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I. PREFACE
Tadao Takeuchi, Study Group Representative

It has been two years since this study df Minamata disease started, after
many incidents of the disease had been observed for more than 10 years. The
results of the first year's study were delineated in the study reports of
the last year. We attempted a rough analysis of the following: the
condition of mercury contamination of the Minamata district and its vicinity;
immunology of Minamata disease and its progress; detection of the outbreak
of the disease; general health hazard, etc. Clinical status of the Minamata
disease and its progress led to the finding of new symptoms and new methods
of treatment from the current viewpoints. They provide a valuable tool in
clinical diagnosis. Pathological fundamental knowledge on the dormancy of
Minamata disease, and Minamata disease which is difficult to diagnose, was
also provided by biopsies from victims of Minamata disease. Moreover,
fundamental methods of the prevention and the treatment of Minamata disease,
or methyl mercury poisoning, were attempted. Thus, during the first year,
attempts were made to study various medical problems relating to Minamata di-
sease. Moving toward a solution of these problems, the study moved on to

its second year.

We must report on the results of the second year here. When this study
originated, it was for three year's duration. However, in order to implement
the study, the prefecture authorities expressed their desire to complete
this study in two years. Thus, at the beginning of this year, the study plan
was changed for two years. Hence, efforts by study group members during this
year encompass two year's results, and the members have been constantly busy.
Also, regarding the accurate diagnoses of Minamata disease, we encountered
difficulties in communication between the area and the university medical
school researchers, in finding patients, and in examining everyone completely

concerning various non-medical problems. We had to resort occasionally to
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examining a limited number of people in a limited area. However, we believe
that we have achieved enough results, as described below in each item, for

this kind of study.

With this study, the concept of Minamata disease has been clarified.
Also, it has become easier to detect the symptoms of Minamata disease and
its diagnosis. With it, the distribution of organic mercury poisoning of
the Minamata district and its vicinity has been clarified. The relationships
between mercury contamination in the human body and the outbreak of Minamata
disease, the relationship between the contamination conditions and health
hazards caused by it, and light or chronic poison symptoms have become clear.
Fundamental knowledge has been formulated in analyzing the past conditions
of the outbreak of Minamata disease, present contamination conditions, and

future prospects.

On the other hand, there will be no end to the study. We had to conclude
our two-year study, with problems still remaining for the future. The remain-
ing problems include many in the area of medicine, such as how to handle the
contaminated areas not covered by the study, how to improve the treatment of
many Minamata disease patients, how to discover new methods of treatment, and
how to prevent an outbreak among people who are contaminated. Also, the in-
vestigation of health hazards due to micro-contamination and complex genes
remains a future problem. As far as the problems within the laboratory are
concerned, the discovery of internal organization of organic mercury poisoning
still remains a problem. We would like to continue this study in some form
with some assistance. What we most desire is for the results of this study

to be fully utilized.
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II. Epidemiological Study of Minamata Disease (Part 2)

1. INVESTIGATION ON MERCURY CONTAMINATION OF MINAMATA DISTRICT AND THE
SOUTHERN DISTRICT OF THE ARIAKE SEA

Masashi Fujiki, Group Member and Shizuko Tajima, Research Assistant

Kumamoto University Medical School Hygienics Department

I. INTRODUCTION

More than ten years have passed since the outbreak of Minamata disease.
As a result of the investigation of the health conditions of people who live
in the Minamata district and its vicinity, especially in the area which is
contaminated by mercury and the area where the mercury-contaminated fish
exist, it is suspected that persons who may exhibit Minamata disease-like
symptoms may extend to a fairly large range of areas [1]. It has become im-
portant to perform medical investigations to determine whether Minamata

disease-like symptoms are due to the methyl mercury contamination or not.

This study on environmental contamination by mercury has covered not
only the Yatsushiro Sea, but also wider areas. This study [2] has observed the
conditions of environmental contamination by measuring the amount of mercury

primarily in fish for the area not covered by the previous study.

IT. INVESTIGATION METHOD

1. Marine Life

As illustrated in Figure 1, five specimens of marine life were collected
on November, 1972 from each of the following six places: outside of Minamata
Bay (around Awaji Island); offshore estuary of the Minamata river, fishing

grounds for scabbard fish off Minamata (in the Yatsushiro Sea); offshore



Shimoda, Yushima, and the estuary of the Midori river (in the Ariake Sea).
Then, the amounts of methyl mercury and the total mercury contained in them
were measured. Also, for the purpose of comparison, the amounts of methyl
mercury and of the total mercury contained in ten frozen fish sold in the

market and caught in the sea of northern Okhotsh near Hokkaido were measured.

2. Hair

The amounts of methyl mercury and of the total mercury contained in the
hair of 34 persons from the Minamata district (measured on August, 1972),
and of 11 persons from the Goshoura district (measured on October, 1972) were
measured. They were selected from the people who complained about the oc-
currence of symptoms after 1966 and were considered to show Minamata disease-
like symptoms, after investigations of the health conditions of people living
in the Minamata and the Goshoura districts, performed by the Neuro-Psychiatry

Department ot Kumamoto University in 1971.

3. Analysis Method of Methyl Mercury

Approximately 50 g of the edible parts of fish and shellfish and approxi-
mately 1 g of hair were precisely measured and used as analysis subjects.
Each subject was soaked in hydrochloric acid for three days at room temper-
ature to decompose it. After collecting methyl mercury in the hydrochloric
acid layer, it was extracted by the standard method and measured by the gas

chromatograph method.

4. Analysis Method of Total Mercury

For hair, the remains after decomposition by hydrochloric acid and ex-
traction of methyl mercury were treated by heating for about 48 hours using
nitric acid, sulfuric acid and permanganic acid. Then, the mercury
in the dissolved liquid was measured by the flameless atomic absorption
photometry method [4]. This gives the amount of inorganic mercury, and the

total amount of mercury is obtained by adding the amount of methyl mercury to it.



For fish and shellfish, approximately 5 g of the edible part were pre-
cisely measured. After drying, the mercury was collected by the quartz tube

heating absorption method [5], and then measured by the flameless atomic ab-

sorption photometry method.

ITI. RESULTS OF INVESTIGATION

1. Marine Life

As illustrated in Tavble 1, out of three places in the Minamata district
of the Yatsushiro Sea, the mercury density of fish outside of Minamata Bay
was the highest and contained 0.182-0.440 ppm of methyl mercury and 0.342-
0.530 ppm of total mercury. The fish which were offshore of the estuary
of the Minamata river contained 0.050-0.068 ppm of methyl mercury and 0.060-
0.210 ppm of total mercury. The fish in the fishing ground for scabbard fish
of f Minamata contained 0.020-0.54 ppm of methyl mercury and 0.060-0.300 ppm

of total mercury.

For three places in the Ariake Sea, the fish in the offshore area of
Shimoda contained 0.018-0.080 ppm of methyl mercury and 0.58-0.320 ppm of
total mercury. The fish off Ushima contained 0.028-0.120 ppm of methyl mer-
cury and 0.45-0.205 of total mercury. The fish and shellfish which were off-
shore of the estuary of the Midori river contained 0.010-0.016 ppm of methyl

mercury and 0.022-0.085 ppm of total mercury.

The fish in the northern sea of Hokkaido contained 0.006~0.014 ppm of
methyl mercury and 0.020-1.904 ppm of total mercury.

The mercury concentration in hair is shown in Table 2. 1In the Minamata
district, it contained 1.35-11.37 ppm of methyl mercury and 2.10-14.82 ppm of
total mercury. In the Goshoura district, it contained 0.19-4.65 ppm of methyl

mercury and 0.39-5.15 ppm of total mercury.

IV. OBSERVATIONS

The fish in three places of the Minamata district contained 0.020-0.440
ppm of methyl mercury and 0.060-0.530 ppm of total mercury, which clearly
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Figure 1. Fish and shellfish collection places in the Yatsushiro Sea and the
Ariake Sea.

indicates a decline, compared with those in 1961 [6].

The fish in three regions of the Ariake Sea contained 0.10-0.120 ppm
of methyl mercury and 0.022-0.320 ppm of total mercury. This mercury concen-
tration was high, compared with 0.001-0.022 ppm of methyl mercury and 0.008-
0.100 ppm [7] of total mercury contained in the fish of the Port of Nagasaki,
which is considered as an area of comparison, or 0.006-0.014 ppm of methyl
mercury and 0.020-1.904 ppm of total mercury contained in the fish of the

northern sea of Hokkaido. Especially, methyl mercury concentration of the



TABLE 1

AMOUNTS OF MERCURY IN FISH AND SHELLFISH COLLECTED IN THE YATSUSHIRO SEA,
ARTAKE SEA, AND THE NORTHERN SEA OF HOKKAIDO (COLLECTED NOVEMBER, 1972)

. . thyl mer- Total mer-
Collection place Name of fish I‘C{i yionien cur szen
. - ury co -
or shellfish ry- y.
tration (Hg tration (Hg
ppm/wet weight) ppm/wet weight)
outside Minamata Bay | bera 1%** 0402 0,510
(around Awaji Island)| bera 2 '(: 182 (;‘31‘3
200 0§72
bera 3 0110 0 o8
sillago ooz 0500
swellfish
o
e Offshore of the es- sillago 1 0 o 0000
o) tuary of the Mina- sillago 2 :‘5‘:3 ‘0’~(1':‘_‘
ke mata River flathead T n.;f) ‘ 0,210
= bera 0063 0 130
a swellfish
)
5]
>4 P
Fishing ground for scabbard fish 1 TR 0 200
scabbard fish off- scabbard fish 2 | g’v)! ?,‘1.“,
shore Minamata scabbard fish 3 0 0% o
scabbard fish 4 0o 0ol
scabbard fish 5 ‘
Offshore Shimoda Kawahagi 1 ** 0 030 0 05
Kawahagi 2 o nzn 0,153
025 O 420
horse mackerel 1 0 018 0,080
horse mackerel 2 0 osg 0.1
Kitsukori **
« .
] Offshore Yushima Sea bream 1 -
» 0085 0.098
Sea bream 2 o 0.115
@ 0 023 !
= swellfish 0 060 0.072
[} 0030 0.015
o bera 0.120 0.205
2 garakabu ** - -
Offshore of the es- gray mullet 1 (1’3}(; 8835
. . 0.014 .
tuary of the Midori tray mullet 2 {1 O7% | 0 20k
River clam 0. 0%0% () 210
0014 0.085
short-necked clam S RN
shrimp




Collection place

TABLE 1.

(Continued)

Name of fish
or shellfish

Methyl mer-
cury concen-
tration (Hg

ppm/wet weight) ppm/wet weight)

Total mer~
cury concen-
tration (Hg

“ Northern Sea of bream 1

3 Hokkaido bream 2 0014 0.145

I bream 3 0.011 0. 080

o 0.008 0 033

E. bream 4 0 007 0 dad

3 horse mackerel 1 1}%@ oo

oot

horse mackerel 2 n 007 0001

9] )
t 0 006 0.020

u?a urbot 1 O 007 0.022

o turbot 2 N 0.020

it turbot 3

~

< turbot 4

* Concentration per dry weight,

*% Some Japanese fish names have been romanized.

TABLE 2. AMOUNTS OF MERCURY IN HAIR

I
Persons in Minamata district: collected Methyl mercury | Total mercury
in August, 1972 concentration concentration
. H m H m
Subject No. Sex Age (Hg ppm) (Hg ppm)
5 female Vs I ) oy
12 male IR 10§~ 1] 82
15 female 3 22 4.31
27 0 ) a2 743
male
s female 52 5.9 77
i \ G a3 12.50
' male b ‘
]
i 35 343 1.51
o3 male %; §.50 510
3 male A
V2 o4 %0 433
5 male 6o 3,57 113
female
ot female 61 010 230
un SR ARG 6 61
male
16 1e . 132 114
" ?Zmale i 5 561
I@I-’ female 0o 5.9 1'§1
ol female B 4 6
85 male b v 0l LD
1 13 N 2.3
’ male ' !
" - St 0
3”, female % S o o
o male
male 65 4.0 1.99




TABLE 2. (Continued)
T l

Persons in Minamata district: collected Methyl mercury Total mercury
in August, 1972 concentration concentration
. H m H m
Subject No. Sex Age (Hg ppm) (Hg ppm)
male o2 v <o
20 male 1 ;::: ‘T-U:'
P " 14 it
= female k ‘ '
210 female 63 2.80 8
i o 7S 2.0
214 male 9 1.7¢
219 female ~n 4 21 HIRE!
2 o 5.5 N
female 3l
259 female o 1.1 1.61
215 i 6 Y
male '
21 female ol 6 T2
20 female 10 .08 Z.5%
250 female I~ 430 §oO06G
370 1.31 2.1
= female | 1 K
People in the Goshoura district: col- Methyl mercury Total mercury
lected in Nctober, 1972 concentration concentration
. H m H m
Subject No. Sex Age (Hg ppm) (Hg ppm)
. [E A .79
o female ?g 039 e
505 female o
. i [T ]
. female s ?gt <o
316 male >
521 female 13 0.0 %2%
D female + N o
330 female 57 4 ?2 5‘1:3
puint 9 0 LS
o2 male X0 1¢
386 male 42 0.ni 1.36
500 male By 10 151
623 female T 135 173

fish in Yushima is high, compared with those in the area of comparison. How-
ever, this methyl mercury concentration is equivalent to about 1/10 of 0.5 ppm
methyl mercury concentration of tuna fish in the Pacific Ocean or Indian

Ocean [8], and it does not reach a poisonous level [15] under normal consumption.
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Among the specimens from offshore of the estuary of the Midori River,
gray mullets were the only fish selected. Since the cumulative amount of
mercury differs considerably from one type of fish to another, this mercury
concentration of gray mullets cannot be compared with the mercury concentra-
tion of other types of fish in other districts. By comparing the mercury
concentration of gray mullets from offshore of the estuary of the Midori
River, with that of gray mullets examined in 1971 in the Yatsushiro district
[2] (methyl mercury 0.003-0.005 ppm, total mercury 0.005-0.009 ppm), Ushiku-
ka district [9] (methyl mercury 0.003 ppm, total mercury 0.007 ppm), Tomioka
district [9] (methyl mercury 0.002 ppm, total mercury 0.003 ppm), Nagasaki
Bay [7] (methyl mercury 0.001-0.002 ppm, total mercury 0.008-0.062 ppm),
former exhibits a higher concentration than any others. Also, the mercury
concentration of short-necked clams in Osaki of the estuary of the Minamata
River [10] was previously established (methyl mercury 0.067 ppm, total mer-

cury 0.97 ppm; March, 1972). This concentration is based on dry weight.



If it is converted to the figure based on the wet weight, it will be approx-
imately 0.016 ppm of methyl mercury and approximately 0.048 ppm of total
mercury. The mercury concentration of short-necked clams from offshore of
the estuary of the Midori River will not reach a poisonous level, as in the

case for the fish from offshore of Yushima, if a normal amount is consumed.

Observations of the relationship between the distance from the Minamata
Bay and the mercury concentration of fish reveal that for the Yatsushiro Sea,
the one in the Minamata Bay shows the highest [9] (methyl mercury 0.062-0.416
ppm, total mercury 0.112-1.015 ppm), followed by that outside of Minamata
Bay (around Awaji Island), offshore of the estuary of the Minamata River,
the fishing ground of scabbard fish off Minamata. It was also found that the
greater the distance from Minamata Bay, the lower the mercury concentration
becomes. The lowest mercury concentration of fish in the Yatsushiro Sea is
indicated in the fish from near Yatsushiro, measured in the previous investi-
gation [2, 9). However, the mercury concentration of the fish in Yushima

which is further than Yatsushiro shows a higher value than that in Yatsushiro.

The tidal flow of the Yatsushiro Sea is such that during high tide the
current flows in from the outside sea into the Yatsushiro Sea to the north
through each channel, and during low tide it £lows through the Yatsushiro
Sea in a completely opposite direction to the south. Approximately 98% of
the amount of flow to and from the Yatsushiro Sea is through three channels:
Motonojiri, Mebuki, and Kuro. The amount of flow to and from the Ariake
Sea through two northern channels of the Yatsushiro Sea, Mikaku and Yanagi,
is extremely small. Since the average water level of the northern part is
higher than that of the southern part, the normal flow is in the direction
of the south for the surface level (2m layer). Even for the 10 m level, the
flow of the northern part and close to the islands of Tengusa is in the direc-
tion of the south, similar to the surface level. It has been reported that
only the flow through the Kuro channel can go to the north offshore of Mina-
mata and reach the offshore of Hinaku [11] (see Figure 2 and Figure 3).
Since this south-bound normal current prevails, it is impossible that the

mercury flowing into the Minamata Bay flows into the Ariake Sea through



Yatsushiro by the tidal flow. The following facts [12] prove that the mercury
flowing out to the Minamata Bay does not reach the Ariake Sea offshore of
Yatsushiro: the mercury concentration in scabbard fish in the estuary of

the Minamata river was 10.6 ppm, whereas the one in Yatsushiro was 0.4-0.08
ppm, as reported by Kitamura, et al. in 1959, and the mercury concentration

of fish in the Yatsushiro district indicates a lower value than that of the

Ariake Sea, as shown in 1971 [2, 9] and the present investigations.

During this investigation, the mercury concentration of the fish off-
shore of Yushima was higher than that in the Port of Nagasaki [7] and was
comparable or higher than that in the Goshoura and the Kuratake districts
of the 1971 investigation [2, 9]. Therefore, the reason for the mercury in
fish offshore of Yushima must be considered. 1In order for the mercury to
accumulate in fish, it is necessary that one of the following conditions
be met: the area is mercury contaminated, fish swim from an area which is
contaminatcu by mercury, or the fish are on the top of the feed chain and
easily accumulate mercury. As mentioned previously, Yushima offshore is
not contawinated by mercury flowing out from Minamata Bay. Also, except
sea breams, wellfish, bera, and garakabu, all three stay in fixed places.
According to the report by the Seikai district marine laboratory, [11] almost
all of the marked fish released 1in the southern part of the Yatsushiro Sea
moved to the south, and the only fish which moved northward were Konoshiro,
released in the middle part of the Yatsushiro Sea. Although the fact that
the fish run from the outside sea into Minamata Bay, stay there until the
mercury is accumulated, move into the VYatsushiro Sea northward, go out to the
Ariake Sea, and reach to offshore Yashima cannot be denied, the proportion
of such fish among fish offshore Yushima is extremely small and also the
mercury is not accumulated from the chain of eating fish offshore Yushima.
Therefore, it can be assumed that the Yushima area contains a relatively high
concentration of mercury and the mercury does not come from that discharged
from the Minamata Bay, but from some other sources. The information on whe-
ther the Yushima offshore was contaminated by mercury in the past is only
available through the results of measuring the mercury concentration in the

hair of people who lived in the three districts along the Ariake Sea in
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1961 [13]}: Nagasu (average, 9.7 ppm), Kawauchi (average, 5.2 ppm), and Kawa-
guchi (average 10.1 ppm), and the 1959 report [12] that intestines of a cat

showed a relatively high concentration of mercury.

Some people in the Minamata district had more than 100 ppm of mercury
concentration in their hair in 1960 [12, 13]. However, the mercury concentration
gradually declined tc 2.6-73.8 ppm, average, 9.2 ppm (65 persons) in 1968,
1.2-18.3 ppm, average 5.5 ppm (44 persons) in 1969, and 1.2-9.5 ppm, aver-—
age 3.7 ppm (26 persons) in 1970 [6]. This decline matches well with the
decline of the mercury concentration in fish and shellfish in Minamata Bay [6].
In this investigation, the mercury concentration in hair in the Minamata
district was 2.14-14.82 ppm; the average was 6.16 ppm (34 persons). This
value is slightly higher than the mercury concentration in hair in general
at the present time, but is not exceptionally high. Sixteen out of 34 sub-
jects in the Minamata district have families who were diagnosed as having
Minamata disease, and are considered to have been exposed to high mercury

contamination in the past.

The mercury contamination in hairs of people in the Goshoura district
was 0.39-5.15 ppm and an average of 1.54 ppm (11 persons). This value is
lower than the value in general cases. Since the investigation of the health
conditions of people started there, they have begun not eating fish so often.

