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Introduction:

Thisisabiokingtic andyssaf the didribution of mercury intheblood and hair of children after
injectionof Thimerisd containing vacanes.  Itisaprobe Sudy to assesswhether thereisaplausble
bassaof concarn for accumulation of potentidly sgnificant levelsof mercury in infants during thefirst
two yearsdf life

The neuratoxdty of mercury iswiddy recognized . Mercury hasbeen foundto induce
immune, Sensory, motor and cognitive nervous system  dysfunction after acadentd exposures. A wl
documented series of accdenta exposures have occurred sporadicaly for thelast 5 decades Receant
sudies basad on fish and grain exposures have shown that hair levedlsof mercury are assodiated with the
gopearance of certain goedific brainlesonsin children. Findings from these sudiesformed the besisfor
devdopment of abiokinetic modd of digribution of mercury overtimein the blood and the hair.

A bio-accumulativetoxin, mercury isvery dowly rdeased from the body after ingestion and
thus has been found to accumulatein blood, brain and hair with repeat exposures. Itisaso presentin
svad different formsin different mediainduding food, ar, coameticsand drugs. Therefore, it was
decided to assesswhether patterns of exposureto Thimerosal containing mercury could potentidly
produce sgnificant tissueleves of mercury in children.

Methodology:
Rationale and modd congderations

Thebiokinetic modd desgned by Gindbergand Tod (Risk Andlyd's 1999) wasadgpted for a
preliminary assessment of  pharmacokinetic behavior of Thimerosd mercury ininfants up to two years
of age. TheGingberg and Tod modd wasdesgned to evduate the effect of uptake of methyl mercury
from an ord exposureto mercury containing fish. Themodd isbasad on findingsin children and adults
thet hed been poisoned by organic formsof mercury ingrainor fish. Har levds collected from different
groupswere shown to vary with the magnitude of exposures. Also depogition of mercury into the har
continued ashar grew ater an acuteexposure. These parameterswere used to develop apredictive
modd of blood and hair leves of mercury. Themodd was vdidated againg blood concentrationsfrom
3 datasetsin which human subjectsingested methyl mercury infish, @ther assngleor multiple meds

Like methyl mercury, ethyl mercury from Thimerosdl isan organic form of mercury which
would haveamilar but not the exact same propertiesas methyl mercury with repect to upteke and



didributioninthebody. Methyl mercury isrgpidly and nearly completdy aosorbed into the biood
dream dfter ingesion. In contragt ethyl mercury isinjected and can be assumed to be completdy
absorbed. Themodd uses a 95% absorption rate for methyl mercury. Whenasmilar 95% raewas
used for Thimerosd mercury it would tend to underesimete the uptake rate.

Methyl mercury hasahdlf lifefor dimination of about 50 daysin adult mdeand femdes The
hdf-lifeof dimination of ethyl mercury isnot known but it is probebly somewhet shorter then methyl
mercury because methylated metds are generdly more dowly rdessed that ethylated metds. This
placesa drong limitation onthe assessment inadults However, infants have poor dimination of
organic and inorganic heavy metdsin thefirg 6 months prior to devdopment of metd transport
gydems Itispossbletha mercury isdiminated much moredowly inthechild.  In order to account for
thislimitation it was dedided to assess the biokinetics under two conditions: oneinwhich adult
dimingtion rateis assumed for theinfant and onein which theinfant rate of dimination was assumed to
be absent upto 6 months of age. Thusan “adult excretion scenaric” and a“no exarelion cenaio” were
used.

Elimination and uptake are both dependent on body weight. Therefore the modd was modified
to account for the child’ sbody weight changes and blood volumes over thetwo year period from birth.
Although there are sources of mercury in food and commerdd productsand mercury can betake up by
thefetus from the mather’ smercury burden, it was assumed thet the Thimerosal isthe only source of
mercury. If thet isnot the case the hdf-life for dimination will be prolonged. and maximums higher.

Given the preceding limitations, thefindings should be placed in context. Thisandyss can
only assesswhether Thimerosal could produce blood and har mercury in children & levelsthat could
plausbly raiseaconcan about neurdlogica damege. Such afinding would indicate the need for further
sudy. Thereforethe action levdsidentified for mercury in fish by dates are presented as comparison.

