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( 50 ngL™)

( )
50 mgL?
345+13 ng L*
C1=0.25+2.19C,, (RP=0.96) Cq (mggl) Cu
(mg L) BCF
BCF=14.152¢ %22V (R?=0.5292) BCF (mgh W
(9) 96 h
L Cso (t)=134.69t°"1"® (R=0.96) LCso(t)
(mg mi?) t (h)
C(L50)=247.47L T5o*3%%* (R*=0.83) C(L50)
(my gh) LTso
(h)
C(L50=63.97+0.92C,, (R?*=0.99) C(L 50
(mg g*) Cu (mg L)
2~8 847.00 + 640.08 ny ¢ 8
13 0

BCF  (16.69+19.89)



The coastal regions of southwestern Taiwan are subjected to arsenic (As) pollution from
groundwater. To use the groundwater for aquaculture may cause an overexposure of arsenic.
The bioaccumulation, as well as acute and chronic toxicities of As, in aquacultural milkfish
(Chanos chanos) from blackfoot disease (BFD) area were studied. Water and milkfish
samples were collected from the milkfish farms in the BFD areas of Putai, Yichu, Pemen and
Hsuechchia, respectively. The samples were analyzed to estimate the concentration of Asin
the aguacultural systems and to assess the bioaccumulation of As in fish. Arsenic
concentrations of the pond water in Putai, Yichu and Hsuechchia are high than the standard
of aquacutural water 50 ng L™. The resulting values of bioconcentration factor (BCF) of As
in fish is correlating with the body weight of the fish (W) as BCF=14.15e¢%%?" where the
median lethal concentration (LCso value) for milkfish shows a significant allometric,
negatively correlation with the exposure time as L Csp (t)=134.69t° 1", where LCsp (t) isthe
median lethal concentration (mg mi™) and t is the exposure time (h). Lethal internal residue
of Asin fish body that causes 50% mortality (C(_s0) value) is negatively correlating with the
median lethal time (LTso value) as Cqs0)=247.47LTso" "7, where C(Lsp) is the lethal internal
residue of As in fish body that causes 50% mortality (mg mi™) and LTso is the median lethal
time (h). The Cq 50 value is a liner function of As concentration in water as C s =
63.97+0.92C,,, where C,, is As concentration in water (mgL™). It showed that the Cg_so
value increased with Cy; whereas the time to death of the fish was decided by the As
concentrations in the target tissues of fish. The results of chronic toxicity experiment
showed a high accumulation of Asin milkfish (847.00 + 640.08 ng g) from the 2nd to 8th

day, and then decreased, which indicated that the depuration in milkfish is equal to uptake.

Key words: Acute toxicity, Arsenic, Bioaccumulation, Blackfoot disease (BFD) area, Chronic

toxicity, Milkfish.
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--DDT

(Han et al., 2000)

and Liao, 1999; Moura et al., 2000)
(Bryan,1971)

(Roesijadi, 1992)

(

)

( -137

(Lin

(Conroy et al., 1996 Lin and Liao, 1999)

(bioaccumulation)

(biomagnification)

(Leblanc, 1995)

(bioconcetration)

(Lin and Liao, 1999)

(itai-itai disease)

(Kurland et al., 1960) 1986

Lee and Hung, 1995

(Buchet, 1996)

20000 arc 125 (

, 2000)

(Lu, 1996) 1955

(Yamagata, 1970) 1960

(minam-ata disease)

Han and Hung, 1990;



(Cu Zn Pb Cd Hg As) (PCB dioxin) (Ling,
et al., 1995; Han et al., 1996)

(Han and Hung, 1990; Jeng et al., 1999; Han et al., 1997

(Han
et al., 2000)
( , 2002)
1997 9.6 m( , 1997)
1.6 0.9 nr 17%
10% ( , 2001)

(Chanos chanos)
(3.8x10% ~ 4.9x10* m®)

(Lin et al., 2003)

(Blackfoot disease area, BFD)



1 1 20-30 cm 180 cm

( , 2003)

( , 2000) 1977~1999
( 40~60 )
( , 1999)

( , 1999)

1980 1981

7~11
( ,1999 , 2002)
(Suhendrayatna et al.,

2002)



(Lin
et al., 2003) Lin et al. (2001) 8
79.9+60.0 mg LY 2-1)
(50 ng L)
102.1+59.0 ng L™
169+68.8 ng L
(2002) 29
7 ( 2 4
1 ) 88.41+69.70 ng L* 5.84+87.80
mg L 5.36+2.03 ng L (  2-2)
(Barron et al., 1994)
2.3.
(metalloid element) 33
74.9 (isomers)
(0 ) -3 ( AsH3) +3 ( As

03) +5 ( As05) (Vahter, 1994) 2-3



2-1.

