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Advance in research on the occurrence and transformation of arsenic in the

freshwater lake ecosystem

ZHANG Nan'”, WEI Chaoyang" ", YANG Linsheng'
1 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract; Arsenic (As), which ranks 20th in abundance in the earth’s crust, is a ubiquitous and toxic element in the
environment. The impact of As pollution on ecosystem and human health has become one of the major environmental
concerns in the world. Large amount of As from both geogenic and anthropogenic sources have entered into the waters such
as groundwater, rivers and lakes, resulting in adverse effects on human health. This paper reviews the literature regarding
As in freshwater lake ecosystem with some comparison to the marine ecosystem. As contents and speciation in various
biological and environmental media as well as their influencing factors were extensively discussed. Complex factors have
caused the large regional differences of As in global freshwater lake ecosystem, e. g. , As ranges from 1.0 to 15000 pg/L in
lake water and 1.0 to 2000 mg/kg in lake sediments. Generally, As contents in aquatic organisms are in the descending
order of zoobenthos > phytoplankton > zooplankton > fish. As contents in lake sediments play a significant role on the
natural habitats of benthos, and even bring about changes to the ecological zone of benthic fauna. In contrast, fish, the
higher trophic organisms in the lake, usually has effective mechanisms for absorption, detoxification and excretion of As
through the metabolism processes. As in fish tissues is generally in the range of 0.1 to 10 mg/kg DW. In macrophytes, As
contents generally followed the order of roots > stems > leaves, with bioacaccumulating factors generally in a descending
order of submerged plants > floated plants > emerged plants. Nevertheless, there is lack of comprehensive study on the role
of As in the lakes in China. The mechanisms for As migration and transformation in lacustrine ecosystem have partially been

elucidated, However, little efforts have been made to incorporate such mechanisms into the ecological risk assessment of the
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lake ecosystem and adjacent areas. Finally, this review proposed some ideas and schemes for future studies on As in the

lake ecosystem.

Key Words: arsenic; trophic level ; water; sediment; organisms

fifl (As) S FRIRET 3 A7 7E (i e R B As TE AR H W IR LA K S S L A &
B R EAE RY)Z EEE M, As 938 E PR JR) (US environmental protection agency, USEPA) 314 i i
IKIEMRACTERITS S o AR As W REOL R il B B D6 55 28 B IR 28, T B e . s g
My B R Ak o U Y R B85 5 4 0] 2 — ) RE i T s i S 000 BR BT 5 4g R ) A R =t iy BT
W AROK As HEEFEZ A E GO IX KRk & A G d inh B B RE v BTARAE R ) o R BB P R
BT R BRE L e 3 E AE AR i AR 2B EOK As TR SRR BT SIAE S R G As 1Y
oz 3 Tk 2 i oeE

FAXFF R AT CEEAEY) As BIFFIEIN 5 IRAKBIAAY) As SR SESHHWAGE AL LS BAE
1900 4F , 7 [¥ A\ Thiergardt %5 1 WM HGE T VE @IS As B9 & 155 3 H ATk 1k, X525 Fiih 4k 49 76 1 K 3%
Berb iy oA K AEIR T S SR SFHMEC A AR IR . BT e Db S o 32 AR
2K W FRIE AR S h ) 32 DA 20, ( Arsenobetaine , AB) JEZSAFEAE . VRS AT DA IRE 7K A W WAL A g 1
ERZEFRBL A B AR SR , A P 2 X A 11 R AR P 20 17 2 £ Ay i P SRR 5 358 0 LA T
VR A s P A AT S B0 A R N A v A L

BRI R AR S R GRS T /K AEIREE  E A A K BRAG PR BT K AR TR BE 4K BF R 7K 3l ) 24
fiE AEMI X R DL K AR 15 Gy ok I8 35 S5 A AR R YA ) X Tk T s W Bie Wi A S R gh R
A 5 I AN R A

