The rfierti of kail exposure during pretnjncv de-
serve close consideration Because karl misses the
• iacenta. -t has been found in the umbilical-tord
blood of r.ewburr.t '* It has also been shown to be as-
•jciated wuh ie>ere reproductive darruce in occupa-
tionjllv exposed wnmen. and to be teratoernic in the
labor jtorv animal In Clasci.w. Miorr rr -I ulrnti-
Tied ** retarded and normal children matched for so-
cioeconon.ic ttat j> and geottru-ihx Ihe m«:hrr's res-

twren 2 and > «t per curtn meter, but ean be hither at
•-Ireiftl sues and M peak traffic periods Children
luve linther met.tlsnlie r.-sirs are cenerallv more ac-
n-.e. -nri ihrretiiee rusr h.<hrr respiraiorx kolumei
rri-itisp id li,ik >;•» \ir-t-urne kad rotild prokide an
internal dene U lieiwren lit and 40 He | r, r|a% (or ,n
-dull, and K to M tig prr rl.n hi j, . ;.,!H Paint of
.nufse. prdkides lead in r.- :u«i.r«i .>-rkentrai.... for
i nildren wuh pica One siruik paint Rake lontair.ir.^ I
;-rr mil kad delivers ar. external duie of lO.OliO +$

(Ueaflk. ihe k.nl iiurrlrn iif a given |>rrvon is a sum
.rf the multiple sources rxprrirnred bv thai person
'I he impnrunce of erne vourre slHi>.!d rwt be pla> ed off
.tiinnst jnothrr if effextive prrvrnium is to be ob-

.oence dcnn-. pregnancy was >in:ed. and a first-flush Mined Ij-.id snnulil lie >liKovered first in the emi-
water sample ootamed No normal children came r..r.mcni before n gets into children, and then re-
from homes with a high cement of kad in ihe water, moved Effective housmt inspcciion and abatement
although II of 64 retardates did The discovery of are complex, difficult and often contentious enter-
blood samples on file from old phenylketonuria cards prises. Thev must. ho«-e>er. be pursued Remos-
allowed retrospective blood lead determinations to be ing kad from air and dust are urgent public-health
made on some of these subjects Blood lead levels in goals
retardates in ihe first week of life were significantly Each source has its own control or abatement cost.
hither than in normal controls " Wifaberly reported and each has a vested interest Ihe costt of remotmg
higher placenta! lead levels in malformed and still- Ir.xd from the environment are formidable, and many
born than in normal infants '* who identify themseUes as realists say that society

The sources of lead for children are manv and ubiq- cannot support these costs
uitous Although new paint for household use will The worth of the human brain is incalculable The
soon contain kss than 0 06 per cent lead, thousands of value we assign to it will be defined by the intensity
houses have paint that contains well over I per cent with which we pursue or a>oid the protection of us op-
Manv of these surfaces are flaking and peeling Those timum development Excess lead in the human emi-
that are not often chalk and contribute to lead in dust ronment is man-made and is. therefore, preventable
Air-borne lead of small particle sue is readily ab- by man
sorbed through the lung, tart- (urii-hrs fall out into
dun and are swallowed by children The largest con-
tribution to kad in the atmosphere is automobile
emissions Foodstuffs contribute a substantial amount
of iead to the daily intake, much of which is added lo
the food during processing Water may be a source '
in areas where the mineral content is lo-.. the wa-
ter acidic, and old leaded pipes still in place News-
prim and some ceramic tableware may contain kad. ,
Decorative decals and glues on the exterior of some
glasses contain considerable amounts of lead. '
This kad, kac.hable by dilute acids, can also flake
off the class, and represents a potential hazard for <
some children.

Althokigb the relative contribution of each source t
varies with an individual's age. habits and circum-
stances, rough estimates can be constructed as guide- ,

lines Dietary kad provides K) 10 2M) »g per day ex-
ternal dose, of which 20 10 100 »,t is absorbed b\ ehil- f

dren L'rban dust contains lead in concentrations be-
tween HOO and ViOO »g per gram The ordinary «
hand-to-muuth activity of children transfers consid-
erable quantities of dust-borne kad to the gut Inges- «
lion of 100 mg of dust containing 1000 ppm of kad
would add 100 »g of external dose, of which *0 *g "
wtMld be absorbed Urban air kad kvels range be-
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Appendix B

Comments on "Treat turn I nf Lead
Minlcnt Trrtiinrni. Vol. K. No. X August 1971

by J. J. Chixolm.),

January 1978

The followinj article on the treatment of Icatl poisoning
w*» first prepared in I9d7 and revised slightly in 1071. Although
the basic principles of clinical management remain unchangeu1.
newer in for nut ion suc,pcM« Ilui I IK- various risk categories in chil-
dren. accorJm; lo blood lead groups, should be revised .is lollows:
Currently. 30 pg Pb/JI whole hlooj is conxiJcreJ the upivr limit
of normal in chilUren. not 40 pf. at previously nju\! VMicro the
ohpnal texl refers to 60 and SO ut flVdl whole bhvotl. 5U anJ 70
iif Pb'dl whole blooj. renpeciivolv. shcHilJ he titb<tituu-J. Correc-
tion of bloosl lejJ concentration jccorjing to hi-iiiald.nl. a- orij;i-
nally <u;pexled. is prohnbly inapprophate. nlthonph xlill M>nu-wlut
controversial. Calculation of Josjgc of chebting j^t-nts on the
bast* of body sttrfjci: area, ntltcr than body weight, is plunno-
tcdojcoJIy preferable. In particular, tins change wil l nniitniize
ovcrdojjj.- in older chtljreii. These clunjcs are reflected in the
revisions of Tables 4 and S, which are attached.
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• *1MMI««I •lift f*rfl*f..*>ft l»k tfc«

