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Transformation of Arsenic Speciesin Major Environment Components of an
Aquacultural Ecosystem in Blackfoot Disease Areas, Taiwan(ll)
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Abstract

Arsenic is a known environmental
carcinogen with its toxicity depending on its
chemical forms. The objective of the study
is to investigate the transformation of arsenic
speciation among different compartments,
such as water, fish, and sediment, of cultural
ponds. In the first year, the work was to

develop and establish an analytical method
of redox sensitive arsenic speciation and to
optimize this method. Distribution of arsenic
speciation in cultural ponds in the blackfoot
disease epidemic area was also investigated.
In the second year, the isothermal sorption of
batch experiment for arsenic species and
sediment among water and sediment were
performed for sediments from five loca
culture ponds. The result indicated that for
the sediment, the total arsenic concentration
ranges from 14 mg/kg to 39 mg/kg, and the
specific gravity and the void ratio lie on
2.24-2.68 and 0.50-0.64, respectively. The
variation of the specific gravity and the void
ratio is small. The content of organic material
possesses negeative correlation with the total
arsenic concentration of the sediment in the
sampled ponds. The result of the isothermal
sorption of batch experiment for the
sediment in the field indicated that the
adsorption isotherm for both As™ solution
and mixed equal concentrations solution
(As* JAS™ belongs to C type revealing that
the ratio of the distribution for As® between
water and the adsorption surface of the
sediment is constant. The adsorption
isotherm for As™ solution belongs to L type
revealing that the adsorptive affinity of As’
isless than that of water molecule.

Keywords: Cultura pond -~ Sediment -
Arsenite ~ Arsenate ~ Isothermal sorption -
Batch experiment

= ~%d 2 pen
FTHTRLARRETR AT KD



FUEK O HA N BT R EL F A
oo WAL L5 R HEEE F LA
Phr ZEEMLES RGP d B ¥
1ARY v A TR E AR RL LR
g T S A kiR 2
ERTET o A EPE TR ER K
& * Ko — LB TORY e~ £
AR TGS B TR AT dok
W‘%ﬁ‘ﬁﬁwi’é?ﬁgﬁﬁﬁﬁ
oA gafaiEs b L AFMI
AR RET DR F MR ERAE
BB KR AR A REE A TR
ﬁ&#%wggﬂoiﬂ*ﬁ—ﬁéiﬁ
Fhife s 4T3 A 2 KRR AL R A 'ﬁ
ﬁﬁgorﬁﬁgﬁrLﬁmpﬁﬁ%%ay

%wﬁiﬁﬂﬁﬁiﬂ“wﬂ’ﬁ%&%
fo RRETE RSP R maE 2 g
TR AL Rk RE AT A

bl

ABchE 0 P (S A AT BIEES A e
2 ik e
ERR Vi
31T R

ﬁbé‘.fﬁ— EFA L AE RS R
ELEVIEE: SO ST Y R f )RR R S
EN R ANE S S S ARy i
PAEchg S LA 0 RS TR KRB
REFHEFFR T P AAS HEDAH
Foo BY - v Hrms AT H -

FHRA > WPAFEMRED P REREZ B oL
B oI R AR HRSEE K
Koo MHE R RIKE MR BT A
FivBRRE o

32 545 h B

D AT BT A (WTW) - pH
+(WTW) ~ ORP £ &(WTW) - ¥ % % 1 &
AR E T A 4% (EYELA, FD81) ~

4 % (HITACHI, CR21F) ~ -k T & i ®
(Shaker Bath) ~ 45 (WTC Binder) ~ & i &
4 £ (Perkin-Elmer, FIAS400) ~ & + &4z
k2 % (Perkin-Elmer, AA 100) -

3-3 & &40 iRl
3313 k€

%ﬁ&%ﬁiqﬁﬂ% FRITHR
# 03 5em g g}\ﬂ;g@éﬁm .

