HEALTH EFFECTS OF LOW DOSE LEAD EXPOSURE IN ADULTS AND CHILDREN,
AND PREVENTABLE RISK POSED BY THE CONSUMPTION OF GAME MEAT
HARVESTED WITH LEAD AMMUNITION
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ABSTRACT.N ResearcHindings haveheightenedublic healthconcernregardingthe hazardsof low dose
leadexposurdo adultsandchildren.In adults,studieshaveestablishedhe potentialfor hypertensiondec-
remantsin renalfunction, subtledeclinein cognitive function,andadverseeproductiveoutcomeat blood
leadlevelslessthan25 microgramsper deciliter (!g/dL). The developingnervoussystemof the fetusand
young child is particularly sensitiveto the ddeteriouseffectsof lead, with adverseimpactson physical
growthandneurocognitivedevelopmentiemonstrablat bloodleadlevelslessthan10!g/dL. No low dose
thresholdfor theseadversedevelopmentagffectshasbeendiscernedEpidemiologicalstudies, andrisk as-
sessmeninodelingpresentedn this paper,indicatethat regularconsumptiorof gamemeatharvestedvith
lead ammunitionand contaminatedvith lead residuesmay causerelatively substantiaincreasesn blood
leadcomparedo backgroundevels, particularlyin children.Becausdeadfree ammunitionis anavailable
substitute this risk is amenabldo the public healthstrategyof primary prevention.Received@ December
2008, accepted 12 December 2008.
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ALTHOUGH THE TOXICITY OF LEAD hasbeenknown
for millennia, recognitionand managemenof the
adverseeffectsin adults and children have often
poseda clinical and public health challenge.This
arisesfrom two main features Evenat moderateo
high levelsof exposuremanyof the overtmultisys-
temic effects of lead, such as headachefatigue,
myalgias, arthralgias,abdominal discomfort, con-
stipation,anemia,peripheralneuropathy and renal
insufficiency, are nonspecific,and might be attrib-
utableto otherrelativelycommonacuteandchronic
diseasesAt the lower levels of exposurethat are
prevalentoday,the effectsof leadmay not only be
nonspecific,but also subclinical or asynptomatic.
Neverthelesstheseeffects,which may include hy-
pertensiondecremenin renal function, subtle de-
cline in cognitive function, and adversereprodie-

tive function in adults,and developmentatielayin
children, are of considable public health concern.

This article presentsa short overview of selected
healthimpactsof leadexposureln this context,the
focusis on someof the adverseeffectsof thelow to
moderatelevels of lead exposurethat might pos$-
bly result from the ingestion of lead residuesre-
maining in the flesh of game birds or mammals
harvestedvith leadammunition.A detaileddiscus-
sion of the vast literature on the health effects of
lead exposures well beyondthe scopeof this art-
cle, but may be accessedn part from otherrecent
sources (EPA 2006, ATSDR 2007).

Wholg Blood Lead as a CommonMetric of Lead
DoseN Studies of lead in humans have often,
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though not exclusively, relatedthe clinical effects
of lead to the level measuredin whole blood.

Whetherobtainedthroughvenipunctureor a capi-

lary pinprick, leadin blood remainsthe mainstayof

humanbiomonitoring.As suchiit is usefulto begin
with a brief discussiorof thelevelsof leadin blood

that have beenencounteredn the generalpopub-

tion. Large population studies conductedin the
United Statesin the late 1970sfound that most of

the generalpopulationhad a blood lead concenta-

tion between10 to 20 microgramsper deciliter
('g/dL). In theNHANES Il studyconducteddy the
US Centersfor DiseaseControl and Prevention
(CDC) between1976to 1980,the geometricmean
blood lead level in childrenage 1 to 5 was 15.0
lg/dL (NCHS 1984). As shownin Figure 1, this

level fell dramatically over the following decade,
largely dueto the phaseout of leadedgasoline,as
well asto decliningencountersvith leadin residen-

tial paint, cannedfood, and other sources(EPA
2006).In its Third National Reporton HumanEx-

posureto EnvironmentalChemicalsthe CDC est-

matedthat the geometricmeanblood lead concen-

tration of children aged1 to 5 yearswas 1.70
lg/dL, while thatof adultsaged20 yearsandolder
was 1.56 (CDC 2005a).