HETCCTHNAA B RS As BFIBFR FEAAHE  As TEKAEEY) oK DA SGTRRY 0 5 & RO 28 23 i 9, %t
T As fEAEY) Z 18] AEW S IR i Z (B3 5B S F AL IF T M A 2 0 B N AR J7 T RS s 2D R
EZHNN As SRS TIRE S KY B As FTRESTE — L84 Wik iy 2R, JF38 2o 12 ) B X A4 {44 B
JEH . LA Bl FE WA N I S 2 BT i PR e, T AL ST AT S HE G AR A 2% 26
T Y SSRGS K RIS Y R IR 570 26 A5 S e XU H 25 B

A ENIPETIRKAESRG T As BT R S sop i , A S04 As TEIR/KIITHAE S RGE 4 H
o AAEKAR DU TR KAERLY) AR S L S 2 v 1 & BT R SRR S IRAPIRES )
As TEWNA 2 B Z RN IE RS S AL LA 0 s a4 S R G MOE S 2R R | ik — L Heshin At
BRGE As I8 GHAGIT T LLGHIATEL As 15 Qe il A 4
1 TR ZK R R e
1.1 &&ERHIES

H AT, S0A KA b & S0 AR 25 3B AR ER [ AsO(OH) 43 As(V) ] SR ER [ As(OH),;As( 1) T LA
F—HIERIR [ CH,AsO(OH), ; MMAA (V) ] 1 —H JERHER[ (CH, ),AsO(OH) ; DMAA (V) ™ v B,
MMAA (V) B/ T As(V) |, RIRTHE A2 TR AR A E & 8 R 90 W R AL B R AL VR T 5 SR, — HY R
VAR [ CH,As(OH), ; MMAA (1) A1 — H EP AR [ (CH,),As(OH) ;DMAA (1) ] B R84k, 5 5& 5
JE(—SH) B4 G 3 A0 S P, DX AR P47 28 B ICHL A R R T v 3t . A AE S R4, DMAA
(V) NAEPE E SR, B854 TELE WA THRKRZE

Azcue FEHGE N RWIAK As FEILT 1.0 pg/L™  HRZWIAKAES As RS, AL+
BARILTZREAZR(ER D), AT SR TGS, TS As KRS0, T 51 X382 78 K AR 34T
SEOIAKE As TR TR,
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F1 HRRUMEBKERTRY S As HEEKT

Table 1 The arsenic levels in lake water and sediments around the world

o ~ Kikaha o RWE .
i MERSE VA . WA/km?  KE/m /(ng/L) ﬁfg/(mg/kg) i SRR SCHR YR
Lake and location Area Depth Ao in lake waters 1S i1 surface As sources Reference
sediments
HERE, 1 E 336 NA 6.15 NA PR SUTRE , A 3h [17]
K, v 2338 1.95 1.38—6.01 17.2—27.9 A Bz Toll il il [18]
Jackson ], 3¢ [ 16 NA NA 47.30 B3I 125 2K kb il 5 T ok 7 [19]
Chautauqua ), % 53 <23 ‘29220 . 25{.15—30 o EMEBTEREARAEALES (20
Mohawk i1 , 3% 5 3.24 1—7 27.5—31.5  91—462 SR U PR [21]
Tulare ] , 2 [ 1780 10 NA 24.00 WX & K20 SR BT R T SR [22]
Mono #] , 3 182.65 17 (—48) 15000 NA POR T st s 3l A T4 [23]
Moira i} , I &R 8.3 NA 48.56—74.64 408—1051 S B e A S [15]
Xolotlan i, J& Ji# JI 1042 NA 10.23—30.13  5.27—8.65 BFFIE L Bl N TR 7K 5 i AR [24]
Cuitzeo ¥, B VH A} 300—400 27 NA 0.71—176.12  ATB AR K Tl isK [25]
Manchar ¥, B340 350—520  NA 33.6—390 11.3—55.8 CRURTIN LN [26]
Paving ] , 1% 1197 <92 0.72—9.20  5—50 AR 57 [27]
Baikal #f], 8% &7 31722 <1642 NA 8.25 AR5 [28]
Biwa i, H AR 670.4 44 (—104) 2.2 792 Hi TS 5 BURR 4R [29-30]
Nhecolandia ¥ H , B P4 26000 NA 0.11—3680  NA BEZEHUR , BRI sk e [31]
Okavango = FI, IR LY NA NA 1.1—116.6  0.2—7.0 BRI, BRI [32]