This is considered to be the reason for the low value of mercury in hair.

In general, the mercury in hair relates to the amount of mercury intake.
The more the mercury intake, the more the mercury in hair. According to
the report of the hygienic laboratory of Kagoshima prefecture [14], a per-
son whose hair contained 228 ppm of mercury in 1960 reduced the mercury
concentration to 33.1 ppm after 22 months; for a person with 144 ppm of mer-
cury it was reduced to 14 ppm after 20 months. For a person with 208 ppm it
was reduced to 18.8 ppm after 21 months, and for a person with 153 ppm it was
reduced to 15.8 ppm after 23 months by controlling the eating of fish and
shellfish under the prefecture's guidance. Therefore, the mercury contained

in hair is effective in determining the current contamination by mercury, but

11



does not provide important information for observing the past contamination

In this investigation, people in the Goshoura district

of the mercury.

However, judging

from the fact that 13.4% of the subjects in 1960 (1160 persons) had 50-920

showed a low value of mercury concentration in their hair.

ppm [13], it cannot be denied that the people in the Goshoura district were

contaminated in the past.
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TABLE 5.

COMPARISON OF MERCURY CONCENTRATION IN FISH
FROM VARIOUS DISTRICTS

Collection place

Name of fish
or shellfish

Methyl mercury
Hg ppm/wet wgt.

Total mercury
Hg ppm/wet weight

(1) Kusabi 0.217 0.494
Sea bream 0.186 0.465
Kawahagi 0.062 0.112
. Sillago 0.312 1.015
Inside the Sillago 0.374 0.915
Minamata Bera 0.236 0.910
Ba Bera 0.416 0.636
y Swellfish 0.258 0.308
Swellfish 0.173 0.219
Tiger goby 0.251 0.579
Short-necked clam * *
(Awaji Island) 0.081 2.400
Outsiég)the Bera 0.402 0.510
Minamata Bera 0.182 0.342
Bay Bera 0.255 0.472
Sillago 0.440 0.528
Swellfish 0.202 0.530
(2) Sillago 0.050 0.060
Offshore the Sillago 0.065 0.110
estuary of Flathead 0.062 0.085
the Minamata Bera 0.060 0.210
River Swellfish 0.068 0.130
Short-necked clam * *
(0saki) 0.067 0.970
Scabbard fish 0.048 0.300
(2)

Fishing ground Scabbard fish 0.054 0.240
for scabbard Scabbard fish 0.022 0.110
fish off | Scabbard fish 0.020 0.060
Minamata s Scabbard fish 0.024 D.064

3 i .
Goshoura i Hantai 0.009 0.027
. Yano 0.004 0.014
| Itsusaki 0.019 0.141
' Horse-mackerel 0.009 0.039
Sea bream 0.011 0.040
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TABLE 5 (CONTINUED

Collection place Name of fish Methyl mercury Total mercury
or shellfish Hg ppm/wet wgt. Hg ppm/wet weight
(3) Sea carp 0.008 0.074
Kuratake Takaba 0.006 0.023
Itsusago 0.094 0.442
Anaki 0.073 0.244
Huehuki bream 0.007 0.075
(1)
Ushihuka Perch 0.049 0.231
Sea bream 0.024 0.181
Sole 0.008 ! 0.041
Gray mullet 0.003 f 0.007
Itsusaki 0.015 3 0.140
Kosho bream 0.016 é 0.100
Urazurahagi 0.009 i 0.075
Kawahagi 0.046 ' 0.134
Gray mullet 0.005 0.009
(3) K
Near Yabushiro Gray mullet 0.003 : 0.005
Gray mullet 0.004 i 0.008
Perch 0.021 0.049
Konoshiro 0.007 | 0.015
|
|
(1) Kuro 0.004 E 0.011
Perch 0.056 ! 0.223
Chinu 0.013 ! 0.031
Turbot 0.006 0.039
Tomioka Konoshiro 0.008 : 0.037
Mebaru 0.008 } 0.020
Gray mullet 0.002 : 0.003
Aigo 0.003 1 0.005
Kaokaki bream 0.008 5 0.031
¢ Shark 0.015 ; 0.041
|
2 {
éf}shore Kawahagi 0.050 0.058
Shimoda | Kawahagi 0.020 0.155
| Horse mackerel 0.025 ; 0.320
' 0.018 . 0.080
. Horse mackerel 0.080 ‘ 0.198
- Kitsukori : '
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TABLE 5 (CONTINUED)

Collection place Name of fish Methyl mercury Total mercury
or shellfish Hg ppm/wet wgt. | Hg ppm/wet weight
(2)
Offshore Sea bream 0.085 0.098
Yushima Sea bream 0.028 0.115
Swellfish 0.060 0.072
Bera 0.030 0.045
(2)
Offshore the Garakabu 0.120 0.205
estuary of Gray mullet 0.010 0.022
the Midor River Gray mullet O-Oli 0-042
Clam 0.075 0.220
* *
Short-necked clam 0.080 0.240
Prawn 0.014 0.085
(2)
Northern Sea Bream 0.014 0.145
of Bream 0.011 0.080
Hokkaido Bream 0.008 0.053
Bream 0.007 0.044
Horse mackerel 0.010 1.904
Horse mackerel 0.012 0.247
Turbot 0.007 0.021
Turbot 0.006 0.020
Turbot 0.007 0.022
Turbot 0.007 0.020
(4) Scabbard fish 0.004 0.046
Offshore Gray mullet 0.002 0.062
the Port Gray mullet 0.001 0-003
of Nagasaki Horse mackerel 0.007 g-ggo
Black bream 0.022 .
Turbot 0.005 0.035
* %
Short-necked clam 0.001 0.030

(1) Investigation of Environmental Contamination by Mercury, collected in
November, 1971 (Analyzed by Fujiki): compiled by Japan Public Health
Society.

(2) This investigation, collected in November, 1972.

(3) Fujiki, Tajima, Omori: Kumamoto Med. Journal, Vol. 46, 1972, p. 635
collected in November, 1971

(4) Fujiki, Tajima, Omori: Unpublished, collected in February, 1971.

*Hg ppm/dry weight
**Collected March 1971
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5. Conclusion

In this investigation, mercury contamination in fish of every district
did not exceed 1 ppm and was contained within the general concentration of
the natural environment stated in the '"Measures for Environmental Contamina-
tion by Mercury" issued by the Ministry of Public Welfare. Presently, there

are no areas contaminated environmentally by mercury which may cause problems.

Relatively high concentrations of mercury in fish in some districts in
the Ariake Sea have been observed, compared with other areas. The reason
for the accumulated mercury in the fish is not related to the mercury flowing
out from Minamata Bay, but is considered to be due to the mercury from
other sources. Also, since there is no previous investigation ranging over the
entire Ariake Sea, we cannot say whether this district was contaminated
by mercury in the past or not . However, from the results of this investiga-
tion, a suspicion has arisen that there might have been many more mercury
contaminated areas in the past. This will be an important subject in the

further study of mercury contamination.
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2. STUDIES ON TRANSFORMATION OF INORGANIC MERCURY FOUND IN MINAMATA BAY
SEDIMENTS INTO METHYL MERCURY

Hygiene Seminar, Department of Medicine

Kumamoto University

Team member: Motoshi Fujiki

Research assistant: Shizuko Tajima

I. PREFACE

More than ten years have passed since the outbreak of Minamata disease
in Minamata Bay and the surrounding areas. When one observes the transition
of the mercury contamination situation [1, 2, 3, 4, 5] in the area of Mina-
mata Bay during this period, it can be seen that there were no changes in the
mercury level in sediments in Minamata Bay, but that there was a decrease of
mercury in fish and shellfish. At present, almost none of the fish and shell-
fish contain mercury in excess of 1 ppm. As for mercury in the hair of Mina-
mata residents, its level occasionally exceeded 100 ppm up until 1960 [1], but
gradually declined to an average 9.23 ppm around 1968, 5.36 ppm in 1970, and
is presently 3.75 ppm. Moreover, the acetaldehyde manufacturing facility of
the Minamata plant of the Chisso Corporation modified its mercury utilizing
process in June, 1966, to that of a complete circulation-type and suspended
its manufacture in May, 1968. Further, at the vinyl chloride facility, a
mercury removal device was installed in July, 1969, and the use of mercury was
dropped by revising manufacturing methods in March, 1971. No mew mercury con-

tamination has since been reported from that plant.

Jensen and his associates [6] claimed that anaerobes in sediments on
the floor of lakes transformed inorganic mercury into methyl mercury, while
Wood and his associates [7] held that methyl mercury was formed by the reaction

of methyl cobalamine found in anaerobes with inorganic mercury. Tajima [8]
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established the formation of methyl mercury through the reaction of acetalde-
hyde, acetic acid, and peracetic acid with inorganic mercury, as well as by
directing ultraviolet rays on acetic acid and inorganic mercury. Ukita and
his associates [9] formed methyl mercury through a reaction of inorganic mer-
cury in the liver of tuna. Sotomura and his associates [10] reported that
aerobes decomposed and transformed mercury compounds into metallic mercury,
whereas anaerobes decomposed methyl mercury and transformed it into inorganic
mercury, with a part of the anaerobes transforming inorganic mercury into
methyl mercury. Kitamura and his associates [11] contended that both aercbes
and anaerobes converted inorganic mercury into methyl mercury, followed by
reconversion of methyl mercury into inorganic mercury. Matsumura and his
associates [12] collected 35 kinds of microorganisms from sediments on the
bottom of a lake and cultured them in a culture containing phenyl mercury
acetate, but were unable to find any trace of methyl mercury. Tajima [8]
administered inorganic mercury in mice in an attempt to learn whether there
was transfoination into methyl mercury in vivo, only to find that there was
no such transformation. There are various reports, as can be seen above.
Many researchers have confirmed, and it is widely accepted, that methyl mer-
cury can be formed by the reaction of methyl cobalamine, found in anaerobes,
with inorganic mercury and by the reaction of acetaldehyde and acetic acid
with inorganic mercury. However, there still is disagreement as to the
transformation of inorganic mercury into methyl mercury in microorganisms or

in vivo.

As explained earlier, the contamination of the biological environment
by mercury in the Minamata district has been alleviated to a great extent,
although it is still incomparable with that of the non-contaminated areas.
However, a large amount of inorganic mercury (thought to be primarily mercury
sulfide) exists even now in sediments in Minamata Bay. Based on numerous
reports on the formation of methyl mercury, it cannot be categoricaglly stated
that inorganic mercury contained in sediments in Minamata Bay will not natur-
ally be transformed into methyl mercury. In our belief that further studies

were warranted, we conducted the following experiment.
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ppm of

II. EXPERIMENTAL MATERIALS AND METHOD OF
ANALYSIS OF MERCURY

1. Experimental Results

1) Minamata Bay sediments

Minamata Bay sediments (containing 100 ppm of total mercury and 0.01

methyl mercury) were obtained from a point offshore the southern coast

of Myojin~-misaki in the northemn sector of Minamata Bay (see Sketch).

ducted

2) Waste water

The following five types were used as waste water for our experiment:

A: 1.5% acetic acid solution;

B: City sewage (from Kumamoto city limits);

C: Waste water from sorbic acid plant of Minamata plant of Chisso
Corporation;

D: Waste water from glyoxal plant of above plant;

E. Waste water from triacetate plant of same plant.

2. Method of Mercury Analysis

Analysis of the reactant and of methyl mercury in sediments was con-

as follows:

The liquid layer was adjusted to pH 1 by adding hydrochloric acid;

following treatment with cuprous chloride, the methyl mercury was extracted

with benzene, treated with glutathione, re-extracted with benzene and

measured by the gas chromatograph method [13].
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The sediments were adjusted (\\\\v\
to pH 1 by adding hydrochloric Umedo

acid, with the liquid level at Myojin-misiEi,f{t;;;;;ta plant

about 100 ml. Cuprous chloride - . “i
was added and allowed to stand f Q35£§i€~3d¢
at room temperature for three Koijijigland Collection
days, after which it was suction- fored site
filtered, and methyl mercury be Midoriura
contained in the filtrate was .
extracted by the usual method. Peukiura
Measurement was by gas chromato- %:7 Yudo
graphy [13].
}”\{lr“\~//)\j> Fu%uroura

The total mercury in the

sediments was measured by the Figure 1. Site of collection of Mina-

. . . mata bay sediments
dithizone colorimetric method y

by adding nitric acid to the
sediments and letting it stand for three days, after which it was suction-
filtered. An appropriate amount of filtrate was then taken, heated, and re-

duced with sulfuric acid and potassium permanganate.

ITI. EXPERTMENTAL METHOD AND FINDINGS

1. Reaction of Reagent with Inorganic Mercury, Acetic

Acid, City Sewage, and Industrial Waste Water

Three mg of mercury (II) nitrate and 2 mg of mercury (II) oxide were
added as reagent into each of the five 500 ml beakers containing waste water
A - E. Further, 300 ml of 1.57 acetic acid solution was added to A, 300 ml
of city sewage (from Kumamoto city limits) to B, 300 ml of waste water from
the sorbic acid plant of Minamata plant to C, 300 ml of waste water from the
glyoxal plant of the same plant to D, and 300 ml of waste water from the tri-

acetate plant of the same plant to E. The beakers were then capped with a
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film of saran wrap and left outdoors from October 24 to December 18, 1972,

exposing them to sunlight for a total of 200 hours.

Table 1 reflects the results of measurements of methyl mercury formed in

the reactant upon reaction. All of the reactions produced methyl mercury.

TABLE 1. METHYL MERCURY FORMED FROM MINAMATA BAY SEDIMENTS, INOR-
GANIC MERCURY AND WASTE WATER (Hg 1g)

Source of Type of waste water A B C D E
inorganic mercury

3 mg of mercury (II) nitrate and
2 mg of mercury (II) oxide 0.90}1 0.36] 4.141) 2.34 10.27

50 g of Minamata Bay sediments (wet sediments,
includes about 5 mg of total mercury and
about 0.5 ug of methyl mercury)

Liquid layer portion 0.00 | 0.00f 0.00] 0.00 {0.00
Sediment portion 0.52 | 0.42} 0.501] 0.45 {0.48

Minamata bay sediments to which 3 mg of mer—
cury (II) nitrate and 2 mg of mercury (II)
oxide have been added
Liquid layer portion - - 0.001}10.00 j0.00
Sediment portion - - 0.5210.51 ]0.49

2. Reaction of Minamata Bay Sediments with Acetic
Acid, City Sewage, and Industrial Waste Water
{

As in experiment 1, above, 50 g of Minamata bay sediments (including
about 5 mg of total mercury and 0.5 ug of methyl mercury) were put into each
of the five 500 ml beakers containing waste waters A - E. Then, 300 ml of
1.5% acetic acid solution was added to A, 300 ml of city sewage (from Kuma-
moto city limits) to B, 300 ml of waste water from the sorbic acid plant of

Minamata plant to C, 300 ml of waste water from the glyoxal plant of the
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above plant to D, and 300 ml of waste water from the triacetate plant of the

same plant to E. The beakers were then exposed to sunlight for 200 hours.

Following the reaction, they were suction-filtered, and methyl mercury
in the liquid layer and sediments was measured, with results as shown in Table
1. No methyl mercury was detected in any of the liquid layers. 1In the sedi-
ments, methyl mercury corresponding to a level of methyl mercury existing

prior to the reaction was noted, but no new methyl mercury was found.

3. Reaction of Minamata Bay Sediments, in Which the
Reagents Mercury (II) Nitrate and Mercury (II)

Oxide were Added, with Industrial Waste Water

Into each of the three 500 ml beakers containing waste waters C - E was
added 50 g of Minamata Bay sediments (including about 5 mg of total mercury
and 0.5 ug of methyl mercury), 3 mg of mercury (II) nitrate and 2 mg of mer-
cury (II) oxide as reagents. Then 300 ml of waste water from the sorbic
acid plant of Minamata plant was added to C, 300 ml of waste water from the
glyoxal plant of the same plant was added to D, and 300 ml of waste water
from the triacetate plant of the same plant was added to E. And, as in the

experiment 1, above, they were exposed to sunlight for 200 hours.

Following the reaction, they were suction-filtered, and the methyl mer-
cury in the liquid layer and sediments was measured, with the results shown
in Table 1. No methyl mercury was found in any of the liquid layers, and no

newly formed methyl mercury was found in the sediments.

4. Effects of Aeration of Inorganic Mercury Source

on Methyl Mercury Formation

Fifty grams of Minamata Bay sediments from which water had been removed
by suction and 300 ml of deionized water were put into each of the three 500
ml triangular flasks and mixed well. One of these was immediately suction-

filtered, and methyl mercury in the liquid layer and sediments was measured.
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The remaining two were aerated for 40 hours at a permeability of 150 ml per
minute. Following aeration, one of the two was immediately suction-filtered
and methyl mercury in the liquid layer and sediments was measured. The last
flask was added with acetic acid to make a 1.5% solution, its contents trans-
ferred to a 500 ml beaker, and exposed to sunlight for 200 hours, as in ex-
periment 1, above. Following the reaction, it was suction-filtered, and

methyl mercury in the liquid layer and sediments was measured.

To the 500 ml triangular flask was added 5 mg of the reagent mercury
sulfide and 300 ml of artificial sewage [14] seeded with 2 ml of city sewage,
the contents being aerated for 40 hours at a permeability of 150 ml per
minute. Following aeration, acetic acid was added to make a 1.5% solution,
the contents were transferred to a 500 ml beaker, and exposed to sunlight for
200 hours, as in experiment 1, above. After the reaction, it was filtered

and measured for methyl mercury.

The above results are shown in Table 2. Methyl mercury in Minamata Bay
sediments increased slightly as a result of aeration. Also, when the reaction
was effected with 1.5% solution of acetic acid under exposure to sunlight
following aeration, methyl mercury was formed, being detected in the liquid

layer and in the sediments.

When reaction was effected with 1.5% solution of acetic acid under ex-
posure to sunlight following aeration with the reagent mercury sulfide, methyl

mercury was found in the reactant.

5. Adhesiveness of Methyl Mercury in Minamata

Bay Sediments

To each of the three separating funnels were added 50 g of Minamata Bay
sediments from which had been removed by suction 300 ml of deionized water,
and 0 ug, 1 pyg, and 5 ug of methyl mercury, respectively. After they were
shaken and mixed for 3 hours, they were suction-filtered and methyl mercury

in their liquid layer and in sediments was measured.

26



TABLE 2. EFFECTS OF AERATION OF SOURCE OF INORGANIC MERCURY UPON
METHYL MERCURY FORMATION (Hg ug)

! | Reactant after
Pre- i Post- : aeration with
Source of aeration |aeration* 1.5% solution
inorganic mercury of acetic acid
i
50 g Minamata Bay |{Liquid layer j
sediments (water portion | 0.00 0.00 0.24
b .
;Ezzzgg) y Sediment }
portion 0.80 1.05 3.20
5 mg mercury Liquid layer 1.43
sulfide portion - - :
(

Conditions of aeration: 150 ml/min of air
over 40 hours.

TABLE 3. ADHESIVENESS OF METHYL MERCURY IN MINAMATA BAY SEDIMENTS

(Hg- ug)
!
Amount of methyl mercury added (Hg- pg) 0 1.0 5.0
300 ml of deionized water to which methyl mercury was

added was shaken with 50 g Minamata Bay sediments
(wet sediments)
Liquid layer portion 0.00 {0.00 | 0.00
Sediment portion 0.44 1.41 5.64

The results are shown in Table 3. Methyl mercury, in 1 Hg and 5 Ug

levels, was found only in the sediments, and not in the liquid layers.

6. Effects of Exposure Time to Sunlight on Methyl

Mercury Level
The standard aqueous solution of methyl mercury — 100 ml of 0.05 ppm,

0.5 ppm, and 2.5 ppm — was poured into 200 ml beakers and exposed to sunlight

for 200 hours, as in experiment 1, in order to study the effects of exposure
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time on the level of methyl mercury. As shown in Table 4, the level of

methyl mercury declined as time progressed.