By bTiF}ma’}\z—_é%iﬁ TRER IR
105C B B 4dc > d FApLehg kB E - P
G AR BRI AR R
(=) 4
332t &

Mo fEE 2 YRR R Mt RN
T4k X R 1@—}1]% 'J&Z,ﬂvm—» T R
EES B R RS
EALfep FHhE R o 4 BRlEgpE T
RS- S ATE
3-3-3 3L 4t

BRI EBLPREEFR I EM
oI BEERI LT EIFL > BBHE
Higgp i fed > d ERlEHBFET
Lo
3343 BFzE

F=B~ 0509 h ¥z A& > L AN e
KoCroO7 i3 i -k P 5 85 % v > L 14
05N 1 FeSO4if ® 2 > # B (67 B 75

4 E

T

I

3-4 & R SRR E

B itk SR AR T 0 3 B P oenf otk
TR R B¢ erfe il chde A R R ik
BedrfmsEpr > 247 RFRF S
0910041985 55 o> 2. 2. [ 4 3 @ ph g ip| > 2+
R S IS RN R BN §
FoUk 15 2 ¥ 1.00g 0 4c » 5ML30%H,0;
S4B ITHE > UAFRAL Y 25 B o

— F4 fL ‘i



ﬂ“h»ﬁﬁ%hﬁ“i%§1~ b4
J]:—E ﬁswﬁzfﬁf‘*
»]z,!o;% %(AAS) A H7 -

/F/T?ZT rLR S R

355 En gk’

-6 B R ATH AERIFEET &
- fARERANFRE 3 AT P ML
(As  ~As" ASIAS =1)~ 11 #4 kb
%(0-~05-10-50-10-20~30~40~50 ~
75~ 100mg/L) = 33 ledicdy 0 ¥ F ey R
MzE R AP EAFRREHREIY G
3.0g > #FitAe @y anR &4k A mg;aa
150rpm & > AR TR FRBEZF 24 -
7 ‘E}@I)ﬁﬂ{%_ﬁ/}a s ﬁxxv’f ’*'E%!*“)»'j(
K RAAS) L 173k 2 E o
3-6 FE B AR5

~ # 3 & * Langmuir Equation -
Frendlich Equation 12 2 Linear Equation %
R R Sy X gE G A2 2 RSB L
FHERE 2P REZAAPRBF2
i e
3-6-1 Langmuir Equation

bCk.
1+Ck,

o H 2 g 2 nt§ (mgkg)

C: Tk RE(mylL)

K @ svig % de(L/mg)

b &~ =it (mg/kg)
B Z R PR ST 2 By B it
Y PR EUTE I S
b
3-6-2 Frendlich Equation

q=k-C»

q: 8 =33 @2 =i E (mgko)

C: Tk RE(mylL)

Ke @ st i 3

Un: 42 0~12
B4 35 BRI AR

q:

@ 2 Bk

Pyt AT 0 T S ke & 1A
#cln -
3-6-3 Linear Equation

q=k, C

q: H =213 @2 s E (mgkg)

C: 3T kR(myL)

kq: ~ pe % #ix(partition coefficients, L/kg)
BRSO T 2 R AL R
AT TR R RS2
A e 7 Be(Ka)

T~ BEEH

BHFE P2 FAEP LHE pH & 5
7.24~9.06 z_ f¥ » Eh & 4 > 0.105~0.227 2.
Rt 1@ %% &Rz pH @R :
6.55~8.72 z_ i » Eh & ] 4 »+-0.21~ -0.137
mv z /R4 2, %3 —gaﬁﬁﬁz e A 4 A
Fh2 pH-Eh B ®> T EmA S kP L
R~ 5 st HASO” & HoASO 2 7 1 A
AT M EFEE - RS S
KRR S GRS R AT o @ K
Rk ® o2 4 fE R $ R pH-EN B R A IR
HsASOs 2 = A 3] fi 73 &b 5 > i ¥ it &
Bl PR A RMAIRE R AR PL > 28
Ure and Davidson’ »t 1995 & #3% 1 gLgk 4p
o d VIR E
& pH E& Eh ey B -