UJ tHf VtlXlt M m III \\ 111 I III I X1IOV *KO»I II ARC
H in VMII-.I ix-tt-s

Treatment of Lead Poisoning

J. ll'LIAN C1IISOI.XI. Jr. MO

ffnut ikf Dt-fwrmiftf î  FisfWrirt. /iJttt l/«/4-u
(mi, rut i) Sxl^V <^ MI-JKI-U. •*»< l*x tWlii-wtf Cily
Jfos-MWl. i

Tut; CfttTJAL ASn.t*T n* Ttir«»i-v in all aj*i- groups it pntnipl trrmnia-
lion ul untrue U-ai) rxpoMirr. ilt-iimtl ul rxrsusurc lu VaJ I nun MHiru-i
other tlun llsotc Imiod in IMHIIU! uitcotifamiiialiti food, ln-veiap.-
aisd ainlHctU air \\'luti imliiatt-vl. list- usi ul etit-latiiiK a->tiit» must
hf i-unsiiliTtil an 4tl|inu.1 lu llx pri-si-ntiini o( DmtiiitHtl tlangfroui
nivinmnmital It-ad t-xposuit-. Tin- raliou.ili: of this thcrapiiilit a\>-
pro.icli if Itascil iipon our kiHiulitlgi- of I)H- abnirrilioii. nic-labolism
and excretion o( k-ad in man (11) IIMH 'i.xik k-ad t-ompouiids .irv
poutlv JUxMlo-d into tin- UK!) limn tin- p.istininU-slinal tract tu that
rrtK-titivc inp-sliou ol mull antotiiils is tmullt. lar iisurc ruu-ndmu
than tingle m.issivr rxpcuurc (MV p 610). Pluinbisni. thus, n-sults
from the accumulation os-t-r a pt-iiotl ol nit-Its, months, or yi-ars uf
an exCi-ssivx- btxlv liurdm of trail. Tliis liunliii is diltritnitt-d ut-tvvtvii
bone and toft tissuil. with tin- ni.i|or portion luniig Moretl in IN.IK-
There it IHI kmmn jigiiifit-ant tuxiiity .usm-ialvd with thr portion
that has been well iiu-orrtnralrd into tin- nntrn of bom- lUlht-r. the
actile tuiic cfTrcts uf lead art- appau-nlly a*sixiated with iiRii-mrntt
in the lead cuiicfntralinn in soft (ISSIK-S l.-iidt-r csxiihliuns of pro-
longed, but pt-rhaps inlrrniiltriil t-tctntive exposure ami alnorptitm
of inorganic It-ad s.ills. thi- eluucal i-mrv «v one of rixurrenl. aniti;
iv mptomatic t-pitodes which, in turn, appt-ar lo be auoeiatnl with
sharp increment-, in the conc-.iilr.Mirm of It .ul in various toft liuuet.

Once abnormal absorption is trmtiiiatrd. virtually »ll of the lead
remaining in the body h gtaduaUy shifted to bone. The studies of
Kehoe in human adult x-oluiilcrr* indicati- that it lakes at least twice
as long to excrete a given boiden of It-nd as it don lo accumulate
it. Since chetatinp agenti probalitv do not remove significant quantities
ol lead which have been incorporated inlu the matrii of bone, tht-y
cannot be expected to accelerate this process Estimates of the durt-

Supponc-J • •»« ky Unii«d |4airt Fubtic llriHh Sctvin CnM S Ml EC
OCOOI.il hmm iht N'Miontl Isuinult f«r Onv-aiwn*! ScJciy tosti rUtltk



lion flf jlltl.dlll.il I V-HI%II | | J M - > > ! l « all I I I il V of till |S .1l 'Hl «*f tllur

a pjtiitil w i l l n .£-1114 ( . i i i - f i i l i : - « , ! u a l sn|ki-rvisH*ti at*, i • v j > sun- « - i i > U
Sf-iial !•'-"! ait-1 t in iM- lij.| .|-ii i i i i i i i . i l i 'tt . (..-_•, |U i w i l l , I I I I I H
C"pr.ijv.i|<li\rin ll't'P' .-UK) > ..:niii"liMi1inii aiul ' \l \ ' HI- asm.
nst-iits j-i . t i iU- ||H l»-sl nulls .: .<i>t tissi:. I, .H| I..M, i t . 1.11 • \l
lllfiil^ti ini-jsiittiiHiits nt ik .nun. >li-v i i l i lut ;w ul lit l iv ill I'aM- > . \ L \ 1 ) '
a i l ik l tk - I I k i l l . I III !l. I I H i l k . l l i s III lklo*| Ilk. I ( i l l - l -Hll . l . lot ,

pmtM|k,.ijHikiin in |»ii|ilii lal l-l»l i. in |< i .> l ia l i lk r»i">i'i. t"tiipjrjMi
rnfivfn.iti'li . I)H-V an- lint at t ins iMitmv; as w i l l slant).mli/ril i.
the otlttr iiK.iMiii-iinils Admit. ivlialimi ol tlscUliii); u^tils rjpitl!k
reOlin-s tin- U-acl iiiiititil nl Mil l t:sMi,-s

Tin- iiHist st-vrii clinical nianilintalion of III|MSM .ilion K •c-ute
c-ncTphal'<patlik. uliith is morr lu-(,iitiit in tlnldiiii than in Mlti l ls
camcv a xipiifuanl inortalitk .iml resultt in u-vi-rr p»-rm4n.-nt brain
darnap- in at (Vast 21 psT ei-nt nf tiirvivms SIIHT 001- of ths- main
goals i>l thiT.ipv n In picx-rnl injury lu tin (Mitral m-mms tvslt-m.
it it axinnulic that trratnu-iil must l«r xtArtnl Itcfori il.issit- sifm
of incrr.isctl intracranial prtinurr niakc tlu diagnosis of rntt-phalop-
tthy nhviuus