For severaldecadesthe US CDC hasissuedguid-
ancethat identified levels of lead in the blood of
youngchildrenthatwereof concernwith respecto
public healthintervention.In 1970, that value was
40 g/dL. It fell to 30 !g/dL in 1975,25 !g/dL in
1985, and 10 !g/dL in 1991 (CDC 1991).In a
statemenbn the topic in 2005,the CDC notedthat
adverseeffectsof leadon cognitivedevebpment,a
key health erdpoint of concern,extendto blood
lead concentrationsless than 10 !g/dL, and that
thereis no valuethat constitutesa thresold or no-
effectlevel (CDC 2005b).With respectto lead ex-
posureto adultsin the workplace the U.S. Ocaupa-
tional Safety and Health Administration (OSHA),
estdlished generalindustry standardsfor lead in
the late 1970s.Under the OSHA generalindustry
leadstandardwhich remainsin effectto the current
time, aworkerrequiresremovalfrom leadexposure
if a singleblood leadlevel exceeds$0 !g/dL, or if
the averageof the three most recentblood lead
measurementexceed<0 !g/dL (provided the last
is greaterthan 40 !g/dL). Nevertleless, studies
conductedn recentdecadessomeof which aredis-

Blood Lead (ug/dL)

o N A O

1976-1980 '1988-1991 ' 1991-1994 ' 1999-2000 ' 2001-2002
Survey Period
Figure 1. Blood lead concentration in U.S. Children.

From: EPA, 2006 (Figure 4-3).

discussedbelow, demonstratehat the OSHA lead
standardsoffer inadequateprotection againstthe
adverseeffectsof lead at low doseto adults(Kos-
nett et al. 2007).

Health Effectsof Leadat Low Dosein Adults Hy-
pertension,Decrementsn Renal Function, Cogni-
tive DysfunctionN Basedon numerousrecentstud-
ies, there is growing concern that the chronic
impact of cumulative low doselead exposurein
adults may contributeto hypertensiondecrements
in renal function, and cognitive dysfunction. Evi-
dencefor the cawsalimpactof leadon hypertension
has emergedfrom multiple lines of investigation.
From a mode of action standpoint,studies have
identified impactsof lead on vascularsmoothmus-
cle (possiblymediatedby interactionwith intrace-
lular calcium), and multi-organ oxidative stress
(possiblyeffecting mediatorssuchas nitrous oxide
thatinfluencevasculartone) (ChaiandWebb1988
Vaziri and Khan 2007). Laboratory studies have
demonstratedhat feedinglead to animalsinduces
elevationsin blood pressureFor example,a small
butwell designedstudywasconductedn six young
femaledogsandtheir matcheditter mates(Fine et
al. 1988).The animalsweredosedwith leadacetate
(2 mg/kg/dayx 5 months)or placebo.Blood pres-
sure was measuredregularly by Doppler in the
foreleg without anesthesiar traumaby a blinded
investigator.At 15 weeks,blood lead level of the
exposedanimalswas 35.8!g/dL versus9.2 !g/dL
in controls.The blood pressureof the exposedan-
mals was consistently elevated comparedto the
controls. When the study was completedat 20
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weeks, their meanblood pressurewas 120 + 2.1
mm Hg, compared to 108 + 1.5 in controls.

