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MAREFRHTRAL TN 3,

@ - HOx sH —CH,CO00H +CH,CHO
2 CH,CHO+0,~CH, cfg oty {27 Gicoon

c,cooHL9)_ch,coooli

HgXy+ CH,C000H g 173 OO0 J-CHyHgX +CO+(0)
/CH,CO00H

HgX;+2 CH,CO00H m—{ng\c”’cmn -+ (CH),HE+C0,+0,
(CHy),Hg+HgX,~2 CH,HgX, (CH,);Hg+HX-CH,HgX+CH,X

Mechanism of methylmercury formation in the plant
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19634F, 694F, 704E 4 X UTI4ED 4 [a] O %
TnE Lz, SN DR (BT 58K
PR LTHEN 9, 19634E0 HTIE T TOMIHL
BREEIT DN /O IS b A S 7
HFH -7 EDEZOMREICKER T LiEALN
ThhEHA

KFZRLFOKER (FZERHY) KSR ppm)
RESH | 1063 1969 1970 1971
st 1 56 53 63 97
st 2 164 131 8 19
st 3 104 3 10¢ 118
st 4 372 129 92 207
st 5 11 88 25 53
st 6 152 128 38 60
st 7 121 19 41 17
st s 77 244 253 270
st o 713 908 175 586
st 10 170 189 46 262
st 1 118 80 30 53
St 12 3 137 48 37
st 13 62 50 35 63
St 3 35 8 14
St 15 28 21 10 a2
St 16 2 19 24 €5

[25 4 F23)

St4, 6, 9DIWHETRITH L TF—I2&

DERIE L, #AKMOMEN 10T OREELL % A
LE L7ze #Ridb L OFRG U0V R TR SREEE A
B, BOBMI R BICHE - TIMERET LTY
F L BOMTIZdmOFEI T TRRZELR
IHFELTFE L, REbokBIZIZEAL
PEBKHT, AFVKAERIFTIRETY
0.011ppm (Y N )T ELWIBETH) F
Lz

2 i 70 N
KBREREELPOKRR
(AR5, ( JAELoNs m)
aRex| K18 "N LER | LI LR ®en
PR 120-81 1w [ 167 - 3
(e-0 5€) (=12 {=1.8) (-240) (=300} (-318
1968 18 =™ 0
| LD (-Ln (S
w10 n ] s
@045 (-1e) (-1
wn 15 1
@08 (-t
% & peE 3563 " [ w 1
@ro)  (-z) (-1 (36D {-e00)
1569 -3 » [ )
@e -an =10 -9
w | 1 i 1
(e-1.78) (-0 (-2
wn o | ) [ 1 n n 1
| @om -t i Clm i (-120)
S5 | 16001 106 1 n “ 4 )
| @08 (- &) (=1.0m (-21%) {-23) (=25 (=16
1969 120 L1 52 a 2
| ea® (=10 =11 (=19 (-2
110

17 @ s 2
@-1.99) (-2 (=274 (=13
125 108, 158 &
(0-0.47) (=1.48) (=11) (=310)

! B10-11-Fuiiki & Tajima :“New mathods in ansiren
Academic Priting Co, Tokyo, p222, 1973
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mental chemistry and foricalogy”, International
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LIZAHT, BRSSP T FITIZL
D AFLAKBIZZLTH2OTII L EDEZD
HNEL/OT, EEHAIZ4RIZDFzRLI
DWT, R OUFEVER, BETER O B A A~
F L7z, UL, AFVKEEAE ORI DT
Ve, AFIVKEDRDLORGIZHEAL LW
9, oA mIZ LS A FIVARAERIZH L
TREENLZFHERIHLONE L7,

ion and mi i in the bottom

-uiuunl of Minamata Bay.

oS lstlayer 2od layer 3rd layer 4thlayer
Number of  Aerobic bacteria °C 2w 17 166 46
bacteria® nsc 276 19 209 109
Anaerobic bacteria isc 101 3 58 10
n*'c 1ns 1 L4 3
M‘Ihyl(m!r:ury concentration 0.0034  0.0106 0.0003  0.0005
PP (wi

* Number of bacteria in 0.1 g of the mud

[=%5 1 Fa5]
ZORIBKEED L CRLLEEEO A A B LT
T ) O KREREDERLE LR LI DTSH
N F 9, 196941 285ppm (W ity V) it ) Tadh -
TR WM L L7-A%, 19664E, 19684F1C
HIEEIREEASE E N T Lo, TORITDE L LN
WA BELEFLITLTEE L7

Mercury content of shellfish from Bay and the

seashore (Hg ppm/dry weight).

