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Chronic exposure to environmentally relevant level of toxic metals has been shown
to associate with various adverse health effects. Arsenic (As), mercury (Hg), cadmium
(Cd), and lead (Pb) are among the ten chemicals set by WHO as of major public health
concern. The major pathway of exposure to these toxic metals in general population is
dietary intake. On the other hand, certain dietary factors also modify the metabolism
and bioavailability of these toxic metals. This study was carried out to analyze the
body burden level of toxic metals and associated dietary factors in Japanese women and

children.
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In arsenic study on 92 Japanese women from Choshi, urinary arsenic species was analyzed
by HPLC-ICP-MS. In mercury, cadmium, and lead study on 229 Asahikawa children, mercury
level was measured in hair and blood; cadmium level was measured in blood and urine;
and lead level was measured in blood. Mercury level was analyzed by CVAAS, while cadmium
and lead levels were analyzed by ICP-MS. To assess the dietary profile of the
participants, validated diet history questionnaire (DHQ) was used in both study
populations. Non—parametric statistical analyses were employed to analyze the

relationship between toxic metals and dietary data.
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The main urinary arsenic metabolites in the studied Japanese women were arsenobetaine
(AsBe) and dimethylarsinic acid (DMA), while the level of inorganic arsenic (iAs) was
low (1.8 pg/g creatinine). Analysis on toxicologically relevant arsenic species showed
that the proportion of iAs, monomethylarsonic acid (MMA), and DMA was 3.4%, 3.1%, and
91.6%, respectively. Spearman’ s correlation coefficient showed that seafood and

seaweed intake was correlated with the proportion of iAs, MMA, and DMA. Intake of B




vitamins, vitamin C, and soy isoflavones negatively correlated with proportion of iAs
and MMA, but positively with proportion of DMA.

The geometric means (GMs) of blood Hg, Cd, and Pb level in Asahikawa children were
4.55 pg/L, 0.34 pg/L, and 0.96 u g/dL, respectively. Urinary Cd level was 0.34 pg/g
creatinine (GM) and hair Hg level was 1.31 p g/g (GM). There was significant difference
in blood Cd level between boys and girls (p=0.01), where the value was higher in the
girls. The girls consumed significantly more seaweed and less meat than the boys
Subjects in upper quartile of blood Hg had significantly higher consumption of large
predatory fish.
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The majority of the women from Choshi are obese and in the range of postmenopausal
age. Our results suggest that seafood and seaweed intakes are the main determinants
of the proportion of urinary DMA. Arsenosugars in seaweed and arsenolipids in seafood
are metabolized into DMA. Apart from these organoarsenicals, seafood and seaweed also
contain iAs in varying amount and iAs especially high in hijiki seaweed. However,
estimated hijiki intake in this study is lower than the national average and negatively
correlated with proportion of urinary iAs, suggesting that hijiki was not a contributor
to increased As exposure in our population. Soy—based foods are characteristics of
Japanese diet. Therefore, the possibility that dietary intake of soy-related nutrients
(soy protein, soy isoflavones) influences As metabolism capacity was investigated.
Despite that the estimated intake of soy protein in this population (4.9 g/day) was
lower than the national average (6.5 g/day), there is a negative association with %iAs
and %MMA and positive association with %DMA in urine. This association is favorable
from toxicological perspective. These results suggest that soy intake may influence
As metabolism.

Asahikawa is a relatively non—polluted area, therefore the findings of low body burden
of toxic metals in Asahikawa children compared to reports from other countries is not
unexpected. The finding that blood Cd is higher in the girls cannot be explained by
their exposure to cigarette smoke or their rice intake. Higher seaweed intake and lower
meat intake may explain higher Cd exposure and absorption in the girls compared to the
boys. As typical Japanese population with high seafood consumption, hair Hg level
exceeded US EPA reference dose (1.2 wg/g) in 59% of subjects. Using reference level
for hair Hg of 3 ug/g, as adopted in Japan, only 5. 7% of subjects had hair Hg at or
above this value. The data also confirm that consumption of large predatory fish, such

as big tuna species, predicts high exposure to Hg (in this case methylHg).
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Japanese women from Choshi are exposed to low—level iAs. Their intake of B vitamins
and vitamin C was associated with proportions urinary As species. For the first time,
association between estimated soy-related nutrients intake and the proportion of
urinary As species is reported. The potential link between the intake of soy-related
nutrients and As metabolism should be investigated in the future.

Cd and Pb internal exposures are low in Japanese children from Asahikawa. The
difference in seaweed and meat intakes may explain the difference in Cd level between
genders. Consumption of fish on the top of the food chain predicts high methylHg body

burden in our subjects
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