WA T AR B K TR B O 1 4 1 Rl s NA 378 JEAH G

1.2 SEmKIR As IEAFA EEHNE
1.2.1 SRR &

IR AR AR As BN AS BEPE S HOK IR BR324 T 0, R R (As (V) ) T & UK 5 £ 5%,
T AR SR (As (T ) FEBREUK MR 5 =S5 SMIIAAEAr R BR 2 B, — Bl R 3 0, 7K % S8 Ak 38 D R Ao
REAR, As (D) A BVBRAY LU BB I, FESRBRIZ LT, As (V) REAHXSRREAFAE , I 45 2 Bk il w3 19 L SR Ak
BRI 0TE 5 0 As (T) HeAse TG R, o HAE DURR ) — /K A i BRHET , ORI FL ISR P S iR SRS Y As (T ) R R
WA B ARz
1.2.2 /K&

PRI AT BOK AR T As( V) IFERNIEECN As(TT) |, #E— b 2538 i W AR MR OO3E As ZEIR A
WIAEETEAS W, TR A P A S 5 80 2 B MR L IR 3, 35 3R 2 KR O B DL RS 77 Ak 1F 5 45
2 AR R R REA B K A i A HLE ) S TR A ZE AR . Hasegawa 255 44 BP9 H
AR 18 AN IRIK A & 3, R 23 WV K A TE B 2 AL 5 2R Y 30% —60% | i 4 2 53— LR U R [ 2
15%—40% **'

1.2.3 EFHRM

TR I As I8 BT AR As BUTEZS Ko A=Ak, DRUTISAIA A R B8 bR S i 285 22 Tl 477
BIFSHE, 7E&E BRI A YT sh 45 8 S TTHLE L AW Ao 2 2 DL e . 7e s 8
FEWIH, As (V) 5 5 T v 4 B 00 VR Ui A A W AR, OR AR R As CTID) A WL ) /R TR 3k
(As(V)) SEERREE (P (V) ) fL2ELE R B ARLEE IR UFAE X As (V) BIMRISCAE Z R RO SR8 J2 DA T 28 T 3 o
B R EFRINAY I PEREE EANTE BREE As(V) Bk A As () S A HLa Y I #2120
1.2.4 YRR

WA AR R SR As( 1) 5 As (V) ZBIRFEAL, i 283528 ( Phormidium sp. ) TR 25 5 WK
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As(V) HAEAIAH LT HGAJF R As(T) , B2 As (I ) 8% 20 i 20 30 S B B B MR A I 2 v e it 4h,
WA R 27K A v AR W B S S AT T R B3 S N | 3 A DL AR B i i, il As (T iy B s, an H A
Biwa W12 )ZK A AsCI) Jir 3 9 LU BIFE R 2 Bk = 2 L H BT AR As () 2 R IR T 17 Ui
WERARPY As (053 IR, 1A S (e 3 ok | oK pd g HLER R A A T =4

il A MM B ( Preris vittata) 718 1 AR R A RIS 4 As, FRAEIR AL As (V) 64k As(TD) 7 i
T A A A A O3 3k ) B A W BTV R R AR P Y As & B B AE AR R 10T, AR i 30 o 400 it i 5= 2 sk 3 b
W B B 1 As iz EAEYR N, HA RN 01— 5 As AR B W™ ORE K AR A ) B R
FE As(V) W A0 EEMIE SN As(IT) , i1 e B K AE P BB 0 A RUHB R As (V) 3B JF As
(1), xS RG A A R i e A A T o —30
2 TTUAR o e R A R A

