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ABSTRACT. Methylmercury is a known fetal developmental neurotoxicant. The only signifi-
cant source of fetal exposure is maternal fish consumption; however, few recent data on
exposure of the pregnant population are available. The authors undertook a study of
methylmercury exposure in the New Jersey pregnant population to investigate the distribu-
tion of exposure and to identify predictors of elevated exposure. Mainly first-irimester preg-
nant women were recruifed through six New Jersey obstetric practices. Hair and blood sam-
ples were amalyzed for tolal mercury, and a subset was analyzed for methylmercury. A
guestionnaire on demographics, life style, and fish-consumption practices was also adminis-
tered. Although 85-90% of the pregnant population had hair mercury levels that were less
than 1.0 ug/gm, 1-2% had levels in a range of possible concern for adverse developmental
effects {> 4.5 ug/gm). Regression analysis suggested that blacks and individuals with some
college education experienced lower exposures o methylmercury.
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METHYLMERCURY (MeHg) is a developmental reu-
rotoxicant that readily crosses the placenta and results in
adverse effects i utero. Whereas effects on the adult
nervous system have been seen in major posoning
episodes,! the developing nervous system appears to be

the most sensitive health endpoint for MeHg exposure.??
The effects of MeHg cn the developing nervous system
are also distinct qualitatively from its effocts on the adult
nervous system.? In a recent study in the Faroes Islands,
a significant regression relationship between maternal
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MeHg exposure and adverse neurclogical performance
in 7-y-old children was observed for a maternal cchort
{geometric mean hair Hg level of 4.3 pg/gm).” In an ear-
fier study in New Zealanc, Kjellstrdm et al’ found
developmental effects associated with maternal Metg
hair levels that were equal to or greater than 6 pg/gm.’
fomsumptuon of fish and seafood (hereinafter collective-

referred 1o as “fish”) is the primary source of MeHg
exposure in the general population.® Therefore, the crit-
ical environmental exposure in the assessment of the
population-based risk from MeHg is that experienc ed by
ihe pregnant populatior. Researchers have conducted
numercus studies worldwide to assess MeHg exposure
in various populations, but few have specificaliy
addressed the exposure of pregnant populations or of
women of childhearing age. Estimates of exposure of
these groups in the United States, in whole or in part, are
sparse,” 'Y and they tend to mainly reflect exposures dur-
ing the 1870s.

We studied mercury exposure in the New Jersey
pregnant population to address two important guestions
relating to the assessment of neurodevelopmental risks
from methylmercury: (1) What is the overall distribution
of exposure in the New [ersey pregnant population? (2}
What are the demographic and life-stvle factors that we
can use to identify subsets of the population with ele-
vated exposures and elevated risk? The latter question is
important in the focusing of intervention and communi-
cation strategies that are aimed at reducing nisk.
Although a proportion of the population consumes far
greater quantities of fish than the “average” population,
we did not design this study to focus cn high-end con-
sumers who may consume more than 30 kg of fish/y. !

Method

Overall study design. In this study, we sampled
women who used chstetrical services in hospitals,
public heaith chnics, and private physicians’ offices.
We selected contact locations to provide a generally
representative sample of major statewide geographic
and population areas and of potentially significant
demcgrachic factors in New Jersey. Nonetheless, we
did not design the study to yield a statistically random
sampie of the New jersey pregnant population. Sc-
lection of participants with.n practices, however, was
essentially random, given the nonregular timing of

ecruitment visits.

Participant recruitment. The protocol, including the
questionnaire and consent forrm, was approved by
institutional Review Boards of Rabert Wood Johnson
Medical School, St. Peters Hospital, and Cooper Hospital,
all of which are located in New Jersey. Pregnant women
wore contacted between july 1995 and April 1997, prior
to their self-initiated appomtmem for prenatal
examinations. Most subjects were sampled during their
initial first-trimester wo*kup& Physicians’ offices and
clinics were in six locations in New Jersey: (1) Belford
(central-coastal), (2} Springfield (east-centrall, (3) Hoboken
(northeast-coastal), 4, New Brunswick (central), (5)
Camden (southwest), and (6} Red Bank (contral-coastal).
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The less-populatea southern areas of the state were not
sampled.