TABLE 4. EFFECTS OF EXPOSURE TIME TO SUNLIGHT ON METHYL MERCURY
LEVEL (WITH 100 AS THE METHYL MERCURY LEVEL PRIOR TO SUNLIGHT
EXPOSURE)

unlight exposure time

Mercury density 0 hrs 150 hrs 200 hrs

0.05ppm, 100ml 100 65 4
!

(.5 ppm, 100m! 100 g 19
|

25 ppm. 100ml 100 g9 ' 8l

IV. COMMENTS

It is widely known [15] that various inorganic mercury compounds other
than mercury sulfide form methyl mercury [8] as a result of reaction with
compounds having active methyl groups, such as acetaldehyde, acetic acid,
and peracetic acid. However, no experiment has been conducted so far to
determine whether this type of reaction occurs in nature. As the first step
in our experiment to ascertain whether methyl mercury is formed in nature,
the authors initially studied whether methyl mercury can be formed as a
result of reaction between industrial waste water and inorganic mercury [16].
We learned as a result that a methyl mercury yield of from 0.6% to 2.4%
(yield relative to the level of mercury used) can be obtained as a result of
reaction of 300 mg mercury (II) nitrate and 200 mg mercury (II) oxide with
waste water from a sorbic acid plant, from a glyoxal plant, and from a tri-
acetate plant, and that methyl mercury is not formed when these waste waters
were treated with a cyclator or when the source of mercury was mercury sul-
fide. As the amount of mercury used in this experiment was relatively large,
we could not consider the situation to be identical in nature. For this
reason in our latest experiments, we utilized a level of reagents — inor-

ganic mercury and Minamata Bay sediments — equivalent to the density of
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inorganic mercury in Minamata Bay sediments, in order to ascertain whether

methyl mercury was formed in nature.

The reaction of the reagent inorganic mercury containing a level of mer-
cury identical to that in Minamata Bay sediments with industrial waste water
resulted in a low metnyl mercury yield (relative to the amount of mercury used)
of from 0.005 to 0.08%, as compared to earlier experiments. The reason for
the low yield is believed to be due to the loss of newly formed methyl mercury
because of inclement weather during the exﬁeriment period, requiring about 40
days to acquire 200 hours of exposure to the Sun's rays. In the sunlight
exposure experiment with a standard aqueous solution of methyl mercury, a
distinct decrease of methyl mercury was noted after 200 hours. Thus, it is
possible that in our latest experiment the reactionconditions for formation

of methyl mercury were unsuitable.

Through the reaction of inorganic mercury with city sewage, a 0.07% yield
of methyl mercury was obtained. This was significant, in that it was an
indication of the dangers of methyl mercury formation, not only in industrial

waste water, but in nature as well.

In the Minamata Bay sediments, about 5 mg of mercury was found in the
form of total mercury. No methyl mercury was formed as a result of a reaction
between Minamata Bay sediments and acetic acid, city sewage, and industrial
waste water. Although methyl mercury was formed when the source of mercury
was the reagents mercury (II) nitrate and mercury (II) oxide, it was not
formed when the source of mercury was inorganic mercury in the sediments.

The reason probably is the abundance of sulfides in Minamata Bay sediments
[17}, with inorganic mercury in the sediments assuming reactive inactivity in
the form of mercury sulfide. The fact that methyl mercury was not formed when
mercury (II) nitrate and mercury (II) oxide were newly added as reagents to
Minimata Bay sediments to effect a reaction with acetic acid, city sewage, and
industrial waste water probably indicates that sulfides in the sediments made
the newly added reagents of mercury (II) nitrate and mercury (II) oxide

inactive.
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As indicated by the results of the foregoing experiments, methyl mercury
will not form in Minamata Bay under existing conditions, despite the pre-
sence of inorganic mercury in the sediments and inflow of acetic acid, city
sewage, and industrial waste water. Even if there were an additional inflow
of inorganic mercury in an active form as mercury (II) nitrate and mercury
(II) oxide, it would change into an inactive form of inorganic mercury in the
sediments, provided the level of inorganic mercury was then equal to or less
than that in the sediments, without any possibility of methyl mercury being
formed in nature. However, methyl mercury could be formed under ideal con-
ditions, such as aeration of Minamata Bay sediments. As indicated in experi-
ment 4, should Minamata Bay sediments be aerated, inorganic mercury found in
the sediments will probably change into an active form with respect to the
formation of methyl mercury. As explained earlier, mercury sulfide is a
stable form and will not form methyl mercury in reaction with acetic acid
and industrial waste water [16]. However, Westoo [18] theorized, while lack-
ing any experimental evidence, that mercury sulfide was oxidized in nature by
aerobes and changed into mercury (II) sulfate, active in the formation of
methyl mercury. In order to verify this theory, the authors applied artificial
sewage seeded with aerobe-containing city sewage, aerated the reagent mercury
sulfide and, following aeration, effected a reaction with acetic acid in an
attempt to ascertain whether methyl mercury would form. It was found that a
greater amount of methyl mercury was formed than when mercury (II) nitrate and

mercury (II) oxide were used.

Following aeration of Minamata sediments and reaction with acetic acid
under sunlight exposure, methyl mercury thus formed was greater in the liquid
layer than in the sediments. This was an indication of the adhesive nature
of the sediments toward methyl mercury. In an experiment to determine the
adhesive property of the sediments on methyl mercury, 5 ug of methyl mercury
was completely adhered to 50 g of sediments from which water had been removed
by suction. Perhaps methyl mercury is not eluted, being bonded with a SH
group of humus in the sediments and surviving therein. The appearance of a

trace of methyl mercury in the liquid layer when methyl mercury was formed
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as a result of reaction following aeration of sediments was probably due to
a decrease of adhesivity of methyl mercury toward sediments, because of

partial decomposition of humus in the sediments under aerobic conditions.

The possibility of new dangers posed by the elution of methyl mercury in
sea water caused by the disturbance of Minamata Bay sediments containing very
small amounts of methyl mercury or by ingestion of methyl mercury containing
sedimentary particles by fish and shellfish has been pointed out. However,
it was found that, notwithstanding disturbance of Minamata Bay sediments and
elution of some methyl mercury, the latter tended to adhere to the sediments.
In 1959, when Minamata Bay was considered to be at peak contamination {197,
Kitamura and his associates [1] conducted a breeding experiment using Minamata
Bay sediments on lubworms, short-necked clams and small fishes, and measured
the mercury level in their bodies. Despite the fact that the sediments during
the breeding experiment were sufficiently disturbed, the deposit of mercury
in their bodies was very small. Such a deposit was negligible when compared
to the time when the Kumamoto Prefectural Marine Experimentation Station, in
an oyster breeding experiment in Minamata Bay, found that oysters from a
control district which were suspended in waters of Minamata Bay had as high a
mercury density (50 ppm) as local fish and shellfish. Based on such findings,
it is thought that the high level of methyl mercury deposit in fish and shell-
fish is largely due to methyl mercury existing in sea water, and that methvyl
mercury adhering to sediments hardly affects them. Thus, even if sediments
in Minamata Bay were to be disturbed by dredging, safety can probably be

assured if aerobic conditions were avoided.
V. CONCLUSION

It has become clear that inorganic mercury, if present, will react with
city sewage and industrial water containing compounds with active methyl
groups, and form methyl mercury in nature. Methyl mercury will not be formed
in this instance if the mercury is in the form of mercury sulfide. However,
under aerobic conditions, mercury sulfide changes into inorganic mercury in

this reaction, and forms methyl mercury.
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Even now, sediments in Minamata Bay contain a large quantity of inorganic
mercury with the potential of forming methyl mercury. However, those inor-
ganic mercury compounds were of the inactive type, and did not form methyl

mercury during our experiment.
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3. PROGRESS ON MINAMATA DISEASE AND ITS EPIDEMIOLOGICAL STUDY (Part 2)

Chair of Public Hygiene, Medical Department, Kumamoto University

Staff: Shigeru Nomura
Asst. Staff: Toshio Matsushita, Shin Nizuka, Noriki Arimatsu,
Atsushi Ueda, Junichi Misumi, Toshie Tomio,

Hiroyuki Teruya, Tadako Ueda

We already reported the results of a pilot study in the previous report
in regard to the environmental contamination due to organic mercury in
Minamata Bay, including its adjacent areas and along the Shiranui Sea, and
also in regara to the health damage to inhabitants in the seacoast area. In
the study, we conducted the health examination for the inhabitants of Tsukiura,
Idetsuki and Yudo of Minamata City, areas in which multi-breakouts of the disease
occurred and for the inhabitants of Goshoura-machi, Amakusagun, which are

areas susceptible to contamination.

In this report, first we investigated several health indicators that show
how the dynamic populations of these objective districts have been changing
for years due to the health damage to its inhabitants caused by the organic
mercury contamination along the coast area. Second, we investigated the way
that the inhabitants were examined in districts and the significance of the
examinations. Third, we investigated the actual conditions of the fisherman's
work and their dietary habits on the Shiranui Sea coast which area is extremely
susceptible to direct contamination by organic mercury from the sea. This is
why the Minamata Disease has broken out so frequently there. We also tried to
trace down the actual conditions of the Minamata disease in our investigations,

the results of which are described below.
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1. Influence of the Environmental Contamination as Viewed from the

Local Health Index

It is assumed that the environmental contamination due to organic mercury,
etc. has caused a number of Minamata disease cases, and has clearly affected
the health of the inhabitants who live in the contaminated districts; there-
fore, the health standard of the districts has declined. To clarify this
decline, last year we objectively interviewed families in the contaminated
districts. We checked the average age and causes of death of anyone in the
interviewed families who died between 1945 and 1971. The results showed that

the mercury contamination directly influenced the age and cause of death ([1].

There are various health indicators to measure a health standard of a
district; however, an expert group of WHO particularly adopts the PMI (pro-
portional mo.tality indicator) [2], rough mortality rate and average remainder
of life based on the mortality statistics as the health indices. These are
considered to be reliable sources to use for the general health indices [3].
Furthermore, there is an index that gives average death rates [4, 5] which
displays the same characteristics as the indices described above, and its appli-

cability is being investigated [6].

Therefore, by using these indices, we investigated the influence of
organic mercury, etc. on the health standard of the contaminated districts,

and also tried to analyze its influence on the cause of death.

I. OBJECTIVE METHOD OF INVESTIGATION

We selected the districts of Tsukiura and Fukuro of Minamata City which
are heavily contaminated districts, and the district of Arashiguchi in
Goshouramachi which is on the opposite seashore of Minamata City as a sus~
ceptible district of contamination for our objective investigation. We com-
pared them with the results of the Akazaki, Suko and Ohura districts of

Ariakemachi that faces the Shimabara Bay, which were considered districts
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free of the contamination. The characteristics of these districts were des-
cribed in a previous report. The investigation dealt with the people who had
been living in these districts during the period from January 1, 1948 to
December 31, 1971. As an investigation reference, we used the death certifi-
cates of the inhabitants in the said districts obtained from each respective
town office for this 24-year period, and the official items were copied and

summarized for analycsis.

The total number of deaths in the districts during this period were as
follows: male 468, female 374 in Minamata district, male 330, female 280 in
Goshoura district; and male 620, female 682 in Ariake district (these figures

excluded deaths due to war).

In addition, in order to obtain the mortality rate by age groups, the
corrected PMI and the corrected average death age for the Kumamoto prefecture in
1960, we standardized the age figures of the dynamic population statistics by
placing them in categories of 5-year differences. Furthermore, the classifi-
cation of the cause of death is based on a '"50-Item Classification of Death

Causes (Table B)" of the "International Classification'.
II. INVESTIGATION RESULTS

1. Index of Mortality Statistics

The actual condition of mortality in the districts investigated during
the 24 years from 1948 to 1971 was examined according to the indices of

mortality rate by age group and PMI.
(1) Mortality rate by age group
The mortality rate by age group in each district is obtained by
calculating the total deaths during the 24 years as indicated in Figure 1.

In every district, the mortality rate of school children, young and middle-

aged is comparatively low, and high in infants and the old, which is a
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tendency that is present throughout the country. However, when comparing 3
districts, there is some difference in the mortality rate by age group. Namely,
the mortality rate in the Minamata district is slightly higher for infants

and for those up to 59 years and less in the o0ld as compared to the Ariake
district. This tendency is quite apparent in females. On the other hand,

the Goshoura district is very similar to the Ariake district except that the
mortality rate of baby girls and those in the age bracket of 45 to 49 is
slightly higher than in the Ariake district. When these are standardized

by the age grouping according to the dynamic population statistics of the
Kumamoto Prefecture in 1960, some different tendencies are observed. That is,
the mortality rate in the Minamata district is slightly lower than in the
Ariake district in infants and the young of both sexes and higher in

school children. It is slightly higher in the middle and old age brackets,
which indicates that both districts are similar. Furthermore, the Goshoura
district exhibits no particular differences in males but the rate is higher in

school children, and lower in the old, as far as females are concerned.

(2) Mortality of infants and stillbirths

The death rate in infants is often used as the index which sharply
reflects a local health standard. Using that index, we analyzed those dis-
tricts as indicated in Table 1. The death rate in infants for the 24 year
period is as follows: 26.3 in the Minamata district, 36.1 in the Goshoura
district and 32.8 in the Ariake district. When we check the yearly changes
for the 5-year periods, the death rate in the Ariake district markedly
declines year after year. 1In the Minamata district, it gradually declines
except it slightly increases from 1958 to 1962. On the other hand, in the
Goshoura District, the decline in the number of births does not parallel
the decline in the number of deaths, that is, the death rate in infants tends
to increase. The results of the existing statistics of the districts are
shown in Table 2. The death rate in infants in Minamata City and Ariakemachi
gradually declines, whereas the decline is slow in the Goshoura district,

which substantiates the results of the districts.
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Although a record of stillbirths is not dependable because each one
has not always been reported, we checked the stillbirth rate in the districts
from the existing references as shown in Table 2. The stillbirth rate in
Minamata City is slightly higher than in Goshouramachi and Ariakemachi. However,
we must take into consideration the discrepancy in notification of stillbirths

between the city and the remote village.

(3) PMI and death rate of the old

Good health can be maintained by eliminating the damaging factors and
a long life can thus be promised. Therefore, as the index to measure the
local health and the sanitation standards, the PMI and death rate of the old
are used frequently. With these standards, we investigated the mortalities
in the districts and indicated the results in Table 3. If we summed up the
total deaths in 24 years for each district, the PMI, as the index of popula-
tion structure, is 62.47Z for males and 64.5% for females in the Minamata dis-
trict, which percentages are significantly lower than the statistics of
70.3% for males and 76.0% for females in the Ariake district. On the con-
trary, in the Goshoura district, the PMI is significantly lower than in the

Ariake district only for females.

The death rate for the over 65-year bracket, is the same as the PMI, i.e.,
41.9% for males and 46.1% for females in the Minamata district, whereas
the PMI is 51.97% and 62.3%,respectively, in the Ariake district. The death
rate for the old in the Minamata district is significantly (statistically)
lower than in the Ariake district for both sexes, which indicates a low
health standard. On the other hand, no noticeable difference is observed

in the Goshoura district.

In order to obtain the corrected PMI, we standardized the ages based on
the dynamic population statistics of the Kumamoto Prefecture in 1960. As
you can see in Table 4, all the districts show that the corrected PMI for
5-year—-periods gradually increased for both sexes, which complies with a

yearly change. When we compared these between two districts, the value in
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Figure 1. Mortality frequency classified by age group.
TABLE 1. LAPSE OF INFANT DEATH RATE
Years Minamata Goshoura ! Ariake
No. No.inf. 1Inf.| No, No. inf. Inf, INo. No.inf. Infant
ibirths deaths dth bths. deaths dth. | bths.deaths death
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Note: 1) The number of births was obtained by the birth certificates

2)

(Family register) of inhabitants in the districts,

Infant death rate per 1000 births.
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the Minamata district is generally lower than in the Ariake district, which
is quite apparent in females. Furthermore, the PMI value for females in the
Goshoura district is slightly higher than in the Minamata district. 1In
particular, we can say that local factors are recognized which make health

standards for females in the Minamata district inferior.

(4) Average age at death

We calculated the average death age by each 5 year period in regard to
the total deaths in 24 years for each district. As indicated in Table 5,
the average death age of the total deaths in 24 years is, 50.36 T 28.91 years
for males and 52.50 * 29.49 years for females in the Minamata district, which
is apparently lower than in the Ariake district, i.e., 56.56 1 27.74 years
for males and 61.22 1} 28.06 years for females. This tendency is also observed
in the yearly change for each 5-year-period. On the other hand, the total
deaths in 24 years in the Goshoura district are significantly lower than in
the Ariake district for females and when the yearly changes are checked each
5-year period, the death average for both sexes between 1963 - 1967 are lower
in the Ariake district. From the above figures, we calculated the
corrected average death age by standardizing the ages according to the popu-
lation structure of Kumamoto Prefecture in 1960 as shown in Table 6. When
observing the yearly changes for each 5-year-period, the death ages in both
sexes for the respective districts are notably prolonged in proportion to
the passage of time. In addition, if the districts as a group are compared,
no noticeable differences are observed for males whereas the life expectancy
for females in both the Minamata and Goshoura districts are lower than in the

Ariake district.

2. Causes of Death

As regarding the cause of death written on a medical death certificate,
its preciseness has a certain limit; therefore, its dependability differs
according to every disease. Considering this factor, we investigated the
causes of death of the inhabitants in the Minamata district (which is a

contaminated district) and in the Goshoura district (which is a district
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susceptible to contamination) and checked if any epidemiological factors could
be observed. 1In this case, as the population is small, we analyzed the causes

of all the deaths for the 24 year period from 1948 to 1971.
(1) Death rate classified by causes of death

The total deaths for the 24 years in each district were divided into 5
groups, classified according to sex and causes of death, i.e., Group A (bacterial
infection), Group B (adult disease), Group C (diseases of pregnant women and
infants), Group D (non-disease) and Group E (others), and investigated their
characteristics in each district. The results are shown in Figure 2. When the
Minamata district is compared with the Ariake district, deaths occur less from
adult diseases and more from non~diseases (P < 0.05) in males, and deaths occur
more (P < 0.05) from bacterial infections and less (P < 0.01) from adult diseases
in females. 1In the Goshoura district, deaths occur less from adult diseases
and more (P < 0.01) from non-diseases in females. It is noted that the deaths
from adult diseases in the Minamata district are comparatively lower in both

sexes.

(2) Comparison of main causes of death between the districts

The total deaths in 24 years between the districts according to the
"50-Item Classification of Causes of Death (Table B)'" are shown in Table 7.
When we compared males in the Minamata district with males in the Ariake district,
deaths by inflammation of the intestines and other laxative diseases, car
accidents and other unexpected accidents were apparently higher, and deaths
from senility (not accompanied by mental disease), non-jinflammatory diseases
of the nerve center system were Jlower, Most of the deaths from ather unexpected
accidents were caused by drowning in children and adults. When we consider females,
deaths from tuberculosis, meningitis and other unexpected accidents (mostly by
drowning) are higher, and deaths from cardiac diseases and senility (not accom-
panied by mental disease) are lower, In other words, for both sexes in the
Minamata district, it is very rare for anyone to complete the natural span of

life and many deaths were attributed to inflammatory diseases and accidents.
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TABLE 3. PMI AND DEATH RATE OF THE OLD

+

Male Female Male - Female

Minamata Goshoura Ariake|Minamata Goshoura Ariake

1)

PMI (%) 62.4%*%  67.3 70.3: 64.5%%  66.4%%* 76.0
Death rate (%) of those | : A

over 65 years j 41.9%%  50.6 51.9] 46.1%%  56.4 62.3
Total number of deaths 468 330 620 :374 280 682

Note: 1) PMI: Proportional Mortality Indicator
- (Death rate of those over 50 years in total deaths)

2) dp<0.1 *P < 0.05 *%P < 0.01

Indicated the significant differences against the values of
the Ariake district according to the x“-examination.