(mgL™)

30.6+5.0

83.4+48.8

169.7+68.8

36.7+12.1

13.0+6.8

102.1+59.0

79.2+18.1

47.0£9.9

79.91+60.2

:Linetal., 2001)

2-2 (mg L)
(
(29) (10) (3)
54.54+87.80 & 5.36+2.03 88.41+69.70
(4.64~359.82) b. (3.68~10.10) (24.88~162.97)

I+

, 2002)



2-3.

74.92

28

817

613

5.727

+ 5

150.95

35.5

160

2.0-2.5

3020¢gL?

125

229.84

315

4.32

1500gL*

16

+ 3

197.84

312.3

465

3.738

37gL?

20

+5

398.08

1.455

3.62

0.13gL™

25

144.64

1238

531

ATSDR, 1993)



92 20  (Mandal
et al., 2002)

Welch et al. (1988)

( 2-4)(Smedley et al., 2002)

(Chen et al., 1999)

(+5 +3 -3 0) H3AsO4, HoASO4 Y, HASO,?)
H3AsOs, HoAsO3 ™, HASO57?) (monoethylarsonic acid, MMA)
dimethylarsonic acid, DMA (Chakravarty et al., 2002 Smedley
et al., 2002 , 2003) Smedley et al. (2002)
( )

(Han et al., 1997) Chen et al. (1994)
H3ASsO3

HASO3 2.6 3%

(Zhang et al.,
2002)
( 0.9-2.5 g gt dry wt)
65% (Phillips, 1999)

(arsenite) (arsenate) (Monomethylarsonic acid, MMA)



2- 4.

(mgL™)
0.25 ( 0.02-1.1) Lenvik et al. (1978)
0.15-0.45 Wadenchuk 1979
2.1 Sounderegger 1988
Dordogen 0.7 Seyler and Martin (1990)
Bavaria 3 (1-8) Quentin and Winkler (1974)
Schelde 0.75-3.8(up to 30) Andreae and Andreae (1989)
0.28 ( 0.2-0.42) Azcueetd. 1994, 1995
0.7 Azcue and Nriagu (1995)
0.73-9.2 (High Fe) Seyler and Martin (1989)
0.38-1.9 Baur and Onishi (1969)
0.06-1.2 Reuther (1992)
Oslofjord 0.7-2.0 Abdullah et al. (1995)
Saanich 1.2-25 Peterson (1983)
1.0-1.8 Cullen and Reimer (1989)
Das et al.(1995)
Nicolli et a. (1989)
10-5000 Huset al. (1997)
50-10000 Welch et al. (1988)
10-50000 Ellis and Mahon (19973, b)

( Smedley et a., 2002)



(dimethylarsinic acid, DMA) (tetramethylarsonium ion, TMA™)

arsenocholine (Phillips, 1999; Kubota et al., 2002) 2-1

(Wedepolh et al., 1969)

(arsenosugars) (arseniocholine, AC)
(arsenobetaine, AB) (Le et al.,
1993; 1994 )
2. 5.
arsenikon
(As:S3)
(Greame, 1998)
19
Fowler (Fowler's solution )
Erlich Bertheim 1000
1943 (Greame, 1998)
(1) —
(2) — (3)
(4)
(Greame, 1998;
, 1994) (
( , 2003)



OH As OH OH As 0OH OH As 0
OH OH 0OH
Arsenate Arsenite MMonomethylarsonic acid
(As(V)) { As (D) { MDA )
(8]

CH; C|H 3 |
CH, As 0 CH, T+ CH 4 CH, A|s CH,

OH CH -

Dimethylarsinic acid Tetramethylarsonium ion Trimethylarsine oxide
(DMA) { TeMA ) { TMAO)

CH 5 C|H 3
CH, As" CH,C00 ™ CH, A|s+ CH,CH,CO0H

CH 4 CH;

Arsenohetaine Trimethylarsoniopropionate
{AB) {AB2)
8]
CH 3 |
| OH
CH As" CH,CH,0H CH 3 A|S N
| CH
CH 3
Arsenncﬁn]jne Dimethylarsinoylethanol
(AC) { DMAE)
8] 0|H
0 —CH,CH CH.Y
(CHg),As—CH, o
OH OH
Arsenosugar
2-1. (Lai et al., 1999; Kubotaet al., 2002)

10



(Chen et al., 1999)

(Jainiand Ali, 2000)

(hyperkerhi:osj S)
B

(brawny. desquamation).