Point Specie: 1960 1961 1962 196) 1965 1966
collecied °“M"ﬁ"' Jan. Apr. Aug. Jan. Apr. Dec. Jan. Oct. May Oct. Dec.
Midori  Hormom) 85 50 31 % 30 9 12 2

m.mmm

Midori  Venus japonica 23 1N B4
Myojin  Venur japonica 28 12 16
Koiji Is. Venus japonica 4 4@ 81
Osaki Venus japonica 5 5 3

Point Species 1967 1968
collected  of shellfish o jun Aug. Oct. Dec. Mar. Jun, Jul Aug.

Midori  Hormomya

mutabilis

Midori Venusjopomica 8 15 2% 4 W0 12 ] 9 4
Myojin  Venus joponica 7 8 3 16 13 9 10 12 2
Koiji Is. Venus japonica &0 19 4 n 14 45 0 5
Osaki Venus japonica 6 K} L] 5 9 4 3 1 0.7

Point 1969 1970
collected

of shellish Aug. Oct. Dec. Feb. Jun. Aug. Dec.

Midori  Hormomya
mutabilis

Midori  Venus japomica 4 2 1 1 1 2 7 16 3
Myojin  Venusjopomica 6 7 3 4 6 5 14 2 6
Koiji Is. Venusjopomica 2 12 16 4 2 10 1 7 4
Osaki Venus japonica 1 06 03 04 05 04 03 04 06
Point Species 1991 I

collected  of shellfith

Feb. Mar. Jun. Aug. Oct. Dec. Mar.

Midori  Hormomya
mutabilis

Midori  Venus japonica 2 k) 2 16 3 4 4
Myojin Vemurjopomiea 3 4 2 1 2 4 1
Koiji Is. Venur japomica & 4 7 ] 2 2 2
Osaki Venus japonica 0.3 0.7 0.5 0.6 08 1.2 |
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AT BETP ORPUREEDERZALZ R L /2L D
THhh I+, HOoBELRBIZER L, A2
WT AL E, 19614 1223ppm, 19634 (23.5ppm,
19654F (2 11.5ppm, 19664E120.3ppm & H7 i % &
NELEALH I LTET L.

Mercury content of fish from Minamata Bay (Hg ppm/wet weight).

Date of 1961 1963 1965 1966 1968
collection

1969 1970 1971 1912

Mar. Oct. May Oct. May Jun. Jul. Aug. Jul. Oct. Aug. Nov. Nov.
Mercury infish 23 3.5 11.5 0.3 0.5 0.5 0.5 0.3 0.4 02 0.6 0.5 04

[274 F27)
19684 (2 AT L 7ok st bdslef R o0 B4 AL A
OFERERLTEY 3, ZfELh LBk, T
it 0 LA AR AT WA AL NLE L
b i

Distribution of the results of mercury in the hair of inhabitants of the
district rding to pation, age and sex.
Results for the year 1968

Number of persons
Patients Fishermen General inhabitants

l4or  ISor lor  15or  ldor  1sor Toul

Age less over less over Jess over

Sex m. [ m I m. . m [ m. . m f
E 1-ppm 73 14 7 3 F L 0 1 45
@ S9ppm 4 8 5 8 3 2 25 1 4 6 !
8 10-14ppm 2§ i 6 16 3 35
Eg 15-19 ppm ™ ¥ 5 1 9
= 20 or over 4 1 4 9

9 13 18 17 10 4 4 3 1 68 10
Total 57 65 79 201

[2 51 F28]
19684E 40 & 704 F T 3 MK L T EE KM
oA x LF L7, i TaT, 68412
73.8ppm Td - 72 b OATOHETIZ9.5ppm (2, ]
B TATI. 2ppmTdH o725 DA 3. Tppm (2K

LTBHET,

Mercury concentration in the hair from the fishermen in the Minamata district.