BExposure condderations:

According to the Centersfor Disease Contral (CDC) recommended immunization schedule,
infants may have been exposed to 12.5 g Hg a birth, 62.5 ig/Hg a 2 months, 50 ig Hg a 4 months,
62.5 g Hga 6 months and 50 Iy Hg a gpproximatdy 18 months, for atotd of 237.5 ig Hg during the
firs year and ahdf of life. Thesedoseswere used inthemodd a the gopropriatetime periods

Child weights and blood volumes
Thefallowing body waght and blood volume assumptionswere used.: For the
average child, 50" percentile 3.2,5.0,6.1, 7.3,9.5, &11.1 kilograms body weight and
020304,05,06& 07 litersof blood & hirth, 2, 4, 6, 12, & 18 monthsrespectively. For the
low weight child, 5" percentile 2.5, 36, 4.7, 5.6, 8.1, & 9.2 kilograms body weight and 0.26,
02,0.30,0.36,053&0604 , a hirth, 2, 4, 6, 12, & 18 months respectively. Thesevalueswere
obtained from standard mediicdl texts

Findings

In order to obtain anindication of the digperson of potentia blood and hair levds the biokinetic
modd was usad to estimate blood levelsunder four conditions Anaveragechild having ether an
“a0lult excretion scenario” or a“no excretion scenario” and thelow body weight, 5" percenttile, child
usng an “adult excretion scenaria’ and a“no exaretion scenanio’. Thusfour setsof chatswere
devdoped showing edimatesof blood mercury levdsand  four chartsestimeting har mercury levels



From these chartsit is posshle to determine the maximum tissueleve and the duration of higher levels
Itis dso possbleto determine additive effect of repested exposures

FIGURES 14

The predicted blood and hair levels of mercury from fish consumption in adultsand the levds
from Thimerosa are of the same order of magnitude. Moreover the NHANES 90" percentile of
blood mercury for women and children  16to 49 yearsor 1- 5years ae 6.2 and 1.4 ppb or ug/L
respectively. Thebiokinetic edimatesaredninthat range It isinteresting thet the 90" percentile
fish consumers gpproach the higher levelsestimated for Thimerasal . The higher levdls moddled here
occur prior to 1 yeer of age, theyoungest age messured inNHANES.  Because of thelong duration of
mercury inthebody  the patentid for additivity of exposuresfrom fish and Thimerosal may bea
concamn.

Thereisaressonableamount of datafrom human acadentd exposures that have occurred
over the padt hdf century. A summary showninthefalowing table givesthe harr and blood levdsa
which certain toxic endpoints have been obsarved.

Sudieson Mercury in humansand animals—EPA

Sudy BExposure N Endpoint Analyss PPM Hair ug/l blood

Ireq ST s 81 Devdopmenta BMD 1 4
Waking LOAEL 14 56

New Zedad  LT-fish 237 @) Threshdd 515 1925

Cree Indians LT-fish 247 tendon reflex LOEAL 1020 40-80

AmazonNatives LT 29 viad disrimingtion  LOAEL 20 80

Minamata LT ? 936 Minamaadissese  Threshald 20 80

Peru LT 131 NOAEL 0 120

DaaReview Animd/humen LOAEL 1020 40-80

FIGURES 5&6



Mercury toxicity hasbeen predicted & levelsaslow asal9toashighas 120 ug/L. Theblood
levelsare derived from the hair levdlswhichrangefrom 10t030 ppm.  Whiletheesimates of
exposurefrom Thimerosa do not exceed theserisk predictionsthey arein the same range and, with
additivity from other sources, may contribute to an devated mercury gpproaching theselevds

TheNationd Research Coundil in 2000 expert pand reviewed the avallable Sudies of mercury
exposure and toxic outcomes and suggested aBMDL of 58 ppb Hg in cord blood ( corresponding to
12 ppm inmaternd har). Theelevdsaredsointhesameorder of magnitude esimated in this probe
dudy. Thereisanotably rdaivey low margin of safety for mercury in the current gudiesand
recommendetions

I nterpretation and suggedions
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Because the estimated levdls of mercury in blood and hair after Thimerosd aeinthe
same order of magnitude as those levdlswhich induce toxic actionsin humanswith
acadentd expoaures, itisimportant to obtain amore detalled kingtic andydsusng
more exatt trandfer factors and amore complete modd.

Additivity with other mercury exposures such asfish isasarious posshility and
requires caution and re-enforcement of Sate mercury consumption advice to parentsof
young children.

Becausetherisk to childrenisbdieved to beasmuch as 10 times gregter thenrisk to
adults thefact thet esimatesaredightly b ow thetoxic leveswould not be
conddered evidence of sfety.

It isimportant to determine whether there are other perastent compounds routindy
usad to protect vacdnes or mediication form sporegrowth. Itispossblethet angle
dosssof Thimerosd would not be hazardous while repested doseswould
bioaccumulate and be potentialy toxic.

Moreinformationis nesded about the physologicd parametersduring thefirg 18
months of lifeto adequatdy characterize the biodynamics of potentid toxicsfrom birth
to 1lyear.
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