Sample collection and guestionnaire administration.
Hair, which was obtained from the nape of the neck,
was taped to a card so that the basal {scalp) end could
be identified, and it was stored in Zip-Loc pies’nc bags.

Blood, which was collected into a metal-free tube, was
an ad;un(t 1 scheduled obstetric blood collection. A
trained interviewer used a quest'nnm're to elicit in-
formation on demographics; duration of pregnancy:
health status; dental history; life-style factors (e.g.,
smoking, alechol consumption); and personal and
family fishing fequumy Information on frequency of
consumptien and portion size was requested by species
and was promgted from a listof 17 s;)eues with models
approximating several serving weights. Given that diet
recall is often vague, we used two guestions tc compare
participants’ estimates of overall fish consumption by
species: {1} How many times ¢ month do you ecat a
given type of fish? and (2} When was the last time vou
ate that type of fish! We subsequently standardized
responses, relative 1o units of time and pertion size.

Hair and blood sample analysis for total mercury.
Mercury was analyzed on a cold-vapor HG-4
instrument. We used 3 m! of whole blood, which was
diluted tc 100 ml with deionized water with the
additicn of 2 mil nitric ac.a, 2.5 ml suliuric acid, 15 ml
potassium permanganate, and 8 ml potassium
yem,ﬁ fate {all ultrapure analytical-grade reagents).
aamp es were microwave-digested at ”5 *Cfor 1 hr A
series of standards that contained 0.2— pr Hg was
prepared, and a calibration curve with a 0,995 or better
cerrelation was used for calculating Hg absorbances on
each run. Any run with recoveries of less than 85% on
spiked samples was repeated. The detection limit for
blood was 0.5 ug/l. Blooa samples that contained Hg
concentrations below the detection 'imil were recorded
as one-half the detection limit. The detection limit for
hair was 0.02 ug Hg/gm hair. Hair samples with con-
cenfrations telow the detectior limit were recorded as
one-half the detection limii. in general, only [he 2 cm of
hair sroximal to the scalp were analyzed. some
cases, however, this amount did not pmwdﬂ suﬂ cient
mass for analysis, and longer segments were analyzed.
Hair grows at the rate of about 1 caw/me,’ and the
portion of the rair strand corresponding to the most
receni Hg exposure is below the scalp and is
inaccessible. A Z-cm sample of hair, therefore, reflects
exposure that occurs 2 mo prior to samphng. The
halt-hife of MeHg in blood is approximately 50 d,*2 but
the conceniration of =g at the time of sampling can
reflect very recent exposures.

Analysis for MeHg. We maiyzed hair from 17 of the
participants to invesiigate the ratio between Mebig and
total mercury. We used a maodified method of Cappon
and Smith!* tfor biclogical ussues) to analyze MeHg.
Briefly, the washed harr was digested in an alkaline
solution, complexed by cysteine, urea, ana cupric ion,
then acidified with suifuric acid. Methylmercury
chloride was extracted with toluene, purified, and con-
verted to its bromine derivative. The mercuriaf bromide
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was reexwacted ard aralyzed by capillary gas
chromatography/electron capture detector, using an
internat standard for quanification.

Data analyses. We used STATISTICA for Windows
{release 5.7 [StatSoft [nc. {Tulsa, Oklzhomall) to conauct
statistical analyses. We used the 1395 Resident’al Birth
Data File, maintained by the New ,ersey Department of
health and Senior Services,'* to investigate reweighting
of the frequency distribution of nair and blood g
concentrations on the basts of statewide distributions of
demographic data. The toral yearly fish meals consumed
by each participant (Fr) was calculated as follows:

FT=Z(F[+.“ F,;‘,

where £, = the total yearly fish meals for species °
{(meals/y). We estimated yearly total MeHg intake for
cach participant for all fish species (£) as follows:
E=ZIF M G) + (R M G

where M; = participants’ estimate of average portion
size (gm) for species 1, and ; = characteristic Meg
concentration {ug/gm) for soecies 1.1°

We conducted linear multipie-regression analysis by
backwards ehmamtnom to identify precictors of hair Hg
concentration. Independent vaﬂai‘oias which were cor-
related with hair g concentration {r2.1), were entered
into the initial regression model, and variables with p
values greater than or egual tc .7 were eliminated
sequentially from the model. Cbservations wita stan-
dard residuais greater than 3 were considered as
extreme outliers. We used Cook’s distance to examine
highly influertial observations.