Numeroushumanepidemiologicalktudieshaveaob-
serveda robustrelationshipbetweerbloodleadand
blood pressure. Findings obtained from the
NHANES Il survey are illustrative. NHANES 11
was a representativeerosssectionalsurvey of the
noninstitutionalizedJnited Stategpopulationexam-
inedbetweenl976and1980.0f the 20,322persons
examined,a blood lead sample was obtained in
9,933.1n adultsmalesaged18 to 74, the geoméric
mean blood lead was 15.8 Ig/dL  (NCHS 1984).
Blood lead was significantly associatedvith sys-
tolic and diastolic blood pressureafter controlling
for age,body massindex,anddemographi@andnu-
tritional factors (Schwartz 1988). Metaanalyses
basedon studiesconductedon subjectswith enwu-
ronmental and occupationallead exposure have
foundthattherelationshipbetweerblood lead con-
centrationandblood pressureeanbe describedy a
log-linear model. As blood lead level doubles(e.g.
from 5 to 10 !g/dL), thereis a correspondingn-
creasein systolic blood pressureof either 1.0 mm
Hg (Nawrot et al. 2002 seeFigure 2), or 1.25
mmHg (Schwartz1995). It shouldbe realizedthat
in studiessuch as these,the meanblood pressure
increase(which from a clinical standpointappears
small) reflects observationsin some individuals
who may exhibit no pressorresponseas well as
thosefor whom the impactmay be muchhigher.A
mean blood pressureincreaseacrossthe general
populationof only a few mmHgis of public health
concern,since elevatedblood pressurds a signifi-
cantrisk factor for cardiovascularcerebrovascular
andrenovasculadiseasgPirkle et al. 1985 EPA
2006).A recentl2-yearfollow-up studyof subjects
greaterthan 40 yearsof ageenrolledin NHANES
Il (n = 9,757) observedthat the subgroup with
blood lead concentratiori'10 !g/dL (median11.8)
had a relative risk of cardiovasculamortality of
1.55(95% C.I. 1.162.07) comparedwith subjects
with blood lead <5 !g/dL (Schober et al. 2006).

Our understandinghat the impactof leadon blood
pressurds predominantlyinfluencedby long-term,
cumulativeexposurehasbeenderivedin part from
investigationsthat utilized noninvasivex-ray fluo-
rescencemeasuremendf lead in bone as a bio-
markerof exposure Greaterthan 90 percentof the

bodyleadburdenis foundin bone,whereit resides
with a half-life of yearsto decadesIn a nested
casecontrol study conductedn a subcohortof the
Normative Aging Study, 146 hypertensivemen
were comparedto 444 normotensivecontrols (Hu
et al. 1996). The meanage of the study subjects
was 66.6 +7.2 years, and their mean blood lead
concentrationf.3 !g/dL, reflectedbackgrounden-
vironmental lead exposure. Logistic regression
anaysis revealedthree significant risk factors for
hypertension:body massindex, family history of
hypertension,and tibia bone lead concentration.
From the lowest to the highest quintile of bone
lead, the odds of being hyperensiveincreasedoy
50 % (O.R.=1.5,95%C.I. 1.1-1.8). Theresultsof
this and other studiesconductedn middle agedto
older adultssuggesthatlong-term blood lead con-
centrationsin the rangeof 10 to 25 !g/dL posea
significantrisk of hypertensiorand cardiovascular
disease (Nav&¥cien et al. 2007).

Several studies conductedin general population
samples have reported an association between
blood lead concentrationand biomarkersof renal
function. For example,Staessenet al. (1992) ex-

amined the relationship betweenblood lead and
creatinineclearancean 965 menand 1,016 women
(age 20 to 88) recruitedfrom a region with enwu-

ronmentalcadmiumexposure The geometricmean
blood lead concentrationwas approximately 10
lg/dL (rangel.7 - 72.5!g/dL). Therewas a sig-

nificant inverse correlation betweenageadijusted
creatinineclearanceandbloodlead,which persisted
after excludingsubjectswith occupationalead ex-

posure,or thosewith the highesttercile of blood
lead (geometricmean 18.4 !g/dL). Some recent
studies have suggestedthat the relationship be-
tweenlow level lead exposureand renal dysfurc-

tion may be accentuatedh subjectswith otherrisk

factors for renal diseasesuch as hypertensionor

diabetes (Muntner et al. 200Bsaih et al2004).

