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The purpose of this retrospective study was to
examine the effect of methylmercury pollution on
the sex ratio of offspring at birth and of fetuses at
stillbirth in Minamata City, Japan, in the 1950s
when severe and widespread methylmercury pollu-
tion was experienced. In 4 of 5 years from 1955 to
1959 when methylmercury pollution was most se-
vere, lower numbers of male offspring at birth were
observed in the city population. The offspring sex
distributions from 1950 to 1969 by 5-year period
were calculated in the overall population of Min-
amata City, in the most prevalent area, in Ashermen
(most heavily exposed occupation group) and
among Minamata disease patients using data from
birth certiAcates. We also similarly calculated the
sex ratio of stillborn fetuses in the city population
using Kumamoto Prefecture’s vital statistics on still-
birth. Decreases in male births were observed in
offspring in the overall city population, in Asher-
men, and in maternal Minamata disease patients in
the city in 1955+1959, when the methylmercury
pollution was most severe. An increase in the pro-
portion of male stillborn fetuses in the city was
observed at the time. It is possible that male fetuses
were more susceptible to the pollution than their
female counterparts, and this could be a cause
for the lower numbers of male offspring at birth.
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INTRODUCTION

Recently, changes in the offspring sex ratio at
birth due to hazardous chemicals have become
a matter of international concern. Changes in sex
ratios at birth have been reported in some occupa-
tional populations and at some sites exposed to
chemicals (1}4). However, the mechanism of this
skewed sex ratio is still far from being understood.
A change in sex ratio has been proposed as a sensi-
tive marker of exposure to toxic chemicals in utero
(1), and the change in sex ratio caused by dioxin in
Seveso, Italy (2, 3), attracted a great deal of public
attention. Thus, we suspected that such changes in
the sex ratio would also have been caused by the
severe and widespread methylmercury pollution in
the Minamata area of Kumamoto Prefecture, Japan,
in the 1950s. We were able to conduct this study
because our institute kept birth certi7cates in and
around Minamata City from 1950 to 1969.

This epidemic called ‘‘Minamata disease’’ is well
known as the 7rst instance on record of severe
methylmercury poisoning caused by manmade en-
vironmental pollution, which occurred mainly
among 7shermen and their families in and around
Minamata City. It originated from the consumption
of large amounts of 7sh and shell7sh contaminated
with methylmercury discharged from a chemical
plant (5). The principal symptoms included neur-
ological disorders such as sensory disorder, cerebel-
lar ataxia, contraction of the visual 7eld, hearing
impairments, and disequilibrium (5). The 7rst pa-
tient was reported in 1953, and the number of pa-
tients rapidly increased after 1955. At that time, the
average hair mercury concentration of 9 patients
was an astonishing 338.4 ppm (96.8}705.0 ppm) (5).
More than 2200 people in the area were sub-
sequently certi7ed as Minamata disease patients in
accordance with the medical judgment criteria of the
Environment Agency of Japan. Furthermore, many



FIG. 1. Map of study areas.

MERCURY POLLUTION AND SEX RATIO 93
fetuses were exposed to methylmercury through the
placenta of the exposed mother, and 22 cases showed
the severe cerebral palsy called typical fetal-type
Minamata disease, while their mothers had mild or
no manifestations of poisoning (5). Outbreaks of the
typical fetal-type Minamata disease occurred from
1955 to 1959 when the mercury pollution appears to
have been most severe, judging from the incidence of
patients (5) and the mercury concentration in the
umbilical cords of inhabitants of the areas (6).

The purpose of this report is threefold. First, we
investigated the effect of methylmercury pollution
on the offspring sex ratios at birth in the overall
Minamata City population, in the most prevalent
area, and also among 7shermen and Minamata dis-
ease patients in the city using birth certi7cate data.
Second, we attempted to determine whether expo-
sure to methylmercury of the mother or father was
related to the probable sex ratio of offspring, and
that of males in particular. This was done by divid-
ing the offspring into three groups: mother patients,
father only patients, and both parents. Third, we
calculated the sex ratio of stillborn fetuses in the
Minamata City population using Kumamoto Prefec-
ture vital statistics on stillbirths in order to determine
the possible cause for the skewed sex ratio at birth.