6 BREBEAZILE L 224~268 2 ¥
L4 3> @It /i3 0.5~0.64 #r’:]zgl,z\
3’5—?{%1"%7»‘\ R FWEFZEMN G
0.46~8.14%12 % 3> - i@ = H 7 £hE4 %
R sen A %% 15 AR EA T
Bt FHAAMRFG L E B9 %55
A R TR 3 - A B
YL 5 G RPN S R KL K 4
Plizsr e ¢ L > d 4 37 whmiL 54
FWETZEERR > HW R REBHE KRG
FWE R AR R AR i B

d AR e 5



 FEARA S P LA i
il;%ﬁ,,fﬁl{-g 4 oML AES AR 2 UK
‘«&fw?a&wﬂ48of*%%

\J%ﬁ?%f%.iﬁ’&;% Y
PR BRI
MHBH AR L AR RS R%RS &

14mg/kg ~39mg/kg 2. F 2L % 3 4rik {7
Q%i%ﬁﬁﬁﬂ%ﬁ&mwm%i@%
PR aREFERIN Ry BT EY
B R AR B e ie
HEE R ApM > &7 L FRE P <
PRLMRAPRICES S T RS D]
AR EAR R A G R T 0 K
FeBARS > RIEA 5 B RIAR o

d ERB P FEHRE AN 2
*%%ﬁka* 4~6 7 v > K AR KR
# AS 2 %1t (AS IAS =1)7A i 2 v o
MAR ERAPM G PREHT A R
KR AS A E 1 An T AR 4
BOAS R NA 0 R HAH ER 2
Aiﬁm%ﬁ&%ﬁ%’ﬁ%%$%§ﬁ
As B :s’ah:f?f%’rf]fz;ﬁwk T o & Weber fr

Miller(1989) ° maﬁ 7 230 /87 Ip R v
TR As’ T B 2T AR

B Calw &> &7 AS hidit ¥ Ha vt 4
I e e VA YU ASS+EJ'I}§,E:"’:“ L 3
W A > E % Langmuir Equation k 5 it o B
T AS A g BKA 5 7 i Ry
P oo d 3t Langmuir Equation _d -k Z&
MESEBE R EL 2N Y b
AT EAHEEBRABHE o Rt 5V R
WAFTY 3 P S EAEMEREA G
Sk B it fm o @ & Frendlich
Equation ® > d **1/n 5 X35 > &N
L RA < 0 R N B TR R
RN TN S i R E Ty
Sl SR KgER A FARE R APL T D
g AU R AS B AR

3

kg B2 AS iz K & b i 7 4 BE
2 Z KR EL G Rt o By
WHFZELEhRZKR™ > a pHERKS -

48 m =% > Freundlich Equation ¥ Linear
Equation *7 & fe e % % f & - F] 5
Langmuir Equation #78 e & § & 31 i<k
RBEE > a R FERARF » FLARL
R % o @ Langmuir Equation 2 i Bk 3%
AP b E s g EFd AR T T B
FRIRERMAA G AL 0 v A - B
EReNRT BHco T b BARF o R
4 7nAREE o

54 2
LE = f MR E o S s W
R TR o B2 o EF e
72 7(1):1-18> 1961 -
2.Ch'i I.C. and Blackwell R.Q. A controlled
retrospective study of Blackfoot disease,
an endemic peripheral gangrene disease in
Taiwan. American Journal of
Epidemiology. 88 (1): 7-24, 1968.
BN HL ERFEEFR AR L R FE
% » 2000
ASE X TF > GFEAE L]~ T ATR S AL
uga<my S BEMEFET AT
AL~ 0 1993
5.Sposito, G, The Surface Chemistry of Soils.
New York « Oxford, Oxford University
Press, 1984
6.Ferguson, J.F. and Gavis, J., Areview of the
arsenic cycle in natural waters. Water
Research(6), 1972, 1259-1274
7.Ure and Davidson, Chemical speciation in
the environment. Blackie Academic &
Professional. 1995
8 ¥l k2 FEEREY
A+ > 2001
9. Weber, JB. and Miller, C.T., Organic
chemical movement over and through
soil. In: Sawhney, B.L., Brown, K. (Eds.),
Reactions and Movement of Organic
Chemicals in Soils. Soil Science of
America(22), 1989, pp305-334

kA R



% 1~ %AP LRI F R

B 1 2 3 4 5 6
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T(C) 283 287 283 *** 209 291

(¥ %% A4 -55F- $m5)

2 REHEARERE S

B 1 2 3 4 5 6

PH 655 7.89 7.56 7.75 7.87 8.72
ORP(mv)  -137 -19 -180 -180 -203 -210
EC(umholcm) 1890 4190 470 1020 970 230