Recentstudiesconductedn olderadultshavefound
cumulativelead exposure as reflectedby the con-
centrationof lead in bone,to be a risk factor for
poorer performanceon some tests of cognitive
function. The BaltimoreMemory Study(Shih etal.
2006) examined991 randomly selected,sociode-
mographically diverse communitydwelling adults
aged50to 70 years.Blood lead (mean= 3.5%2.2
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lg/dL) was not a predictor of neuropgchological
performance However, increasingtibia bone lead
concentratiorwasassociatedvith deficitsin visuo-

constructiveskill, suchthat anincreaseof 13 ppm
boneleadyieldedanimpactequivalentto 4.8 years
of aging. In a subcohortof the Normative Aging

Study, 1089 older, mainly white men, (meanage
68.7 +7.4 years) under repeatneuopsychological
testing over an approximately 3.5 year interval
(Weisskopf etal. 2007).Tibia boneleadconcenta-

tion, but not blood lead concentrationwas signifi-

cantly associatedvith decreased/isuospatialper-

formance over time.

Adver® Reproductive Outcome in  WomenN
Concernover the adversereproductiveeffects of
low level lead exposureto women has emerged
from studies of multiple endpoints.In a well-
designednestedcase control study conductedin
Mexico City, 562 women seeking preratal care
were prospectivelyfollowed for the first 20 weeks
of pregnancyBorja-Aburto etal. 1999).Theava-
ageblood lead at enrolimentwas 11 !g/dL. Using
the quartile of womenwith bloodlead<5 !g/dL as
the referentgroup, the odds ratio for spontarous
abortionfor the quartileswith blood leadof 5 - 9
lg/dL, 10-14!g/dL, and"15 !g/dL were2.3,5.4,
and 12.2 respectively(test for trend, P = 0.021).
Overall, an increasein maternalblood lead of 5
lg/dL wasassociatedvith anoddsratio for sporia-
neousabortion of 1.8 (95% C.I. 1.1, 3.1). Other
studieshaveassociateanaternaleadexposurewith
adverseeffectson physicalgrowth andneurocogit
tive developmentduring infancy and childhood.
Two longterm prospectivestudies examined the
impactof low-level prenatallead exposureon neu-
robehavioraldevelopmenduring childhood. In the
YugoslaviaProspectivel ead Study, childhood 1Q
assessedt 3 to 7 yearsof agedeclined 1.8 points
(95% C.I. 1.0, 2.6) for every doubling of prenatal
blood lead, which was defined as the averageof
maternalblood lead at midpregnancy and delivery
(mean,10.2+14.4!g/dL , n = 390) (Wassermanet
al. 2000). Similarly, the Mexico City Prospective
Lead Study found that IQ declined 2.7 points (95
C.I. 0.9, 4.4) for every doubling of third trimester
maternalblood lead (geometricmean7.8 !g/dL , n
= 150) (Schnaaset al. 2006). In both studies,the
relationshipbetweenprenatalblood lead and pog-
natal childhood IQ was characterizedby a log-

linear model, suchthat IQ declinewas steepesht
maternal blood lead levels less than 10 !g/dL.

AdverseEffects on Neurocognitiveand Neurole-

havioral Developmenin Children.N Much of the

public healthconcernover low-level lead exposure
in recentyearshasfocusedon adverseimpactsto

children.Childrenhaveheightenedusceptibilityto

environmentallead exposurefor severalreasons.
The developing nervoussystemof the fetus and
youngchild is the humanorgansystemmostsens

tive to the deleteriouseffectsof lead. Comparedo

that of adults,the juvenile gastrointestinatract ab-

sorbsa higher percentageof lead that is ingested.
Normal mouthing behavior of young children re-

sultsin greaterintake of leadin environmentakme-

dia such as soil or dust. Finally, in proportionto

body size, children breathemore air, drink more
liquid, and consume more food than adults.

