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. Flare tower
X Designed to burn off
l' gas, but a connecting
pipe had been removed
for maintenance.

W Ventgas scrubber
Leaking gas could b
| have been detoxified, -
but the scrubber was
‘turned off.
P ~
PR
” v
-
f" e Water curtain
s Not high enough ~
gt? to reach gas. Pe &
5 =i
P
B =3

Refﬂge‘@ﬂon system

Freon system to cool liquid MIC
was shut downin June 1984 to sawv
money and Freon shipped to

other plants.

in E611, E619 was empty—
Water leaked into EE10
causing runaway heat-
producing reaction
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OpF ¥ : 1050~ & o

oF 4 W BEI P ALARFA | HERER
OXFTHA I BFEFLIFF  RREIFEARA K
AMMWEE A SRS RIETFA G Fuka R
B > 21970 # p *FREKER121 5 oK X
F46 A FIP F@EAELL L FEHLT AH 3
1975 & et} & 0 7B 3,500 5 & o
CIBFHRFF LR MITP AF F AL R4
B AL 8% 0 LR E 4B S
TR L (P RAAR)FL > ERHAST > A AR
¥ A Bk SR B o




p&-RIEEE

(Minamata Disease)

Uis Teh Bofb WM Kk R C Microso®
Huis Ten Begelt 9] Omutao i U au Klkuchl MapPomt

0.y P P i 14 %
._Shmkamlgoto .Omuraéll Takakl uek]m Koshl nAsc.. Q”A

Sotome" NAGASAH Thi ©Kumamoto“ “Tasto |

N ko Shnmabara 'aleune _
agasaki M U}‘(j@‘ NG Hinkage,
Momozaki .ﬁt‘;lﬁ- ,

Mi?aharaul: l ‘JOL dﬂ')‘\hﬂ

Ariakeo Soaan
f Yatsushnro ‘Kitags®
KUMAMO ro '

Shikizada-mizraks
‘ MLYA? AKI
¥ \,foshl s S

) Kl)
Bt el
N Saltom

Kawaur'ja;
AZUM,

r~'1ina'm ata:
: | o] Kunltoml N a5
LEast China Sea RAGOSHIMA 5" B b oji
Km,hmla yama M:yazakp

o] Mzobe T°95
Satsumasendal ! 2 ®M|yakon010

Nagahama Ium deUbU
Shimokoshikn ) 0] @ SUSYDShl o) N|0h|nan
KagDShlma Tarum,zu 0y 21«20

TAKA-SHIMA Kaseda G
: KBOO’IGB Kushima
E2005 Micosor Cotp. 130°) “Heoo.20 $31°

Murnisaki

tago




(AR AN)
Yatsushiro Sea Area

ALt
Yalsushiro oty

ALS
Yatsushiro sea

Lok 1
2 Ryugatake town

_\r‘r\f'. ‘ f‘ U
Cp S T
Goshonoura town

M

Oses, Kumamoto profeciurs
PEITN F o YKETH
. N\, Chisso Minamata

/ war| N oplant “

Minamata oity

f ®ReR
Kagoshma prefecture

'0?“ oK /

047 lzumi oty

2 mm
Akune city



o
1 ;u%;‘f( ’ ‘#‘ ’#‘?%"ﬁﬁ-gfigﬂ ’ I,(%;?zl;;\%ﬁt
&ﬁ’ﬂ§$i@£o&ﬂﬁﬁfﬁiﬁﬁﬁﬁ»

2‘#%ﬁﬂmu+@ﬂu&§%ﬁf&’ﬁ¢#&

LEE

WAL EF(RHYES 3 2 F B £ F
E’a;}’ﬂﬁk)\&ﬁ ﬁ}ﬁlﬁr}iﬁ%& ﬁg:}\ 'hf'
~ k- ko H v mﬁ%-mgg ¢ el &,

"@‘ﬁ:ﬁﬁ-



Jinzu

River Basin
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7 JE ¥ 2 (Yu-Cheng disease)
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SIS K BE R A M S 2 S

HE—v i A a B A F

ek — 4 2 § € &k (Chronic bronchitis) °

pAR—F R TR ERA K

IF-HR—IF26 X (Hepatomegaly) * fi¥ % S |£ X i -3

,Ig o

o R— G F R "E o

FRIAMPS —7 L € BRFBZATHRAHL ¥ o
—x & g 9 1 % (Hypertriglyceridemia) ©

7 ﬁr —}é? % '# ©

28 E%‘—B"’«EQHJLJL(Meibomian or tarsal glands) & ¥ o

AR — ‘)?‘ ’é J& B (Acneformeruption)® ¢ & £ ¥

(Abnormal pigmentation) °



PCB} P € ¢+ 2 mE¥F 4 mAdwnz g3
IARC #-H 5| 2 2A8 R B P (F i 5 L BRFHF)

% & 5 ¥-126 (2,4,5,3°,4’-pentachlorobiphenyl, PCB-
126)*+20124#. 1ARC3] 5 Group 1 -

3 2 2’ 3 Cl(o_s)
C'(o-s) 5 6 6 5'
PCB28 (2,2’ 4- PCB52 (2,2',5,5'-
Trichlorobiphenyl) tetrachlorobiphenyl)

PCB126 (3,3'4,4',5- PCB153(2,2',4,4',5,5-
pentachlorobiphenyl) hexachlorobiphenyl)




Arsenic is a semi-metal element in the periodic table. It
IS odorless and tasteless. It enters drinking water
supplies from natural deposits in the earth or from
agricultural and industrial practices.



http://www.webelements.com/webelements/elements/text/As/key.html

Did Arsenic Kill
Napoleon?

