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Mercury in human amniotic fluid
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The levels of inorganic and organic mercury in human amniotic fluid were examined
in 57 Japanese pregnant women with a gestational age of 4 months to term. Inorganic
mercury was detected in all but two samples, while organic mercury was found in
only 30 women. The level of inorganic mercury was higher than organic mercury.
The highest levels of both inorganic and organic mercury were observed in the
seventh month of gestation.
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Studies on the metabolism of mercury in
the fetoplacental complex are urgently
needed in view of the fact that fetal brain
may have an increased susceptibility to
methylmercury. In animal experiments
methylmercury and elemental mercury
cross the placenta freely, while inorganic
mercury compounds accumulate in the
placenta (2, 3, 7, 11).

In humans who consume a considerable
amount of marine fish, most of the daily
intake of mercury is in the form of methyl-
mercury. Human fetal erythrocytes contain
about 30 °o more mercury than maternal
erythrocytes in Swedish and Japanese fish-
eating populations and in Iragi women
poisoned by methylmercury-contaminated
bread (1, 12, 13). In humans, the placental
accumulation of mercury is greater than
the accumulation in maternal and fetal
blood (12, 14).
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In this context, if complications due to
amniocentesis can be avoided, it is reason-
able, and of interest, to measure mercury
levels in amniotic fluid during the normal
progress of gestation.

Amniotic fluid sampled at the time of
delivery contained about 15.0 n mol Hg/l
in Norwegian women (14), and a single
value of mercury in amniotic fluid ob-
served in the Iraqi epidemic of methyl-
mercury poisoning represented 2 %o of the
whole blood value (1). Total mercury was
measured in these two studies. Because of
the different pharmacokinetic properties
of mercury according to type of compound,
separate measurements of inorganic and
organic mercury would add to the under-
standing of the behavior of mercury in the
fetoplacental complex.

MATERIALS AND METHODS

Fifty-seven women with a gestational age
of 4 months to term were sampled for this
study. Women in the early or middle
period of pregnancy (4 to 7 months) were
undergoing a termination of pregnancy for
various reasons. The problem of compli-
cations due to amniocentesis was mini-



mized in these women. There were 8
women with mild or moderate toxemia
(1 in 7 months’ gestation, 2in 8, 1in 9 and
4 in 10 months or over). The severity of
toxemia was judged by the level of systolic
blood pressure, proteinuria and edema.

The amniotic fluid was sampled mostly
by transabdominal amniocentesis after the
placental localization and fetal parts had
been identified with the ultrasonic method.
In several cases transcervical amniocen-
tesis was applied at the time of delivery,
and in a few cases of Cesarean section the
amniotic fluid was obtained by direct
puncture through the wall of the uterus.

Inorganic and organic mercury were
measured separately by the method of
Magos (6). The absolute sensitivity of
mercury measurements by this method is
2.5 pmol for both chemical forms of mer-
cury in our laboratory. The volume of
amniotic fluid used for measurement was
4 ml; the detection limit was about 0.5 n
mol/1.

Amniotic fluid proteins were measured
by the biuret method, and creatinine was
colorimetrically measured with the use of
alkali-picrate.

RESULTS

Only one amniotic fluid sample did not
contain a detectable amount of mercury

(table 1). Inorganic mercury was detected
in all but two samples, while organic
mercury was found in only 30 out of 57
women. The mercury level was clearly
higher in the inorganic than in the organic
form (p <<0.005, by zx-statistic), but the
level of inorganic mercury significantly
correlated with that of organic mercury
(r = 0.852, p < 0.01).

The mercury level changed according to
gestational age (p<<0.01 for inorganic
mercury, p<<0.005 for organic mercury
by F-statistic; one-way analysis of vari-
ance in terms of gestational months). The
highest value of both inorganic and
organic mercury was observed in the
seventh month of gestation. Mercury
levels, once elevated in this gestational
month, decreased in the eighth month of
gestation.

There was a progressive increase in the
creatinine concentration from the seventh
month of gestation until term, but the
protein level did not change significantly
(table 2).

Cases of toxemia did not show any sig-
nificant deviation from those of normal
pregnancy in terms of concentrations of
mercury, creatinine, and proteins, except
for one case in the eighth month of gesta-
tion, in which organic mercury, total
mercury and protein concentrations were
far greater than those in normal pregnan-
cy at the same gestational age.