Hall, 2002

/

(hy%pi gmentation)
e

“‘(ﬁw ﬂ// o
(NatiW

100

(DMA)

1993; Jain and Ali, 2000)
(Kitchin, 2001)

11

Sciences, NAS)

60

(MMA)
(Leetal., 1994,

2-2



(carcinogen)

( ,1994) 1949-1959 Cordoba
2.3%
(Bergoglio, 1964)

Johns Hopkins

DNA (O’Connor, 2002)
(Agency of Toxic Substances and Disease

Registry, ATSDR)

( 2-5) (O’Connor, 2002) ATSDR

20~23
8~20  (O’Connor, 2002; , 2003)
1961-1985
140,000 ( ,1996)
0.01~1.82 mg L™*
0.4~0.6 mgL?
2.6 ( Mandal and Suzuki, 2002) (1998)
160 66%
40
90% 62% 60%

52% ( 2-6)



As’
2 GHS ASV
reductase
GSSG
As

Urinary Arsenic

M etabolites

Reduction (As —p As)
Oxidation (As —p As)
Methylaion(As —p MMA )

SAM = S-Adenosy Imethione
SAH = S Adenosy lhomocysteine
GSH = Glutathione (reduced)
GSSG = Glutathione (Oxidized)

SAM

GHS

SA

H

MMAY
reductase

MMA

SAM

GHS

SAH

2-2.

(Kitchin, 2001)
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2001

2-7 (Smedley and Kinniburgh, 2002 , 2003)

(US Food and Drug Administration, US FDA)
20-30 mg

Hughes et al. (1994)

0.08 ~
0.3ngkgtd?
0.01 ~ 0.04 mg kg™ d™( 2-8 )
Tam et al. (1982)
1993
90% 10%
arsenobetatine Edmonds
1977 (Francesconi and Edmonds,
1994)

(Gebel, 2000)
(Tam et al., 1982; Han et al., 1990; Liaet al.,

1999; Jeng et al., 1999)

14



2-5.

( O’Connor, 2002)

2-6. ( 50 ng L )

50-250 ngL* 250-500 ngL! 500-1000 ng L™t 1000 ng L™

% % % % %
26 12.2 7 19.5 3 8.3 - - 36 62
6 33.3 2 11.1 7 38.9 3 16.7 18 60
7 41.2 5 29.4 4 23.5 1 59 17 52

3 8.6 13 37.1 14 40.0 5 14.3 35 90

( , 1998)

15



Lt (Dabeka et al., 1993)

Lt (WHO, 2002)

L1 2002 2
0.05 mg L™
(WHO, 2002)

2002
0.05 mg L* WHO 0.01 mg
(Safe Drinking Water Act, SDWA)
0.05mgL™? 0.01 mg
(EPA, 2000)

2-9

50 mg Lt

16



/ (kn?) : (ML

DPHE/BGS/MML

150,000 ca. 3x10’ 0.5-2500 (1999): BGS and DPHE
(2001)
CGWAB (1990);

23,000 6x10° 10-3200 PHED/UNICEF (1999)
Sun et 1.(2001)

6 Kuo (1986);
4000 ? x10° (formerly) 10-1820 Tseng et dl. (1968)
. Luo et a. (1997)
? g -
Huhhot Basin 4300 (HB) ?ca 10 1-2400 smedley et al. (20014)
1200 10° 1-3050 Berg et al. (2001)

Varsanyi et a. (1991) ;

110,000 29,000 2-176 Gurzau (2001)
Nicolli et a. (1999);

6 6 -
10 2x10 1-5300 castro (2001)

Cacereset a. (1992);

125,000 500,000 100-1000 karcher et al. (1999)

50 g L

17

Sancha and Castro (2001)



2-7.

()

/ (km?) ? (ML
3.5x10° (total ) Smith et al. (1992)
Tulare 5000 1-2600
Fujii and Swain (1995)
San Joaguin
32,000 4x10° 8-620
Del Razo et al. (1990)
Azcue and Nriagu
Moira lake 100 50-3000
(1995)
1400 Welch et al. (1990);
Coeur d' Alene Mor and Wai.(1990)
2000 Fickin et a. (1989)
50 0.5-580 ( 89

Bowen Idand

a 50 ng L*

Boyle et d. (1998)
As F B

( Smedley and Kinniburgh, 2002)

18



2-8.