Arsenic Wasn't
Napoleon's
Waterloo: Study

Military diet, not
murderous Brits, likely
killed the little emperor

Huo Yuanjia (ZBJTF)

His Hair Says No !

—
o
L

There was rumour that he was poisoned in 1910.


http://www.newser.com/story/18915/arsenic-wasnt-napoleons-waterloo-study.html
http://en.wikipedia.org/wiki/File:Liuhopafa.JPG

Arsenic Is related to heart disease (hypertension
related cardiovascular), cancer, stroke
(cerebrovascular diseases), chronic lower
respiratory diseases, and diabetes.

§ %5 (Blackfoot disease) & - fid % i {747 %
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Lancet 1993 Feb 13;341(8842):387-91.

Rapidly progressive interstitial renal fibrosis in
young women: association with slimming
regimen including Chinese herbs.

Vanherweghem JL, Depierreux M, Tielemans C, Abramowicz D, Dratwa M,
Jadoul M, Richard C, Vandervelde D, Verbeelen D, Vanhaelen-Fastre R, et

al.



An outbreak of rapidly progressive renal failure
was observed in Belgium in 1992-1993 and was
related to a slimming regimen involving Chinese
herbs, namely Stephania tetrandra (%~ F# & ) and
Magnolia officinalis (5-4F). Seventy one cases
were registered on January 1994, 35 of whom
being on renal replacement therapy.

Two cases of urothelial cancer had been reported
In Belgian AAN patients in the later.

The cases of Chinese herb nephropathy have
also been found in Indian, U.K., Japan, and
Taiwan.



Chemical analyses of the Chinese herbs
powdered extracts delivered In Belgium
demonstrated a misidentification between
Stephania tetrandra (# f# & ) and another Chinese
herb, Aristolochia Fang-chi (B f# & ), potentially
nephrotoxic.

F 2R

DNA adducts formed by aristolochic acid not
only in the kidney, but also in a ureter obtained
after renal transplantation (with 3?P-post-
labelling analysis) from Chinese herb
nephropathy (CHN) patients.

(major DNA adduct of aristolochic acid: 7-
(deoxyadenosin-N°-yl)-aristolactam | (dA-AAI)
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ppm (parts per milion * ER2Z—AK)

| l F189.1-12.4
L) E o
- Pt o

EId31.7

A | ' : @ ‘..Vt
KLl 10.9-14.6 ) El82.4-14.6 s
Eid14.8 ' -

DEHP #$ & B r JRF K - + R} H2 r JRERK
7 £ (LD50)4z 3% 20 g/kg (IARC, 1982) -

DEHP #hid f24 3 ¢ rAvgar 3 4 B2 B
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Effect of maleic acid on renal function
(Robert W. Berliner, Thomas J. Kennedy and James G. Hilton. Pro Soc Exp
Biol Med 75:791—794, 1950)

Maleate administered to severely acidotic dogs at a dosage of 40 mg
(0.35 mM)/kg abolishes the capacity to excrete an acid urine.

Lesser effects on other renal functions are produced.

The major effects of maleate on electrolyte excretion were those
associated with impairment of the mechanism of acidification and
bicarbonate reabsorption.

TABLE [, Effeet of Maleate on PAI Transport and Exeretion of Eleetrolyte. Dog B, Weight 20 kg.

Time,
min,

~33 to-31
-30
0- 17
17- 38
38- 63
67
63- 86
86-110
110-133
133-153
153-173
173-193

' -Crv;A«tininéi 1.75 g,.f-’A'lI 2,0 g, iv.

Rate of exeretion

r R - T ———T——
Urine Creatinine Plasma Na+ K- €l HCOy4- PAH- HoPO,-
flow, clearance, TMmpan HCO4- Urine HPO,
ml/min, ml/min, mg/min. mEq./1 pH uEq/min.  xEq./min. pEq./min. xEq./min. gEq./min.  gM/min,

Start infusion ereatinine 0.45%, PAH 1% in water at 6 ml/min,

0.9 77 12,6 5.20 85 93 0 0.3 246 0.9
0.4 64 12.5 20.3 5.12 40 82 0.1 212 —
0.9 69 113 5.09 24 89 0 0.1 222 0.6
Muleie acid 40 mg/kg, brought to pH 6.5 with NaHCO,, i.v.
2.0 68 123 5.72 134 115 10 1.1 214 —
3.5 80 13.4 19.9 6.00 273 156 0 4.5 250 1.7
.7 74 10.4 20.5 6.90 288 151 0 38 224 —
7.2 73 10.5 20.5 6.97 202 131 0 53 221 17.6
6.2 74 8.6 19.4 7.18 331 117 0 76 222 ——
7.3 5 9.8 19.9 7.37 425 128 133 232 39.4




Although animals given maleate alone

showed transient impairment of renal function,
all promptly recovered and showed no
persistent impairment of health or renal
function despite repeated dosage.

