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Abstract

Objectives

Alhough meen blood leed (BPD) levels nthe Unied Siaes ooninue o deaease, here s evi -
dence thet cartain popuisions, paricuiady young dhiden Mg in communiies wih a high

[r gpaton of ader , poaly mentained houag, reman a hoh ik orkeed e xoosue. The
adyedvedihissudyisibdesateandoomparetepeavaenceraesdeavaeddidhoodBPb
bueshiesldy sre geoggaicaesswiinseenUSdies

Methods
Data on the number of chidrien who receved BPD tests and the number of chidren identiied

wih eeveied BPb ( > 10 pgel) by P aode wae adeoed f omsie o bcal heath depart -
mens. Thenumberddidenkesstrensxyeasdfage Mgineach P codewese Xeded

f omthe 1990 US census. W echueedtedy Anide mean percent of chidken wih BPH >10
pgtl foreach dy and compared these o the paroent of didlenwih BPb > 10 g byzaP
aode wintesamedy .

Results

s AoddZ7608(195/) dtedientesedntesaendeshedBPb >10 gl

. heachdy ,mostafhe didenwih eleveied BPowere concertraied nretvelyfiew 2P
oooks haxdhediess wefoundtet S0 odthe didlenwinebvaied BPolevesved

nienatenXodtedy S5Z2Paxks

. Farthe enie sample oF 229 ZIP oodes, there were 200 (87.3%0) 2P codes where the per -
ceniagedidnidenwinBPb > 10 pgdwes>44%,theaverageiorthe US chichoodpop -
ueiionlessthensixyearsdd, as esimeied duing the second phase FNHANES Tl (1991-
194

. Raesdieavaed BPhbvasathe 2P cock bl ianged i om below the national average
omorethan 10imeshigher .

Conclusions

Farmenydiden terikiorkede XPOosUre remains ver yhth hee yc ity,wefoundwide

dgpaiyamong 2P aodesinthe prevaenceraies dfelevated BPblevels amongiesed dhiden

Thepedenesesn 2P codesswihthe iohestraes yicaniye xceeded pravalence raes

atedy e adreodbes W e condude thet anelyses of chichood BPb deta per -

fo mdateZP el anp ovioke velete nior meiion for tageing resouces b e

hohestrisk communiies. Arelyses conduded atlrger geographicevels auch s atthe saie

ardlyleve, canmaskdspariiesamong communiies, camoufiage pock esdghikadn -

dertageing difesouces bpeceswihhe gesiestpr ddem



Introduction

hidhoodleed pasoning samegorenyr onmental health pr obemthat causes adverse
efleds on dhiden’s development and e suooess as adus. 1~ Bqosue b lead
her ms dhidrenis cogniive development, behavior adg  onh Hr  midelesshae
been dealy demonstraied atblood leed (BPD) evels af 10 pgiL, and the BPb threshold below
which there are no her mi effeds hes not been esiabished 5 hihe Unied Saies e mogt
common source of e XposUre s deteroaing leedesed paintin doer homes et are inpoor
adinY  oug(12-36 monhsdfage), mnoty cideninlow ‘+oomefamiesndaressed
urban communiies are most ik eyblee Xposed 1o lead hazards athome. 6 Most commonly |,
oddersandyoungdndenaree xposedwhenthey ingest small amounts ofleadkcontaminated
house dustduring nor malhandto  -mouthbehavior .7
Andisbie aspect of dhichood leed posoring inthe Unied Saes s e e xtremely unevends -
thuindiskdosieede Xposure among neghbarhoodswihindies. F ae xamnpete
[r oparionahousglutbeioe 1950Enimparantiskcororeade Xposure)canvar yda -
mekcayf om neighborhoad to neighbarhood within the same dly . Asareatnsomeaom -

mmmmddamddﬂmd%bebaemmmmmmd
rate and much higher than raies in neighboring communiies.

Dedrentepopoionddor enwihebeedBRbbdathersioreled Thepr oparion

af US anidenwiin eeveied BPb ( = 10 pgdl) hes been dedning, documenied by the periocic

populstion sur vey known as the National Health and Nutriion Examinaion Sur vey (NHANES).
NHANES deia reved thet the pr gpafon of US dniden wih ebveied BPO | 1 om 88.2%
(NHANES I, 1976 10 1980), 10 44% (NHANES Il Phase 2, 1991 10 1994). 9 Daaf om NHANES
1990 indcaie thet the geometic meen BPb level for al US dnidien hess deareased oan27o

20 pnteyeasaeiessoodphase dFNHANESI, smesrgai_mercbmenpr o-
porionafUS didenwih eleveied BPO.