Accuiatr It-ad ana1vsi»s mav IK- difficult to obtain Isni .in- t-ssenli.il
In prnpt-r trr.itmrnt Bluotl satnnlt-s must lx- ctillittitl into lead-frit-
erjuipini-nt and an.iKzitl hv a lalnrratorx i-xnrrirtH if I in II-.K! tlt- l i- i-
minatinns Disks with renjx-ct In tin- acute ailvrrxt- rflii-tx ol inerrascd
teat) a1«r>rption may IK eitini.itrd in terms of eiiru-ut Mood Irntl
concrnlratinns as (ollruvj a) >40 ?$ IMi/100 g whole l-l."-;! imlicati-s
undue lead exposure, b) 5tV"9 »p Pb/100 p; indirates i-xn-ssivr absnrp-
linn, n assneiMed. in most instances, with nietahohc t-v idi - iKf of un-
paired hrnir ivnthrsis and may in «nme inManees. IM- associated svith
mild <ytnptomf compatible with lead poutming Such tasei rerjiurr
careful medical supervision and should be cnnsidrrrd rx-itilvli- easrs
of plnmbism. epreially in anrmic patients Blood lead eoncrntrations
nf miirr than SO ng Pb/100 g whole Islond indicate risks which in
children arc unacceptable, virtually »fl case* nf M-vere acute It-ad
poisoning, including those with acute rnccpli.ilopathy an- astncialed
with Wood lead eoneentrations of 100 »g Di/lOO g whole blood or
greater At blood lead concentrations of more than HO ng Pb/100 g
whole hlnnd. sx-mptoms may be absent, but onset of sever- acute illness
U unpredictable.

CHILDHOOD LEAD INTOXICATION

Lead poisoning in childhood shsmld be approachi-d as t chronic
disease because of the long-term high-dose type of eiposure to which



children might be subject, especially in old' deteriorated Jv-iiting
RrTi-etive therapy calls for solutions to three difficult problems a)
ear!y diagnosis and Ireatmrnl of acute toxic episodes, b) pefmanmt
separation of the child from environmental lead sources, and e) pee-
ver.tiitn of pica. Most children with pluiutiiim require close -n.-dical
sup< rvjioit until they n-ach school age and some nerd care much
loncv-r. The cutnprelK-mive therapeutic program described Its-re re-
quirts the coordinated Ions term ellorls uf physician, pcdialnc psy-
chulrist. medical social worker, child guidance personnel, health de-
partment personnel, and visiting public health nurses.

Once minor svniptnmt of poisoning are prev-nt. acute enccphalop-
athy can dexelop with oiipri^lictatile and startling rapidity, npctially
during the sumtrnt months. For this reason, any child with jymiiremu
thai tucffil fJuntlntm or Mood leatl eonecntratinni >flO ?f Fli/tOO
g of - a holt MiW iheuhl IM treated •• t metlicat emergent-;/ enrf
noiiiiro/i-rcf immediately Delay is one uf the main reasons; for poor
ther.ipeutic results Early diagnosis depends upon a high index of
suspicion a knoxsledse of Ihe epidemiology of plumbum and the
interpretation of specific emergency laboratory tests.

Epidemiology

The vast majority of cassrs of childhood plumbtsm in the United
Slates today are found in children who reside in old, deteriorating
urban housing Recent studies in Baltimore. Maryland revealed that
50 to 70 per cent of the old houses in selected slum arcai contain
dangerous (jnantiliex nf flaking lead pipnrnt points ( 1 4 ) . The interior
wood work, painted plaster and wallpaper of houses built prior lo
1-MO and still in use may contain lav ITS of lead pigment paints winch
have never been removed Several tiny Hakes of such paint may con-
tain 100 me. or nmri of lead, the safe daily intake of k-ad is <05
mp ( H ) Table 1 vununarizi-i the results of a pmspective home survey
of preschool children in Clexel.ind. Ohin (10) . A comparable situation
exists in most of the l.trp- cities of the continental United States,
particularly those east nf the Mississippi River. It is abundantK clear
from these data that voting children in substandard urban housing
should be scrcvncd periodically for plumbtsm Table 2 lists unusual
•sources of lead-

Repetitive inpcstion nf small quantities of Vend in paint apparently
must continue for 0 months or longer l>efore a potentially lethal quan-
tity of lead is absorbed into the body. For practical purpow-s one
must assume that ingeslion bepns by one year of age in children
who live in urban slum areas. Multiple cases are often found in the
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same houseliolcl so tli.it u\\ prt-iiliuol children sluxiUI hr teller) for
pliiinliisri wherevi-r an index lase is (<«mil rmspsttixe scret-ninc
prngrann ar<- c-tim-nlly in ojv rutHNi in Clm.ijvi and \itt York
Itveently. caves of sext-re lead pmsnning have IHTII tiaetil tn tlte eon-
laminalidri uf jiiici-s (and oilier audic bcscrages) stored in improperly
lead-glased earthenware x-csscls.

Prompt Diagnosis

An indirect cnulrmiolopc approach is essential for ptonipt clinical
diagnosis since a history of pica "den is not elivilitl at tin fiixt clinic
visit. \Ve axk the folloxv-ing questions a) Does the child live in or
visit a house htiitt prinr lo World War II? (A list -«f high-risk
addresses should be posted in all pediatric clinics lu aid physicians
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not familiar with the ritv b) I low lung hat ||H- ctsild Ist-m walking
or crawling* If thr child bVit in or visits a house built prior to I'lOT.
has Itt-rn ambulatory firr Ihriv months or lunger, and has any symptom
sugCi^ttx-e of pliiinliisiii IM- mi-ism llie cmiT*>rnex- Lilmralory tUit-r-
minatixnt titled in Talsle 3 fntiUfinii/ i/w^-nnm ami the tlrrimm
tit ht-\i'italue the inrtkeru ami iiutiiufc .̂elation thtrafnj mutt uc
ituu/r e! the ftra limit t-istf.