T(C) 281 29.0 284 325 312 30.2

%‘ 3\}%/}?‘*&?\7\“1{‘_ \"Lrﬁ:l’[‘ ‘—)ﬁﬁg%ﬁ—‘
N

S5 1 2 3 4 5 6

g 224 268 266 226 251 238

it 058 064 056 059 050 061

7 F @ 514 252 239 532 814 046

s (mgkg 143 25.0 171 159 102 390

% 4~ Langmuir Equation 2 b~ k. ~ 4p B
% 4 R?
%% 1 2 3 4 5 6

3+ STOEN
As %%

b 149 435 118 263 119 200

ke 134 144 185 059 131 043
R 0.991 0.997 0.976 0.995 0.978 0.997

5+ -
As B

b 435 625 105 588 417 270
ke 070 178 6.79 053 060 043
R? 0.993 0.956 0.281 0.997 0.999 0.990

ENEE e

b 132 909 556 182 588 385
ke 158 027 028 125 010 0.07
R? 0.975 0.984 0.992 0.994 0.986 0.993

# 5~ Frendlich Equation 2. n~ kg ~ 4p B
% R

S 5 1 2 3 4 5 6

3+-,» ..
As %%

n 173 162 167 176 155 137
ke 59 130 48 66 43 40
R 0.921 0.987 0.993 0.987 0.996 0.998

5+-,» ..
As %%

n 120 142 233 159 109 103
ke 222 318 202 142 149 93
R 0.846 0.776 0.483 0.860 0.988 0.987

s

IR

o

n 144 137 144 156 143 121
ke 60 116 73 66 36 22
R? 0.995 0.989 0.981 0.996 0.977 0.997

% 6~ Linear Equation 2 kg ~ 4p B % #ic R?

S 5 1 2 3 4 5 6

3+ -
As B

Ky 15.61 39.66 12.22 14.48 12.88 15.72
R? 0.968 0.939 0.988 0.910 0.979 0.971

5+-,» ..
As %%

Ky 33.08 98.30 17.82 15.30 143.61 102.6
R 0.418 0.633 0.616 0.624 0.969 0.918

A5

o
F L % Dits




Kg

a(mg/kg)

q(mg/kg)

a(mg/kg)

q(mg/ kg)

25.85 44.40 19.19 1459 1233 12.14 R

0.991 0.946 0.866 0.868 0.989

0.993

900
700
500
300
100
100 J 10 20 30 40 50 5C
C(mg/L) C(mg/L)
900
700 - Sample 5
= [
2 s00 |
= .
S
= 300
100
_1005 10 20 30 40 50 -100 O 10 20 30 40 50
C(mg/L) C(mg/L)
B 1> AR =
1000 300
800 L[] 250
600 B M
= 150
400 E
o 100
200 50
0 . - ! 08 . . . . .
0 10 20 30 40 000 050 1.00 150 200 250
C(mg/L) C(mg/L)
1000 Sample 4 500 Sample5 o
800 400
600 ?300
j=2)
400 £ 200
o
200 100
0 ] 0® .
40 00 10 20 30
C(mg/L) C(mg/L)

Sample 3

a(mg/kg)

-100 g 10 20 30 40 50

C(mg/L)

Sample 6

q(mg/kg)

-100 g 10 20 30 40 50
C(mg/L)

A e R AR

1000
800
2w
>
E 400
o
200
0 3 J
2
C(mg/L)
600 Sample 6
500
B 40
\g 20
S 200
100
0 e ‘
00 10 20 30 40
C(mg/L)

Bl 2~ fAAF 2T HASGd R



1000 Sample 1 1000 Sample 2 1000

800 800 800
2 600 g 600 _@ 600
< ’4 < =
j=2 j=2]
3 E D) E 400
< 400 = 400 | o =2
L)
200 200 200
o os 0
0 10 20 30 40 50 0 10 20 30 40 5C
C(mg/L) C(mg/L) C(mg/L)
1000 <am
ple4 1000 Sample 5
p 1000 Sample 6
] ® 5
) 3 =
g g j=2
o = E
=
od . . . . ,
0 10 20 30 4 50 0 10 20 30 40 50
C(mg/L) c(mg/L) C(mg/L)

Bl 3~ = FAAE 2 E 3R 2B A