(mg kg™t d?)
(06 ) 7 4 G 11 ) 12 19 ) 20 70 )
05 0.3 0.2 0.1 0.1
0.2 0.3 0.2 0.1 0.08
0.0003 0.0004 0.0004 0.0004 0.0003
0.029 0.062 0.007 0.004 0.003
0.729 0.062 0.407 0.204 0.183
0.01-0.04 0.01-0.03

19

( Hughes et al., 1994)



2-9.

0.01mg L*

0.01 mgL™?

0.05 mg L

0.05mgL*

(0.007 mg L'}

(0.025 mg L)

;{.f’

WHO, 2002)



(acute toxicity)

(LCs0)

( 31

12

3 3 500 ml

5 ml 1 N HNOs3

21

(chronic toxicity)

(

, 1998)

(-20 )



120° B!

o B

3-1.
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3.2.1
4~6 cm) ( 3-2
2 wk
3.2. 2
11 80 L (
2445
8.21+0.2
a : 10
1000 mgL?! As
b. OmglL™?
8
concentration; LCsgp )
3h
)
3.2.3
5mgL?
5 mg |_'1 2 wk

23

96 h

200 (
24+0.5
) 20 L
8+0.1 mg L' pH
5, 10, 15, 20, 25, 50, 100 , 250, 500
(median lethal
12 h 1h
-20
500 ml (
2 wk
5mgL?



50

0,05,1,2,4,7,14 3

-20

500 ml (

Research and Technology Center)

3.3.1
45 ml
2+0.1 ml 1+0.1 ml
10 min
min
7500a)
3.3. 2.
500 (ng L) 6 mi
ml 5 60 (ng L)

(40 )

(Super Micro Mass

10 min 170 £ 5
5
100 mi (Agilent
3-3
10 ml 50
39

96 h

24



0.5 g 250 ml (65%, 10 ml)

(95 ) 10 min 2ml
3 min

50 ml

(bioconcentration factor, BCF)

(Franke et al., 1994

Co (mygh) Cu

25

4G

Uno et al., 1997)

(mg L™



LY.
I,IJ'JII!:I fi 3
L o B s

3-2.
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1 mi
170+5
10 min

ml

10 min

1%

|

MDL

RPD 20%
80~20%
. 75~125%

100 ml

3-3.

27



4.1.1
12
50 mg Lt 1 2 ( 4-1)
345+13 ng L™
4. 1.2
BCF 16.69+19.8
Ct = 0.25+2.19C,, (R*=0.96) Ci (mg g') Cu
(mg L)
( 4-1
W=0.029L2%¢"! (RF=0.88) w (9 L
(cm)
BCF 4-2
BCF=14.15e%%2% (R=0.53) BCF W

(9)

28



4-1 (MeanzSE)

(myL™) (myg™) BCF (ml g*)
20.3+1.8 0.34+0.23 16.94
22.5+2.5 0.24+0.03 10.51

154+6 3.55+1.87 23.10
39.0+1.3 0.37+0.13 9.42
9545 0.41+0.14 4.29
166+5 2.22+1.67 13.34
345+13 1.02+0.26 2.95
23.6+1.7 0.31+0.03 13.23
37.3x0.5 0.32+0.12 8.55
38.3+2.8 0.41+0.16 10.80
30.8+0.5 0.29+0.04 9.27
27.9+0.5 2.14+0.17 76.79
16.69

50 ng L™

29



1000
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700
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300
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Weight (g)
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= N N w
(6] o ()] (@)
T T T T

BCF Value (ml @)

H
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BCF = 14.15¢%*"
R® =053




5.6£0.5cm 1.3t0.5¢
( 4-2 (
4-3) L Cso(t)=134.69t %2 (R*=0.96) L Cso(t)
(mymi™) t (h)
5mgL?
9 h P ot
ﬁ,;;f";/{f %ﬂ\ ( 44)
C(L,5();/zﬁ'7.47LT50'°-3624 (R?=0.83) Cuso) ™
(Mo g® LTso (0
(
4-5) C(L.50=63.97+0.92C,, (R=0.99) C(L50)
(myg*) Cuw (mg LY

: 7
k“x _f-"":e"
AN

U/
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4-2. 6:00pm, Aug. 23)
(mg L™) 1 2 3 4 5 6 7 8