Table 1. Mercury concentrations in amniotic fluid.

i Inorganic mercury Organic mercury Total mercury P
Gestation Number (n mol Hg/l) (n mol Hg/l) (n mol Hg/l)
(months)

Mean SD Unde- Mean SD Unde- Mean SD TUnde-

tected a tected 2 tected @
4 3 3.0 2.0 0 1.5 2.0 1 4.5 2.5 0
5 7 6.0 8.5 0 1.5 2.5 4 7.5 11.0 0
6 5 9.5 11.5 1 5.0 6.0 0 145 17.4 0
7 6 26.4 32.9 1 7.5 7.5 2 33.9 39.9 1
8 9 1.5 1.0 0 1.0 3.0 6 2.5 34.9 0
9 5 1.5 1.0 0 0.2 0.5 4 1.7 1.5 0
10 & over 22 3.0 2.5 0 1.0 1.0 10 4.0 2.5 0
Total 57 6.0 13.0 2 2.0 40 27 8.0 16.5 1
F-value ¢ 3.339, p<0.01 3.497, p < 0.005 3.535, p <0.005

2 Number of samples in which mercury was not detected.

b Imorgamic and: organic mercury combined.

¢ Results of analysis of variance by gestational months.
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Table 2. Creatinine and protein concentrations in amniotic fluid.

Creatinine (n mol/l)

Protein (g/1)

Gestation

(months) Number Mean SD Number Mean SD
4 3 62.8 0.9 3 5.92 2.14
5 65.4 0.9 6 6.21 2.66
6 5 66.3 —a 5 6.04 1.34
7 6 84.0 38.0 6 4.60 2.95
8 7 7.8 2.7 9 5.68 3.88
9 5 140.6 15.9 4 5.00 2.90

10 & over 22 182.1 28.3 22 6.54 5.48

Total 54 123.8 57.5 55 5.96 4.07

F-value b 46.00, p < 0.001 0.2140, p > 0.50

a All the values were the same as the mean.

b Results of an analysis of variance by gestational months.

The mercury level did not show any
significant correlation with the protein or
the creatinine concentration in any gesta-
tional age group.

DISCUSSION

In the present study the amniotic fluid of
most of the pregnant women contained a
certain detectable amount of inorganic
mercury. Organic mercury was, however,
detected in about half of the amniotic
fluid samples, and the mercury level was
higher in its inorganic than in its organic
form. Since inorganic mercury has a lower
capacity for transplacental passage than
organic mercury, the excess of inorganic
mercury in the amniotic fluid is puzzling.

If the transplacental route is the sole
route in the transfer of mercury from the
mother to the fetus, most of the fetal body
burden of mercury should be in the
organic form. Since most of the mercury
in the amniotic fluid was, however, in
the inorganic form, the organic mercury
reaching the fetus through the trans-
placental route would have to be meta-
bolized into an inorganic form in order to
be transferred to the amniotic fluid. How-
ever there is no evidence that the biotrans-
formation of organic mercury into an in-
organic form occurs in the fetus.

The exact origin of amniotic fluid is
still unclear (9), but a dynamic interchange
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of water between the mother and fetus,
the fetus and amniotic fluid, and the
amniotic fluid and mother has been re-
vealed (4, 8, 10). The inorganic form of
mercury could move with the water, and,
if so, direct, rather than transplacental,
transfer between mother and amniotic
fluid is probable. In this connection, the
accumulation of inorganic or total mercury
in fetal membranes, as well as in the pla-
centa of mice, rats or humans (3, 11, 14),
should be mentioned. Furthermore, meth-
ylmercury does not accumulate in the
fetal membranes of mice (11).

It is likewise unclear why the mercury
level in the amniotic fluid reaches a peak
at 7 months of gestation. This occurrence
may result from changes in fetal mem-
brane function during the progress of
gestation. In regard to this phenomenon,
it is interesting to note that the sodium
concentration of amniotic fluid follows an
almost identical pattern as the mercury
level (5). In addition to the possible change
in the fetal membrane, the keratinization
of fetal skin and the maturation of fetal
kidneys, both of which start in the second
half of pregnancy, may play some role in
this phenomenon.
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