Resutis

Characteristics of the study sample. Selected summary
data for the sample of pregnant women are presented in
Tabie 1. Hair samples were obtained from all
participants, and blood samples were obtained from 76%
of participants. Some participants were not witling to
disctose income data, and the maximum leve! of
educational attainment was, therefore, taken as a sur-
rogate for income. The study sample was reascnably well
matched to the 1995 statewide maternal birth cohort for
race (x* goodness-of-fit = 6.83, degrees of freedom [df] =
3, p> .05), but the sample was significantly younger than
the birth cohort {(mean age = 23.7 y vs, 29.5 v,
respectively; y* goodness-of-fit = 59.8, df = 4, p < .05).
With respect to education, the stuf*y sample
overestimated the propertion of individuals who did not
complete high school and underestimated the proportion
who had postcollege  education {y? goodness-
of-fit = 61.3, df = 3, p < .05). These resulis suggest that
the study papuiataon was somewhat biased toward
lower-socivecenomic-status participants. Absence of
dental fillings was reported by 24% of pamcnpams, 30%
reporled 1-5 fillings, 30% reported 5-10 fillings, and
16% reported 10-20 fillings.

Fish consumption. At least some fish consumption

was reported by 92% of participants. Participants
reported, on average, 83 fsh meals/y (standard
deviation 150 = 103, maximum = 757). Canned tuna
was the most commonly consumed fish (mear = 30
mealsty), followed by shrimp, fish sticks (assumed
poliack), and ‘ounder. Collectvely, these fish ac-
counted for 72% of alt estimated vyearly fish meals.
Estimation of MeHg intake, which was based on typical
MeHg concentration by species, gave a mean of 1,721
pgly (502 = 2,779 pgly, maximum = 22,107 ug/y). Each
of 2 participants reported eating 1 meal per year of
large-mouth bass, a New Jersey freshwater fish with
kaown elevated levels of Hg. Fishing by someone in the
household was reported by 23% of the sample li.e

10% freshwater, 13% saitwater, and 2% freshweater and
saltwater). Therefore, seif-caught fish-consumption fre-
quency appeared to account for at least some fraction
of {otal consumption.

Blood Hg concenirations. The range of total Hg
concentration in blood {n = 149) was from less than 0.5
to 32.0 gg/g. Only 15% of samples had Hg concen-
trations above the detection .imit. When we set the
concentraticn for the remaimming samples to ha'f the
detection linnt, we obtained a mean concentratior of
.99 ug/l (standard orror [SE} = £.28 ug/l). For both raw
distributions and distributions reweighted according to

Table 1.—Selected Characieristics of the Study Sample

|
|
|

Characterisiic n Percentage
Sample size 139
Hair samples analyzed for
total Hg 189
Hawr samples analyzed tor
methylmercury 17
Biood samples analyzed for
total Hg 143
Age (y}
257
SD 75
Mimmum 130
Maxzsmum 530
Race
White 96 53 8
Black 43 228
Hispansc 37 196
Astan 2 63
Nalive Amerncan 1 05
Fducation (highest education
level achieved) .
Did not complete hugh school 43 228 ‘
Compieted high school 63 342
Some college 57 310
Posicollege 3 71
Days pregnant if sampling
% 758
50 32.8
Minimum 20.0
Maximum 158 0
Sampled within first trimester
Yos 133 703
No 5% 296
Notes: X = mean, and 50 = standard deviation
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the 1995 New Jersey Birth Registry, the vast majority of
participanis had blood Hg concentrations less than 1.0
ug/l. However, 3-6% of participants had bicod Hg con-
centrations between 5.0 pg/l and 10 pg/l, and 1-3% of
participants had values that exceeded 10 pg/t (Table 2).