The adverseeffect of leadon childrens intellectual
functionis well establishedy decade®f extensive
study. A recentanalysisexaminedthis association
by pooling dataon blood leadandintelligencequo-
tient (1Q) on 1,333childrenenrolledin sevenpro-
spectivecohortstudiesfrom birth or infancy to age
5 to 10 years(Lanphear et al. 2005). The primary
analysisexaminedfull scalelQ as a function of
concurrentblood lead level at 4 to 7 yearsof age,
adjustingfor HOME score(a measureof the child-
rearing environment), birth weight, maternal 1Q,
and maternal education. The median concurrent
bloodleadlevel was9.7 !g/dL (range2.5to 33.2).
The relationshipbetween blood lead and 1IQ was
describedy alog linear multiple regressiommodel.
This indicateda lossof 6.2 1Q pointsasblood lead
increasedrom <1to 10!g/dL, andalossof 3.01Q
pointsasbloodleadincreasedrom 10 Ig/dL to 30
lg/dL.

The impact of thesedecrementsn 1Q, which may
be difficult to clinically discernin any oneindivid-
ual, is bestappreciatedn a broadersocietalcon-
text. Leadrelateddecrementsn IQ are relatively
uniform acrossa rangeof intelligence,andthusan
overalldownwad shift in 1Q in the generalpopub-
tion not only increaseshe numberof childrenwith
low testscoresput alsodecreasethe numbersca-
ing in the gifted range.As illustratedin Figure2, a
five point1Q shift in the bell-shapedlistribution of
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Figure 2. Changes in the number of children with IQ
<70 and >130 per 100 million population based on a
drop in the mean 1Q of five points. Reprinted with
permission, from Gilbert and Weiss, 2006.

IQ hasits greatestmpactat thetails of the distribu-
tion, increasingby approximately57% the number
of childrenwith extremelylow 1Q scoreq1Q <70),
and decreasingoy approximately 60% thosewith
anlQ in the very superior range(IQ >130) (Gilbert
andWeiss2006).Given the capacityof individuals
at the extremesof intelligenceto havea dispropa-
tionateinfluenceon societalfunctionandresources,
the overallcostof elevatedeadexposureo society
has been judged to be consalge.

The neurobehaviora¢ffectsof leadon child devd-

opment,while lessintensively studiedthan effects
on cognition, may also have a significant societal
impact. For example,someevidencesuggestshat
bloodleadlevelsin the mid-teensor highermay be
associatedvith an increasedisk of antisocialbe-
havior anddelinquency(Deitrich etal. 2001, EPA
2006).

Lead Ammunitionand Primary and SecondaryPre-
ventionN Public health action to reducethe risks
associted with low level lead exposuremay in-
clude elementsof both primary and secondarypre-
vention.With respecto adults,a recentrecomma-
dation has called for individuals to be removed
from occupationallead exposureif a single blood

lead concentratiorexceeds30 !g/dL, or if two suc-
cessiveblood leadmeasurementsver a 4 weekin-
terval are "20 !g/dL. It is further recommended
that removalfrom lead exposurebe consideredo
avoid long-term risk to healthif exposurecontrol
measureover an extendedperiad do not decrease
bloodleadconcentrationso <10!g/dL (Kosnett et
al. 2007).

In its 2005Statemenbn Preventing_eadPoisaiing
in Young Children, the US Centersfor Disease
Control and Preventionacknowledgedhat the ef-
fort to eliminate childhood lead poisoning would
requirea multitiered approachthat includedsecm-
dary prevention through case identibcation and
managemenbf elevatedblood lead levels. How-
ever,becauseo thresholdfor the adverseeffect of
lead on neuroavelopment has been found, the
CDC emphasizedthat Oprimaryprevention must
serveasthefoundaton of the effortO(CDC 2005b).
It further notedthat Oeffortgo eliminatelead expo-
suresthroughprimary preventionhavethe greatest
potentialfor successE.Ultimately,all nonessatial
uses of lead should be elimated.O