Symptoms that -.nt-.tji-.l early lead intikxit ation are: annrrxia. ap-tliy.
anenu.i (hrniugMiiii <IO gi. hyperirnlaliility and otlh-r li.-li.ivu.ial
distuiK,:tc?S. clnmsim-xs. loss of recentK acquirer] develojvmeiital
(kills and sporadic vomiting The onset ol enet-phalopathy is hi-ralilrd
by grots ataxia. persistent and forceful vomiting, periods of letharp-
or stupor inlerxpt-rsed wilh lucid interval* ami fin.illy coma ami
intractable convulsion! Any of these Skniplonis. together ksiih ime
or moie positive prifiitnplixe lalmratnry tests (Talilc .1). calls for
tnimi-ihale hospilalization ami msiilulion nf ehflation therapy YIMIIII;
children with pica, behavioral thsoidcrs. c-nikulsions, nu-ntal retarda-
tion and symptoms sii-jpestivx- of et-reliral ds-generalivr diseases should
aim receive tliesr U-s.lt (4).

It it unusual for all ti-sls In be positive in a given case. The quickest
presumptive It-it in children is the tni.ilttativc VCP li-st whith it
detcrilied in Appendix 1. Technical and interpretive- consider alums
fur each test are included in Table 3. Lumbar puncture should In-
avoided unless essential for dirternitial diagnosis which ini hides
tiihcmilous meningitis, various cnccphalitides. and other cauw-s nf
increased intracrani.il pressure (eg, tumor) If lumbar puncture is at-
tempted, the least amount nf cerebral spinal fluid should be collected
dropwise. and never allowed lo spurt out, 1 ml is more than sufficient
In acute lead encephalopathy the fluid sh<ms normal sugar i-onli-nt.
mild pleocytosis and a moderate increase in protein content Alli-mnts
to obtain fluid by ventricular tap arc not warranted and usually fail.

TREATMENT

Supportive Measures

It is our policy to treat all symptomatic children as potential cases
of acute encephalnpathy and. hence, to licgm treatment immediately
Adequate urine floss should he established first Ai soon as the child
with encephalopathy is admitted to the hospital, 'a continuous intra-
venous infusion of 10 per cent dextrose in water (10 to 30 ml/kg
body weight) is administered over a period of I to 2 hours. If this
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fails to initiate niinatum. mannilol (1 lu 2 g/kg body weight) is
infused intravenouslv as a 20 per cent solution at a rate of 1 nil/mm
Once urine AW is t-slablishetl. further intravenous fluid therapy is
rest net ed to basal water and electrnlyle requirements and to a min-
imum estimate of the quantities needed for convulsive activitv. .-ind
fever and Ihe replacement of deficits dtiv to vomiting and dehydialiiHi
Can (nl p:iienlrral fluid therapy is tital to survival and is best
monitiHifl hk nf-atniing tin- rale of urine flow. This may require
indwelling bladder latlietenxatinn in unennscious children, a mk.
which must be carefully weighed by the aitrmlmg physician in each

:i



ca>e The rale of ml ravenous infusion i) ailnisl. il ItiHirlv until that
rate is fount! whiih will man,tain tin- rate ol unite fli>w ssillini laul
nu-taltolic limits (015 to 0 > ml urine set-ii-tetl'falorK- nietaltoh/t-d/24
hr) Tins n tf iiiiv alt-nt ton daily nriru- i.utpnl of Vrf) to Vm nil.'sij m/24
lir Childre., with encejihalopalhv Uliave as Ilitnigh thctr Mvretion
>>f antidiuretic hormone is in.ipprnpiiatr. the almxe Ut-hnii|iie is t-istti-
tijl lo as IK,I excessive fluid administration which can fmther increase
i-erebral etlema

All nral intake it pri'hilulril until tin elnld is greatlv impruke\l
Biidy temperature is maml.iin.il al in.ini.il lint nut hxrk>tlH-rmit lexel*
by using a moled "' Sen lent, supplemented by cunling blankets
when ncccssaik Oxy gen i» atlnnnisteri il

For thr quick cnnlml of vemm v Valiiim* n eitetlixe In patients
with acute enerplialopalliy. control ean lie niaiiitanwtl lln-reafli-r dur-
ing the first fi-vv days of tiealmenl vkitli iipe.itrd dotes of paralitehydr.
Barbitiiratet ami iliplirnv Ilikdanlmn aie lietleT reterketl Im long-term
anticonx-utsant nte During tlie acute phase, one sin mill not await
frank seitnm (letter control can Ix achieved if ilon-s of paralilehyde
are given whenevTT there it a sipufit.ml im-rease in innstli- IIHH- nr
muscle twitching Administration of paralttehyde Ownild overlap lite
institution nf long-term anlieniiviils.mt tlKT.ipy with liarbilnrales in
order to prevent seinire»i fmm recnning during the earlv i-iHik.iK-.ci nt
phase. Barbiturates should be avnuled during the finl few d.ivs IK--
cause sex-errlv depressant amounts arc often nevdod and even then
may be ineffectual.

delation Therapy

After urine flow U established, which should requite ! In 1 hours
at most, chctation therapy is starti-d with 2,3-dintcrcapt'>propanol
(BAL) and edathamil calcium disodium (CaEDTA. calennn di-
sodium vcrM-natc) in combination according to the dosage schedule
shown in Table 4. This combination U used in all symptomatic
patients.