Berliner et al. Pro Soc Exp Biol Med 75:791—794, 1950



Experimental production of renal glycosuria,
phosphaturia, and aminoaciduria by injection of

maleic acid
(Harold E. Harrison and Helen C. Harrison: Science 120:606—608, 1954)

When maleic acid, neutralized to pH 7.0 with
NaOH, was injected intraperitoneally as a 0.1 M solution

Into rats ren_al glycosurla, Table 2. Glycosuria, aminoaciduria, and phosphaturia
phOSpha'[urla, and following intraperitoneal injection of maleate; rat No.
0 E E 81:\, 't. 70 »

aminoaciduria produced by ——
maleate is characteristic of o L rine exeretion .
a congenital metabolic leate Citrate s ‘221;30
defect in man known as the ~ Pay (miot € (“;frj P cose (uM/24
Fanconi syndrome. soln.) aE)

1 0 23.0 25.4 0.02 80

2 0 19.1 20.0 .03 63

3 0 18.5 20.4 05 < 6 69

4 1.0 9.4 16.5 1.54 168 566

5] 2.0 10.0 16.5 0.93 116* || 344

6 2.0 12.2 12.1 13 38 177

* Blood sugar on this day. 80 mz/100 ml.



No evidence of permanent renal injury was
found In rats receiving 1.0 ml of 0.1 M
maleate per 100 gm body weight daily for
periods of 2to 3 weeks.

Harrison and Harrison: Science 120:606-608, 1954
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Paracelsus

“All things are poison, and
nothing iIs without poison; only
the dose permits something not
to be poisonous.”

""The dose makes the poison."
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NOEL (No-Observed-Effect-Level) : & /% £ & & 2%
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Effect-Level) @ @237 LR £
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=2 RE o

LD50 (mg/kg) Example
RER <5 TCDD (& =)
Bl&H 5-50 Picrotoxin
LRET 50-500 Phenobarbital

([3%==3 500-5000 Morphine sulfate



Approximate Acute LD50s of Some
Representative Chemical Agents

Agents LD50, mg/kg
Ethyl alcohol 10,000
Sodium chloride 4,000
Ferrous sulfate 1,500
Morphine sulfate 900
Phenobarbital sodium 150
Picrotoxin 5
Strychnine sulfate 2
Nicotine 1
d-Tubocurarine 0.5
Hemicholinium-3 0.2
Tetrodotoxin 0.10
Dioxin (TCDD) 0.001
Botulinum toxin 0.00001
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Xenobiotic and Steroid Detoxication Enzymes and

Transporters
Phase | enzymes Phase — Phase — Phase Phase Il transporters
CYP 3A, 2C, 2B, 2A L omay '” MRP1 Multidrug resistance-
Phase Il enzymes Eip 35 UDPGT mei associated protein,
CYP 2A SULT MOR1-- MRP

UDPGT, SULT EAC 5 *EAC-OH —»EAC-CONJ— 2.

~ < ] .
" Multidrug resistance
protein, MDR
: \\._\ .. |
Endocrine active AU N/ _
EAC FrvninanY ¢ *"-Transcr on
compou nd | (PXRICAR X AXA) pt
! | “ |

‘. PBREM/XREM
\ I. F)(':] )

; Nuclausﬁ__-«-"’"

Canalicular

pregnane X-receptor (PXR);
constitutive androstane
receptor (CAR);

uridine diphosphate
glucuronosyltransferases

(UDPGT); Adapted from Kretschmer, X.C. and Baldwin, W.S.
sulphotransferases (SULT) 2005 Chem.-Biol. Interact. 155: 111-128

Sinusocidal

Cytoplasm

Hepatocyte
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Benzo(a)pyrene
A polycyclic aromatic hydrocarbon
(PAH)

Bay-region

HOY

OH

Benzo(a)pyrene 7,8-Diol-9,10-
Epoxide (BPDE; an ultimate
carcinogen)
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r~7n-Hexane & 'z
* Neurotoxicity in animals and human
(2 =3lde d 840 S5 %)

e Active intermediate:
2,5-hexanedione (2,5-2 —fi§)

OH
ORI TR et 2-hexanol

Hexane CYp
OH l \ OH

(0]
OH ‘ 2,diol,5,0ne
2,5 hexanediol Crp
)L‘Y
0

2,5 hexanedione
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Thank you for

‘your attention