Dadrentepopaindieseddid enwihaverage BPb > 10 pglatesebd Some

Saieshave repored redudionsinraies ofchichood BPb elevations smiariothosedocument -
edinthe NHANES sur vays. Arecentrepatshoneditetamong dideniessthen6yearsdfage

whorecehved BPhiessin195aiesduing 1997-1999 herewas anaverage deaeasenthe per -
catddidenwiheaeied BPo i 0om105%n 19710 76%n 1990, 10

BPbcklar  quedatedibd AtkestonergpatondhidersBPbeavaionst omthelocal
s damaicaly essencouagng tente reiordl and seerepots. Areiewafaur \al
lanoe daiaforthe dly of Chicago duning the period 1993-1997 showed no decrease nthe num -
berdididlenideriedashavingBPbevaionsovartis5yearpaiod 1 Toeterhmee
dyaieshiskioreed pasoring weper fa medaa  ossssirdardyssditeriskdiee -
veied BPbby ZP cooke forseven diss ocaiedinthe Unied Siaes Ourindngs suggesthetn

somedissandespedelyncaten 2P aoceswihndies repr cbem ofchidhood kead poi
sonngremainsameajorpudicheathconcer ntretaoninuesiohresienteiiedimanydi -
dreninour naiion's mostdisiressed communties.



Methods

Cities Included In Our Study

We assembded aggregeie data. odledied inchichood BPb sLr velancesysemshyhedh
depaimentsinsaiesandiocaes. W ebesdtessinddesiortsa.dyanaetdly

didalaandgeoggahicddiuion mekinganefatioind.de diesinte souh e

wes temic Atanic, andthe NewEngandregons. W htee  xoepionarMabie, Asbama,
thediesntissudyaeamogihose USdisswihthe hghestriskiordidhoodeede XpO -
Ue anthebessdfisuchiediures as number dfididenwhobve inpoverty andinader

housng W edesaibed, by 2P aodk, the number dfidhidieniesied and he number ofdhidren

teriedwiheaveed BRoforteidoningdies

. Der a; Michgan 1998 daia

. Priecdhg P enshani, 1998 daa
. Milwauk ee,W isoonan, 1998daa

. Moble, Alabama, 1998 daia

. Balimore, Mar yiand, 1998data

. Boston, Massachusetts, 1998 data

. SLas Meoui 199dea

ZIP Codes

WedosebuseZPoodeforouranalysshecausedispr oparesasarbivelysrel honog -
enous, and easly recognized geagraphic unt W ewsddaf anaiodd229 2P acodssin

Sandes W ee xduded ZP codes, most afwhichwere norvescenia, nwhich 10 ariewer

didenreoaved BPhessduing heyear (V53). hcasesnwhichadly 2P aooke induoked
addressesnanadcentsububenarea, weinduded the addresses ety wihinthe ZP code:

adauiketedyins

BPb Tests included In Our Study

WeusadtheresuisdvenousBPowhenthesewereavalabeforheyear Che wissweidd -
aesbdeaix yBPbEesshterage 1015 pgtl. (hsomesaes aBPobdints

langemey natreqLierepegtiesing, soavenous BPoisatavake)

Calculating Percent of Screened Children With Elevated BPb

Wecaobedthe peroentafchidenwihelevaied BPblby dvidng henumberdfidnidenicen -
fiedwih BPoeavaionbythe numberdfididenesed forte year W ep fa medisd -
abmndy wieardforeach 2P oode.

Calculating Percent of Children Tested for Lead

Fromthe 1990 US census,we e xededthe numberddidenkesstensxyearsdfageg
heechZPoode W ecaubiedthepacantdiddentesedioreedioreachdyand ZPaoce
usgthe 1990 census figures, undier anassumpion of consiant popusion and birth e,



Results

Lead Testing Among Children

Trergesawhthdidenwereesed dy ke varied corsderly i amdyody
mghtbee  xpeded esigraieswerehigherndiesnwhichchichoodlieedposoninghes
longbeenrecognizedasamgorpr doemrangngr om12%in Balimoretb 59%in Boston.
hMade whereleede Xposure b chidien has nathistoricaly been seenasamgor pub

Ereshpr aoem hetesingraesmuchloner . SeeT ak))

Table 1. Testing and identification of children with elevated BPb (z10ug/dL), seven cities

chitdren 05" chitdren 05" feated children
City years of age* years of age tested with elevated BPb
Boston 41,528 24,332 (59%) 6.2%
Mobile 34,494 915 (3%) 11.0%
Detroit 113,215 24,691 (22%) 175%
St. Louis 124,349 22,691 (17%) 17.0%
Baltimore 94,930 11,506 (12%) 22.0%
Milwaukee 79,279 19,829 (25%) 26.5%
Philadelphia 138,085 31,146 (23%) 28.0%