Thereis growing concernthat the use of lead am-
munition for the hunting of wild game, a non
essentialuse of lead, may increasethe lead expo-
sure of adultsand childrenwho consumethe har-
vestedmeat.Casereportshavedescribedhe oca-
sional consumerof wild gamewho had markedly
elevated blood lead concentrationsand associated
symptomsthat were attributedto lead shotgunpd-
lets retainedin the appendixor ascendingcolon
(Hillman 1967, Durlach et al. 1986 Gustavsson
and Gerhardssor2005). However,the more wide-
spreadpublic heath issueis the risk of subclinical,
low level lead exposureassociatedvith the inges-
tion of leadcontaminatedmeat. Johanserand his
colleagues(Johansen et al. 2004) measuredthe
lead concentrationin cookedwhole breasttissueof
seabirdsfrom Greenlad killed with lead shot.
Visible lead pellets were identified by x-ray and
removedby dissectionprior to analysis.Breasttis-
sue of the thick-billed murre (n =32) containeda
mean lead concentrationof 0.73 £2.9 !g/g (wet
weight), while that of the comma eider (n = 25)
contained6.1 +13 !g/g. By comparisonthe lead
contentof breastmeatin 25 commoneidersthat
were accidentallydrowned in fishing nets rather
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thanbeingshotcontained).14+0.13!g/g. Another
recentinvestigationmeasuredhe lead cone@ntra-
tion in samplesof raw muscle meat freshly ha-
vestedfrom red deerkilled with lead bullets (Do-
browolskaand Melosik 2008). Lead concentation
in the muscledeclinedas a function of radial dis-
tancefrom the bullet pathway.However,at aradius
of 15 cm (approximately6 inches)from the bullet
path,the musclecontainedlead at a meanconcen-
tration of 8.5 !g/g wet weight (n = 10) abovelead
levels found in musclefar distantfrom the bullet
pathway(mean= 0.16!g/g). At aradiusof 25cm
(approximate} 10 inches)from the bullet pathway,
the meatcontaineda meanlead concentration that
wasl1.16!g/g abovethevaluesfoundin thefar dis-
tant muscle.

A recent experimentalstudy by Mateo and cal-

leaguesin Spain(Mateoet al. 2007) observedhat
cooking meat containingimbeddedlead pellets of

lead shot contributesto the transferof lead con-

taminationto other portionsof the meat.In this in-

vestigation,1, 2 or 4 pellets of prefired #6 lead
shotwere manuallyimbeddedin the breastof non

shot farm raised quails obtainedfrom a superme

ket. The breasts(n = 3 per group) were sub®-
guently cookedby boiling in a solution of water,
sunflower oil, and spices.The lead pellets were
thenremoved andthe breasimeatwasanalyzedor

lead. Comparedto breastmeatcookedwithout an
imbeddedpellet (mean lead concentration<0.01
lg/g wet weight, range<0.01to 0.01), the breast
cooked with 2 imbedded pellets contained 0.49
lg/g (range0.10to 1.19), and that with 4 pellets
containedl.64 !g/g (rangel.07to 2.12. Substa-

tially higherlead valueswere found when vinegar
wasaddedto the boiling waterin atraditionalpick-

ling recipe.

A portion of gamemeatfor an adult might weigh
141 g (approximately5 ounces)(EPA 1997, Hog-
bin etal. 1999),andthatfor a 3 to 5 yearold child
might weigh 100 g (approximately3.5 ounces).It
canthereforebe seenthat a single servingof game
meatcontainingl !g/g leadmayresultin ingestion
of 141 !g leadin an adultand 100 !g leadin a
child. Theseamountsare markedly elevatedcom-
paredto the estimateddaily dietary intake of 2 to
10!g leadnow considerecprevalentin the Ameri-
can diet (EPA 2006).