1968 1969 1970
Average 9.2ppm 5.5ppm 1.7ppm
Maximum 73.8 ppm 18.3ppm 9.5ppm
Minimum 2.6ppm 1.2ppm 1.2ppm
Number of persons s 4“ 26

[%5 1 F29]

19824 12K B IR(E 13527 &, i & qu.-
LB OE BS54 12 TR R o M A
“ittoﬁmmmmﬁmfmmm_mjwm
VAT S E L2245 126, 15ppm T, il
HEDRRSWIETH ) T L, Ao
M fE RTIETPIM, it s ISR ER O Z

NEFHEEEAEDLENTEATL,

TABLE Methylmercury Concentration (ss Hg, ppm) in the Hair , 1982

Minamata Tokyo
Fisherman General Inbabitant Gencral Inhabitaat
Average 6.15 3.78 4.29
5.D. 3.87 1.80 2.26
Maximum 24.1 11.8 14.0
Minimum 1.4 0.8 0.7
Number of persons 71 281 154
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MMC s
® 5.0mglas Hg)/Rat ky/day a
0 6.5mglas Hg)/Rat ky /day °
150 4 p.5mglas Hg)/Ral ky/dey
010.0mglas Hy)/Rat kg /day
i ot
n12345(:1:r;.1lu 12 14
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T, ZOWGREEFEERECLEDET, kbE
Wi, BIEMMrMAZLTHY T, KT
F» F125.0, 6.5, 8.5, 10.0mg/Kg/day @ X F
VAR E, 7 OB, FEOS Lo ES{LE
R LWET, 6.5mg/Keg/day LL_E DI G-REIC TR

b, sidEizE X oERBALRE Lz, Ly
L 8.5mg/Kg/day ® 35 & (& F O FER AT E
10.0mg/Kg/day TIE25# 7% 5 H B IZ&F)5E
ElLF L,
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F o b i20.5mg/Kg/day 3 & OF1.0mg/Kg/day
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Cerebral cortex Liver

MeHg CONCENTRATION (Hg pg/g)

2 8 16 a2 2 8 16 32
Cerebellum Kidney
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o L . g i o a/.n/?\
2 8 16 a2 2 8 16 3z

Time (Days)

Change In the concentration of bound and loosely bound
methylmarcury (MeHg) In organs (mean + SE, n=4).
(®):Bounds MeHg, ( O):loosely bound MeHg.
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= ma)
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ANBOXBOETNEBE (B £)

BARN (A +ArABELT)

AMBELRER 0.17 (mg)

= 0.3 (ppm)
AVBEFRAR 108.9 (g) x7 (day)
KMOXES (BXx@ELT)
100
0.3 ppm x —

= 0.4 ppm
75

EEN XAz ELsRNM

ANABTOPHRABERY0. 4 ppm THAIBASR., /+ Rl
EL. 0.3 ppm TRAZbONHPLEUSL
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Formation of methylmercury from inorganic mercury compounds
by incubation with waste water samples under the irradiation®
with sunlight (Hg p).

‘Waste water samples,** 300 m/
A B c D E

Source of inorganic mercury

Hg(NOy Img and HgO 2mg 0.50 036 414 2.4 0.2

Mud from Minamata Bay, 50g (wet) water layer  0.00 0.00 0.00 0.00 0.0
(SDI;I H‘ ca. Smg, methyl Hg: precipiate 0.52 042 050 0.45 0.8
ca

Hg(NOyh lm; HgO 2mg. and the waler layer - —  0.00 0.00 0.00
above mud from Minamata Bay precipilale - — 0.52 051 04

* Time of irradiation; 200 hr.
** A; L.5%-Acetic acid, B; Sewage, C, D, E; Original industrial waste water.