DU INAAE S R G EZ AR, XM ROK (R B T B 2598 S i AERe 1, WAUTIR R 28 &
FAY R BE B S SR R T, BRI AR B 5 AR EAJRSIEA R (I As) T A
SIHEBGH ABIA  IFTEIRIR TR U ok . As ZEWIATTRR Y i) & 5@ 5 LT 10 mg/kg, ANad 7E R L
ARMRAR A (R 1) TERZT5 YA TR o, As 19 &t —MAE /N T 100 mg/kg ™ 5 17 78 5 B 75 e (14151
HVIBI T, As FEATIL 2000 me/kg ',

WA As S E &R TE Y i BB MR — BB 7E 1975 Y IR, DU h 2 RADIRAS 19 As
TE— 8 S5F T ARG AR Bk v P i KRR BN 47 B A W B TV A B KA e 0] P P 300
TR As SR ERITHED ) RS AT As SR ABE N, v RS R N & RS SR As,
30 B W S e A B 2 AR

As TEUURW v 0 1% MEAR K AR B2 85T pH M Eh'™ YA b i) I B N TLHLAY As(V)
5 As(ID) ™ SWAAR IR 2 Z 21 3h, DU — /K AL K4 Eh FH, 6 s X 3@ g As () w] 481k
BCE B PEARXT RS As (V) o AKIRBUR i E AL 2 5 As (V) 856 T8 AL DTTE , R BHORR 9 b i k4
SEAY) BT A VUSRS As(V) ', 1Y pH (AT Eh BARE, DIE T As (V) BRJF R 3
PESRAG As( ) IR RLE ATRIBRAKZ FR Y B As AR fdE, DR RS0 IR JE A, B nT LAES
A AsCIT) MITTHETR As AOTMERE s LLAMERIA vT DASE 5 AL 9 57 Ak T LA BB Tk 1 MR R FFT 4 38 7K Ak o
) As(V) i HFE R B0 R R,

3 FFEYNMHRKE . EESHEL
3.1 VPRI

TEWAAKAR A U AE Y ( Phytoplankton ) =2 %2 Hy #5 ¥ ] ( Cyanophta ) FE 3 ] ( Bacillariophyta ) F145% [
( Chlorophyta) ZH K%, ## #: '] ( Euglenophyta ) . Bz % '] ( Cryptophyta ) 1 Hl 3 ] ( Pyrrophyta ) 7 2 /0 {H 1 %5
HLS

A S TR 1Y A0 B2 AT, A RS T Ak ) e i 52 590 1 S T S2 JE S AN IR AHA] . A SE X 720 B rh
As(V) AR BT 322, 4n/NBREE ( Chlorella vulgaris) % As ) REBHE KA As HRE (14388 fin i 5, 5 vl
K29 50000 mg/kg(TH) ; HELE As(V) FIEILF] 10000 mg/L i 414K SR BEAS AT , (H AN T As( 1)
(TR 32 (DL 1650 3878 ) A 25 mg/L, 7E As (1) VRE = T 40 mg/L & AE SR A S R AR i, 53R
FE P BERRER T LAREAIR As (V) X HURBEZR BB, A0S A 0 Rk (v B2 R 51 15 me/L, N :P LM 150:1 F#
R 15:1 B, As( V) XF#2& Monoraphidium arcuatum 254523 W 8 FEAG AR B B R AR 2 Pk B TH i 0, A
AN As KRS R AT LB AT LA R 52X As AR, AT A ARG A Ak 40 X6 PR AL
HEEHEAEA

WTE AT A 5 77 it A 0 XoF e 1) W W 55 A 3 B 88 D AR O, REBLER I As 19 SE86 B, AR
( Phormidium sp. ) 1Ry As(V) FAE A 20 HaR o As( D) BBz As( ) SC#% 40 i 43 3] 41
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FRA T BRI RS Z2 o0 TCHLE A LA R 2 1% , AR As (I ) 5 2 Bl A 15 7R ) 1) 7 28 4
SERAIN T As (V) Wb, U6 SR 4 A AT LA B A M SR 3 W TR AR O
3.2 IS