TABLE 4. COMPARISONS OF CORRECTED PMI BETWEEN THE DISTRICTS (Unit:%)

T

Male Female
Years Minamata Goshoura Ariake |Minamata Goshoura Ariake
1948-1952 ! SRR L B S
1953-1957 ! e o - A
1958-1962 ) W 115 .o 122 TN
1963-1967 SN I S
1968-1971 ! ) o b -
i

Note: Age correction was made by using the dynamic population statistics
of the Kumamoto Prefecture in 1960.
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TABLE 6. CORRECTED AVERAGE DEATH AGE (Unit: Years)
Male Female Male Female
Years Minamata Goshoura Ariake  Minamata Goshoura Ariake
1948-1952 AT o5 ‘ L I 20 ‘_f t._’l o
1953-1957 S 3T a1 o 15 M5
1958-1962 TR ma e SE0B6
1963-1967 42 T 3o G020 118
1968_1971 e 4l (R 6.3 105 181
i
Note: Corrected ages by each 5 year group according to the dynamic
population statistics of the Kumamoto Prefecture in 1960.
(1948-1971)
0 10 20 30 46 50 60 70 80 90 100"
Minamata fii T e
Male Goshoura 7 T B i
[N JUS——— - d
Ariake e = e
- e
Minamata ;o tk\ ;xwﬁ_.* Miww,wM“~mn.”"_,_n;3 N =375
Female {Goshoura k 7;”_v L »\7ﬁ4~J £280”
Ariake [ NN o] e
Note: Group Gri;elf Group C (diseases of
r Q}lafce?t%%l) - S‘is‘éase) .2 pregnant women and infants)
Group D .
(nogidisease) E:]Group E (others)

2) *P <0.05 #%*P <0.01 (indicated the significant
differences against the values of the Ariake district
according to x% examination)

Figure 2. Death rate classified by causes of deaths.
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On the other hand, in the Goshoura district, deaths from cirrhosis of the
liver, nephritis, nephrosis and other unexpected accidents were higher, whereas
deaths from senility (not accompanied by mental disease), gastritis, duodenitis
and chronic gastroenteritis were lower in males. In females, deaths from
cerebral disease, nephritis, nephrosis, congenital abnormalities and other
unexpected accidents were higher, whereas the deaths from vesicular emphysema,
asthma and senility (not accompanied by mental disease) were lower, which

shows a reverse tendency as compared to the Minamata district.

ITI. GENERAL CONSIDERATIONS

This time we tried to investigate if the health standards of the
inhabitants of the contaminated districts have been affected by the waste
water from the factories which contains organic mercury, by using the health
indicators related to mortality. However, for the analysis of the references
obtained, we could not avoid a considerable extent of bias because each
district is so small and is divided into a limited district as a city or
town, and the population was also sparse; besides the collection of those

references was limited as the investigation required references from the past.

The PMI, rough mortality rate and average remainder of life, are
regarded to be very significant as health indicators to measure a local health
standard. However, their high applicabilities are better suited for large
population groups, such as a state. These are not appropriate indices to
measure the health standard of small local districts. It is thought, therefore,
that the indices can be used effectively by correcting the PMI or the average

age of mortality which are obtained by correcting and grouping the ages [6,7].

In order to correct the bias of the references due to the changes in
the population structure, we standardized the population and the age structure
of mortality in each district by using the 1960's dynamic population statistics
of the Kumamoto Prefecture. The year 1960 was just prior to the changes in the

population structures of the districts had started’ attributed to the influence
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of a high economic growth policy. According to the corrected PMI thus obtained,
the values for the Minamata district are lower than for the Ariake district for
both sexes and they are especially very low for females. The corrected average
age of mortality for females is slightly 1lower in the Minamata district than

in the Ariake district. Moreover, the stillbirth rate is slightly higher in

the Minamata district. In general we can assume that the health standard in

the Minamata district is inferior to that in the Ariake district.

In regard to the local differences in the causes of death, we must
take into consideration such differences as a concentration of medical care or
the social and economic conditions of the localities. As for the concentration
of medical care, the number of medical institutions in the districts are 2
internal disease clinics and 1 child and maternal center in the Goshoura
district, 2 internal disease clinics in the Ariake district, which indicates
the appropriation of medical care in the Goshoura district is slightly inferior

compared to the 2 other districts.

Comparing the causes of death in the districts classified according to
groups for causes of deaths, deaths from adult diseases are comparatively
lower in the Minamata district and deaths from non-disease or infectious
cases are higher than in the Ariake district. Acknowledging that adult diseases
have increased after the infectious cases have been put under control, by which
the national health trend in Japan has been transformed, we can assume there

is a mortality problem in the Minamata district.

2. Considerations of the Health Examination of Inhabitants who

Suffered from the Minamata Disease

Organic mercury affects human health in various ways which results not
only in a subclinical patient but also a non-subclinical or forme fruste patient
[8]. 1In regard to examining inhabitants for the Minamata disease, the examina-
tion is conducted by questionnaires in order to screen the patient; it is

controversial how effectively this system is utilized. In recent years,
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a discussion has been centered on disease screening [9].

Then, in order to examine the health of inhabitants in the contaminated
districts from the organic mercury, and particularly to screen the people for
the disease, we examined adults (above 6 years), and investigated the

obtained information.

I. OBJECTIVE METHOD OF INVESTIGATION

For the districts, as in the previous report [1], we selected Tsukiura,
Idetsuki and Yudo of Minamata City, which are highly prone to the
disease, and Arashiguchi of Goshouramachi on the opposite seashore of
Minamata City, which are districts susceptible to contamination, and compared
them with the results of Akazaki, Suko and Ohura of Ariakemachi facing the

Shimabara Bay which have almost no seafood contamination.

We collected the investigation information similarly to the way it was
collected in the previous report, and used both along with the references
of previous investigations. Furthermore, we checked the results of clinical
diagnosis of the people with the Minamata disease; the diagnosis was conducted
by the Neuro-Psychiatry Department, Kumamoto University, and we investigated

the relationship between complaints and the inspection of clinical diagnosis.

IT. INVESTIGATION RESULTS

(1) Relationship between clinical diagnosis and subjective symptoms

As reported previously, when we compared the Minamata diastrict with
the other investigated districts, we observed a statistical significant
difference in the complaints of inhabitants in the over-30 age group who lived
in heavily contaminated areas. Then, we checked the relationship between
the main complaints and the clinical diagnosis for inhabitants over the age
of 30 in the Minamata district as shown in Table 8. We naturally counted many

complaints among the patients definitely having the Minamata disease, the
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patients afflicted by the Minamata disease and the patients susceptible to the
Minamata Disease, as compared to inhabitants of other areas. Particularly,
several complaints peculiar to the Minamata disease were observed. However, even
though some show typical symptoms of the Minamata disease, not all the

Minamata patients or the patients susceptible to the disease have reported com-
plaints when we check their symptoms individually. In other words, we en-
counter some similar complaints from patients who are not suffering from the
Minamata disease. 1t indicates that all the complaints are important just like
in the Hunter-Russel syndrome in the clinical diagnosis.

In this connection, we investigated how effectively we could use some
combinations of several complaints, which have been considered important for the
diagnosis of the Minamata disease, by the Minamata patients or the susceptible
patients who were screened for complaints. Therefore, we divided combinations
of complaints into 4 groups, i.e., disorder of perception, stricture of visual
field, disorder of movement and hearing disturbance; regarding the disorder of
perception as the main symptom, we then observed the frequency of the com-
plaints from the districts. As shown in Table 9, among those who exhibited
the disease symptoms, the frequency that their symptoms corresponded to the
4-item groups are 170 for males (49.4%) and 251 for females (52.17%) in the
Minamata district, which figures are significantly ( and statistically) higher
than the 81 for males (29.2%) and the 77 for females (23.5%) in the Ariake
district. Furthermore, when the frequency of these complaints are analyzed
by placing them in several of the 4-group combinations, the frequency of
correspondence to the combination of disorder of perception [hereafter
referred to as (P), stricture of visual field (V), disorder of movement (M)
and hearing disturbance (H)]showed to be 11.3% for males and 9.17 for females
in the Minamata district, which are figures significantly higher than the
2.2% for males and the 1.2% for females in the Ariake district, and the
frequency of the combination of (P) + (M) or (H) is also high. On the other
hand, no significant statistical differences were observed between the

Goshoura and Ariake districts for both sexes.

Comparisons of the relationship between the combinations of complaints

and the results of the diagnosis are indicated in Table 10. The symptoms of
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the patients in the Minamata district nearly corresponded to any of the

4-item groups of the Minamata disease for both sexes. More than 607 of the
symptoms of the patients, including the susceptible patients in the Goshoura

and Ariake districts, correspond to any of the 4-item groups. On the other
hand, approximately 20-30% of the symptoms of the patients in the Goshoura

and Ariake districts do not correspond to the Minamata disease, but neverthe-
less correspond to ary of the 4-item group of the disease. Moreover, such a case
is highly observed in the Minamata district, that is, the approximate value of
407% is statistically more significant than in the other districts, which is
noteworthy as it is quite possible the patients or the susceptible patients

are included among them.

We investigated the relationship between the combination of the subjective
symptoms and the clinical diagnosis in the Minamata district for both sexes.
As you can see in Table 11, when the frequencies of complaints correspond to
any of the combinations of (P), (V), (M) and (H), the percentages of the
patients diagnosed to have the Minamata disease or patients susceptible to
the disease were found to be 48.27%7 for males and 40.2% for females. On the
other hand, for those diagnosed as having the disease, or those susceptible
to the disease, the percentages of frequencies of their complaints corresponding
to any of the combinations of 4-item groups were found to be 76.77Z for males and

82.1% for females, which figures are quite high.

The technique of screening the disease, which means the ability to dis-
tinguish between those having the disease from those not having the disease is
very important and is called "'validity". The validity of a general screening
examination is indicated in Table 12. 1In this examination method, the ability
to classify those as infected patients who are the pasitive gymptom bearers is
called "sensitivity" and the ability to classify the non-infected patients who

are the negative symptom bearers 1s called "specificity".
If the above combinations of complaints are adopted as the screening
method for the Minamata disease, the validity is as follows: sensitivity 77%

and specificity 637 for males, and 827 and 58%, respectively, for females. The
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TABLE 8. RELATION BETWEEN CLINICAL DIAGNOSIS AND SUBJECTIVE SYMPTOMS
(Mina#ata district, those over

30 years)
Sex Male Female
[ )]
3 o
. - e ﬁ
o+ o T T ) wio
o8 =] a o ] os8 o 51';: ()
[T Q o9 ] o9 ] vle ]
5 -4 o Q o™ -~ Q- Q
Wy I o ¥ K w ¥ o LR L
£ A o 3 o Y e % o =X fy
HA [= 7] n, & o ,H1p' - 7] wm A o__
7 8w ET S T-U R T 17 52 246
Subjective symptoms L (100.0)  (100.0)  {100.0) (100.0) (100.0) (100.0; (100.0) (1€0.0)
o - 224 16++ 17 ' 300> 2y 2
Disorder of resent (529) (52.4) (34.8) (1L.0; (68.%)  (63.1) (3.3 (12.0)
perception ' Past 1% 2k 234 K € agr= 24 63
' 647y GT.13 0 (50.0)  (24.7) (R1.D) (LYY (46.2)  (26.%)
Disorder of perception 8ax 16¥* 3s AP ;?:\ (l;f 7
of the mouth or tomgue; G (&L (D G5 QLY QR (e g2
Stricture of visual field (y7.1) (50.00) (10.9) (5.2) 2.5 (362 (5.4 (6.])
Y e 24%% 15%* 20 |, = o3k 13% 32
Hearing disturbance | @7.)  (BT.1)  {32.6)  (13.0) (36.3) (48.9)  (25.4)  {13.0D
fap 5a 15%* 5 5ot e 17 8o 19
Smelling disturbance (29.4)  (@5.7)  (10.9) (3.0), (43.8)  (36.2) (5.4 (7D
Tasting disturbance 6%* 174 5 7 e e 5 %
5 5 5) (37.5 21.3) {4.3)
(morbid appetite) - G3¥ UL Aun (S| @m  @m 9o 49
Walking disturbance (23.5) (38.1) (26.1) (9.7 (43.8) (BL.T) (4233 (9.1
- gax 2% 124 8 1= 15%* gk 6
Shaking 529y (50.0) (26.1)  (3.2) (68.3) {31.9) {17.3}  (2.4)
¢ 8**) 27k 10% 15 120 214+ 134 7
- At e b o i o} » - ]
Muscular atrophy - (7.1)  (6£.3)  (21.7) (9.1 (75.0) (M. (25.0)  (15.0)
- g 1T 7 25 0% 5%k 5 2]
Iremor b dm 2 den @2 GLe) 36 B3
ga* 17+ 10%* 6 7 11 7 2
Muscular atrophy 7.1y (40.3)  (@L.7 3.9) (43.8) 234y  (13.5) (9.8)
, — 11%* 26%x 204+ 20 | 13 334+ 204 7
Muscular weakness (64.7)  (61.9)  (13.5)  (18.8) (81.3) (702 (38.5)  (19.1)
— 7a 2%k 15 33 1 A 26%* 20%x 15
Articular pain (41.2)  (52.4)  (32.6)  (21.4) (50.0)  (55.3)  (42.3)  (18.3)
L o 105 334 23%x 37 1w 3amx 26+ 4
Amnesia ) - (33.8)  (78.8)  (50.0)  (24.0) (75.0) (30 9y  {(30.0) (3.1
9= 25%x 26+ 13 12+% 25%% 31 71
Decline in activity . . | (529 (39.5) (36.5) (27.9) (75.0) (33.6)  (59.6) @8.9)
- o ga jx 2 3 grx 36w+ ey 3:
Headache or heavy feeling'K J 2 2z S 3 o :
: ) 7.1 7.8 32.5)  (30.0 6.6)  (69.2 (13.4

Autonomic nerve impediment o'\, (o7 T8y (123 (625 (126 (30.8)  (16.7)

Bex 17%* s ] Doy 11+

Vesical excretion disorder (y7.1) (10.5) (12.6) (3.5 (3.8) (23.4)  (3.8)  (7.3)
General languor or = 1 3pks 3% 76 f2e | a6 G
lan : 7 30.1 7.4 9.4) (75.0)  (76.4 0. 2.

siaple Weariness B1.7) 0. (674 (9. (76.8)  (80.8)  (52.8)

Note: 1) Classifications of "patients" and "susceptible patients" in the
clinical diagnosis is based on the diagnosis (for the first year)
done by the Neuro-Psychiatric Department of Kumamoto University.

2) 8<0.1 *P <0.05 k% P < 0.01

Indicated the significant differences against the values of "others"
according to x2- examination.
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TABLE 9. COMPARISON OF THE COMBINATIONS OF COMPLAINTS BY

DISTRICT GROUPS

(Those above 6-years)

Male Female

Combinations of complaints — - S e T

M1namataGoshoura Arlake M1namataGoshoura Arlake

(P) + (V) + (M) + () . 5 113 e ooy a1 (6 1 o 1 o

1 (0.9) 6 (2.2) 11 (9.1 9 (1.7) Ly

(B) + (M +T(M) or (W] 3% 10 23) 8 (28 =5 G= 6 (LD 0 (C0)

P) + [(M) or (H) S0LIEAYE 36 (.0) 1T <6.1) T3 (131 33 16.3) 2387

V) + [(M) or (H) 1 .2y 2 05 4 (1LY 5 (Lgk 2 \234 ? (ggz

G (1.3 3 {07y 2 (0T 0 e 5o bon3)

(P) + [any of (V) noll;, (FI[:) or (H)] 23 (16.9) . 67 (35.6) 41 15.9) 95 (19.7)* 83 (15.3) 96 (14.0)
“Subtotals 1T (O.%TI6 (27.0)7 81 (29.2) 251 (3212 107(33.9) 7T (23.3)

Other subjective symptoms TLS0.6Y 312 (33.0) 196 (70.8) 231 (479 401 (71 by 251 (76.3)

 Totals 311(100.0 ﬁb(NOﬁ) 277(100.0)  4820100.0;,  3117100.03  328(1(.9)

)
Note: 1) Classification of complaints

2)

3)

\P)... Disorder of perception
(V)... Stricture of visual field
(M)... Disorder of movement

(H)... Hearing disturbance
The numbers in the brackets indicate the percentages

AP< 0.1 * P < 0.05 ** P < 0,01

(Indicated the significant differences against the respective
values of the Ariake district according to x2-examination).
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TABLE 10. RELATION BETWEEN THE COMBINATIONS OF COMPLAINTS AND
THE RESULTS OF DIAGNOSIS - PART 1

(Those above 6 years)

Minamata
Sex Combinations of complaints Infected Patients§usceptib1eo .
S pat1ents patients Ot erSA
@)+ (V) + (M) + (H) a 15 ) 1o
® + V) + I(M) or (H)] 2 1 o3 1
) + (M) (H )] 2 0 11 eH |
( + [(M) or (M1 ? i ? 3 |
(@) + [any 85 (V% or (M) or (H)] ! ! A 2 |
Male T T T Tm T T a T '”ﬁs}é"“f
SUthtals | (53.9) (53.3) (66.0) @iy
Other subjective symptoms | 2 7 __Jf_w;;, Ui*_aj
; | 18 42 47 237
! Totals ; (100.0) (100.03 (100.0) 100 0
R T ()R ) T R
: (P) + (V) + [M) or (H)] 3 6 1 14
‘ () + [(M) or(®)] 2 1 1{ 16
P)+I(Y) fr(\(IL%IM (n)} ' 2 2 E
Female ( any o ;’ or i 11 is 63
Subtotals 0.0y s (gz, A
Other subjective symptoms ; 0 6 16 200
! 17 53 53 21y
! Totals (109.6) (100.0) 4130 0) (H0.0)

Note: 1) The clinical diagnosis here is based on the diagnosis (for the
first years) done by the Neuro-Psychiatric Department of
Kumamoto University.

2) Classification of complaints
(P) ... Disorder of perception
(V) ... Stricture of visual field
(M) ... Disorder of movement
(H) ... Hearing disturbance

3) "No subjective symptom" is included in "Others".

4) The numbers in the brackets indicate the percentages of the totals
of each item.