In cases of acute encephalnp.tthv. the usual 5-day course may be
extended to 7 days if great clinical improvement has not occurred
by the fourth day In symptomatic patients without eneephalopathy,
who show a quick and dramatic clinical response, and in those
asymptomatic patients with whole blood lead concentrations in the
range of 100-200 »g Pb/100 g. BAL may be discontinued after 2
to 3 days and '.he dosage of CaEDTA mas. be reduced to SO
mg/kg/day, in divided doses, ai either two 6-hour intravenous infu-
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linns or two intramioAular iti|eitions at 12-hour interxals during the
succeeding S to 3 days of live total five-day course \Vhile this ap-
proach can reduce the number uf injiilions during a five-day course,
it probably also somewhat reduces the diuresis uf lead Immediate
foll'ikeup of initial pan-literal chelation therapv with oral B-pcmcil-
knnne x-irtually always obviates the need for repeated course* ol
parenterat chelalion tlutapy. Some of the toxic effects c-t k-ad may
bi' intensified if CaEDTA is giscn alone in the presence of xerv hi-Ji
tissue cancrntiatifms of It-ad (3) The additimi o( BAL to CaEDTA
minimiii-s these toxic eflix-ts. greatly accelerates urinary lead excrriion
and causes a sipnfitantlv more rapid drcreasr in blond lead concen-
tration (4). Medicinal iron should not be given cuncxirreiitK with
BAL The patient should remain in the hospital or convalescent
hiime until chehtion therapy is completed according lo indications in
Table 3.

Other Measures

No time should ever be wasted in attempts to evacuate midual
lead from the b>rwel by enema. Such attempts are futile, and in co>es
of enccphaiopMrik the attendant del.ik lenpardixes the child s life
There is no evidence that parcnteral administration of BAL-CaEDTA



enhances the alisnrplii.ii nl It-at! frit.ii Ihe pit. .ni Ihe cuntran there
:s ex-sdervee. in animals., that HAL enhances :!.. exereti..-i ol lead
:!innir>h t!w inli-slmal tract. S'etir.-snrgic.il opt rations lor tin- relief
• •I inereas-.tl n;tr_irani,il pit-wire ,11. eiHilrandicati-d There it no
ili-ewtvr rx-tfli-nei- nrm-rriitng lit- erfeetivitn »s of slerotds m eom-
Ik.itting eir.lir.il tiK-ina in Kad rtn.et-r'uilofi.ilhv In xtexv .-I i-vuleiicc
in animals wliii l i »h<>vv> lli.it klermils eiih.tmi tl.e renal Inxieily nf
• 'aEDTA. tliese tsmiji- .mils an i.ct used liv tin- autlmi Hrpeatetl
il-ites of niannilol apprar safest jjiJ mifsl < t l i k . a i M - i > x for the relief
nf pertisti-iil ccn-bral edenva. as indicated by persistent deep
•artcoruciousnos.

Al)Tnptomalic Children

Asvinpt.iniatir children shntild be seruraleil from their environ-
niental k-ad snurers pn.mplK V'snallv tins i-nlaiK Ivnef Iwispiialization
for diat?ws'ie slnilv. -ireliminarx i-xahnlioti of iiuitomnr-ntal lead
•iMircrs. ami pintetlion of the elnlil until Inrpurary »ad rt-sidence
it found. Tin- lalmr.itorv texts in T.il'K- 3 are pi-iforrneil anil rhelation
therapv is given according to the dirsi-s in Talile 4 ami tin indications
in Talkie S If tlie I'CP test gives a T-l-f- result we do itnt await the
results nf bl<««l lead analvtis lint lxr.ni 11M.OaLOTA tiinni-|Ii..lely
This policv is li.isi-rl npxii past tl.nie.il experiime. tin tikiulil i ini
nf young children with plumhism can detennraie pri*eipitini\lk ex'en
in the hospital It is safer to start ehelalion therapy prnmptly and
then stop if blood lead determinations later prove live initial diagnosis
in error.

Recently we have been using peniciltaminc nn an investi*..itinn.t!
basis: it has been administered nrally for periods nf 1-6 mnnths to
32 children without sirious side-cflccts The treatment is started in
the hospital and completed in a convalescent home or inspected le.id-
free temporary foster home. It is possible with this drug In maintain
blood lead concentration within the normal range during early
convalescence.