Studiesconductedn native peopleswho regularly
consumegamebirds harvestedwith lead ammuri-

tion have observeda relation$ip betweenblood
lead concentratiorandbird meatconsumptionin a
study of adult male ethnic Greenlandersmean
blood lead was 1.5 !g/dL (n = 4) amongcontrol
subjectsconsumingno bird meals,comparedo 7.4
+4.7'g/dL (n = 31) amongthoseconsumingb.1 to
15 bird meals per month, and 8.2 +4.5 !g/dL

amongthoseconsumingl15.1to 30 bird mealsper
month (Johansenet al. 2006).In a study of native
Cree adultsresiding in northernOntario, Canada
the geometric mean blood lead concentrationof
adult males was approximately6.3 !g/dL, com-
paredto 2.1!g/dL in acontrolgroup(n = 25) from
the industrializedcity of Hamilton, Ontario (Tsuiji
et al. 2008a). Isotopic lead ratio analysisof the
blood lead samplesJocally usedlead ammunition,
andlichen (anenvironmentabiosensorpetemined
thatammunitionwasthe main sourceof lead expo-
sure in the native group (Tsuji et al. 2008b).

The extentto which humanconsumptiorof verison
andbreastmeatfrom gamebirds suchasmourning
doves harvestedwith lead ammunition may con-
tribute to lead exposurein the United Statesis a
topic of increasinginterest,sparkedin part by the
recentdetectionof lead fragmentsin groundven-
sonsubmittedby huntersto food pantriesin several
MidwesternstateqBihrle 2008) The North Dakota
Departmenif Health,in conjunctionwith the Na-
tional Centerfor Environmental Health of the US
CDC, recently conducteda survey of blood lead
concentrationemonga conveniencesampleof 740
individuals, 80.8% of whom reporteda history of
wild game consunption, predominantly venison
(Igbal etal. 2008).Almost all of the subjectswvere
adults,with the exceptionof 7 subjectdetweerthe
agesof 2 to 5 years(0.9%), and 12 subjectsbe-
tweenthe agesof 6 to 14 years(1.6%). The geo-
metric mean blood lead concentrationwas 1.17
lg/dL (range0.18to 9.82 !g/dL), lower thanthe
US populationgeometricmeanof 1.56 !g/dL for
adults 20 years of age and older (CDC 2005a).
Eight participantg1.1%)hadbloodleadconcenta-
tions" 5 !g/dL. In multivariate analysisthat ad-
justedfor age,sex,race,ageof housing,andlead
related occupationsand hobbies,individuals who
reportedconsuminggamemeathadanincrementn
bloodleadof 0.3!g/dL (95%C.I. 0.157,0.443).In
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like manner,individuals who had consumedgame
meatwithin the pastmonthhada covariateadjusted
blood lead concentratiorthat was 0.3 to 0.4 !g/dL
higher than thosewho had last consumedt more
than6 monthsago.Baseduponthe findings of this
survey,the North DakotaDepartmenbf Healthad-
vised that pregnantwomen and children younger
than6 yearsof ageshouldnot eatvenisonharvested
with lead bullets (NDDH 2008).

The magnitudeof the health risk associatedwith
consumptiorof gameharvestedvith leadammuri-
tion is likely to be influencedby multiple factors
including, but not limited to the lead contentof the
ingestedmeat,the particlesizeandsolubility of any
ingestedlead residues,the mannerin which the
meatis cookedor preparedthe frequencyof con-
sumption,andthe ageof the consumerln afurther
effort to understandhe potentialimpact,the Lead-
Spread model of the California Department of
Toxic Substance&Control (DTSC 2007)wasusedto
estimatethe median (50" percentile)and 95" per-
centile incrementin blood lead concentrationin
adultsand childrenconsumingtwo or five portions
of gamemeatperweekcontainingsolubleleadat a
concentratiorof 1 Ig/gram wet weight. This con-
centrationwas selectedfor modelingbasedon the
findings of some analytical studes, summarized
above,that suggestthat a value of this magnitude
might exist in servings of game meat harvested
with leadammunition afterintact pelletshavebeen
removed.