5) *P < 0.05 #* P < 0.01
(Indicated the significant differences against the values of the
Ariake district according to x2-examination) .
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TABLE 10 (CONTINUED)

Goshoura Ariake
Te
Patients SusceptlbIQOthers Patlentssuscef’tlB Others
patients patients

1) 3 i 0 1 5

(] 4 0 0 0 A

0 6 23 9 1 In

0 0 2 0 0 §

0 0 3 0 0 2

1 6 o 0 1 i3

1 19 o5 0 3 T8
(30.0) W61 (1.2 (0.0) (60.0) 128.7)

] 12 300 0 2 194

2 sl 306 0 5 272
L100.0) (160.0) (100.0) (0.0) (1ov.) (160,00

0 3 I 0 0 1

0 1 5 0 1} 0

0 8 e 0 1 22

0 0 2 10 1] 3

1 Y a ] 0 i

U 5 ™ 0 3 is

o 17 123 0 1 73
(0.0 (R.7) 24.1) (0.0) (7.1 (22.7)

1 13 387 0 3 243

1 30 510 : ¢ 7 321
(WHr iy (100.0) i 1m.0) X 06.0) (100, (100.0;

H
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TABLE 11. RELATION BETWEEN THE COMBINATIONS OF COMPLAINTS AND THE
RESULTS OF DIAGNOSIS - PART 2

(Minamata district, those

g

» n Do — > 9
Do o] HY o O &
Pl =1 L8 D har, ~9
i i 0 [=% 5] o o
P9 ol [T o © v 9
Combinations of complaints R 5 @8 5 g gy
He e g s " Eg
9 16 1 o o - 1 v
(P) + (V) + (M) + (H) Ty, (,‘,\?.1\ 1 =0 OB D
i i 5 . ' - 0 0
(P) + V) + [(M) or (H)] Gy o oy o .
2 10 3 I 0 0
(P) + [() or (B)] L1 (238 o SnaEm
(V) + [(M) or (H)] " @1 " 1250 v ‘
o (P) + [any of (V) or /]6) é . (;,) 20,0 v v
— (M) or (W)] b 3 2 - g 0 ]
S Only (P) aLn - Gn @ 17:20.3) (100.0)
- a1 T w6 3 31 aa8.) | i
Subtotals G3.9)  (83.3) Gy (.7 G o
2 7 2314 0
Other subjective symptoms (11.1) (16.7) (3Ln 1033) G0.M
18 © P BRI o 1
Totals Qoo @y () i R S T DS REWA
(F) + (V) + () + (H) 8§S) (;;6) (o 29031 v )
(@) + (V) + [(M) or (D] f3\ (S.% oy G 0 0
2 1 AR | SR G 1
-~ (P) + [(M) or (B)] CaLe) @64 @ s;‘i 2570 . G2
! | [} 2 1 i o ¢
. (V) + [(M) or (H)] S a8 A S GRID) (12.3)
~ (P) + [any of (V) or 0 2 2w D 0 -
g (M) (H) ] (JS) 32 17.3,
or D1 11 18 1 e 2 2
9 Only P C(5.9)  (20.8) (:n.u);i we.7) @25
17 47 3T N4 2) 2 5
Subtotals (100.0)  (33.7)  (52.3) (35.1) (66.7)  (62.3)
6 16 NGRS 1 3
Other subjective symptoms a3 0.2 (L 9)) (33.3> (37.3)
Totals 07T 5 53 L 123(25.3) 3

3 3

(100.0)  (100.0) (100’ (19005 (100.0)  (100.0)

Note: 1) Subtotals in brackets indicate the percentages of the horizontal totals.
2) The clinical diagnosis here is based on that (for the first year) done

by the Neuro-Psychiatric Dept. of Kumamoto University.
3) Classification of complaints:

(P) ... Disorder of perception, (V) ... Stricture of visual field
(M) ... Disorder of movement, (H) ... Hearing disturbance

4) The validity of the screening technique designed to cope with the
combinations of complaints:

‘g0 o & P 10l Oihem 20
J/@ensitiv1cy Lo < 100=T72, Sensitivity ., "l"=:%
Male Female

o 149 ces o 209
\\Specif1c1ty 7 X L00="032 Specificity 35y xlw=33%
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TABLE 11 (CONTINUED)

mW (V]
fr " S
0 = o L] - ~
- o [\ o Q + e
c (SN “ ) ot -] o . ~
1) o 5 N o o) ¢ H
o 9 — 3 ot o o o ] ™ 0 w
e @ o5 =7 o o " L ra o —
- @ o g M N < 95 ] 2 o «
~ 9 < 9 e 9 - a. > D £ L - B +
“w @ oD o, - & L ) Hopn + F Q
o o a, 3] 9 o o w 3
a, © T ® wuo @ = Z g z
1 W 0 0 i 0 1 0 0
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TABLE 12.

(Remein & Wilkerson) [9]

VALIDITY OF THE SCREENING EXAMINATION

Screening Classification of diseases according to groups of people
results who look healthy in appearance
Patients Non-patients

Positive Has the disease and the exami-|Has no disease but the ex-
nation result is positive amination result is positive
(True-positive) (Pseudo-positive)

Negative Has disease but the exami- Has no disease and the ex-
nation result is negative amination result is nega-
(pseudo-negative) tive (true negative)

Totals Total patients included Total of non-disease

Sensitivity =

Specificity =

people in whom the disease
is still undetected.

The number of those having the
of the examination

disease and positive results

Total number of sufferers in the group

The number of those not having
results of the examination

the disease and negative

Total number of non-sufferers in the group
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TABLE 13.

RELATIONSHIP BETWEEN THE EXAMINATION OF OBJECTIVE SYMPTOMS

AND THE CLINICAL DIAGNOSIS

(Minamata district, those
above 10 years)

Have both the subjective symptoms and the
abnormal recognition by the objective symptoms

. examination .
' Disorder of| Stricture Hearing | Disorder of syner-
perception of visual |, disturbance gic movement
field
Sex M F M F M F M F
T
No. of people 15 23 21 19 78 76 15 44
(% (5.5) (5.9) |(6.6) (4.4) (13.2) (9.3) (3.6) (8.1)
Total male and 38 40 154 59
female (%) (5.7) (5.3) (10.9) (6.1)

Have the subjective symptoms but no abnormal
recognition by the objective symptoms

examination
Disorder of | Stricture Hearing IDisorder of syner-
perception , of visual disturbance |gic movement
I field i
' |
Sex __ M F M F ' M F M F
No. of people 32 58 14 21 | 44 56 18 54
(%) (11.8) (14.8) (4.4) (4.8) [(7.,4) (6.8) {(4.3) (9.9)
Total male and . 90 ‘ 35 100 72
female (%) ‘ (13,6) \ (4.7) (7.1) (7.5
|
| . '

|
Note:
Disorder of perception ...

1) Criteria for the abnormal value in the objective symptoms examination.
Pain sensation in the fingers at the finger

periphery part when over 3 g were applied in the examination.

Stricture of visual field ...
meter (stricture of visual field)

Less than 80° by the Forster peri-

Hearing disturbance ,.. Loss of over 30 db measured by the audiometer

for the 6-division method.

Disturbance of synergic movement ... Over
mean value of the respective age group in
according to the matgchboard test,
2) "Not tested as no measurement is required
is included in "No gbjective symptoms' in
field",
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TABLE 13 (CONTINUED)

Have no subjective symptoms but abnormal

recognition by the ob

jective symptoms

examination
Disorder of ’Stricture of | Hearin Disorder of synergic
perception visual field | disturbance movement
Sex "M F M F M F M F
No. of people 17 13 | 16 38 |48 108 | 59 72
¢3) (6.3) (3.3)| (4.1) (8.7) [(8.1) (13.2) (14.1) (13.3)
Tot. M and F 30 54 156 ( 131
(%) (4.5) (7.2) ! (11.0) » (13.6)
‘v IV
Have neither the subjective symptoms nor
the abnormal recognition by the objective
symptoms examination
Disorder of Stricture of Hearing Disorder of synergic
perception visual field disturbance movement
M F M F M F M F
No.of people| 208 2981 266 357 422 581 328 373
(%) (76.5) (76.0), (83.9) (82.1)| (71.3) (70.8)|(78.1) (68.7)
Total male |
and female 506 ; 623 1003 701
(%) (76.2) (82.8) (71.0) (72.8)

Note (Continued):

3)
indicated.

4)

respective items.
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TABLE 14. RELATIONSHIP BETWEEN THE EXAMINATION OF OBJECTIVE SYMPTOMS

AND THE CLINICAL DIAGNOSIS

(Minamata district,
those over 10 years)

!
- Gale e - —-Female .
1 —~ 0] !
0 v
o un A o @ A
. . . L. Vo P ® o [IRS IS )
Investigation item Division 4 £ & 4 = P oo o o
T 5o U e o a | —
¥ O i « Q.4 U < i o
oo oo S + H oo el o
£ o 3 8 L‘ S £ o 3 o o
e . HMan 9 | B jHp0 R >
3 r pain Abnormal 26 (0¥} 5 (1.7) 20 (a6) 5 (1.3
Finge agion Borderline 55 (11.3) 31 {In.6) 202 (100.0) 22 (o) 52 (.23 302 (VR )
(SensatIon " Normal | sl (ingy ies 5.y T AT dze) ey
Stricture of Abnormal i3(4o) ¢ (14)00‘( Vo WAlEy s () s e
. . 296 (1t Al) o \} ’ .“I)
visual field  Normal mua) sy~ s wagem
Hearing Abnormal i) 25 (R.) 259 (100.1) S.(y sz < (1w B
< 254 0.0 RAN My 0y
disturbance  normal 4 (1eo) 174 ge0.2) 5 (118 229 (611 ’
i r of Abnormal ot (7. 7 (2.1 (5 22 (ol ‘
svn ?1§§ﬁ$§vement Borderline 22 (7.5) 26 (R &) 201 (IM.9) 12 (3.3) 39 (10,03 360 (170.0)
ynerg Normal 47 (i6.0) 171 (33.2) 39 (1033 233 {6155
(Matchboard)
Note: 1) Criteria of the abnormal value in the objective symptoms examina-

2)

tion.

Disorder of perception ... Pain sensation in the fingers at the
finger periphery part when over 3 g were applied in the examination.

(Included the abnormality of a finger in one hand). "Borderline" is
above 1 gless than 3 g. ’

Stricture of visual field ... Less than 80° by the F¥rster perimeter
(those not required to take the test are judged as '"normal" accord-
ing to the confrentation check).

Hearing disturbance ..., Loss of over 30 db by the audiometer of
6-division method (Includes the abnormality in one year)

Disorder of synergic movement ... Over (-2 o) deviation from the
mean value of the respective age group in the Ariake digtrict
according to the matchboard test. 'Borderline" is

less than (M~a) (M - 2 o ).

Division of clinical diagnosis

Infected ... Infected patients of the Minamata disease
Patients ... Diagnosed as Minamata disease

Susceptible... Susceptible patients of the Minamata disease
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Note for Table 14 (Continued):

3) The numbers in the brackets indicate the frequencies (7).

4) The validity as a screening technique in the respective examinations
(in case "borderline" is included in "normal").

Investigation l M F M F
item Sensitivity Specificity |Sensitivity Specificity

Finger pain sensation (a) 297 987% 227 98%
Stricture of visual

field 47 98 55 98
Hearing disturbance 54 87 56 83
Disorder of synergic

movement (b) 23 97 26 92

a) When screening level is over 1 g,
(66%, 82% respectively, in males
(53%, 87% respectively, in females.
b) When screening ievel is over 2 o,
(487, 847 respectively, in males
(43%, 80% respectively, in females.
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Figure 3. Regular probability curve
of matchboard test values.

1- Cumulative relative frequency;

2- Minamata district; 3- Ariake dis-
trict; 4- district; 5- 25%~1le value;
6- 75%-ile value; 7- Minamata;

8- Ariake.
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Figure 5. Patients' examination system of the Minamata disease.

1- Inhabitants susceptible to environmental contamination; 2- First
examination; 3~ Investigation of examination items and criteria;

4~ (Questionnaire, several examinations); 5- Those without abnormal diagnosis;
6- (Re-examination at a certain interval); 7- Those with abnormal diagnosis;
8- Second examination; 9-(Close examination, discrimination of diagnosis);

10- Investigation of examination items and criteria; 11- Surveillance;

12- Those as either normal or abnormal; 13- (Borderline group);

14- Minamata disease patients; 15- Patients of other diseases; 16— (Diagnosis
distinguished); 17- Treatment of diseases, living patterns advised;

18- or; 19- Observation required (pre-disease condition); 20- Prevention

of diseases; 21- Development of a cure; 22~ Rehabilitation; 23—~ Observation
and study required; 24- Close examination at a certain interval; 25- Those
who require observation; 26— Criteria problem; 27- Establishment of a
disease picture and a diagnosis method.
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degree of false-negative is rather small, while the degree of false-positive is
relatively large. That is, approximately 207 of the patients having the
Minamata disease are dropped while approximately 407 of the patients not having
the Minamata disease are picked. Therefore, we must consider the above point

if we use this method for screening the Minamata disease.

(2) Relationship between the examination of objective symptoms

and the clinical diagnosis

We observed the relationship between the patients' complaints and
the examinations of objective symptoms in regard to some symptoms which are
considered the important characteristics of Minamata disease. As shown in
Table 13, 5-107 have both the subjective symptoms and the abnormal recognition
in the objective symptoms examination, and 70-807% have neither the subjective
symptoms nor the abnormal recognition in the objective symptoms examination,
although there is some difference depending on the examination items. Further-
more, approximately 10% have the subjective symptoms but no abnormal recognition
in the objective symptom examination, whereas approximately 107 have no sub-
jective symptoms but the abnormal recognition in objective symptom examination.

Such results should be considered for the analysis.

Next, we observed the relationship between these examination results and
the clinical diagnosis as shown in Table 14. In examining the finger pain
sensation, 8.9% of the males and 5.67% of the females were found to show
abnormal signs of those recognized as having the disease or those susceptible
to the disease, whereas 21.97 and 20.27%,respectively,were found to exhibit
normal signs to the examination of those who either recognized patients
as having the disease or those susceptible to the disease, whareas, 21.9% and
20.27% ,respectively,were found to exhibit normal signs to the exgmination of
those who either recognized patients, as having the disease, or thaose susceptible
to the disease. When we consider these results for 'validity" as the screen-
ing examination of the Minamata disease, the sensitivity is a low 297 for males
and 227% for females; on the other hand, the specificity is a high 98% for both

sexes. A similar investigation was done for stricture in the visual field,
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hearing decline and disorder of synergic movement (matchboard test), and the
results are as follows: the sensitivity was approximately 507 and specificity
was over 80% in all cases. That is to say, false-negative was large while false-
positive was relatively small, from these results we noticed the problem of

this existing method for the screening of the Minamata disease.

(3) Problem of examination items and screening level

The screening level which we used in Table 14 showed that the specificity
is high while the sensitivity is low in general. From a public hygiene stand-
point, however, the examination items and the screening level application should

be chosen so as to produce less false-negative than false-positive.

In this regard, we described the results of the matchboard test in a
regular probability paper as shown in Figure 3, in order to see the disorder
of the synergic movement. The Ariake district shows a relatively straight normal
curve while the Minamata district shows a slight inclination to the left as a
whole, (besides a skewness to the left in the middle is recognized). This
indicates not only a group of slightly low values but it also includes an
apparent abnormal group as compared with the values of the Ariake district.
(This is also assumed by 25%-ile value, 757-ile value, M * o, median value and

mode value.

When we plotted the measured values of the blocking test on a regular
probability paper in Figure 4, the skewness has increased and no straight lines we
observed. Namely, the Ariake district shows neither a normal distribution nor
straight line, and the Minamata district shows extreme skewness. Therefore,
in screening the Minamata disease by using examination items of such results,
it is very important which value is to be adopted as a screening level,
and the degrees of false-negative and false-positive are variable depending on the

the values used.

Regarding the matchboard test, we calculated the mean values and the

standard errors of the respective age groups in the Ariake district, by
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judging the deviation of (-20) or more from the mean value as an abnormal
value. According to this measure, the specificity is as high as 957, and the
sensitivity is as low as 25%. This indicates that the false-negative is so
large that this measure is not suitable for the screening for that condition.
Then, judging the abnormal value when the deviation is ( -0) or more from the
mean value, we obtained a specificity of approximately 45% and a sensitivity of
approximately 807%. Although they decrease or increase respectively, the
false-negative is high, so that the patients would not pass the screening test

which makes it difficult to apply them to the screening of the Minamata disease.

Now, we established this criterion of abnormal values for examining
finger pain sensations, that is, if pain is felt in any finger (of hand or
both hands) other than the thumb at or above the second knuckle when more than
3g of metal weight is applied, the pain is regarded as abnormal. According
to this criterion, the sensitivity is approximately 25% and the specificity is
98%. Furthermore, when we relaxed this criterion of abnormal values by apply-
ing just over the lg of metal weight, the results are approximately 607 for
sensitivity and approximately 857 for specificity. The specificity slightly
decreases and the sensitivity increases; that means, from a public hygiene
standpoint, the percentages of patients dropped by the screening method is
small. Therefore, it seems to be preferable to use. However, the percentages
of patients not having the disease would increase as the objectives of the

gecond examination becomes large.

In the examination method for screening the disease, a dependability
(reappearance, accuracy) and a practicality (expense, hours needed, etc.)
are just as important as the validity. The examination items and their
gcreening level should be decided upon the above matters. In this case, as in
the combinations of complaints, several combinations of examination methods,
or the combinations of complaints and examination methods for some functions
are considered effective to raise the validity of the screening examination
af the Minamata disease in the infected patients; this, however, depends highly

ypon further investigations.
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(4) 1Inhabitants examination system of the Minamata disease

We charted the procedures of the examination of patients in the district
susceptible to contamination as described in Figure 5. To start, we conducted
the first examination of all the patients in the district susceptible to
contamination, and separated them according to abnormal views and normal
views. For this we selected examination items according to the screening
principle of the disease, in which a validity or dependability should be high
and economical, as well as practicable. Furthermore, a screening level of the
applied examinations should be positive with at least a false-negative, and
the items and the criteria are to be adopted with as high a specificity as
possible. Here, although the questionnaire investigation is highly significant,
it has its limits; therefore, we must recognize a risk in which the abnormal
cases without subjective symptoms should be dropped from the screening procedure

[22].

If the abnormal views or traces of the Minamata disease are recognized
in the first examination, we conduct the second examination. Mainly clinical
doctors participate in this stage, and the close examination is given to
those who have been selected by the screening process and each symptom is dis-
tinguished by referring the items for epidemiological examinations. Again, the
same considerations as in the first examination are given to each examination
item and its criterion. If the abnormal views are recognized in the second
examination, we can distinguish the Minamata disease (including complications)
from non-Minamata disease. However, we still cannot disclose the normal views,
nor judge them as normal or abnormal. The latter case is called '"The
borderline group" about which we must disclose the disease pictures and the
diagnostic methods from future observations and investigations, and the
criteria for the diagnoses of diseases should be investigated. If their
clinical diagnoses are disclosed, the medical treatment of the disease and
the life pattern should be given, and as a matter of course, we must expedite
the rehabilitation process as quickly as possible. Furthermore, some exhibit
symptoms of the pre-disease condition, the diagnoses of which are

already known; therefore, preventive measures for this disease are necessary.
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Moreover, if patients need to be further observed, thorough examinations should
be given regularly in order to discover the disease in the early stage, as well
as to give medical treatment as early as possible. The significance of
surveillance 1s especially important in the Minamata disease due to the fact
that the crisis may happen after several years, or as a possible influence from

the antenatal conditions.

ITI. CONSIDERATIONS

In considering an approach to the disease, the ordinary medical treatment
involves the going of patients with various complaints to the hospital. On
the contrary, the screening of diseases in the public hygiene sense deals
with people who seem to be healthy in appearance when going to the hospital,
or at least who have complaints but not related to the diseases or disease groups,
that is, the objects of screening. On that account, there is a difference
between the two as mentioned above. Therefore, when dealing with the
Manamata disease, basically we must keep in mind that such a difference in the
treatment method has existed. A so-called "inhabitant'" examination belongs to

the latter approach.

For the clinical diagnosis of the Minamata disease, the efforts of
systematization were made by Tokuomi [10] in the early stage, and further by
Tsubaki, et al, [11], and Tatetsu, et al [12]. In the Minamata disease, the
Hunter-Russel syndrome is unanimously regarded as the main constituent in
the advanced stages. However, recently in the disease picture of the Minamata
disease, another noted symptom appears [12], so that the difficult problem
arises in its screening, for which a disease picture has not yet been
established. If a new disease picture is established as a significant one,
8 screening method should be adopted, based upon that disease picture.
Therefore, even if a certain screening method for the Minamata disease has
been presented, it must not be accepted unquestioningly, but should be im-
proved by continuous efforts that parallel the establishment of disease pic-

tures and the development of new methods.
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In this study, we first investigated the significance of the complaints
examination in the screening of the Minamata disease. We focused on the 4~-item
complaints, such as disorder of perception, stricture of visual field, disorder
of movement and hearing disturbance which have been considered as typically
important symptoms of the Minamata disease. Recognizing the disorder of per-
ception as a main symptom, we investigated the validity of the screening of the
Minamata disease by the extraction method depending on the combinations of
those complaints. As a result, approximately 80% sensitivity and
approximately 607 specificity, which is such a high false-negative pattern
that the patients would be dropped from the screen. On one hand, to screen
the Minamata disease based on complaints from the questionnaire examination
is advantageous, as it can be done promptly and economically, but by the same
token, it has certain limits in its applications. Secondly, as regards some
function examinations in the health examination of the patients in the
Minamata district, we investigated its validity for screening the disease.

As a result, the specificity is relatively high; however, the degree of false-
negative is large if the screening is done by using these examinations,
according to the criteria we adopted. Therefore, if only the first item of
the respective examination is used for screening, there is a considerable

risk that the patients would be dropped in the screening process. Further-
more, for the problem of a screening level applied to this case, we analyzed
the results of a few examinations given to inhabitants of the Minamata
district. There were many cases which did not indicate a normal distribution
as a group, besides they deviate from the results in the Ariake district as a
whole. Therefore, a thorough investigation is required for the adoption

of the criteria.