Precautions with Otelating Agents

The main toxic effects of BAL are nausea and vomiting which
can be avoided il 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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pound is cxcrvlcil IIIM|I.IIII;I-! Ir. -.1. ktdm-v l ~ t CaUOTA most,
therefore. U- withheld during periods .1: anuri~ T'if dowcv siinuld
not exceed 50 ing/kg lmdv weight/day except in llir UAL-C-al'-OTA
ct-i..!-.iiatioii When EDTA is admm;»tered by intermittent intra-
muscular in|ivtion atiiffilini; to the si!.,ilule* gixi-n in TalsU- 4. tl.e
!>''.!..svinj s>tde etlextt lutst iM-eti ol<srrved in in i animal putii-nts
(M'-ti inuria. mieiifxeit-tik. in-i,iatnri.i a.nl LUJ-I- epttltvtiaj cells iti the
bi::iark sednirt i.;. htpt ual.i-mia. antl !< ki-r. I'|H-M- unl.manl reatltnnt
al.- ;nml |iii|iiinl!y iiltsrrvitl Inwai t l lli, etui of a WX-MH! or siilnt-
ijin-i.r luiirve "I llu-iapv anil ta l l lor n-nu ili.ite ct-ssatiitti of (l.iKDTA
ad in:nslralHio MUM- si sere i i -a t l i iHis l . . ik t htvn u-|»iilitl dininc in-
travemnis adminislialinn aii.l are most l ik i lv lo Ktiir ulitti I)M lol.il
dailv dote is »ti-.miu>lt n il in lt-.s lli.in 12 Imiirs ("s* Sale atiminislra-
tif-u ol this dtie^ letmutu llie («illtivktu*- deteriniti.ktuitts nn the Itt.
Tril ami 5th dav ol rath ei.nrv uf llu-tapk MTIIIII i-li\1rolkli-s libfosl
urt.. nitrogen, taltium. nlHispliorus. .i.L.ilme plHrsjslialwse nteasuri-
nit-iils in bliKxl. and routine uimalvnis The patiti:! should alvn Ix-
iniinit.irrd fur irregnlaritn-s of cardiac ilitthm. i\e]ilirosis. winch is
usually reversing and hvpokaleinia are two of Ihe mnir verions >iile-
cflk-els of CaEDTA —Eil ] D-!Yincilhnnne it a degradation product
of jH-nicitlin. Tin-re lias lies-it Cknixideralile expeiience with this drug
in the trealmnit of lead intoxication in Kuro-x- (9) bi:l at thr pn-sent
lime il is available in the I'nileil St.itis on an inki-.tij;.iti.iii.il lusis
imly. Il is ciMitrainilicaliil in persons with a history uf penicillin sensi-
t i v i t y The fnllmkim; otlvitv kide-eHf-tts of pciiitiilainiite have Nt-n
repotted ( I } . - a; transient eifsnuipliili.i. l i) erylliematons skin lashex.
c) siipeifici.il evtravasaliuiis of litiHtd. d) fexi-r. e1 pnilim^id l>). i ding
time, f ) Icuknpenin. agranulocytosit and thrnmbocytrtpcma. anil g',
nephrotic kxndiome Patients rexeiviiij; this dmg mutt be mimit.'tnl
veilli weekly initialises and |I|<KM| itiunls (1) Advene sioV tflnts
of li-penicill.iniinr .ire apparently ilirsi-rrlated Serious reai-tions ( u .
nephiotic tyndrome) have Ix-en reported in patients receiving 1 lo
S g nr mnre pei day Oliserx-.ilions in this clinic indicate that dotat*es
not exceeding 3" to 40 mj/kg/day in children have not been asso-
ciated with serious side eftei/ts In adults, dosages of 1 to 12 g are
effective in the treatment of lead poisoning

Convalescent and Long-term Care

The Srst precept of eonvales*mt and long-term care is. no eMU
u ever returner) to a leaded hotue. All rases are referred to medical
social service and reported to local public health authorities The



nrncedurex imil In I!H- Baltm-rre i:iiv Ifralti. '.Vpartmrnl I ir drtcc-
IIMI 112' ami limitation (!4, ' of '.a-anlmit U-iil sources in the home
arc published Hsexvhcre The fan..ly is evaluali-d with resp-et to the
wed for pstrhialric ctHisultation to assist m bringing the cruld's pica
:mrler conlr.il If the home is too ik-trrioratetl to permit adequate
repair, the family is assist, d by :!» medical vicial worker to find
i:t-w >afe hotisinc Mi.li-rn piiM.i JMUSIII): ..rial are preferred. In
:. i inxui.ee tlnnild alfecleil rhiliiren IK- alli.-nl to ren>.i:n in ihc
!..,me whi!f tin- necrssarx repair ss..rk is in pn.^resi Thf- pri-tednri-s
iH-ri-uary to find a safe loOlio:) i'.-i I!K- child nlten ri quire sex-eral
weeks. Dtirint* tins time it is our policy to transfer the patient to
a cimx .itevent home

Childtk-n rit'ixeriiit; from acute emephalifpathy titnally rxlubit
were ln-h.iM«H.-il aluvirmalititt din in-; tin first 1 to 6 nv.i.lns of enn-
valcscriKe It is n:ir piac-tiee lo transfer all si.ih p.itii-nts t.i a eon-
k.lle<Ci-nt ilnlflu-ti'si IMKIH- and to udiininsler mat pf-nit illamini during
l!ns perirxi Tin «e intlitnlions nsu.iKv have an attive ilnl'l '.I.- pro-
•-rani winch can In- most lxfneliii.il in tenitinaling tin- f Inkl's |nca
ami in leve.ilm- IH-VS areas of interest to him

Careful folkm-up U continued after Ihe ci.ili! rrlnrns home \V'e
t in.our.i5e eniollmenl in a nurterk sclsnnl or "Head Start program
lo provide continued sliniul.ttirtn for the child Many of tin mothers
of childien w i t h plumlkitm show multiple maternal inaili-ini.uies and
rermire etNisl.inl support During the first ke.u after acute intoxuatiim
intercurrent infet-liims mav be ass.Dialed with bioclit-miial evidences
of increased soft tissue le.id tnxirity (increased VCP anil M.A1 (3)
rrquirint; chel.Minn therapy (Table 5). Long-term adnnmstiMion of
pemcillamine on an ontp.itient kisis cannot be recnnimemlcd at
present. Serial lilnod learls shtmld N- obtained at him<mtlilk mtk-rvals
or m.-rr frequently as indicated. Values in excess 60 »i: PI* 100 g
skholc blin-tl 'luring cnmxalesceiice call for repeat courses .'I TaEDTA
or penicill.imine in the hospital. Values > 100 PC Pb/IUi e vvlmle
blood almost certainly indicate rexurrcnt lead ingestion which calls
for rex iexv of thr psy chudv namic aspects nf Ihe ease anil rrcheck
nf cnvironr.il nlal lead sources Tin- families at pcatcM risk move
with .the r-reati-st frerpiencv This ckte surveillance should \v main-
tained unl:l hloexl k-ad returns to and remains within the normal
range (15-40 ,.g fli / lOO g whole blood). Plu-iuibarhilal ami/or di-
phenklhvclantoin (Dibnlin*) are adei|uale for the control of seizures
that follow lead encephalopathy Recurrence of seiiuret without re-
current lead mp-!tinn it usually indicative of a lapse in anti<onvuls.int
medication. Both seizures and behavioral disturbances tend to abate