PRI 5 ( Zooplankton ) 1 £ 77 sUH AR X A4S XV i sh AW S e AL As ROBIFST LU S PR i AL 4 BE B i
Gt RIS A R LAITEIAE Y D EE R YORIR RSB A A LA SRS OB R e e A
DISR e sh o S5 R A sh i IR e . RIRI MM TR S IR 9 14 As WRAFTE 4776 22 5+ | Shibata
SERFE H ARl A R A IR S B, N BRI Sh ) Themisio sp. Fl Sagitta sp. ZHEH FEHY As LR
AR (AB) 5 TR EPEFENE SN Calanus sp. o5 1) As JEA8 N & — B BR TRk AT )t — 12008 — 1wk IRy
O M E ARSI I 0 B A B [ B 2 FL A R IR IR IR B S KA As YR T e afE
T B LA S A ) 00 2 L R BUR A AR S R G PRI Y RV SS R ) B AT i — 20 0 5 HOA i ¢
RN TEESh P A AE 5 LR B B
4 RSN HY

S A AL S R G B BRSSO SRR, BN £ B £ 5 32 S DR
Wi, WAL Iy T 40% SFVETIRWIZh P sTik™ | Je R AESE 8 3= UK, 24 7%
WERE AL T R I R S S AR S R G R

EIAUTRRI T As B AP XS RSN WY AR AR S5 0 L, 4 T A R b S ma T AR S RS AR T
JIEASh P P i As 5 5 A B 2R 2 TR UIAHOC , InTURR M R 32 75 G 1 5 [ TH 4 Ll 25 A8 300 = A 1Y
Corbicula sp. 11 As TR 5.40—11.50 mg/kg'™" 1 7E e 6 P4 3 16 52 42 )@ R W™ 16 3075 Y 1 Restronguet Y[
Scrobicularia plana f) As 7 & &1k 160—190 mg/kg“m (£2), WHIWSIERFE As & B REE DTRY) oK
PR As EEEAIE TGN . AN [F)Rb S HRAR ST PR B As W FE AT 32 PRt A AR R 25 53, ok i As ik
3K %] 2000 pg/L B DU SE IR STHY  IRERE 575 Corsican 1] K 32 ME S5 TR R (52 0, 7K
VR BT P Y As VR BE 435178035 3010 pg/L F1 9450 mg/ kg, FEUHERH N iU hKiE TRIFE 3R
IRARYIFNIE S AR B, 7K A A1 W HE s SRR S A e it AT O As V5 4] ORI A
PIXFR . AFEYIFIXS As BEPERIBUREAT A, SRS As S TR, X As FEPEBURAY Y A B 230
PLZIH SR T As 351 00 40 Fh i ) 2514

®2 HRRIMEBLTRBEEDEFHMASEKT

Table 2 The As contents in aquatic biota around the world

LI BN EIRY WX e/ (mg/kg, TH)  SCHORE
Species Trophic level Research area As content Reference
FA A2 Herbivorous fish

Girella tricuspidata 2+0.02 K F. , Macquarie 31X A 2.30 [57]
Chondrostoma nasus 2+0.00 H 7 , Hayakawa 717 0.16 [58]
Sicyopterus japonicus 2+0.00 37 | Manchar 1) 0.37 [59]
Labeo gonius 2+0.00 3L 3H | Manchar 1) 2.10 [59]
Labeo rohita 2.01+0.05 370 | Manchar 1) 7.60 [59]
Labeo calbasu 2.0220.17 M7 4H  Manchar i) 9.30 [59]
ZeErtEAaZE Omnivorous fish