MATERIALS AND METHODS

Subjects, Study Areas, and Groups

The subjects of this study were 20,487 offspring
born in Minamata City, Kumamoto Prefecture,
Japan, from 1950 to 1969. Kumamoto Prefecture is
located in the western part of Japan’s southern is-
land of Kyushu. Minamata City is located in the
southern part of the prefecture. About 1000 people in
the city were certi7ed as Minamata disease patients
(about 55% of patients were male). The most preva-
lent area (552 Minamata disease patients, corre-
sponding to 55.5% of the patients in the city, with an
incidence of 14.7% using the population in 1960) was
the southern seashore of Minamata Bay in the city.
About 50% of the fetal-type Minamata disease oc-
curred in this most prevalent area. The total popula-
tion in 1960 was 1,856,192 in Kumamoto Prefecture,
48,340 in Minamata City and 3758 in the most
prevalent area. Figure 1 shows the geographic loca-
tions of Minamata City, the most prevalent area,
and a chemical plant. The offspring sex distributions
were also studied in mountainous, urban, and sea-
shore areas in Minamata City in order to re8ect the
amount of 7sh consumed at that time. Total popula-
tions in the areas in 1960 were 11,587, 24,164, and
12,581, respectively. Further, sex distributions at
birth in families of 7shermen (most heavily, exposed
occupation group) and Minamata disease patients in
Minamata City were studied. Offspring of families of
7shermen were selected according to the father’s
occupation as stated on birth certi7cates. Offspring
of Minamata disease patients were selected from
birth certi7cates using the database for Minamata
disease patients.

Data Analysis

Our institute has kept more than 100,000 birth
certi7cates from in and around Minamata City for
the years 1950 to 1969. They were collected from the
Regional Legal Affairs Bureaus and regional public
health center with of7cial permission under condi-
tion of nondisclosure. Of the certi7cates, about
20,000 were for Minamata City. Information at birth
such as name and sex of the offspring, weight at
birth, time and date of birth, names of parents, place
of birth, address of the offspring, addresses of par-
ents, dates of birth of parents, and occupations of
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parents were obtained from the certi7cates. At 7rst
the data for offspring whose address at birth was not
in Minamata City were eliminated. The offspring
sex distributions by year from 1950 to 1969 were
calculated in the overall Minamata City population.
Further analysis was conducted from 1950 to 1969
by 5-year period in order to increase the sample size.
As mentioned in the Introduction, the second data
period (1955}1959) corresponds to that of the most
severe pollution. The offspring sex distributions at
birth in the overall Minamata City population, in the
most prevalent area, and among 7shermen (most
heavily exposed occupation group) in the city from
1950 to 1969 were calculated by 5-year period. The
offspring sex distributions in 1950}1969 were also
calculated by 5-year period in mountainous, urban,
and seashore areas in order to re8ect the amount of
7sh consumed (the amount of methylmercury expo-
sure) in these areas at the time. The human male
proportion at birth is known to be almost stable
(about 106 male vs 100 female) (7) in a large popula-
tion. This yields a sex ratio 0.515 (106 male/206 total
birth). The sex ratio is also about 0.515 in Japan or
Kumamoto Prefecture population. In the present
study, the sex distributions of offspring at birth were
tested against an expected sex distribution cal-
culated from the sex ratio 0.515 as a control. The
offspring sex distribution at birth among Minamata
disease patients was also calculated from 1950 to
1969 by 5-year period. They were grouped into three:
FIG. 2. Sex distribution at birth in Minamata City from 1950 to 1
observed: *P(0.05: Tested against an expected sex distribution c
goodness-of-7t test (number of offspring in Minamata City was 406 m
s2
"4.33, P"0.037 in 1955.
mother patients, father only patients, and both
parents.

We similarly calculated the sex ratio of stillborn
fetuses from 1952 to 1964 by 5-year period (7rst data
period 1952}1954) in the Minamata City population
and compared it with Kumamoto Prefecture (exclud-
ing data of Minamata City) as a control using the
prefecture vital statistics on stillbirth. At this time
stillbirth was de7ned as an intrauterine death at
4 months or later.