*Data from the 1990 US Census

There was a0 wide varistion among 2P codkes wihin dies wih regard o the raes at
whchdhidenweretesed some 2P codeshedliesingraesasmuchasive imes et of
tedy wieaeae

Elevated BPb Levels Among Children

27803 (1959 o diden esied n saven dies hed eevaied BPb. (Noe: Ofthe 27603
chidlenwih elevaied BPb, 1517 ether hed norecaded 2P code, arvedna ZIP coce

tevwese xdoedf  amourandyss Thusweweareadeibdoser eteddiouionbyZP

oode o 26086 chidenwih eleveled BPb)

The mean percert, dy Wik dfdidenwineeveied BPoveried om62%in Bostonto
2onPricdia

Thepercentichicenwihelveied BPbby ZP coderanged omOE1Y) D47% (D).



Clustering of Cases

. Ofte2s08cidenvineaaed BPbinte 229 ZP axdkshaursanye
— gbhedinany83(38%9) ofhesampe ZP ks
— Bbhedinany 26(113%) ofhe sampe ZP aodkes SeFigr el.)

Figure 1. Number and percent of ZIP codes and number and percent of children with
elevated BPb, of 26,086 children in seven cities
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. Trsdesigekdietineatedybeawdteinehdy

wihelvaiedBPowereconoeniaedinreivelyienvZIPoodes.

nhemeioiyofZP aodes hepercertofidienwineavaedBPbisconsdreblyoner
tentedy wibaeage ( SeFigr e3.)
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Figure 2. ZIP codes* where children with elevated BPb (at least 10ung/dL) are found:
percent of ZIP codes by percent of tested children with elevated BPb levels, seven cities
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* ZIP codes with fewer than 10 children tested excluded from analyses.
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Figure 3. Comparison of mean and median proportion of children with elevated BPb, within
seven cities and with the national proportion

45 X  Mean proportion for entire city
£ Median proportion for
§ 40 A ZIP codes within the city
g % ___ Proportion for US children,
28 35| NHANES 19911994 (4.4%)
30
Sa
ON 304
N
2 .| X X ¥
o4 X
£ A
g% 20 X
]
8% 45 A A
53 N
°g’, 10 A 1 X
g 5| ?
Milwaukee Baltimore Detroit Philadelphia St. Louis Mobile Boston
City
—lnBosion, Phiadeihia, St Lous, Minelk ee,andMabe, 50 sdfdidienwihelevaied
BFbledin < 18%dtedy SZPaxks
—inBdimoe, 5% dfididenwihelevaied BPoivedin 24% dithe dy 5Paxks
—InDetr a 5ddblenwiheavaisd BPoedn3R6dtedy SZ2Paxks

—heachady  ,theZP ocodesthatwere hometo 50%aftesied didenwih eevaied BPD
were also home o< 36% dfthe popuiation 06 years of age, and <45% oftested i
dn( SeeTadk2 )

Table 2. High-risk Zip Codes* and Children with Elevated BPb (= 10 pg/dL),
seven cities

Number (%) of
ZIP codes in
which 50% of
City’s Tested
Children with
Elevated BPb

Number (%) of
ZIP codes in
which 75% of
City’s Tested
Children with
Elevated BPb

Number (%) of
ZIP codes in
which 90% of
City’s Tested
Children with
Elevated BPb

Mean
percentage of
Tested Children
with Elevated

City BPb, City-wide are found are found are found

Boston 6.2% 5 (17%) 11 (38%) 18 (62%)
Mobile 11% 4 (18%) 7 (32%) 14 (64%)
Detroit 17.5% 10 (37%) 14 (52%) 22 (82%)
St. Louis 17% 10 (17%) 22 (37%) 40 (67%)
Baltimore 22% 5 (24%) 8 (38%) 16 (76%)
Milwaukee 26.5% 4 (15%) 7 (26%) 13 (48%)
Philadelphia 28% 8 (17%) 16 (35%) 29 (63%)

*ZIP codes with fewer than 10 children tested excluded from analyses.