Hair Hg concentrations. The range of total Hg
conceniration in hair (n = 139) was from less than 0.2
o 9.1 ug Hgfgm hair Setting the concentration for
samples below the detection limit 21%) at half the
detection limit yielded a mean haw cencentration of
0.53 pg/gm hair (5F = 0.07 p.g/gm). With respect to raw
and reweighted distributions, the great majority of
participarts had hair Hg concentrations that were less
than 1.0 Hg/gm. i—%owever 2-3% had concentrations
that exceeded 2.0 u.g,gm and 1-2% had concentrations
greater than 4.0 ag/gn (Table 3).

Hair-biood relationship. The mean har-to-blood ratio
(n = 149) was .48 (ug Hg/gm hair)iug He/l blood) (r =
28, p = 001 when we considered only detectable
values for hair and blood {n = 22), the ratio was 0.90 (r =
14, p > .05). These values, which are ‘nconsistent with
those generally reported from populations with high fish
consumption (e, ~0.25 fug/glluglD,'? may refiect
temporal differences between hair and blood Hg levels
that resulted from sporadic fish consumption.

Hair Mekg concenfrations. We were unable to con-
duct measurements of MeHg in blcod because in-
sufficient sample volumes were available. MeHg was
measured in hair samples from 17 particisants. The
regression relationship between total Hg anﬁ‘ Metg for
all 17 participants indicated that a mean of 7% of total
Hg in hair is present as MeHg. This level was somewhat
lower than expected. At very low concentrations of total
Hg, however, there was considerable scatter; this likely
reflected the influence of various sources of inorganic

Hg exposure. When we considered only those samples
with total Hg concentrations in excess of 0.3 pg/gm, the
mean Me*g fraction of total Hg was 81%—in agree-
ment with vaiues reporied elsewhere for fish con-
surners.!™>!” Nonetheless, even for this subset, individual
MeHg/otal Hg ratios in this sample varied considerably
(minimum = 0.03, maximum = 0.91). :nterestingly, the
regression ‘ine for samples that contained Hg
concentrations in excess of 0.3 ut./gm closely predicted
the measured values of Hg and MeHg from the hair of
one of the authors, who U)mum“d fish fairly frequently,
and his hair contained high levels of Hg (total Hg = 3.1
ug/gm) (Fig. 1).

Relationships between fish consumption and hair
Hg. Hair Hg was weakly-—but significantly—correlated
with the log of estimated total {isn Hg intekely (r= .18,
p =02 [Fig 2]). Estimates of total fish meals consumed
per vear, as well as number of meals of canned tuna per
year, however, were not correlated significantly with
hair Hg. Consumption of canned twna durng the
preceding 30 d or consumption of at least one meal of
high-Hg fish {i.e., tuna steak, shark, swordfish, or
bluefish) in the past year was nol associzted with higher
hair Hg concemrations {t test).

Reduced sample based on fish-Hg-specific exposure.
We investigated possible musclassification of elevated
Hg exposure as MeHg exposure by identifying those
individuais with elevated Hg in hair, but who had few
charactersstics of Mel-g exposure. We assumed that an
individual’s elevated hair Hg level was potentially
misclassified with respect to elevated MeHg exposure if
all of the following conditions were met: (1) hair Hg
concentration was greater than 2.0 pg/gm, (2) blood Hg
concentration was below the detection limit (0.1 pg/h),
(3) less than 1 meal/y of high-bg fish was reported, (4)

Table 2.—Bistribution of Blood Mercury Concenirations

Unweighted

Age-weighted

Race-weigh.ed Educstion-weighted

Cone entrat.on Unweighted n percentage porcentage sercentage perceniage
e/t (total = 149) of total aof total of {otal of total
=225 to< 1.0 127 852 76.9 84 836
21 0to<5.0 15 11 <8 104 101
25t <10 5 34 56 32 50
=10 2 13 2.6 16 13

Table 3.—Distribution of Hair Mercury Concentrations (Full Sample}

Jnweightee!