To control the health level of the inhabitants who have been contaminated
by waste water (with organic mercury) from the factories, serious consideration
must be given not only to the disease control of the organic mercury poisoning
in patients, but also to the health standard of the whole local area. Thus,
even though it has not been determined that the diseases or the symptoms have

been caused by water contamination due to its organic mercury content,
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it must not be neglected and the proper measures should be taken. A so-called
"multiphasic' or "multiple mass screening examination' should be intro-

duced which is used to distinguish not only the patients of the specific
disease, but also the susceptible patients of various kinds of diseases.
Furthermore, a so-called surveillance of the health conditions of inhabitants
shall be undertaken for an extended time by using a proper screening procedure
which should be definitely conducted in the contaminated district due to the

contaminated waste water from the factories.

3. Actual Conditions Relating to the Fisheries and Fishermen's Diets
(Fishing Seasons of Katakuchi-sardine and Young Ayu) along the
Shiranui Seacoast.

One of the aspects underlying the outbreak of the Minamata disease
is considerea to be connected to the living area of the fishermen along the
Shiranui Seacoast. However, few results concerning the actual conditions
of the fishermen's life have been accumulated. We now explain the purpose
of introducing the above new investigation subject. First, it is to investi-
gate the background of the outbreak of the Minamata disease relating to the
fishermen's life from a public hygiene standpoint. The basic references
(based on medical labor matters) in regard to the fishing industry along the
Shiranui Seacoast are collected, and the factors contributing to the health
impediment are sought through references such as aspects of the fishermen's
labor, labor conditions or labor environment. To collect references about
the characteristics of the fishermen's diets; especially, concrete references
about the intake of fish products is a principal subject for investigating
dosages of methyl mercury in the living body. Secondly, the outbreak of
the Minamata disease is considered to relate to the fishermen's life itself,
if so, then the basic references in regard to the fishermen's life should be
collected for the investigations on the contamination caused by methyl mercury,

the subsequent outbreak of Minamata disease and its progress afterwards.

However, there are two phases in general when observing the local

conditions at the present. Namely, one still remains nearly the same
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(such as, construction of life hours) as in the years from 1955 - 1965 during
which the Minamata disease frequently broke out, and the other has seen changes
(such as technical renovations in fishery labor, different diet, etc.) as com-

pared to those times.

Therefore, in regard to the objectives and assuming that their whole lives
completely depend on the fish industry, we investigated the actual conditions

of their lives from a public hygiene standpoint.

I. OBJECTIVE METHOD OF INVESTIGATION

We selected a fisherman's family from the Tsunaki-machi, Ashikita-gun
and Kumamoto Prefecture as the sources of this investigation. Thirty-three
families in this district consist of fishermen and farmers (citrus-culture,
etc.) except one merchant. The main focus is put on one of three fishermen's
bosses in this district. The family structure is as shown in Figure 6. Among
seven members of the family (including the lodgers), two are patients who have
the Minamata disease (one of which is a patient who has the congenital Minamata
disease). The fish labor is usually operated by the family members, as
husband, wife, eldest son, eldest daughter and second daughter, and three

netters are added during the busy fishing season.

As shown in Figure 7, the busy fishing season which is mainly net fish-
ing, along the Shiranui inshore, is from June to September whereas January and
February are relatively slack. We conducted the investigation in the first
part of August of 1972 for Katakuchi-sardine fishing and in the last part of
February of 1973 for young Ayu fishing. Our investigation was as follows.

We checked the working hours of the fisherman's wife, eldest son, and eldest
daughter for three consecutive days, in which the investigation sheets were
marked by the investigators. The hours were divided in seconds. During the
fishing operation, we also used a stop-watch in order to obtain more
accurate results. In the three consecutive days, the nutritional value of

five members of this family, i.e., husband, wife, eldest son, eldest daughter
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Figure 6. Family construction for the investigation objectives.

1- (Lived separately); 2- dealer of fish products; 3- (Lodger);
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Figure 7. Fishing season along the Shiranui inshore (net fishing).

and second daughter was investigated, of which the net quantity of their diets
including snacks was measured respectively. In the meantime, in regard to
the fish labor and its incidental work, their energy metabolism was measured
using both the Douglas bag method and the gas analyzer (Institute for
Science of Labor), distinguishing their respective works. Furthermore, the
weather conditions , such as temperature, humidity, velocity, cata-cooling
power and radiant heat, were measured continually every hour from 4:00 A.M.
to 10:00 P.M. by the sanitation examination method (Japan Pharmaceutical
Association), at prescribed points on the beach close to the fisherman's
house. Especially the noise of the diesel engine of the fishing boat, etc.
was measured by a noise indicator, simple noise scale and octave analyzer

(Lion, SA-55).
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II. RESULTS OF OUR INVESTIGATION

(1) Distribution of their life hours

The distribution of their life hours per day are indicated in
Figures 8 and 9. Namely, in the fishing season of the Katakuchi-sardines, they
go out fishing twice a day — at 4:00 A.M. and 4:00 P.M. and afterwards
work on the processing of making dried sardines. In this case, the distri-
bution is generally 7 hours for fishing, 5 hours for processing, 5 hours for
sleep and 7 hours for leisure. During the fishing season for young Ayu, they
fish 3 times a day — at 6:00 A.M., 8:00 A.M. and 2:00 P.M. and here the
distribution is 8 hours for fishing, 8 hours for sleep and 7 hours for leisure.
However, according to the weather condition or current condition, the evening
fishing for Katakuchi-sardines and afternoon fishing for young Ayu continues
for 10 to 15 days a month, and Ayu fishing during the winter season is often

prevented by bad weather.

Fishing for Katakuchi-sardines is done from a main boat of approximately
2 tons equipped with a diesel engine of 15 h.p. and a fishing radar, two
3.77 ton netting boats with a diesel engine of 20 h.p. and a manual jolly boat.
For young Ayu fishing, the above main boat and jolly boat are used. In addi-
tion, a tow net for Katakuchi-sardine fishing and a small roll net for young

Ayu fishing are used.

Fishing for either Katakuchi-sardines or young Ayu consists of a
series of continual work such as, searching a shoal, moving the boat toward a
shoal, preparing the net setting, net withdrawal (by both machine operated and
manual) and taking up a haul. The hours required for the operation are 60-80
minutes from the net setting to the haul in for Katakuchi-sardines, and the
net setting is done 1-2 times per fishing. On the other hand, only 5-10
minutes from the net setting to the haul is required for Ayu fishing. This
operation is repeated often and the net setting reaches 13-15 times a day.
The distribution of hours of respective work during this period is indicated

in Tables 15, 16 and 17. From these tables, you can see that the main part of

72



0123456 7 6 9101112131113 135 1713152 .,0:00 2 2Time
oC b0 g B 2, 00 £ e ' @
€ g vh 80 suilg AN 9B

ord o ¢ 322l geml ol i—— R O pme
o.d 9 =& 8 3[5 HE aw
ol S o 32 a 2 30
P o - =7 ap v o
n M o, N (4]
o] g n O Q
ha 0 o o
o = Ay
. 5.
D o) o
" A "
o o
o
o 9
A [a]

Preparation for deﬁérture[;;;;}ting
b o
Searching for a shoal||Fish drying work

4 )

! A oo
Preparation for nettingjPredrying

i ) Co
ﬁett}ng Drying in the dryer
Net withdrawal L
! Selection
Taking up the haul En%aéing
: Lo
Returnl Shipping
L (S

|
Transport
| SR ——

Figure 8. Distribution of daily life style hours (Katakuchi-sardine fishing).

01234567891011121314151“1718’.9{0—2}22??24
. : = 5 — T 2z
oL 00 =R u
= Svs Eﬁ-ﬁ E ‘g‘g .E
o-mm.—g-g‘ __gﬁ.._.__..,agﬁo———q“ Q&m’%h
— 0 U o
. ihis! Y. /60t @
m‘: e M 5 M
»
H oy
x5 H xR
v O 4 an
o) <
S @ " “
' U N o
ol Moy o
a, M8 o
o o U
=] A Q

Preparation for departure
Searchiég %or'a ghoal

‘Ne tring

Net withdrawa'

Fish sdboping
iReﬁprnl
Transgort

Figure 9. Distribution of dally life style hours (Young Ayu fishing).

73



fish labor at sea is the withdrawal of the net. 1In fishing for Katakuchi-
sardines, a considerable amount of energy is consumed in processing the dried
sardines. This work consists of assortment, boiling, drying (drying storage),
selection, encasing and shipping. The relative metabolic rate (hereafter
referred to as R.M.R.) of the respective work is shown in Tables 15, 16 and 17.
In the fish labor at sea, from 0.4, searching for a shoal and waiting while
moving (sitting position) to 2.7 for a net withdrawl, is considered as light
labor according to the distribution of hours. For this the calories consumed
due to the fishing operation are 669 for males and 323 for females per operation
(one-time net setting) for the Katakuchi-sardines and 822 calories for males and
665 calories for females for three operations (17 time net setting) for Ayu
fishing. On the other hand, for processing Katakuchi-sardines, from 3.8 for a
fish case transportation (weight: 30 kg) to 7.7 for taking them in/out of
drying storage, is considered as heavy labor. The calories consumed in the
processing work is 1020 for males and 1,268 for females when handling the raw

weight of 1500 kg.

In addition, for the manual work of withdrawing the net, the R.M.R.
is calculated as the sum total value for a series of work, and since the work
on a one-to-one basis is operated under very tense conditions, it is
difficult to set up a model labor, therefore, the values have somewhat inclined

to be lower than the actual ones.

The total calorie consumed per day by the Katakuchi-sardine fishing is

3069 Cal. for males and 2718 Cal. for females per operation, and for two oper-
ations (two net settings), it takes 3254 Cal. for males and 2857 Cal. for females
which is regarded as slightly heavy work. Furthermore, for three operations of
young Aku fishing, it takes 2544 Cal. for males and 2287 for females, which

is regarded as normal work. In addition, an example of the use of the female's
time is shown in Table 18 in which the fishing operation has been interrupted by
bad weather. That is, the total consumed calories per day are 2176 which is

about 100 Cals. less than for a usual fishing day.

(2) Nutritional conditions

The caloric intake classified according to 5 individual categories as

obtained from investigation and according to the food groups is indicated in
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TABLE 15. DISTRIBUTION OF WORKING HOURS AND ENERGY CONSUMPTION (KATAKUCHI-
SARDINE FISHING, FOR ONE OPERATION)

Wife, 42-years old
Degscription. Hrs. R.M.R.
Preparation for departure 20 mins. 0.4
Waiting on the boat(searching for a
shoal) 120 : 0.5
Preparation for netting 8 ; 1.8
Netting 15 g 1.0
Net withdrawal (machine-operated) 30 ; 2.1 Cumulative
Net withdrawal (manual) 31 2.7 1593 Cal.
Transport of fish cases (30 kg) 21 3.8 (448 min)
Assorting 89 4.4
Taking in/out of drying storage 114 7.7
Meal 55 0.4
Working 42 1.8
Bathing 20 2.0
Personal things, etc. 189 0.4
Rest 1299 { 0.2
Sleep 1387 [ ~10%B
Total per day 2,730 Cal.
Eldest son, 18 years old
Description Hrs. R.M.R.
Preparation for departure (engine
adjusting) 24 min. 0.5
Steering the boat 1202 0.6
Preparation for netting i3 1.8
Netting 47 1.0
Net withdrawal (manual) 16 2.7
Taking up the haul (fish scooping) 37 2,2
Transport of fish cases 22 3.8 *  Cumulative
Fish drying work 64 6.8 1689 Cal.
Taking in/out of drying storage 76 7.7 (589 min.)
Inspection inside the boat. 31 2.1
Freezing work to freeze the figh 37 2.1
Meal 77 0.4
Working 7 1.8
Bathing 15 2.0
Personal things, etc. 45 0.4
Rest 363 0.2
Sleep , 344 -10%B
Total per day 3,150 Cal,
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TABLE 16. DISTRIBUTION OF WORKING HOURS AND ENERGY CONSUMPTION (KATAKUCHI-
SARDINE FISHING, FOR 2 OPERATIONS)

Wife, 42 years old

Description Hrs. | R.MLR.
Preparation for departure 27 min. - 0.4
Waiting on the boat (searching for
a shoal) 128 0.5
Preparation for netting 13 1.8
Netting ¢ 13 . 1.0 .
Net rolling (machine operated) 42 ! 2.1 Cumulative
Net rolling (manual) 43 1 2.7 1602 Cal
Transport of fish cases (30 kg) 12 1 3.8 .
Assorting 107 P44 (485 min.)
Taking in/out of drying storage 100 7.7
Meal 74 0.4
Working 64 1.8
Bathing 26 2.0
Personal things, etc. 205 0.4
Rest t271 0.2
Sleep 315 -10%Z B
Total per day 2857 Cal.

Eldest son, 18-years old

?"

Description Hrs.

R
o
3

1
Preparation for departure (engine
adjusting) 43 min. 0.5
Steering the boat 160 0.6
Preparation for netting 26 1.8
Netting i 30 1.0
Net rolling (manual) " 36 2.7
Taking up the haul (fish scooping) | 40 2.2
Transport of fish cases 122 3.8 * Cumulative
Fish drying work ' 58 . , 6.8 1607 cal.
Taking in/out of drying storage 67 7.7 (593 min.)
Inspection inside the boat 60 2.1
Freezing work to freeze the fish 51 2.1
Meal ’ 81 0.4
Working 16 1.8
Bathing 26 2.0
Personal things, etc. 51 '0.4
Rest 35 '0.2
Sleep 328 -10%B
Total per day 3,254 Cal.
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TABLE 17. DISTRIBUTION OF WORKING HOURS AND CONSUMED ENERGY (YOUNG ASYU
FISHING, FOR 3 OPERATIONS)

Eldest daughter, 21-years old

Description Hrs. ' R.M.R
Preparation for departure 13 min, 0.4
Waiting on the boat 236 0.5
Preparation for netting 23 1.8
Netting 22 1.0
Net pulling (manual) 81 2.7
Taking-up the haul (fish scoop assis. )1 20 2.2 .

Taking up the haul (fish scooping) | ‘ * ggguézilve
Stick work ; 10 2.1 (479 mins.)
Net withdrawal | 20 2.1 :
Rowing 19 2.7
Landing work (and putting in order) 16 1.8
Transport of fish (bucket) 19 } 3.8
On the truck 5 ! 1.2
Light work orn the land 73 2.0

(cleaning the vruck,etc.)
Meal 66 | 0.4
Working 145 1 1.8
Bathing 15 12.0
Personal things, etc. 25 1 0.4
Rest | 300 1 0.2
Sleep 357 -10%8B
Total per day 2,287 Cal
Eldest son, 19-years old
Description Hrs. R,M.R,
Preparation for departure 40 min. 0.5
Steering the boat 263 0.6
Preparation for netting 4 '1.8
Netting 46 1.0
Net pulling (manual) | 84 2.7
Taking wup the haul (fish scpoop o <
assistance) 47 2,2 *Cumulative

Net withdrawal 20 2.1 822 Cal.
Landing work (and putting in order) 21 1,8 (568 min.)
Work in the boat (inspecting

inside of boat, etc.) 43 2.1
Driving the truck 26 1,2
Light work on the land

(cleaning the truck, etc.) 68 2.0
Meal 64 0.4
Working ' 18 1.8
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TABLE 17 (CONTINUED): (Eldest son, 19-years old)

Description Hrs. R.M.R.
!

Bathing i 15 min. 2.0

Personal things, etc. 26 0.4

Rest 245 0.2

Sleep 410 -10%B

Total per day 2,544 cCal.

TABLE 18. DISTRIBUTION OF LIFE HOURS AND CONSUMED ENERGY (IN CASE THE FISHING
IS INTERRUPTED BY BAD WEATHER OR WINTER CONDITIONS)

Eldest daughter, 21 vears old
Description Hrs. R.M.R.
Meal 51 min. 0.4
Working 387 1.8
Personal things, etc. 35 0.4
Rest 180 0.2
Driving the truck 90 1.2
Shopping 95 1.0
Light work 40 2.0
On the truck 45 0.4
Attending the meeting 145 i 0.4
Ss1 l

eep 372 '-10%B
Total per day 2,176 Cal.

Tables 19 and 20. The most important observation is that fish consumption
for males is very high. The mean value of fish consumption for three days

in summer is 410 g for the head of the household, and 333 g for the eldest
son. Even in February, which is considered the lowest diet consumption month
of the year, the mean value for three days is 286 g for the head of the house-
hold and 361 g for the eldest son, and on the 25th of February, 513 g for the
head of the household and 489 g for the eldest son were recorded as they had a
good haul of fish. These values are well over the 80 g of the target value
for 1975 which is set up by the National Institute of Nutrition. In this
connection, the fish they consume is derived from their fish haul, such

as scabbard-fish, garakabu, mebaru and snipefish that reside in the inland

sea or inland bay. In addition, the vegetable consumption and especially milk

and dairy products is very small, and males eat double the amount of rice and
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females eat double the amount of fruits, such as watermelon and citrus fruit
as the respective target values. Furthermore, a lack of caloric consumption
in general is seen in a 42-year-old who has the Minamata disease and a 12-
year-old. A comparison of their caloric consumption with the respective

required consumption values as classified by the nutritive elements are shown
in Figures 10, 11, 12 and 13. Namely, a similar pattern of caloric consumption

exists between the head of the household and the eldest son, and the wife and

the eldest daughter, and an inclination of high caloric or high protein due

to the large fish and rice consumption notable in males. Females, on the

other hand, have a notable lack of Ca, Fe, V-A, V—Bl and V-Bz. Particularly, the
second son who has the congenital disease, shows a caloric consumption of

1,389 Cals, 25.0 g of protein and 36.8 I.V. of V-A in August, and 1,487 Cals,

43.2 g of protein and 19.1g of fat which indicates an extreme lack of a proper diet.

The caloric ratio is as shown ip Tables 21 and 22. Especially, the
protein calorie ratio and the animal protein ratio are high for the head of
the household and the eldest son, which reflects the large fish consumption,

while the second son shows extremely low values as a whole, as mentioned above.

The calories consumed daily were 2800 calories for the eldest son
and 1782 calories for the wife in August, and 3041 calories for the eldest
son and 1574 calories for the wife and 1487 calories for the eldest daughter
in February. When these are compared with the total consumed daily
calories aforementioned, there are 200 calories less for the eldest sop and
900 calories less for the wife in August, and 500 calories moré for the eldest
son, 600 calories less for the wife and 800 calories leas for the eldest

daughter in February.
(3) Environmental conditions

1) Weather conditions

Daily changes in velocity (current), degrees of excesa wetnass,
degrees of excess dryness, blackbulb temperature, temperature and humidity in
August and February are shown in Figure 14. These were measured during the
day for three consecutive days for the labor investigation period. The
weather of the measured days were fair in August and cloudy in February,
especially the weather in Fébruary was so bad as to interrupt the fishing.

In summer, little labor is performed in the sun as the fishing operations ocecyr
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TABLE 19.