Statistical Analysis

The sex distributions were tested against expected
sex distributions calculated from the general sex
ratio 0.515 (106 males/206 total births) by s2 good-
ness-of-7t test. The sex distributions of stillborn fe-
tuses in the Minamata City population were tested
against expected sex distributions calculated from
the overall sex ratio in the Kumamoto Prefecture
population (excluding data from Minamata City) by
the same test.

RESULTS

The sex distributions of offspring at birth in the
Minamata City population by year from 1950 to 1969
are shown in Fig. 2. Declines of males at birth in the
city’s population were observed in 1952, 1955, 1957,
1958, and 1959. In 4 of the 5 years from 1955 to 1959
969 by year period. Dark bars: the fewer males than females were
alculated from a sex ratio of 0.515 (106 male/206 births) by s2

ale and 442 female in 1955). Difference between the populations;



TABLE 1
Sex Distribution of Offspring in Minamata City, the Most Prevalent Area, and Fishermen

in Minamata City from 1950 to 1969 by 5-Year Period

Number of offspring

Minamata City Most prevalent area Fishermena

Years Male Female P Male Female P Male Female P

1950}1954 2812 2698 0.53 220 210 0.90 54 38 0.16
1955}1959 2238 2312 0.002** 140 165 0.052 21 34 0.049*
1960}1964 2131 1979 0.61 106 91 0.59 23 24 0.73
1965}1969- 2207 2055 0.46 87 73 0.42 8 9 0.73

Note. In 1955}1959, gender distribution in each area in the city at the time was 463 male/454 female in the mountainous area, 1231
male/1294 female in the urban area, and 214 male/237 female in the seashore area, respectively.

aMost heavily exposed occupation group.
bData on occupation are missing for 1967}1969.
*P(0.05, **P(0.01: Tested against an expected sex distribution calculated from the sex ratio of 0.515 (106 male/206 births) in control

by s2 goodness-of-7t test.

FIG. 3. Sex ratio of offspring at birth in Minamata disease
patients in 1950 to 1955. Numbers of offspring born from mother
patients: 51 male/36 female* in 1950}1954; 33 male/51 female in
1955}1959; 32 male/25 female in 1960}1964; 23 male/20 female in
1965}1969. *P(0.05: Tested against an expected sex distribu-
tion calculated from the sex ratio of 0.515 as a control by s2

goodness-of-7t test. Difference between populations: P"0.18 in
1950}1954; P"0.026 in 1955}1959; P"0.040 in 1955}1959; and
P"0.78 in 1960}1964.
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when the methylmercury pollution was most severe,
lower numbers of male offspring at birth were ob-
served in the city. The sex distribution at birth in the
Minamata City population in 1955 (2238 male/2312
female) was signi7cantly different from the control
(P(0.05). Decline in male births in the period be-
fore and after 1955}1959 was observed only once in
the 15 years from 1950 to 1969. The appearance of
the reversed sex distribution in 1955}1959 was sig-
ni7cantly different from that in other years by s2 test
(P(0.01).

The sex distributions of offspring at birth from
1950 to 1969 by 5-year period in the Minamata City
population, in the most prevalent area and among
7shermen, are shown in Table 1. Occupational data
in 1968 and 1969 were not available. There was
a decrease in the number of males in the city popula-
tion in 1955}1959, and the sex distribution was sig-
ni7cantly different from the control (P(0.01). In
the area, the closer to the seaside, the lower the
proportion of male birth was. The male proportion in
each area in the city at the time was 0.505 (463
male/454 female) in the mountainous area, '0.488
(1231 male/1294 female) in the urban area, and
'0.475 (214 male/237 female) in the seashore area,
respectively. This tendency was not observed in
1960}1964 nor in 1965}1969. Fewer males were ob-
served in the most prevalent area in 1955}1959; the
proportion of males was 0.459, but the sex distribu-
tion was not signi7cantly different from the control.
This decline of males was also observed among the
7shermen’s families. The proportion of males among
the 7shermen’s families was 0.382 in 1955}1959,
and the sex distribution was signi7cantly different
from the control (P(0.05). The sex distribution at
birth was no longer signi7cantly different after
1960. These tendencies were not observed among
other occupations in Minamata City, nor among
7shermen and other occupations in surrounding ci-
ties at the time (data not shown).