Age-weighted

Race-weighted Educatior-weighted

Cencentrafion Unweghten n percentage percentage perceniage percettage '
{(pg/gm) total = 189) of ftal of total of total of tofal
z3ife<10 165 873 845 86 9 892
210t0<20 13 95 i23 g9 81
220t <40 3 16 20 i3 17
240tc<60 1 05 10 J6 0.3
260t0<80 1 U5 0.1 a6 03
280t <100 1 05 01 35 0.0

January/February 2001 [Vel, 56 (Mo, 1)]
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the number of fish meals/y was less than the population
median of 38 meals/y, ard (3) the estimated Meg
intake was less than the population median of 859 ugry.
We, therefore, created a reduced sample by elimmating
two observations (i.e., 9.1 pg/g and 2.7 pg/g) from the
otal sample. Frequency distributions of hair Hg for this
reduced sample were similar 1o those for the total
sample.

Multiple-regression model of MeHg exposure, The
independent variables that met the critena for initial
entry into the multiple-regression analysis appear in
Table 4. Muliple-regression analyses with raw hair Hg
concentration (reduced sample) as the dependent vari-
able gave 2 highly nonnormal disuribution of residuals.
We, therefore, used log-g-transformed concentrations ic
cairy out the analyses. The final regression model ex-
plained 30% cf the variance. Post-boc analysis of vari-
ance (ANGVA) suggested that blacks heve significantly
lower hair Hg levels than whites, Hispan'cs, or Asians.
No extreme outliers were present. Elinination of one
highly influential observaticn reduced the total yearly
fish-ig intake to borderline significance, and it caused
“having completed some college” to become sig-
nificapt. if education was taken as a surrogate of in-
come, this model suggesied that elevated MeHg ex-
posure in the fish-consuming New Jersey pregriant pop-
ulat.on was mest likely to be fourd among lower- and
upper-class nonblacks (vs. middie-class nonblacks).

Discussion

The great majority of pregnant women in our samp’'e
had MeHg exposures thal were below those associated
with fetal neurodevelopmental toxicity.*> However, in 3
cases we observed hair Hg levels that exceeded 4.0
ug/gm, and in 2 cases {1%) levels exceeded & pg/gm.
Based on the still-developing scientific literalure, such
exposures may present an clevated risk of such twoxicity.

26 42 year-cle male (notircluded in regrassion,

co C4 og 12 16 20 24 28 32

Tatal Hg {ppr)

™a_  all ohservatiors

T twtal Hge=03

Fig. 1. Relationship of methyimercury (MeHg) to total mercury.
Al observations: MeHg = 0.083 + 8.662%x + eps. Total Hg 2 0.3
ppm, MekHg = ~8.159 + C.887*x + eps.

The analysis of demographic factors revealed that indi-
viduals with at least some college education had lower
Hg levels than those with no college ar those with post-
graduate education. In addition, blacks had lower Hg
levels than the other groups. Whereas data by region on
fish-consumption frequency and preferences are lack-
ing, we believe that the paiterns found in New jersey are
likely typical of those found in other areas of the United

1] s o arwm g s e

g

3.
t
o

',_<—~ -

1 PN - e -.
35 10 15 2¢ 25 20 35 4Q 48 50

Logy, Estimated Total vearly MeHg Intake {(pgiyr)

Fig. 2. Relationship of log,, estimated yearly methylmercury
{MeHg) intake and hair Hg concentration: y = ~0.243 + 8.256%x,

Table 4.—Final Multipte Regressien Model of Loge Hair
Mercury Concentration (Reduced Sample [n = 1671

Independent B Standardized

variable {slope) S P
RACEB -0.887 ~{1.505 < {301
EDUCAT3 -0.127 ~i3.249 055
LOG; TOTALHG 0.226 159 017
Intercept -1.145 < 001

Overall p < .001
Overall 2 =0 30

Notes. The lollowing independent variables met critena for
inctial entry info muitinle-regression analysis:

DAYSPREG = number of days pregnant calculated from
last menstruation,

maternal age in years,

do you or someone in your family sal-
water fish at least once per year? (Y/N),

AGF
SALTWATFISH

NUMEILLING = number of self-reported dental amalgam
surfaces (3, 1-5, 6-10, 11-20, » 20},

RACEB = dummy vaniable for Black, with White as
referent category,

RACEA = dumry vanable for Astan, with White as
1eferent casegory,

HIGRADE = highest grade achieved in school;

EDUCAT3 = dummy vanable for some college educa-

tror {(did not graduate), with completion
of < 12th grade as referent category,
FI3UCATA = dummy vanable for completed college
{no postgraduate), with comrpietion of
< 12th grade as referent category,
base 10 loganithm of csumated total fish
mercury itake per year (ug), and
HIFisH = ate at least one meal of high-mercury
concentration fish in the pasl year (e g,
tuna, steak, shark, swordfish, biuefish)

LOGoTOTALHG

Archives of Environmental Health

Copyright © 2001. All rights reserved.