FOOD GROUPS (AUGUST) (Unit: g)

CALORIC CONSUMPTION AS CLASSIFIED BY THE INDIVIDUALS AND BY THE

Objectj_ves 15 yrs. i2 yrs. 20 yrs. 13 yrs. 2 yrs.
: "7 Au ust | L. o C T -
g 2 3 .4 Avge 3 4 Avg') '3 1 Avgu 1 Avg_ ‘a7 Avg
ice 13175 302 463 213 227 333 258 181 274 335 202 200 336 431 346 11s i 121 L
= ‘Bread 120 10 9% 30 10 ,4 BT )
G Noodles 9 3 19 6 37 12 14 13 5
(r Potatoes 51 . 32 32 124 235 49 95 30 125 92 5 10 o D35
e Sugar "B 5 6 31 5 12 7 4 4 1 2 2 24 3 9
(9,- Confectionary 70 24 30 27, 160 34 60 2u by 60
wAlch .beverages+ Fsoft drink o 11 138 190 261 150 19 186 123 2002211 518 037 100 116 272
3 and fats 13 20 30 23 35 20 24 26 27 10 30 22 10 59 95 32 23 5 3 12
@Soybeans *Soy ean prods. 2% . 9 51 13 1518 S
@ Soybean paste 10 35 21 22 13 35 153 23 36 65 31 13 36 21 21 27 12 9 17 I3
@ Other beans ! . ~ i - 2 T % 8
@ Fruits P735 1245 270 363 210 338 210 720 100 413 360 120 140 543 420 468
@ Green vegetables 10 14 42 T} 132 11 2% G oo
@Lightcolored vegetables 11 236 124 137 36 247, 56 119 86 227 74 129 lol 8S 124 124 43 173 12 76
& SseawfeeddS 175 3 1410 9% 96 1 ()‘i e 20 13 309 3% 33:
A - eafoo 75 385 371 410 @6 5 69 110 20 13 309 380 3i0 333
(‘% Meat + AU ' S i S --1 [
‘chickenincl. whale meat’ & 20 75 31 o0 5526 1335 70 42 12 7D 232 i1 W o1
@ Egg 11, 136 34033 030 3 36 70 2001 e S0 Lno oo o 13
@ Milk B o R
@ Dairy products 6> 21 65 83 3
Totals 14192101 1230 1613 1322 1387 1115 1273 1186 1700 1181 1553 1266 4001 2354 2510 1439 oo 1203 1225
TABLE 20. CALORIC CONSUMPTION AS CLASSIFIED BY THE INDIVIDUALS AND BY THE
FOOD GROUPS (FEBRUARY) (Unit: g)
Objectives 16 yrs. 3 yrs. 21 yrs. 19 yrs. 1% yrs.
J y oy »
February’n 5 AVgZ 24| 23| Avg2 I %5 Avg NETEES Avga 2 2% Avg.
D ice 181 378 { 173 141 176 300 321 266 279 163 321 254 451 101 340 431 270 207 315 264
(z read ! .
@ Noodles 105 35 99 33 120 40 147 400118 39
& Potatoes 49 32 34 41 25 23 33 37 7 32 47 3129 41 16 22 W
;5{ Sugar 2 2 1 2 2% 10 2 3111 2 1 1 2 3 2 12
hb Confec%tlcénar © 4 130 30 ) 12160 o
G Alc everage+ soft drin 200 712160 i ‘ o
)Q go s and fats o 31 22 26 17 6 O 1 3 30 13 ﬁg o2 1(; 3 tr;
ean prods. 2 i3 9 5 2 2 6 3 32 g 7 2 v 3
lstybeans+s beanp"éste 1t 15 46 23 32 35 22 13 19 33 22 23 36 3 45 15 28 1L I
i ther eans 2 @ 30 19 T
Q {tg 340 230 310 367 315 220 235 263 340 150 125 203 150 50 330 240 k0 330
Green vegetables g 8 B 7 2 9 3 12 4 10 3
cnght colored vegetables 161 45 14 73 & 78 28 64 187 82 45 105 138 8 43 1533 19 5
> 1 301 12 1t 1 1 2 1 1 1 2 2
%5 S—g:‘f’ggg 335 O 513 236 18 82 209 103 82 20 181 ¥4 416 178 4890 361 &7 13 56 52
and ST e s s e :
© yﬁ'gken incl.whale meat 8 28 12 7 13 6, ¢ 20 4 11 12 o7 10 9 1210
@ E 22 137 33 13 30 21 22 50 44 3% 22 50 A8 L& 20 1w I 5
) M%% 1 . 200 v 66
B Dairy products s ]
Totals 754 q'mmum 935 801 011 8311123 742 S30 89334711067 1263 1922 1025 701 122 886
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TABLE 21. CALORIC RATIO (August)

Cereals Protein,| Animal Animal] Fats,
cal. cal. protein| fat cal.
Objectives ratio ratio ratio ratio ratio
45 year-male 63 18.3 74 60 14.4
42 year-female 37 15.7 65 28 21.1
20 year-female 58 14.4 31 | 39 14.3
18 year-male 45 i 18.1 65 50 20.9
12 year-male 36 i 7.2 15 6 3.9
Target value for 1975 50 n About 157% 40 ﬂ50%[ 20 ~ 257
60% i ) i
. ] i
TABLE 22. CALORIC RATIO (February)
Cereals Protein |Animal Animal Fats
cal. cal. protein jfat cal.
Objectives ratio , ratio ratio ratio ratio
46-year-male 62 I 16.7 67 42 19.6
43-year-female 60 ; 12.7 45 41 10.7
21-year-female 61 14.0 51 55 11.4
19-year-male 52 16.5 73 29 26.5
13~year-male 63 11.6 43 49 11.6
:
Target value for 1975 50 ~  About 15% 40 50% 20 ~25%
60 7% i | ‘
i !

early in the morning or in the evening. In winter, on the contrary, the net
withdrawal work takes place in the sea at temperatures from 0 - 10° C and
a humidity of 50-60%, which should be considered and evaluated as ahnormally low

temperature conditions.
2) Noise due to the diesel engine.
As aforementioned, fishing for Katakuchi~-sardines is operated by a main

boat, two netting boats and a jolly hoat, and among which, a diesel engine is
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equipped in the main boat and the netting boat. The operation of the engine
is done in the following 4-steps according to the fishing conditions. Namely,
the idling condition (net withdrawal while the boat is stopped, taking up a
haul), low speed condition (net setting, net pulling), medium speed condition
(moving by searching a shoal, within a relatively short distance) and

high speed condition (moving toward a shoal, transporting a haul, for a rela-
tively long distance). Under these 4~-steps for operating the engine, the
noise is continuous and very stable for it remains at a certain level without
intervals while the work takes place. Table 23 shows the extent of the noise
in relation to the worker's ears on the main boat and netting boat, the hours
exposed to the noise per fishing operation and their distributions. It is
distributed between 79 - 83 phons while idling and 114-116 phons while in high
speed, and as a whole, the extend of the noise is high. The result of a fre-
quency analysis while idling and in high speed is as indicated in Figure 15,
according to the octave analysis. You can see the peak at about 100 Hz, and it
retains a high level up to a considerably high frequency range. These noises
as an absolute value exceed the permissible sound value (480 min. value, 240
min. value) recommended by the Japan Industrial Hygiene Society. Also, the
noise on the fishing boat when the engine is not operated is still as high as
68 - 72 phons which is more than expected, due to the wave sounds or the

noise from the other fishing boats. In addition, the noise distribution on the
fishing boat is as follows: the muffler part of the engine is mnaturally the
highest which is 116 - 118 phons, 101 - 107 phons in the stem part, 101 -

109 phons in the stern part and 107 - 113 phons in the steering room.

Furthermore, while fishing for young Ayu which is done by one main boat
and one jolly boat, there are 78 - 82 phons while idling, 82 - 84 phons at
low speed, 85 - 86 phons at medium speed and 88 - 93 phons at high speed.

II1. CONSIDERATIONS

The difference between the Minamata disease and methyl mercury poisoning,
which is poisoning present in certain occupations in factories, is that the

Minamata disease is transmitted to humans through certain foods at the inception
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TABLE 2

3.
HOURS EXPOSED TO THE

NOISE LEVEL ON THE BOAT DUE TO THE DIESEL ENGINE AND THE

NOISE

(for each fishing operation)

Netting boat Main boat
Operation of Noise Exposed Noise Exposed
engine level hours level hours
Idling 79~83phon |  79'51” (35.5%) 7635 1335 (15.8%)
Low speed a3~95 1628 (21.5%) 92,94 377207 (42.525)
. o T Py
Medium speed .(‘); 107 ) 90127 (42.0%) lui~iv3 36307 (41.7%)
High speed li{~116 ) — 0
L
Remarks When fishing for 216 mins. When fishing for 88 mins.
31 secs. 5 secs.
~~
B 120
N’
B 110
3
o 100 High speed
<
4
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Figure 15. Frequency analysis of noise due to the diesel engine on the

fishing boat
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of the disease [13]. 1In regards to industrial poisoning in the factory, the
content of the poisonous substance in the working environment, the physical or
chemical characteristics, the retaining hours and the time lapse are the
important problems. In regards to the Minamata disease, the problem is not
only the content of mercury in the fish, but also the circumstances surrounding
the fish consumption as a condition of exposure [14]. At the same time, an
understanding of the actual condition and diets of the fishermen's lives and
the Minamata diseased patients is the essential matter for investigating the
outbreak of the Minamata disease and its progress afterwards. Furthermore, in
order to control the health conditions in the future of the local inhabitants
and the Minamata diseased patients, a basic understanding of the fishermen's lives

and diets is needed.

The investigation dealing with the fisheries conducted by Kitamura,
et al., at the early stage (the interview investigation of a fisherman's
family and the analysis of fishery statistics)[15] is considered a worthy
study from the above viewpoint. Regarding the above study, we tried to
positively grasp by a case study the ‘actual conditions of the fishermen

and their families' lives and eating habits. .

Despite the dependence of Japan on seafood for the greater part of
protein resources, references concerning inshore fishery studies are very short

except for a study by Kitoshi, et al., [16].

The medical labor characteristics for Katakuchi sardine fishing and

young Ayu at the Shiranui inshore are described below. That is, R.M.R. does
not exceed 3 in any kind of fishing work at the sea. In other words, the work
is relatively light as a labor strength. On the contrary, the processing work
to make dry fish of the Katakuchi sardine fish is very trying which can be
considered heavy work as a labor strength. The distribution of daily hours
completely depends on the weather conditions or the ocean conditions such as
sea currents, and the individual fishing work requires complete attention., The
fishing condition, that is, the estimated haul of fish on any day is unpre-

dictable. Therefore, it is difficult to balance the hours of work with the
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hours of rest, which has caused a lot of unevenness in the density of labor,
and thus, it is not necessarily easy to construct a definite proportion. How-
ever, it seems that a working pattern, which is completely united with the
natural phenomena and is not restrained by artificial power, cannot be

evaluated by the past labor medical concept.

In this regard, the calorie consumption for the Takakuchi sardine
fishing for two operations is equal to bricklaying or moulding work and for

young Ayu fishing, it is equal to keypunch work [17].

In addition, there is a report [17]in regard to the labor strength
inshore fishing, in which the total calorie consumption per day is reported to
be 2,580 cal. for a fisherman who operates the net fishing in the Yamaguchi
Prefecture. However, this value is less than Katakuchi sardine fishing and
approximately equals the total calorie consumption per day in young Ayu fish-

ing which is investigated by us.

From the results of our investigations this time, we can cite signifi-
cant problems below due to environmental conditions such as the noise of the
diesel engine and the work at sea under low temperature conditions in
winter. The noise of a diesel engine for a fishing boat shows a slightly
higher level than the noise of a diesel engine for a bus or truck, which
was investigated by Itoh, et al., [18]. However, they are similar when view-
ing the contribution of spectrum. As indicated in the report of 1971 by this
study group, noise and the exposure are enough to cause deafness or cause a
hearing disturbance which is suspected of the noise deafness. 1In regard to
working at sea under low temperature conditions in winter, there is a report
[19] which mentioned that the circulating of the finger periphery of fishermen,
who operate the net fishing on the icy water of the northern sea, is superior
to that of the controlled people, and the partial cold-resistance is high
therefore. We intend to further investigate by observing the function as well

as the relation of the peripheral nerve function.

Next, we describe the fishermen's diets, especially as regards fish

consumption. Of late, in the controversy on the interim restrictive value
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relative to the safety standard of the P.C.B., it has been discussed how

to estimate the amount of exposure of fishermen considerdd as consuming lots

of fish. Then, in order to set the interim restrictive value, wa used the
national mean value classified by the classes based on the People's Nutrition
Investigation of 1968 as a basic reference. According to that mean value, the
seafood intake is 75.9 g min/day, 139 g max/day and 86.3 g av./day and the
intake ratio of inshore and pelagic fish is respectively 57.0 g min/day and

189 g min/day, 98.2 g max/day and 32.7 g max/day, 64.7 g/av/day and 21.6 g av/day
[20], about which the comment is added that the intake value may not exceed

200 g, however, all of them are fishermen. The problem here is at what level
the maximum consumption is judged. In the examples of fishermen of the Shiranui
inshore who consume the inshore fish, that is, the seafood of their own produce,
the average net consumption for three days is from 286g day in winter to 410 g
day in summer, which is far above the estimated value by the Investigation
Committee of Food Sanitation. According to the preinvestigation conducted in
February of 1972 prior to the investigation this time, in which 4 fishermen and
non-fishermen families of the Minamata district seacoast were examined by the
self entry method, it was observed that the fish consumption is about 200 g even
in the non-fishermen's families. From these results, a reinvestigation regard-
ing the fish consumption condition is required in accordance with the distri-
bution channel of seafood by focusing on the fishermen's families. Upon which,
the reestimation of the present safety standard and the present contamination
condition due to the fish products in the Minamata Bay area is required,

besides it is considered that the dose-response relating to the effect of

methyl mercury on the living body should be reinvestigated.

On the other hand, the wife, especially, and the second son who have
suffered from the Minamata disease, generally show an imbalance in the caloric
consumption plus a shortage of absolute caloric amount is observed. 1In this
regard, the second son who is affected by the congenital Minamata disease has
a caloric intake of 1389 in summer and 1487 in winter which slightly exceeds
the base metabolic amount of 1287 cal. per day for that age. Therefore, strict
health control measures of their whole daily life should be investigated promptly,

not only for those stricken by the congenital Minamata disease who are in the

89



physical and mental growth period, but also for all those stricken by the

Minamata disease.

Based on our present investigation, we shall continue to collect the
basic references relating to the fishermen's families along the Shiranui
seacoast by investigating the actual conditions of the fishermen's labor for

net fishing and their life environment.

CONCLUSION

First, we tried to find out the effect of the environmental contamination
due to the factories' waste waters containing organic mercury on the health
standard and the causes of death in the said districts. Namely, we investigated
the health indicators as well as the classification of the causes of death
based on the information in the death certificates and the medical death
certificates of those who had lived in the said districts during the 24 years

from 1948 to 1971. The results are as follows.

1. In the Minamata district, the stillbirth rate is slightly higher and
the frequency of mortality by age group is less in the older age group as com-
pared with the Ariake district, which is considered nearly free of contamina-

tion.

2. The PMI and the death rate of the old age group over 65-years are
respectively 62.47% and 41.97 for males, 64.57 and 46.17 for females, and
those for females are significantly (statistically) less than in the
Ariake district which are respectively 70.3% and 51.97% for males, 76.0% and
62.3% for females, and even the corrected PMI changed by correcting the ages,

the females show younger values than in the Ariake district.

3. The average death age is 50.36 * 28.91 years for males and
52.50 + 29.49 years for females in the Minamata district which are younger
than 56.56 * 27.74 years for males and 61.22 * 28.06 years for females in
the Ariake district, and even of the corrected average death ages, the females

show slightly younger values than in the Ariake district.
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4. When compared, the construction of cause of deaths classified by
the group of cause of deaths, Minamata district has less groups of deaths by
adult disease both in male and female than Ariake district, and contrary,
more groups of deaths by non-disease in male and by bacterial infection in

female.

5. A significant difference was observed between the districts when the
main causes of deaths were compared. That is, in the Minamata district,
the deaths are mostly caused by inflammation of the intestines, other laxative
diseases, car accidents and other unexpected accidents (mostly by drowning) for
males, and tuberculosis, meningitis and other unexpected accidents (mostly by
drowning) for females, while less deaths by senility (not accompanied by
mental disease), non-inflammative diseases of the nerve center system for
males, and cardiac diseases and senility (not accompanied by mental disease)

for females were reported.

Secondly, we investigated the results of the inhabitants' examinations
in the Minamata, Goshoura and Ariake districts in order to study the way of

inhabitants examination of Minamata disease, and the results are as follows:

1. We pointed out the validity and limitation in the screening
examination method of the Minamata disease based upon complaints of patients.
The validity of screening is approximately 807 in sensitivity and approximately
60% in specificity when using combinations of the 4-item complaints, which are
disorder of perception, stricture of visual field, disorder of movement and
hearing disturbance which are considered important for diagnosing the

Minamata disease.

2. As a result of investigating the validity of the screening process
of the Minamata disease in regards to the examination of some organs, several
problems are pointed out for selecting examination items and the application
of the screening level, and a reinvestigation of the above points and their

combinations are required.
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Thirdly, for the purpose of grasping the actual conditions of the fisher-
men's labor and their diet along the Shiranui seacoast, we conducted investiga-
tions of the actual conditions of a fisherman's family (Minamata disease
patients) in the Tsunaki-machi, Ashikita-gun, Kumamoto Prefectures during the

fishing seasons of the Katakuchi-sardine and the young Ayu.

The results are:

1. The labor strength for the labor at sea is relatively light;
however, the daily caloric consumption including the processing work is
slightly heavy or corresponds to normal work, and the distribution of life

hours is irregular.

2. The working environment, particularly the noise due to the
operation of the diesel engine, and the sea 1labor under low temperature con-

ditions in winter need to be noted.

3. Fish consumption of fishermen's families is far above the estimated

values by the Investigation Committee of Food Sanitation, etc.

4. The daily caloric consumption of those stricken by the Minamata
disease is apparently low as a whole, and from such a viewpoint too, it is
pointed out that the daily health control measures of the patients should be

promptly investigated.
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I11I. A Clinical Study of the Minamata Disease (Part 2)

4. A STUDY CONCERNING EFFECTS OF CONSUMING FISH CONTAMINATED BY
ORGANIC MERCURY ON RESIDENTS ALONG THE SHIRANUI SEA

Neuro Psychiatry Department, Kumamoto University Medical School
Group member: Masatoshi Tachitsu

Research Assistants: Kazuo Seida, Masasumi Harada, Taichei
Miyakawa, Hisao Tomonari, Satoshi Inoue, Toru Teraoka,

Shiro Sumiyoshi, Eiichi Murakami, Fumie Yasuoka, Kiyoshi
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Tanaka, Hideo Hattori, Shotaro Hanawa, Kosuke Kono, Hideaki Goto,
Tadashi Fujino, Hitomi Goto, Toshio Fujimoto, Koichi Fujiwara,
Norihito Koga, Shunsuke Kuwabara, Toshio Fujioka, Noriko Hotta,
Kanji Matsumoto, Keikichi Kashima, Tomosuke Sakai, Kou Shikai,
Masahiro Nishi, Tadashi Kuramoto, Yoriko Fujimoto, Minhei Miyakawa

The aim of this study is to clarify the number of patients and their
health conditions resulting from organic mercury poisoning among people along
the Shiranui Sea, and to provide information on planning living situations and
medical relief for the patients and on preventing the outbreak of the disease.
At the same time, this study aims to clarify problems concerning the stages of

organic mercury attacking the human body from the clinical standpoint.

In order to achieve the above objectives, the following were done —
simultaneous examination of residents and attempts at treating organic mercury
poisoning patients detected from the examination; investigation of the
poisoning conditions of people who were moved out to some other prefectures
from the areas contaminated by organic mercury; analysis of the relation-
ship between the occurrences of poisoning and the amount of mercury in

residents' hair and fish in the contaminated areas.
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PART 1

SIMULTANEOUS EXAMINATION

Chapter 1. Subjects and Methods of Investigation

Residents in Tsukinoura, Detsuki and Yudo of Minamata City and Arashiguchi,
Koshiji, and Sotohira of Goshoura town, Tengusa County were selected as sub-
jects for the investigation. The Minamata area mentioned above is considered
to be the area which was most contaminated by organic mercury in the past.
Actually, prior to the investigation, i.e., between December, 1956 and
July, 1971, 67 persons out of 85 (78.37%) who were determined by Kumamoto pre-
fecture to be suffering from organic mercury poisoning, i.e., Minamata
disease, were from the Minamata area. Twenty-six persons out of these 67
(38.8%) were already dead. Health conditions of residents in Goshoura, which
is only 16.5 km away across the sea from Minamata City, were also considered
to be affected by organic mercury. In fact, in January, 1972, two persons
among residents of Oura, Goshoura town, were determined to have the Minamata
disease. For the purpose of comparing with these two areas, residents in
Akasaki, Sugo, and Oura of Ariake town, Tengusa county, of the southern shore
of the Ariake Sea, were selected. People in these areas were considered at

first not to be contaminated by organic mercury.