[A25 1 Fa4]
LRSI ETH DB E LTH, HA
YWCRLA i, {Land B I 4
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xufzd?) AF VKL, B L UWEA LS % RERE 2N
TGS EIZ2WT A F L RE & #lE L
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HIL £ L7,

Effect of acration on the formation of methylmercury from inorganic
mercury under irradiation with sunlight (Hg pg).

Incubated with

Before Alter 1.5% acetic
Souree-of daprpanic miercitry acration  acration® acid after
acration
Mud (50g) from Minamata water layer 00 0.00 0.24
Bay (filtrated by suction) precipitate 0.80 1.08 3.20
HgS (S mg) water layer = - 1.43

* 150ml air/min, 40 hr.
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AT VAR = S L 72l A 4 oK 2 AR
EX D REARICHE L, A FILOKEAKE
PISAEAET B EidiREE BT T A2 1220nT
EEREITWE Lz, TORSE, MLz A7k
SRR EEICHRT S ha v T EAHBLE L
b fo”

%  KERARLOAFLKEREE

A F KSR EmE
(Hg #g) 0 1.0 5.0

A F KR ML B IR 0.00 0.00 0.00
A # K 300ml% KRS
V4 S0gGIRIE) & & 5 B+ | 0.44 141 564

T % RS : fERESIE, 48(2) : 119, 1974™
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Chronological Changes in Gallstone Types
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The Structural Formula of Cholic Acid Indicating the Hydrophilic
and Hydrophobic Parts of the Molecula
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Ficure 3 The model system. The tetrahedron shown in the upper right
corner has been used to represent the physical state of all possible combi-
nations of bile salt, lecithin, cholesterol, and water (21). The section in
the tetrahedron taken at 90% water results in a triangular phase diagram
which has been enlarged and is shown on the left. This diagram shows
the physical state of all possible combinations of bile salts, lecithin, and
cholesterol in aqueous solutions containing a total of 10% solids and
90% water. The composition and physical state of the mixtures from
which the diagram was constructed are listed in Table 1I. Closed circles
represent mixtures forming one liquid phase. Open circles represent mix-
tures forming two- or three-phase systems (clear liquid plus cholesterol
crystals and (or) islets of lamellar liquid crystal). The line separating
the open and closed circles indicates the maximum amount of cholesterol
soluhilized by any mixture of lecithin and bile salt.
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Effect of Diet ON Biliary Lipid Composition
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Table 2. Activity of hepatic HMG-CoA reductase*

Subjects HMG-CoA reduclase aclivity (pmol/min/mg protein)
Patient group (n) Expressed*®* Total*** Expressed/Total**"™
No gallstones 7 44£10 298+87 0.21+0.07
Choleslerol gallstones 11 26106 19.0£34 0.14+0.01
Pigment gallslones 8 22+06 196+75 0.19+004

*Data are given as meanst SEM.

**Active form of HMG-CoA reduclase.
***Fully activated HMG-CoA reduclase.
****Ratio of the aclive form lo the tolal aclivity.
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Table 3. Activities of cholesterol 7a-hydroxylase and 12a-hy-
droxylase*

7a-Hydroylase activity 12a-Hydroxylase activity
Patient group (pmol/min/mg protein)  (pmol/min/mg protein)

No gallstones 14.016.6 (7) 144.0+16.8 (6)
Cholesterol

gallstones 45109 (11) 188.1+£20.4 (9)
Pigment

galistones 6.7+1.9 (8) 198.2+26.5 (7)

*Data are given as means + SEM. Numbers in parentheses, number
of patients in whom the determination was carried out
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Produced by Negative Pion

o 0 Ca
n %S L
p 0.45 0.34 0.74
d 0.33 0.20 0.15
t 0.22 0.22 0.08
3He 0.03 0.01 0.01
4He 0.64 0.47 0.32
Li 0.11 ot

36 Gy Pion
>10 keV/pm=94%

>100keV/um=12% -
fraction of cells which has experienced a high LET
event:
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