States, particularly the northeast and mid-Atlantic states.
The exclusion of the comparatively small fraction of the
New Jersey population in the scuthern portion of tae
state, however, should be viewed with some caution.
This area supporis active residential and cormmercial
marine fisheries and may, therefore, contain a greater
proportion of frequent fish consumers. In addition, this
study did not target high-end fish consummers, and it can-
not, therefore, provide information on the patterns or
range of exposure of the fraction of the population with
the greatest exposures.

A dietary recall study in New Jersey!® estimated that
approximately 20% of women 18-40 y of age had
MeHg intakes that exceeded the U.S. Fnvironmental
Protection Agency's reference dose (i.e., corresponding
te a hair Hg level of ~1 pg/gm). In the current study, we
found that 10-15% of pregnant women in New fersey
had levels that exceeded this concentration. These esti-
mates, based on different approaches, are in reasonable
agieement. [n an earlier study, in which fish-consuming
women of childbearing age were represented in the
United States,” Smith et al. found that approximately
20% had hair Hg levels thai exceeded 1 pg/gm, and
approximaiely 5% had hair levels in excess of 2 pg/gm.
It two studies of women ar delivery 1n iowa,*” investi-
gators found mean tota! blood Hg concentrations ¢
1.01 pg/l imaximum = 8 pg/) and 0.79 pg/l (maximum
= 5.0 pg/l); n addition, there was less variabifity than
was cbserved in our data. A small sample n Cleve-
land " had a total mean blood Hg concentration of 3.4
ng/g = 1.6 pg/l) at delivery. Although such a value
secms large, compared with our chservations, the small
sarrple size makes comparisons problematic.

ft 1s somewhat surprising that our estimates of fish-Hg
intake were not hetter prediciors of hair hig levels. Per-
haps the following faciors acccunted for this finding
among our study population: participants’ inaccuracy
with respect o long-term recall of consumption, inaccu-
racy and variability in the assignment of average con-
centrations of MeHg by fish species, and sporadic fish
consumption. Recall s more accurate when fish con-
sumption constitutes a larger proportion of the diet and
when recall is requested over a short and definite peri-
od. In the current study, the recall period was open
ended. Studies of Hg exposure are seriously hampered
by the lack of recent systematic data on Hg concentra-
tion in commercial fish. The most comprehensive data
date from the 1870s.'8 Furthermore, intraspecies vari-
ability 1n Hg concentration is generaily not known and
can lead to errors in estimation of intake, especially
when infrequent consumption is involved. Many partic-
ipants in this study consumed fish only sporadically. For
such consumers, the analysis of 2 cm of hair for most of
our samples may not have represented a sufficiently long
period, and long-term average consumption may not
have beer capiured. Sporadic consumption can also
account for the poor correlation between blood and hair
Hg inasmuch as the exposure represented by the proxi-
mal T cm of hair is offsei from the exposure represented
by blood concentration by approximately 1 mo. 7

Finally, we wish to emphasize that, in this study, we

fanuary/February 2001 {Vol. 56 (No. 1)}

did not intend to specifically characterize the fraction of
the population with the highest levels of dietary expo-
sure to MeHg. It is quite likely that the range of expo-
sure to Mebg extends considerably beyond that seen in
our sample. The sample was neither sufficiently large
nor sufficiently focused on high-end fish consumers;
therefore, we could not provide a clear picture of the
extent of exposure or the consumption characreristics of
such consurmers.

L T I

Randi Maldonade, Norma Mann, RN, and Rosa Coppoleccha,
DO, MPE, all paricipated 1 the interviewing process
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