0

5 Aug. 23 Aug. 24 Aug. 24
10:30 pm 7:10 am 8:50 am

10 Aug. 23 Aug. 23 Aug. 24 Aug. 26
8:25 pm 8:45 pm 1:15 pm 1:20 pm

15 Aug. 24 Aug. 24 Aug. 24 Aug. 24 Aug. 24 Aug. 25 Aug. 25
12:58 pm 1:23 pm 14:03 pm 14:29 pm 10:35 pm 4:50 am 7:15 am

20 Aug. 24 Aug. 24 Aug. 24 Aug. 24 Aug. 25 Aug. 26 Aug. 26 Aug. 27
12:55 pm 2:59 pm 4:39 pm 9:15 pm 12:58 am 3:35am 3:52 pm 1:25 am

o5 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 24 Aug. 24
7:18 pm 7:28 pm 8:40 pm 10:33 pm 11:48 pm 12:17 am 8:36 am

50 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 24 Aug. 24 Aug. 24 Aug. 24
6:50 pm 7:22 pm 7:28 pm 8:18 pm 12:15 am 3:25 pm 5:55 pm 6:00 pm

100 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23
6:36 pm 6:45 pm 6:50 pm 6:57 pm 7:03 pm 7:10 pm 7:19 pm 7:26 pm

250 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23
6:30 pm 6:33 pm 6:36 pm 6:40 pm 6:44 pm 6:46 pm 6:52 pm 6:55 pm

500 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23
6:15 pm 6:15 pm 6:15 pm 6:15 pm 6:15 pm 6:15 pm 6:15 pm 6:15 pm

1000 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23 Aug. 23
6:15pm 6:15pm 6:15pm 6:15pm 6:15pm 6:15pm 6:15pm 6:15pm

12:00 pm, Aug. 24

32



1000 ¢

800 [
H'E 600 | LCso = 134.69t *"17
= i R* =0.96
S 400 |
-
200
L 4
0 < 2 79 L —!
0 40 60 80 100
Time (hr)
4-3.
1000 §
800
e C (L s0) = 24747 Teo "%
600 | 2
o ! R?=0.83
)
o 400
O
200 fo
IS * IS
L 4
O [ [ [ []
0 20 40 60 80 100
LTso (hr)
4-4,



Cws0 (uggh)

1200 r
1000 F C (L 50)= 63.97+0.92C ,
R?=0.99

800

600

400

200

O [] [] [] [] []
0 200 400 600 800 1000
As concentration in water (mg L 1)
4-5.



-1

As concentrationin fish (g g)

2~8 847.00 + 640.08
8 13 0( 4-6)
2000 r
1500 F -
1000 F
L 4
¢ L 2 L 4
* o
500
0 D SRS RO RO RS { ....... i ....... L ®..@ ...
_500 [ [ [ [ [ [ []
0 2 4 6 8 10 12 14

4-6. 5mgL?



9 4
50 mg L 345+
13mlL?
Lin et al. (2001)
102+59.0 g L™
10 ng L?
10 mg L? 12

BCF 16.69+19.89 13.85

(Lin et al., 2001) 38.37£78.94 ( , 2001)

(McGeachy and Dixon, 1990; Takatus and Uchiumi, 1998;

Donohue and Abernathy, 1999)

Suhendrayatna et al. (2002)

Fowler and Unlu (1979)
galloprovincialis) Maher (1999)

Mugil cephalus)

(growth dilution)

Cw C(Lis0) LTso

(

(mussel, Mytilus
(sea mullet,
Lin et al. (2001)

BCF

, 2001)



(Linetal., 2003)
5mgL*
2 8

(Lin et al., 2001; , 2001)

BCF  (16.69+19.89)

Maher (1999)

19.2 ng g* ( )

Sorensen et al. (1985) (green sunfish, Lepomis cyanellus)

37



1. (
)
83.34+94.38 ng L 0.97 +1.21
mg kg' BCF 16.69+19.89
2.
3.

(growth dilution)
4, LC5o t LCSO
(t)=134.69t02 C(L50)

LTso C(L50)=247.47L T5o %%

C(L.50=63.97+0.92C,,

5. 5mg L?
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(1)
(2)

(3)

(4)
(5)
(6)
(7)
(8)
(9)

(10)

(11)

2000

2001

1998

2000

1996

1997

2003

1999

2002

2003

13: 113-125

(

1994

)

156: 13-24

15: 116-124

46: 35-38
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