Figure 3 shows the sex ratios of offspring born
from Minamata disease patients from 1955 to 1959.
A decline in male births was observed in maternal
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patients in 1955}1959 when methylmercury pollu-
tion was most severe. The sex ratio of offspring born
from mother patients at the time was 0.393 (33
male/51 female). The sex distribution from maternal
patients was signi7cantly (P(0.05) different from
the control. The sex ratio at birth of maternal pa-
tients was no longer signi7cant after 1960. The sex
ratio of offspring born from mothers whose fathers
were patients at the time was 0.459 (54 male/64
female). Here, 49 offspring were born to parents both
of whom were patients, and the sex ratio was 0.388
(19 male/30 female). The sex ratio was lowest when
both parents were patients, but it was not statist-
ically different from the control, and was similar to
that when mothers were patients. The sex ratio of
infants born to mothers who were not patients but
whose fathers were patients was 0.514 (36 male/34
female). The offspring sex ratio when only the
fathers were patients was similar to the control. This
tendency was not observed in the other periods.

The proportions of male stillborn fetuses in Min-
amata City and those of control are shown in Fig. 4.
Male stillbirths were about 1.2 times more than
FIG. 4. Sex ratio of stillborn fetuses in Kumamoto Prefecture
(excluding Minamata data) and Minamata City from 1952 to 1964
by 5-year period. (Data for 1956 are missing). Number of stillborn
fetuses in Minamata City: 148 male/116 female in 1952}1954; 137
male/79 female in 1955}1959; and 161 male/128 female in
1960}1964. *P(0.05: Tested against an expected sex distribu-
tion calculated from the male proportion in Kumamoto Prefecture
(0.555 in 1953}1954, 0.565 in 1955}1959, and 0.552 in
1960}1964) by s2 goodness-of-7t test. Difference between the
populations: P"0.84 in 1953}1954; P"0.040 in 1955}1959 and
P"0.87 in 1960}1964.
female stillbirths in each period in the control; the
male proportion was 0.545. The proportions of male
stillborn fetuses in Minamata City population were
similar to those of the control, and the sex distribu-
tion was not signi7cantly different from the control
in 1952}1954 and 1960}1964. However, there were
1.7 times more male than female fetuses among
stillbirths in 1955}1959 in the city; the male propor-
tion was 0.634, and the sex distribution was signi7-
cantly different (P(0.05) from the control.

DISCUSSION

This study shows a decrease in the male birth
ratio in Minamata City when the methylmercury
pollution was most severe. In 4 of the 5 years from
1955 to 1959, fewer males were born in the city.
Consuming marine 7sh contaminated with methyl-
mercury discharged from a chemical plant caused
Minamata disease (5). Therefore, the amount of 7sh
consumption re8ects the methylmercury intake in
the human body. In 1955}1959, the present study
showed a dose-dependent decline re8ecting the esti-
mated level of methylmercury exposure: 0.515 for
the control '0.492 for Minamata City (0.501 for
mountainous area, '0.488 for urban area, '0.475
for seashore area), '0.459 for the most prevalent
area, '0.393 among maternal Minamata disease
patients, and 0.382 among families of 7shermen.
These 7ndings further suggest a strong correlation
between methylmercury exposure and the lowered
sex ratio at birth. The incidences of the Minamata
disease patients were 0.121% for the mountainous
area, 0.629% for the urban area, 6.58% for seashore
area, and 14.7% for the most prevalent area.

Also, the lower proportion of males at birth
seemed to be caused by the exposure of mothers
to methylmercury, since fewer males were born to
mothers who were patients (0.393) but not to
mothers whose fathers only were patients (0.514).
Interestingly, this result is in disagreement with the
results of dioxin in Seveso. The Seveso study in-
dicated that the father’s but not the mother’s serum
dioxin concentrations were associated with a de-
crease in the proportion of male births (3). If the
origin can be determined as maternal, paternal, or
both, much light will be shed on the mechanism
itself. In this case, because the exposure of the father
did not affect the sex ratio at birth, we can conclude
that this phenomenon resulted from the direct effect
of methylmercury on fetuses through maternal
exposure.