Mugil cephalus 2.1320.18 K FIAE , Macquarie 3§ X A3 K 3.00 [57]
Monacanthus chinensus 2.55+0.34 A, Macquarie A XA 11.00 [57]
Cirrhinus mrigala 2.4+0.17 5748 Manchar 1) 2.20 [59]
Tilapia mossambicus NA (L3710 | Manchar 1) 2.40 [59]
Cirrhinus reba NA 37 H | Manchar 1) 2.70 [59]
Catla catla 2.75£0.25 330730 | Manchar 1) 15.20 [59]
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Wyh & Fk BN WHFEIX & (me/kg, TH)  SCHORKE
Species Trophic level Research area As content Reference

WA 425 Herbivorous fish

Catostomus commersoni 2.79+0.36 IR, KAGH DL 5278 0.91 [60]
Catostomus catostomus 2.51+0.33 Ik NN A 1.15 [60]
Tribolodon hakonensis 2.8+0.32 F 4%, Hayakawa i 0.10 [58]
Phoxinus steindachneri 2.85+0.33 H 7% , Hayakawa JA] 0.27 [58]
A PEZE Carnivorous fish

Atherinomorus ogilbyi oogogogilbyi 3.4£0.45 TRKFII., Macquarie XA ¥ 11 1.20 [57]
Platycephalus fuscus 4.06+0.52 K F, Macquarie i X AT 1 1.20 [57]
Tylosurus gavialoides 4.41+0.79 TRKFII., Macquarie XA ¥ 11 1.70 [57]
Gerres subfasciatus 3.27+0.44 BARF, Macquarie # XA 1 6.00 [57]
Acanthopagrus australis 3.120.40 K., Macquarie ) X A7 1 6.20 [57]
Oncorhynchus mykiss 4.42+0.38 FATHR4E , Moreno 1) 0.26 [61]
Diplomystes viedmensis 3.4£0.43 FA[FR4E , Moreno 1] 0.33 [61]
Percichthys trucha 3.17+0.42 PR 4L , Moreno 1) 0.48 [61]
Salvelinus fontinalis 3.14+0.37 BT AR 4E , Moreno 1] 0.52 [e1]
Mastacembelus armatus 3.3420.55 CLIEIrE | Manchar i 3.10 [59]
Mystus gullio 420.50 (IS4 | Manchar i 8.60 [59]
Mystus seenghara 3.66+0.53 B 3L HH | Manchar ) 12.10 [59]
Stizostedion vitreum 4.46+0.79 INEEIR, KA VL Ty 0.57 [60]
Coregonus clupeaformis 3.14+0.37 TR, KA DL 5 i 0.77 [60]
Esox lucius 4.420.71 Y IEw NN 8L 0.97 [60]
Plecoglossus altivelis 3+0.00 H A%, Hayakawa ] 0.05 [58]
Oncorhynchus masou 3.6+0.59 F 4, Hayakawa 1 0.15 [58]
Rhinogobius sp. NA H 7, Hayakawa ] 0.33 [58]
Barbus Barbus 3.1+0.39 i SCJE ., Drava ] 8504 7 0.09 [62]
Lota lota 4.03+0.69 Wi SO, Drava 0] S50 25 Wi 0.10 [62]
Oncorhynchus mykiss 4.42+0.38 W& SCR W, Drava 1 5025 i 0.34 [62]
Salmo trutta trutta 420.63 Wi SO, Drava 0] S50 25 W3 0.50 [62]
Silurus glanis 4.37+0.67 i SCJE ., Drava ] 8504 7 0.81 [62]
Salmo marmoratus 3.1620.42 Wi SO, Drava 0] S50 25 W3 0.87 [62]
JEMI 8% Zoobenthos

Diplodon chilensis NA FTAR4E | Patagonia 1w SR LERI 11.40—44.70 [63]
Corbicula sp. NA K AL = Ff N 5.40—11.50 [55]
Macoma balthica NA [ AL = 5.80—11.70 [55]
Procambarus clarkii NA FEPEAF , Guandiamar 777 1.20—8.50 [64]
Arenicola marina NA RS 2% BV I 13.10—123.00 [65]
Scrobicularia plana NA B 22 T pg R A 28.0—190.0 [56]

aIE TR EAE K H fishBase £045 72 (hitp ://www. fishbase. org/search. php) ; NA F7R A A