35



(

at pubrfty appn-at lie* Mi3ii.it a|>iu>rm.ilitie> dm I.' k-wt intnxica-
In m can U- greatly inlr,is,n<il by pi-i.tMititlk alntinmal moth, i ilulil
.-eljtinmhink. Tins IfHig-iitm pmgrain n.ay stxiu u:UHxe*sanly iliflic-uh
and tedious, but it i* ctM-nti.il if priuiaiteiil brain damage is lo be
numnuxrd

U:AD INTOXICATION
Tin- manap-tiH-nt of pli.mlMsni in atlnits dtHert from lh.it in childien

MI al Itptt of li.iz.ilifcKIS i-xpusiiii- .mil HM-asnies fin llietr tuntiol
*:IM| li) inlerpiilaliiMi of et-rl.iin Lilnn.it.nv d.il.i "rtiKtpli^ («•» thr
use of vlu l.tdikr* a<«eittx an ttsetitialK Ilie vtiitf at in tin ehikl.
r.i.erprinliipalln is laie in ailnlts. in tin- V'mtitl Stali-s litilav it usualU
Ie»nl!s frinn the t"-oiixinnplton of It .iil-riNilaimn.ili-J illitit liiifti.r
I iiimmtrtinr. "vtliile liglitfim^'") whitli tan present i|nil< a iliaCHtslie
prnliletii in lite chnMiic alt.iholic The other clinical stiKlioim-s are
wt-M doerilxt! elv wlHte t n I.

Tile (iitlovviuj iiuhistnex pn-wnt tlu- ctenli-\t tkrctipaliiMi.-tl li.\r.ini
k-sd tntetting. stnraC' batleik maimfailuring, ship hieakmp .mtii-
ntfilive I»K!V painting, luinlinu pinitmi; and potterv pl-i-tni; Sum-
phases rH the folliming uiikisliii-s alsii prt-siiil lisk |»etrol«-inn. table
ConstnirlMm. t eiamies. am nlimi. railialion sliu kliiij; ami in MM and
vibralkm ctinliot In anv indusliiat pcim-ss the lu\*.u<l lies in t\jv.>i.re
to dm! nf iitoi->ame k-ntl salts anil to fnnw-s ifstillin^ frism In .111115
or iHitning of trail T!M-M- li.i7.n<U ran N- latgelv rmitinlkil l>k pmpi i
venlilatinn, ilainp-diistini; in tlw' "dusty Irackt." anliiin.iliiio of li.i/aul-
Otis »leps and u*< of rrtiiiialius anil pmletlive elothinc l«x c-xpfMtl
«nit men (1^). Pruteclive cliilhiiij; must lie eli.lii'̂ iil ami hanils
w.-islied Ix fin i i.ltni); FI«N| slH>nld In- e.llen in a SA/I pl.iee ..iin.Ki1

from tlsc xsi'ik jura Tlie plivskC-isu must ili-tiTiimte wln-tlw-i ail>-kj-.i.ite
ixcup.itional safi-tk pinn-ilnn-s an- ax.nl.mV to ami ln-nij; »»i it lw
tile patient \°iiniii<liistiial t\rx-s of ex|smnre .lie hstril in Talile 2

Tlie lalftir.ltnrx p.ii.imi-ti-rs IIM-I! in initn^tik' fm iiu-(li<.il sujvi-tvi^iiin
of (KCiip.'iltiin.i1 exrtosit! kkmkers are siunni-iriretl in TaMe 6 The
liniitf foi "safe" ocxiip.ilioti.il exposure hak-e lieen set arbiltanlk and
are bated on the ktltsiTtalmn thai xvinplnnn rarelv oc-rtir in tin- alk-
tence of ciin>|s1i|-*ltin-> illne-is unli-»x tin-si limits art- r-xrretkil Ouattti-
latike data are pirfi r.ilili . in etnert-fncn-s the intnpu t.iti.'n »'. the
presumptive rrtls in T.tble 1 for cliiklun arc- viiterallk appliealile
lo adults, with Ihe exception of bom- X-rays which arc of no value
in adults

A x-arictv uf diseases are atuiciated with two In thrn-fuld increasei
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in VCP SO that values <V» »g UCP/24 hr eannut be cxnisidered
' diagnostic of plinnbism (11) Table 7 tlumt py rtoK- excretion patterns

in diseases tome-limes confused with plumbism The ccunbiii.itn-n of
increased ALA and L'CP is specific for pltsmbisni (11). Findings
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rif attrte itf-phritis ; In in.itim.i cast>. pu.iemtiri.t) mas Itc
pri-si-nt ill acuti- plnml-ixni. taiMutis .. lniiiii»ti.i:inii nf HAI.-( a K I J I A
i> indicated in such COM-*. Tlie CatPi'A molitli/^tuMi lest i Table
4) is helpful in dilfieult iliagm-stu ui.Jili i:is, parlunl.irb in tin-

i (sri-Mnce of renal iiisulGc M-IK*> anil in tin- abseiKv .if rcveiil It-otl ex-
* posure (6).