Further, the present study showed the increased
ratio of male at stillbirth when the methylmercury
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pollution was most severe. The sex distribution at
stillbirth in the period before and after 1955}1959 in
Minamata City and most of the surrounding cities
was approximately 120 to 130 male/100 female (male
proportion: 0.55}0.56), suggesting that the male fe-
tus is weaker than the female fetus in fetal life even
under ordinary conditions. In addition, the propor-
tion of male stillbirths in the city increased to 173
male/100 female (male proportion: 0.634) when the
methylmercury pollution was most severe, indicat-
ing that more males were lost in the fetal stage.
Methylmercury easily penetrates the placenta and
affects the fetus. In the epidemics in Minamata,
Japan, and Iraq, many infants were congenitally
affected by methylmercury (5, 8). Among cases re-
ported from Minamata, infants had severe cerebral
palsy, whereas their mothers had only mild or no
manifestation of poisoning (9). This fact demon-
strates the far higher vulnerability of fetuses than
adults. However, the sex difference in vulnerability
with regard to the reproductive toxicity of methyl-
mercury is unknown. The increased proportion of
stillborn males will partly explain the lower propor-
tion of males in Minamata City and in the highly
exposed groups.

Although the lower proportion of males at birth
and an increased ratio of male stillborn fetuses were
observed just when the pollution was most severe,
the male birth ratio in Minamata City overall, and
among 7shermen and Minamata disease patients,
returned to normal after this period. The proportion
males at stillbirth also returned to the normal level
thereafter. The methylmercury pollution in Min-
amata Bay decreased fairly rapidly after 1960 as
estimated from the change in mercury concentra-
tions in 7sh in the bay, even though low levels of
methylmercury still existed (10). As mentioned be-
fore, cases of typical fetal-type Minamata disease did
not occur after 1961. Therefore, the disrupted sex
ratios seem to have occurred only under the severe
methylmercury pollution during pregnancy. The
recovered sex ratios may also suggest that methyl-
mercury did not affect the reproductive organs but
fetuses themselves.

Recently, more attention has been focused on the
effect of chemicals on the sex ratio at birth. The
mechanism of the altered sex ratio at birth remains
unexplained. A chemical could cause proportionately
fewer males through its estrogen-like effect, result-
ing in either a reduced fertilizing capacity or lower
survival of male spermatocytes, or an increased pro-
portion of aborted or stillborn males. Although fur-
ther studies are needed to reveal the mechanism for
the lower male birth ratio during this epidemic, the
increase in female births during severe methylmer-
cury pollution may be explained in part by the weak-
ness of male fetuses as shown by the elevated male
fetus ratio among stillbirths in that period. There
are few reports dealing with both sex ratios at birth
and stillbirths in actual communities. Thus, this
may be the 7rst report of a chemical pollution-
caused sex disruption among stillbirths. However,
there is no evidence from epidemiological studies
that methylmercury pollution caused abortion or
stillbirth. In animal experiments, litter resorption
and stillbirth occur frequently at a comparatively
high dose of methylmercury (11, 12). Our present
results also provide supporting evidence for lethal
effects of severe methylmercury on fetuses in Min-
amata City.

Stillbirth and infant death are adverse reproduc-
tive outcomes with a long tradition as indicators of
a society’s overall health status. Our results empha-
size the importance of studying the sex ratio not only
for births but also for stillbirths in populations near
hazardous chemical sites. The sex ratio of stillbirths
will yield important information concerning changes
in the sex ratio at birth. In addition, there is the
possibility of decreases in the sex ratio at birth due
to various natural or manmade chemicals. There-
fore, we propose accurate and long-range accumula-
tion of data concerning the sex ratios both for birth
and for stillbirth in communities under ordinary
conditions, to compare against unforeseen reproduc-
tive hazard in the future.
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