5 JKAEEY AR

IKAEREY)— AT 3 FhAETE T RIMEE KA 4 V7 K R AR AE 1 o K A F % o LA W 4R As 1Y
RES1. H Joao Pratas %617 3H , 4 A B X5 Yok oK AR RS ATUK I As & 48 R B0, 3
W Callitriche brutia 7KK As #9558 250575 10000, Brett Robinson 5 A K A K A M XF As W EE AL AL
il PR A= 3 RS [T A P97 22 57, AR R R R OBOK AR i As AT & /K AR A TR As 19 d5 2 BB A%, — K A A
PP AKIRFBAT I As & s SRR 2 Y L it i As(V) S8R Eh ( POY) 7E1L2- 451
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TR, As(V) 5 P(V) FERIE I 117 635 HE SOk POS WK EEARISHT, HAIXT As W2 % 51
LTI

KR As BB SSBEE KA As R BERYIG I Fh i, 10 As TEAR (25 4525 R0 19 70 A5 I 55 7K A A
Py A TG RY B DDA G SEK AR IR AR As & B I iy T 25 iy As & PR KAR Y P AR ZE i As SRR
HA LKA A0 T LAZERY As & R fe s, (R7EA SR PSR ARE As Brit 5 257 Libsh
FRAFEA FEPUE T Robinson 4 ) R I CA 3, AR O R IR
6 EfkrEEE
6.1 Fi N ETMILE

As TEFIRAA LU & i 5K IARIR B i As PO 52 0 3 IE AR OE 0 fal BE S5 A 5 As AR,
Mt P As mEAK 70, As A BAUR e &AL 76 i AR 28 B sl 20h 7 IRAK 28 P As i
As TEBTEARRIMLIX AFEFEZ H 25 FHAS | MK As SRR —AE 0. 1—10 mg/kg( T 5, 3
2) o MFHELEYIA LD As F AR, HEA HHFRE S F T LR % Ak A DLt Ak, A LR T o 2 P 44
As B OBl = T i A= 40 SRR K S PR LR W) Z R EEAS R As ARIRE J7 S 0L

AR As  BRTE RSP UL TCHLAR MMA [DMA [ TMAO ( = HEER S AL H) Z 51 3847 1977 4F
TEF IR ( Panulirus cygnus ) 7 P9 B IR 4385 H I A5 14 B 3 52 B8 ( Arsenobetaine, AB) | 2 J& 78 B3 ) ( Meretrix
lusoria) WP & B8 (1 PO H JE7if 25§ ( Tetramethylarsonium ion ) , DA & 7E /INUF A % 819 fift AH % ( Arsenocholine
AC)P o AB TES PSP T b As HUBDLT- 2R T 90% 7 . SR AR L IR AK Sh A
As TEBBRZARUAHEIES R 3 (0 AB 195 5 il K R R R Z ) As TR /- i AA 5ok 1) 2
5%, Silvia Ciardullo Z5HE 5 A Tiber 0] H1 1948 1 ( Anguilla anguilla L. ) -3k 2 ( Mugil cephalus L. ) |
fitt ( Leuciscus cephalus L. ) S 8451 ( Cyprinus carpio L. )4 FIR/KMR T As & B EZ IR E AB, At As(V) |
As(II) MMA .DMA AC Z8IE 25 R P 777E) . Rattanachongkiat %5 % L Pak Pa-Nang 0] I 70 T i i f21
HiAB (5 S92 739% , 1T DMA 5 JEHLEI 53531 5 2025 18% #110% 77, Slejkovec RS 7 SCJE Wi it
A LR RK fa R A TE A5 KB, Drava 1] PR IS £ ( Lota lota) 11T DMA 5 BBHEY 75% , AB R Z, JoHLAfi
/) Rosemond %5 & NN & R KI5 FhiR K £ 220 4L rh B 250 A 2L AR 45 51 AR LA HLIE S R
F 5, f04% DMA 5 AB {H ¥ A Mt 50% 098 AR A PLIE S, M EHLMIER As(V) 5 As( 1) AT
7.5% ",
6.2 AOURX YA B AR