Table 1 illustrates the number of people registered in these
areas and their ages. According to Table 1, the ratio of people over 65
in these areas is high. For the Goshoura and Ariake areas, the ratio of
children under 14 is high and that of working age people between 15 - 64
years old is low, and the ratio of people between 20-29 is remarkably low,
compared with that of the entire nation. For the Minamata area, the ratio

of the labor force is almost the same as that for the entire country.
The investigation of residents was done in about a year and a half. First,

it began by asking people to list their health conditions on questionnaires

sent from the Public Hygiene Department of the Medical School of the Kumamoto
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TABLE 1.

AGE STRUCTURE OF PEOPLE IN INVESTIGATED AREAS

Total residents Examjned residents. Entire
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University (initial examination). Then as the first simultaneous

examination, the direct examinations of all the residents were carried out

by members of this Neuro-Psychiatric Department and the Pediatrics Department,
by referring to the items entered in the above questionnaire (Table 2). Neuro-
psychiatric examinations were done from August 21-28 in the Goshoura area, from
September 7-12 in the Minamata area, and from October 22-26 in the Ariake area.
However; the examinations continued until January, 1972 in order to supplement
them. The results of this first examination were renorted in "Epidemical,
Clinical and Pathological Studies of the Minamatd Disease after 10 Years",

issued in March, 1972.

Since April, 1972, the examination has continued in the Minamata area,
especially focused on people who were not examined during the first medical
examination. However, in the examination mentioned above, many cases were
observed to be difficult to diagnose. Therefore, in order to accurately
diagnose, as well as to establish the conditions of the disease in detail,
with more precise examinations, the second simultaneous medical examination
(the third examination) was held. Subjects for the examination were pri-
marily people who were diagnosed or suspected of organic mercury poisoning, or
people in whom the effects of organic mercury were detected during the first
examination (Table 2). The examination at each area was carried out as
follows: Ariake area: subjects were examined during July 27, 1972
and March 23, 1973 by either asking them to come to the area elementary
school or visiting them in their homes; Goshoura area: subjects were
examined during September 2, 1972 and February 28, 1973 by either asking them
to come to the area elementary school or day care center or by visiting them
in their homes in case they could not come; Minamata area: subjects were
examined during October 25, 1972 and March 14, 1973 by either asking them to
come to the Minamata City Hospital, or visiting them in their homes when they
could not come to the hospital. Table 2 illustrates the number of people
who were examined. Also, x~-ray pictures of their spines were taken at
the Radiology Department of the hospital attached to the Kumamoto University
Medical School for people who were suspected of spinal diseases. The date

and the number of subjects for this case are as follows: Ariake area patients:
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TABLE 2. NUMBER OF RESIDENTS AND NUMBER OF EXAMINED PERSONS

Total No. ) Persons Persons

of resi- examined examined

dents 1st time 2nd time
Area Male |Fem. Total Male Fem. Total Male | Fem. Total
Minamata 524 1596 1120 425 540 965 144 169 313
Goshoura 895 {950 ' 1845 819 904 1723 62 71 133

|

Ariake 564 |601 : 1165 410 494 904 12 15 27

10 persons between July 27, 1972 and August 2, 1972; Minamata area patients:
39 persons between February 16, 1973 and February 28, 1973; Goshoura area
patients: S5 persons between March 2, 1973 and March 7, ,1973. Also, since

it was felt that in the Minamata area many people suffered from recurrent liver
diseases, several persons among those who were examined during the second
simultaneous medical examination were examined for alkaline phosphatase in
their blood, GOT, GPT, and cholesterol counts. Also, some of the patients
examined by the Neuro-Psychiatric Department were examined by .specialists from
the Ophthalmology and the Otorhinolaryngology Departments of Kumamoto Univer-
sity. The contents of this report are the result of the investigation men-

tioned above.

The Minamata area is further divided into three: Tsukinoura and Yudo are
directly facing the sea, whereas Detsuki does not have a shore line. Village A
of Tsukinoura surrounds the inlet and is located approximately 1,700 m at a
direct distance from the outlet of the drainage of the nitrogen plant. This
inlet is considered to be one of the worst areas contaminated by organic
mercury. Among people in Village A, 4-5 persons are fishermen and the rest
are engaged in work, such as ship carpentry, stone masonry, and temporary labor.
They are poor, and few are farmers. The "Minamata disease' was first noticed

here and patients were isolated in the contagion hospital. Their parents and
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siblings were also isolated from their neighbors. Other parts of Tsukinoura
contain farm land and from the center of the land to the shore of Village A is
about 200 m in a direct line. Many people in Detsuki engage in farming or are
employed by the nitrogen plant. The distance from the center of Detsuki to
Village A is 500 m in a direct line. Yudo also faces the inlet surrounding
the Fakuro Bay and the distance between this inlet and the plant drainage is
approximately 2,250 m. One-half of the people in this area are engaged in
farming, and the rest in fishing. The distance between the center of this
area and the shore is about 100 m. It is believed that currently the people

engaged in fishing are about 1/3 of the total population.

Chapter 2. Results of Investigation
Section 1. Rate of Persons Having the Disease

The examinations of residents were continued from the beginning of the
first simultaneous examination until the end of the second simultaneous
examination, i e., from August 21, 1971 until March 14, 1973. Table 3
illustrates the frequency of the actual number of persons having diseases
against the total number of people who were examined; i.e., disease rate, in
the areas examined during the-period, grouped by types of neuro-psychiatric

diseases.

The frequencies of total neuro-psychiatric patients are 59.48 + 1.587 in
the Minamata area, 27.63 * 1.087% in the Goshoura area, 31.30 * 1.547 in the
Ariake area, and 10.30 £+ 0.627% in Heianza Islénd, Okinawa [3]. The difference
between the number at each area of this investigation and that at Heianza
Island is significant (z*>7528.23, P<O 00i) . Similarly, the differences
between the number for the Minamata area and that for the Goshoura area, and
between the Minamata area and the Ariake area are significant (;2>283.71, P<0 Q01
Residents of Heianza Island are either farmers or fishermen. 2,379 of the
residents centered around Herian were all examined together in 1965 neurologi-

cally and psychiatrically by a team of the Neuro-Psychiatry Department of

100



Kumamoto University.

These three areas including the Ariake area contains patients who
exhibit the symptoms of the Minamata disease. The frequencies of subjects
who were diagnosed as having the Minamata disease in these three areas are
28.50 * 1.457%, 1.97 + 0.33% and 0.89 + 0.31%, respectively. The differences
between these numbers are significant for the Minamata and the Goshoura areas
(772212161, P<0.00}" and for the Minamata and the Ariake areas (x*=273.92, P<0.001)
but the difference is insignificant for the Goshoura and the Ariake areas

(753,75, P-20.06)

If the Minamata area is further subdivided into smaller areas based
on the distance from the shore, depending on the fish consumption, etc.,
the frequency of the Minamata disease is 74.58 * 5.677 at Village A, 26.17 *
3.01% at Tsukinoura excluding Village A, 32.34 * 2.33% at Yudo, and
15.52 + 2.137% at Detsuki (Table 4). The differences among these numbers are
significant among Village A and the other areas 7' +’.&7. P=l0.aty | Also,
the differences between the numbers for Detsuki and Tsukinoura (excluding
Village A), and between Detsuki and Yudo are significant ;" 25.39. P<<C (WD
However, any significant difference between the numbers for Tsukinoura

(excluding Village A) and Yudo cannot be proven ('Z:2.3%",

The frequency of people with the Minamata disease as well as with a
suspicion of the Minamata disease, is 83.05 + 4.88% at Village A, 32.24 +
3.237% at Tsukinoura excluding Village A, 35.07 = 2.38% at Yudo and 18.62 +
2.29% at Detsuki (Table 4). The difference between the number for Tsukinoura
(excluding Village A), Yudo, and Detsuki is significant (7’=271.10. P [0 iy
The difference between the numbers for Tsukinoura (excluding Village A) and

Yudo and that of Detsuki is also significant (7°=225.28, P<_ 0.001),
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TABLE 3. DISEASE RATE

Minamata Goshoura area Ariake area
area
‘Actuall 7% | Actual % Actual %
No. No. No.
Total residents }1120 - 1845 1 - 1165 f -
Examined persons 1 965 86.1 | 1723 193.4 901 77.3
T +
Total disorder ' 573 [59.4 ' 476 |27.6 282 31.3
Persons with Minamata disease 275 [28.5 ? 34 i 2.0 8 0.9
;erzo¥sd§ndrd Suspected Mina- | g :
ental d1Sorder | pata disease | 38 13.9 | 31 1.8 2 0.2
, ! 1
| .
Deferred 15 1.6 | 20 1.7 6 0.7
diagnosis 1
H
Other diseases | 221 {23.9 L 382 (22.2 266 29.5

TABLE 4. EXISTENCE RATE OF ORGANIC MERCURY POISONING (MINAMATA
DISEASE) AND ITS SUSPECTED PATIENTS AMONG PEOPLE IN INVESTIGATED AREA

]
Examined ! Minamata I Minamata disease
Investigated area residents disease + its suspect
Actval % | Actual ! %
, ; No. No.
Village A 59 4 746 |49 83.1
Minamata | Tsukinoura excluding f ;
Village A 214 . 56 26.2 . 69 32.2
Yudo 402 130 32.3 141 35.1
| Detsuki 290 45 15.5 54 18.6
{ Total examined areas 965 275 28.5 1313 32.4
Goshoura 1723 34 2.0 | 65 3.8
Ariake | 901 8 0.9 10 { 1.1
| |
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The frequencies of patients of other diseases, i.e., people who do
not show the symptoms of organic mercury poisoning, are 22.90 * 1.377,
22.17 * 1.00%, and 29.52 + 1.52%, respectively, for these three areas
(Table 3). The differences between these numbers are significant for the
Minamata and the Ariake areas ./ - i0.09. P-J 0.01) and for the Goshoura and the
Ariake areas (z>:17.10, P<C0.001) | However, no significant difference between

numbers for the Minamata and the Goshoura areas is proven.

Section 2. Classification of Acquired and Hereditary
(Congenital) Minamata Disease and Combination

with other Mental Diseases

Minamata disease patients or suspected Minamata disease patients

mentioned above are further divided as follows:

In the Minamata area:

Acquired Minamata disease: 268 persons
Hereditary or congenital Minamata disease: 6 persons
Hereditary + acquired Minamata disease?, or

weak mind + acquired Minamata disease? : 1 person

Among hereditary Minamata disease patients, one weak mind + acquired
Minamata disease patient (female born in November, 1941), one mental
breakdown + acquired Minamata disease (30 years old) are included. The
former was born in Goshoura, moved to Yudo at the age of 8; mental retarda-
tion was observed right after her birth; at the examinations in September and
December, 1972, the following were proven: mental retardation, noticeable loss
and dullness of the senses around the mouth and the extremities of four limbs,
loss of hearing, loss of balance, speech problem, etc.; her mother (55 years
old) is also a Minamata disease patient. The latter is a female born in
March, 1942 in Yudo:; when she was a sophomore at a senior high, she fell ill
with the suspicion of the disease, later entered mental hospitals several times,

such as the Psychiatry Department of Kumamoto University, diagnosed as nervous
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breakdown; on the examination in February, 1972, the following were proven:
cold and superficial feeling, decline in mental alertness, jerky motion and
motionless style, phony laugh, stiffening of feeling, problem in personal
relations, dullness in the extremities of four limbs, minor loss of balance;
both father (57 years old) and mother (49 years old) were diagnosed as having
the Minamata disease. One last example of difficulties in determining
whether the mental retardation which was estimated to start at the beginning
of the infancy was due to organic mercury poisoning or not, is as follows:
born in April, 1957, in Yudo; slow in starting walking and the grades at the
elementary school were low; had epileptic fits since the sixth grade; the
conditions in December, 1972 were: mental retardation, narrow centripetal
vision, high degree of dullness in senses at the extremeties of four limbs,
loss of balance, outbreak of the 6 wave in brain waves, jerky motion, body

stiffening, cold feeling, inability to be friendly, etc.

In the Goshoura area:

Acquired Minamata disease: 34 persons
Hereditary + acquired Minamata disease? or
weak mind + acquired Minamata disease? 1 person

Suspicion of hereditary Minamata disease: 1 person

An example of difficulties in determining whether the disorder in
mental development which was noticed at the early infancy is due to organic
mercury poisoning or not is a female born in November, 1957; started walking
at the age of 3, did not speak at all; at the examination in September,
1972, the following were proven: mental retardation, deaf-mute, excessive
centripetal vision narrowness, high degree of dullness in the senses of
aching and touching around mouth and the terminals of four limbs, loss of
balance in moving. This patient's mother (38 years old) has a high degree of
dullness in the senses of aching and touching at the extremities of upper and
lower limbs and minor loss of balance, but does not have subjective symptoms;
thus unclear when the disease occurred. The l4-year-old patient mentioned above
was included among the patients with acquired Minamata disease. An example

of suspicious hereditary Minamata disease is a boy born in August, 1960. The

104



following were observed: started walking and talking at the age of a year and

a half and 3 years, respectively; at the March, 1972 and March, 1973 examinatioms,
the following symptoms were observed: mental retardation, sensory disorder of
warmth and vibration at both hands and feet, loss of balance, excessive centri-
petal vision narrowness, minor fits, epileptic abnormal brain waves (irregular
exceptional wave, frequent occurrences of § waves, etc.); his mother (born in
September, 1937)also has mild mental disorder and epileptic abnormal brain

waves (sudden occurrences of irregular exceptional waves, sudden outbreak of

sharp waves by flashing light stimula).

In the Ariake area, no patients with hereditary Minamata disease were

found.

Section 3. Examples of Patients Diagnosed as having

the Minamata Disease

I. PROGRESS OF EXAMINATION

As shown in Table 5, the number of cases diagnosed as having the
Minamata disease increased in the Minamata and Ariake areas and decreased in the
Goshoura area from a comparison of the results from the first and second
examinations. The number of cases suspected as having the Minamata disease was

remarkably decreased in the second examination in every area.

I1. EPIDEMICAL AND SOCIOMEDICAL ITEMS

Occupation

Profession or business of Minamata disease patients who were identified at
the simultaneous examination in the Minamata area is as follows: fishermen: 69,
half-fishermen - half farmers: 6, farmers: 32, nitrogen plant workers: 22,
other companies employees: 20, carpenters: 14, temporary laborers: 9, self-
employed: 8, public officers: 7, sailors: 4, drivers: 3, lumber workers, doctors,

nurses, self-defense force soldiers, etc: 2 -1. As depicted above, persons who
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TABLE 5. HISTORY OF DIAGNOSES

Area I Course of Minamata Suspected
L diagnosis disease i case
% }
, First examination 185 f 105

Minamat

namata Second examination 275 38

B e ;

Goshoura ! First examination 39 39
j Second examination 34 31

Ariake ¢ First examination 5 ‘ 24
. Second examination 8 ‘ 2

engaged in fishing were only 69 out of 215 persons, i.e., 32%, or 35% even if

the persons whose work is half farming and half fishing were included.

The occupations of Minamata disease patients in the Goshoura area are as
follows: 15, half fishermen- half farmers: 2 farmers: 5, public officers and
self-employed: 2 each, carpenter, pearl cultivater, inn owner, monk, etc.: 1

each, unknown: 3, welfare supported: 1, etc.

In the case of the Ariake area, they are: fishermen: 6, half farmers -

half fishermen: 2.

Economic conditions

We, the staff at the Neuro-Psychiatry Department, examined Minamata
disease patients by visiting their homes from 1961. At that time, we noticed
that these patients' families, or in general, villages to whom they belonged,
were extremely poor. The eaves and walls of many of their houses did not stand
straight. Many houses were dark and small. For some patients’ houses, roofs
were broken so that the sky could be seen from the inside and walls were
fallen so that the wind blew through the room. Some of the patients could
not afford to provide their daughters with mandatory education, and some of them

had to force two or three of their daughters to become housemaids. Presently,
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the conditions are considerably improved. Under the economic conditions

mentioned above, they did not have a choice except eating fish caught at the
nearby sea for their meals. Many of the families whose entire or majority of
members suffered from the Minamata disease seriously or fatally were exceptionally

poor.

Some Minamata disease patients who exhibited clear symptoms and suffered
seriously did not take any treatments for a long time, since they could not
afford the transportation cost to the medical facility or they could not afford

the cost of medical care.

Consumption of fish, and amount of mercury contained in shellfish.

" All of the patients consumed a great deal of fish. The methods of obtain-
ing fish are as follows: when they were fishermen and caught fish by themselves;
when they were not fishermen but caught fish by themselves; when they obtained
fish from relatives or neighbors who were frequently fishermen; when they were
given as a remuneration for their ship carpentry work or accupuncture work;

when they bought fish.

Especially in the Minamata area, poor families, families without farm land,
families who lived near the shore where fish could be easily caught and
fishermen's families naturally ate a great deal of fish every day. In some

cases, no other way besides eating fish existed in order to survive.

In the Ariake town, seven cases were fishermen: five cases used the
Ariake Sea as their fishing ground, and two other cases (couple) used mainly
the Ariake Sea and went fishing to the Shiranui Sea for about five months
(actual fishing period was two months) in 1963. The remaining case was a

farmer who purchased fish and ate fish occasionally.

The results of measuring the amount of total mercury in bina, caught
from the shore of the Ariake area in April, 1972 are as follows: bina caught
at Ariake: 0.000 PPM (caught on April 8), 0.054 PPM (April 17); bina caught at
Suko: 0.061 PPM (April 19); bina caught at OShimako: 0.030 PPM (April 20).
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Date of illness

Years when the Minamata disease patients in the Minamata area started

suffering from the disease range from 1942 to 1972 (Table 6).

An 18-year-old boy who fell ill in 1972 (household number: 551) said that
he started having speech problems this year. The examination held in
February 13, 1973 proved that he had speech problems, sensory disorder in
touching, aching, warmth, coldness and motion (worse at the extremities of four
limbs, and some around his mouth), mental retardation, high blood pressure
(158/82). His grandfather (69 years old) living with him also had the
Minamata disease. The second example is a case of a 58-year-old housewife
(household number 558). She had felt burning sensation in her head since
April, 1972. Her body started shaking in September, and started having a
buzzing in her ears in October. The examination in March 7, 1973 showed
that she had remarkable subjective symptoms (aches in her waist, easy to fall
and get injured, dizziness, etc.), and minor loss of balance
at the knee bend test, medium degree of muscle tension, shaking, dullness of
the senses higher at the terminals of four limbs and also around her mouth,
hearing difficulty, minor mental retardation, depression, high blood pressure,

etc. Her daughter (35 years old) was also diagnosed as having the Minamata disease.

For the first case in the Goshoura area, a subject fell ill in 1972
(male; household number: 593). The initial symptoms were aches in lower limbs
and the bottom of his feet. Although symptoms in September 3, 1972 (74 years
0ld) were minor, he showed speech problems, loss of balance, loss of strength,
vision narrowness, dullness of the senses worse at the extremities of four
limbs, dullness of the senses around his mouth, hearing difficulty, medium
degree of mental retardation, high blood pressure, etc. The subject for the
second case (male; household number: 599) showed blurred eyes, and languid
legs in 1972. His conditions on September 3, 1972 (66 years old) were minor,
but showed loss of balance, muscle tension, narrow vision, dullness in the
sense of warmth at the extremities of four limbs, medium degree of muscle

contraction (calf, biceps, etc.), hearing difficulty, noticeable mental
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retardation, etc.

The case in which the disease was suspected to start in 1941 was a girl born
in Yudo in November, 1941 (household number: 757). Her birth was normal and
she weighed 700 kg. She was nursed with her mother's milk until her first birthday.
However, from the beginning, her mental development was slow. She started
walking alone and speaking at the age of 7. Until then, she suffered from
spontaneous paralysis. She entered into Ryonan dormitory in Motowatari in 1969.
She has been frequently in bed due to paralysis in her right foot since the
fall of 1972. Her conditions at December 6, 1972 were as follows: small built,
walking with her left foot dragging, muscle contractio