Table1 presentestimatesf the 50" percentileand
95" percentilebloodlead concentrationsf children
and adults associatedwvith consumptionof either
two or five gamemealsper week at two different
levelsof bioavailability. The relativebioavailability
of lead residuespresentin cookedgamemeathar-
vestedwith lead ammuniton has not beenexam-
ined experimentally.However,a rough estimateof
0.2 was utilized after comparingthe blood leadin-
crementof ratsfed a diet of 0.075%lead derived

from smallparticlesof metallicleadto thatfoundin
rats fed a diet of 0.02% lead derived from small
particlesof leadacetatgBarltropandMeek,1979).
For purposesof discerningthe upperboundof the
influenceof relative bioavailabilty of metallic lead,
Table 1 also presentsresults obtainedby setting
relative bioavailability to 1.

The bloodleadvaluesin Table1 representhe sum
obtained by adding the estimatedincrement in

bloodleadattributedto the gamemeatconsumption
to the median(50" percentile)blood lead concen-

tration for childrenor adultsfoundin arecentU.S.

population National Health and Nutrition Evalua-

tion Survey (NHANES) (CDC 2005a). Although
the NHANES generalpopulation estimatesmight
haveincludedsomeindividualswho consumegame
meats,their impact on the generalpopulationme-

dian value can for purposesof this example be
consideredminor. The incrementin blood lead at-

tributedto gamemeatconsunption in Table1 can
be found by subtractingl.5 from the child values,
and 1.6 from the adult values.It is notablethat the
median(50" percentile)incrementcalculatecby the
LeadSpreadnodelfor adultsconsuming two game
meat mealsper week containingl !g/g lead at a
relative bioavailability of 0.2 is 0.3 !g/dL. Thisis

the sameincrementin blood lead associatedwith

gamemeatconsumptionin the North Dakota sur-

vey cited above (Igbal 2008).

The main implication of the resultsyielded by the
model is that regular consumptionof game meat
harvestedwith lead ammunitionand contaminated
with lead residuesmay causerelatively substantial
increasesin blood lead comparedto background
levels,particularlyin children. Additional epideni-
ologicalinvestigationof potentiallyaffectedpopu-
lations to further define the magnitudeof the risk
are warranted.Any such risk would be entirely
avoidableby the useof the availablealternativego
lead ammunition.
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Table 1. Estimated blood lead distribution associated with regular consumption of game meat containing
1 ppm lead due to contamination from lead ammunition (background level plus game meat increment).*

Estimated child blood lead level

Estimated adult blood lead level

Game meat Relative (pg/dL)* (pg/dL)®
meals per week >  Bioavailabi lity®> 50" percentile 95" percentile 50" percentile 95" Percentile
2 0.2 2.4 35 1.9 2.3
2 1.0 6.1 11.4 3.2 5.1
5 0.2 3.8 6.4 2.4 3.3
5 1.0 125 26.5 5.6 10.3

N

meat with a lead concentration of 1 ppm

I

Estimates derived from use of LeadSpread Version 7 (DTSC. 2007), assuming geometric standard distribution of 1.6;
ingestion constant (ug/dL)/ug/day) of 0.16 for child (age 3 to 5 years); and inge stion constant fo r adult of 0.04.
Child meal consists of 100 g of game meat with a lead concentration of 1 ppm. Adult meal consists of 141 g of game

Relative to bioavailability of dietary lead acetate in rats (DTSC, 2007)
Values shown represent blood lead increment attributed to game meat consumption added to 50" percentile blood

lead reported in CDC Third National Report on Human Exposure to Environmental Chemicals, 2001 2002 (1.50 pg/dL

for child 1-5 years of age) (CDC, 2005)

Values shown represent blood lead increment attributed to game meat consumption added to 50" percentile blood

lead reported in CDC Third National Report on Human Exposure to Environmental Chemicals, 2001 2002 (1.60 pg/dL

for adults 20 years and older) (CDC, 2005)
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