Treatment

Tin- Wlnilihi. i lMMi ami iimtiul of li.i/ i il'<us esttftsiuv H ntamlaliiry
f.ir i-i7,\tivr thii . i in. Imlii alums lot 1)1. l.itiim tlmapv an- jHt-vnlnl
in Table 5 ami dosage in Tahle 4. In .1 lulls, the lolliming mas ..... ml
daiK flifses ul r.il'.DTA slimiltl IH>| IK r\(ifdeil. in patients tsitlt
tilt . I'lial'ip.illix . 75 !i. in -utuiilx k v i t l i mlovuali'.ii !>nt willuiiil i n-
cepli tlniiallik. 4 " fi Aflterst- sule effekls iff iliu^s .in I|IMUSMI| aU-ii-
Snp[>>irlive tin r.ipk for attite i-nt,T(ili.il..p.illn in ailnils it |1H- MHK-
as tli.it lor chikli i -n

Kxpi-iieiici- sk i l l i KM. r.iI'DTA ivuilunalHHi in ailnlts is l i i i n t i % l
I have ttlrstixttl ten pinmpi n-lirf nf .-. mikliHiis aiNt im-talMil ie all-
nornuliliti in a lew oslnlls vvilli ftKepluliip.itliv. sett-re c«h< an<l
priifoiiml muscle pain ami weakmss ulm iei>-ivetl c i H i i b n n d
BAI, OaEDTA. ("iilillK-r^ lux repoiletl cnod ies|«Nise I" oial peni-
cill.iinioe nli me ( 1 0 to I S t- d.nlv foi 1 to J iLits ' ..... ul i lK skinp-
liMiiatic cases. Eurnptaii experietice ilmini; the past 10 years w i l l i
ivpt incillaniiiH- in adults IMS ln-en p««l Oral llier.ipy h.is tin .K|-
vanla)*c- of IHHIH- adininisti.itinn and avoids painful in|ectinns

It is tin author's pettXHi.il opinion lli.il ciiinliiniil HAI.-C.J'.nTA
followttl by oral pcnicillaniiiic is iitilicali-d sthiiM-vrr liltHMJ k a i l ex-
Cec-ils 100 »iC, Pb/IW c kklnilr blnud even in the alnti.ce of ..In mm
sympiitmt Mc-talxitic i-sidtnte of Ir.ul loaicity is nnuers.ilK pn-« nt
anil the risk of SMiipl.im.itic episndes is i-'mnli r.ible when l>lm«l
lead exceeds 100 ff. Pli/100 g wlKile Iklnml Tins rec«imiH-mlali<m
is not uiiiv iTt.ltlk ac.epli-d. At issm is tin iini-tluui of w l i < - t l i f - r t r . a t -
mcnt of kad iiitoxii.ition sliuuld IK- limited solely to kkmptmnalic
episodes. The rtittntmeiidatinns pven in Table S are basttl npim
the-Cf mcepl that chelating .i*;enls should be used in con|iinction wi th
control of envirnnmenl.ll exposure to reduce soft tissue lead ci<ntiiil
In levels nut aisiKiated wi th lipiificanl melabolii ekiiliT.ct- of Inxuity

"(4,11 1. This appmacli can (-really rednci- tlie iiK-idence of acute lirxic
episodes and rjiute p^sibly, the incidence of serious sei|uel.ir

Vicarious lead hazards should be entirely eliminated. Cnforlunatelv ,
increased occupational cipusure cannot, as yet, be entirely eliminated
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!n>m al! itittiisltia' ••-,>> i.i'i»n> As ..intn.1 pi,n ilun • i: ;.t >sr il it
likely that attvptabK l.niits o! ~».»:e~ ottupatriu.il e\p-MJU (Table
61 will K I'ikkeiid !6) Tin pii-seiice of rhrniiit n n.il li'im- or
iilliet ntetalki'lu. diseases art in<liial:"iis fur terminating tmtlter IK-CU-
Malion.il ivpo«ine t,> K ail I'pi.n li 1111111:1(1..r. • • ( exjvisnn nnilual
li>11i>vvnp Oi. mill IK- i. titiiineil m all patients fur a period "I tune
,-i|.:ik.i!rn: |u luin ;lu iliiiat.uii .- I ..Ilium 1.1! exp-isiiie (Jul:itin£
.i£rnU s)|i.:i!.| i t . .* IM- .ulii -luci! i-iallk in the pt<-s< IK. nl L<.|ilinni-il.
ti.,:.uit'M:. . \jv.M,,, Ui.,1 1.1 V IA ii.. n MM . tin- .iliMiipImn ..' '...id li.iin

the inieMine (.. p l>le data in: penicillaiiiine are nut avail.iblL

Itilnxication Due lo Organic Lead Compounds

Iiilnxiia'i'in line In Irtiaitliyl li.nl ami It tr.nmlliv I kail pretents
a spxtial pn-lili!ii I HI r.xposuie is liiiuti .1 entm-lv In tin lu.tnu-
factnre. Ir.mspnit. and lianillin^ nl tlie\e cnnipoinuls m ilu iM-lriileinn
industry up In the point where l!.< cinuenli.iti il m.iten.il is mixed
into gasnlme as an .iiiliknot.k a.Mitive (Mi .11,1111; ami n p.nrini; ol
tanks i:si il fin sti.i.i^i of leaded ^isnlim in,i\ alsu IH li.izardnn^
The nnmlki i nl wnikers at risk » Inmlril Him ss IK ;:n\ .11 iiti-ls with
insonitiia. kvild .Hid teirifkini* dreams, emolmii.il nik|abitit\ inil Kkper-
activilk. and ni.lt pnliess In fi.nil toxic psviliini. Tin I,, m.itnlopi.
alvnnrinaiiliet i>t mms-mit le.ul pms-.ning are n:'t fu.inil V ' r n . i r s le.ul
excretion is km eli-vati-d but bl.md lead is milk sli-^liiK ini:li \i>
specific llier.ipy i> available Clu-l.iting -ip-nls an- n..| u>, J Ili-aky
and pinl.Migk'tt <.C(l.iti'ni vvith slu'it-avttu^i li.nl>.titr.iti's iu h.^nit.il
provide the must e f fect ive lher.ii>1 available Fluid .1:11! < ! e t t i . i l v t e
balance must be carefnliv niAml.iined and m.iv be diflmil' Jin In
the rt.itii nl s hkperaitikitv CiMtv.ilt-sctnci n-.ik lie pi.il. •i-jed aiu!
puiKlii.i:. J bk lecuri.nci of irr.itp'iial beliaymr The dise.isc earnrs
a mortality rate ol approximately 20 per cent.
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