Discussion and Recommendations

Analysis of BPb Data at the Level of ZIP Code or Smaller Unit

Adkingdspaty srevesdvwhentaies dfBPbebvain foresed didlenMgingpedic

P odkesarecompaedivtheraeior USdideningenad Overdl heperceniage diesed

chidenwhowere ideniied wih elevaied BPb inthe saven dies n our study wes more then

fourimestheesimaied paroeniage ofUS chidenwinelevaied BPb OMNHANESIIl, Phase 2.
ThepereniageddidenwinBPbeavaionsinthese sevendieswes alsosUosaniclyoh

ertentretrgpotedior 1955esin 19971990, 910

Recommendation: hmaysaesdlamndideisBPblaessuhasteussdints

Sidyaemananedinsur vebesseTs Adyagteseddbatebdd2Padea

eensreladycuifre xample cenausradtor census biodd) should be per fa medin
aderoreved hagoos wheeteriskiorkede Xposure sdemonstraldy high

Targeting of Resources to High-risk Areas

tsosyicancetaoridngscemogisetetasiewas 83 (300 dtettid sape df

2297P codesindudedinthis sudywerehome iomore then 63%oofhe chidienidentiiecwin
eaeedBPh F romapr ogammeicand paoy pagpedie, tisindng sugpesstret efiedive
targeing of preverion efforts can be adnieved, and unolersoores the posshlly of elnreing
tikhoodiead pisoring, neighbahood by reightohood.

Recommendation: Oneeteddaareadyzedatanapr quedysrebddasys
theresuis ofhe analysis should be used b foaus resources for code enforoement, houaing

rehetision eedhezad o d, soreening, and educaion onthose areaswhere chidien
havegesestiskiorkede XoosUe.



Limitations of This Study

The Data Used in this Study are Subject to Several Important Limitations

P osshity of overestimation of rate of BPb elevations. There ae saved posse aaors
tretingteediboeesimeindtersedBPbebaiorsnaaten 2P aodes

s Su \daedbaek eyohetebesstroeesimeindterskiorteeriepp -
ukiondfdden SaeadbcaBPoar velance sysens are based on BPh ests per -
fa medbyhegthcaepr oviderswhohave generalybeenencouraged (oyther pearsandby
chichoodlead posoningpreventionpr ayanmgoetighiekdibenie, l-and2year
doswho e haeaswihaknoan high prevalence dfelevaied BPb ordderhousing,

e Cglr ysoeenngsampesmayakso conoue bthis overesimation. Honever fees
goodevbence e, athe poplinked he use dficadr ySpedmens does nat resuk
noeesiraediepeakene ofidevaed BPL. r

P osshiity of underestimation of rate of BPb elevations. Theesaote peddy o
utkresimaiondteikincatendher P oodes

. Sareeningraiesnmany ZPcodesarever yowv  wihteresihaimenydidlenwihee -
vaied BPb may escape detedion. Because he soope oftis Sudy dd natindude anelyss
dfdsald delaaniiskiaonssuchpovety , oder housing and substandard housing con -
diions,wemay have sariously underesimaied iskforeede Xposure insome ZIP codes.

. Winoutlongiudinal data, the number of dhidenwho have ever had a BPb elevation can -
notheessbished

Limitations of ZIP code as a unit of analysss. P aodes aerebively sl @erage pop -
uiation 3000) and mogt are rebaively homogenous wih regard 1o variables assodated wih
chidhoodlead paisoning. Nonetheless, aZIP code asawhoe may have alowraie of diichood

BPb elevation whie encompassing one or more smaller neighbarhoods where leade xposed
dhdenaed.seed converssly ,neghborhoodswihsuchdusiers may for mpatsamulide

ZP ks b dusions auch as these, P aooke does nat ndonwdl as an adyic urit

Although beyond the soope of our study , analyss ey sudh unis as aensus blodk or oenaLs

tadmeybepeaae

Areas for Further Study

Futher sLdy s neecked O deler mine whether those ZIP codes in the sample of 20 wih the

hoghestraies dfdhidlenwinelevaied BPbaremoe smiarbeachahertrenteyareionoe

[ oxmee 2P codeswih bowerraies. Ioentiicaiion offecors common o high ik 1P codes

may alow targeting of housing remediation resources 1 hazardous housing, independent of
saeening and ideniicaion of didenwih elevaied BPb. Such anadMiywoud suppatthe
valeblegod afimpr oedpimar  ypeeindiede Xposure.



Conclusion

Adevingtheraionalheaihdgediveior2010afeiminaingdidhoodieedpoisorningrecuires

fooEgresouteshassswinthegesestik 13 Thedaapesenedhereareevdencedine

impoance ddos bstenddenahhiiskiore Yposure and b use aralyses of ocdl
BPbdeaoinor m efforts b conoentrate soreening, aodke enforoement, housing rehakiliaion,

andlead hazard contr dnthehghestriskneghbahoocs. Desetrelmisiorsdfiocalsr
velneeddiaonwhichiwesbesad sy sugpgessthetanalysesdBPhdaiathetareaon
duoedatreiordlandsaelevesmeyiliodentfyighestiskaressandmeskinportartcs

[akse XosueF  ethdandsaetigdingdaegesopeenttede Xposure should be—
andaswedemonstrate here, canbe—infor medandstrenghenedby daia.colediedandanalyzed

denar  queEySTEigegEd TR
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