TR TR R Y As v o SRR R A R As RT3 i A 20 KA b B R JURL Y 5 TR AR W R
B, o it ek B AR S SR AR YR AN AR A X AR S As IO TS Fac e IR At iR 22 i) RARK i
I T K A IR Y B 3 T 5 B 7K P SO 28 AN 38— DL AR WA R AR TR R B 52, 4 TR AR s AR R AL
( Bioaccumulation Factors, BAFs) il % #IA N BE B b3 /R 42 5 R G015 YRR B R AE 245 S d R KUK ™

HETRZU0A N, As i EYIEEE R BB PR A EMORVE (3R 2) . 1B EEP AL T 5%
REFRRAEEES As SERE " EE D5 M B Upper Mystic VA M ik As & 5 IR sh
W) As AR 10 B 20 F507 ;5 PR LS 56 th & TR A 0 A R A R T R 4 R I R R T
H A 223 Suhendrayatna %11 T — M EWaER A KK 5 ( Daphnia magna) FE5FEUF ( Neocaridina denticulate ) Fl
B HE A ( Tilapia mossambica)3 A EFFHANRK AV BEZ T As(ID) BI/KRIEZ Hh BEE K As WREEREE N, %5
AW rbh S i B, oK SR As iR, RSP IR, B AR AR, S —E R = As( D) bk
B ( Chlorella vulgaris) W R /K & 5 FRSCHR, FE X SERE B VAR W AR IR £ A 2 0 %7 AR ), & B T
F—NEFRG, BB IIR As S EEUT R TR SR R JAs(ID) 5 As (V) Sy FEEIEZ, I AL
HGAR/N—F5r1 ) AH T E AR D R REAA W50 5 1) B R R S BB, T S BSR4
A PR BT e R REAR B e AR S Ak, iR S B RIS B I R —E 5 ES A S RS
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LERIEBUARST ; BLAL , T RBEF B RSB R R EY IR PR IEE , EFIESN As 2GR B Yt
oE SRR KRR, AT Tt — 2 A6 IE

RN As (2R B BRI S BB KR As MR (028 B A 3R 9 & 2 b I Z Ll ), &k
Moira VTR T2 D5 58 RIS, o457 As & 8535 637 mg/ kg, KR As 873534 56 ng/
L, 14 Fpoy 5 AR A= P 57 e 2R M0k B 2R Y B As 0 0. 03—0. 34 me/kg (HEH ), AS[R] i fil
ZIa] As FRICE EMER X As B9 E SR RS, S5 Upper Mystic 1] LRI 2E 90 0 £ 19 fa 281K
W As SRR TEERSEMAEMMIS, As FEEY) M R ICHA 50949 & 4EME ™) . Mason 452 B 0h L 22 JH g
HTT I R S ) As S THARE E I A As fEfR SIRE KA I S A TR
KZE5E, W Kaise SE0F5T H A #1143 )1] B Haya-kawa 7 L 7S R 28 5 A3 K AR A TE 25 & B0, K AR rh T AL
2 ERHY 93% , T e A il 3228 DMA F1 TMAO™®! |
7 45iE

JUE KRBT As AT ZIRA RIS (B TIRAKBIA As BB I ™ AN 2, BN LLF T T B IR
IS

(1) As ZEWNAAE R R G 00 70 A AR BH S %) DXk | 32 AR RIS T Bl B XU 52 0], A3 28 I A KA
RIZUURW) TR JEAshY A28 RoK AR S5 T R G RIS RS As IR AT LY
Wi A FT, Ho, KR A W B 2 25 1, TR 4 20 i 5 P I, DR - /K L T SR A SR 45 1 Bk Bl g 2 44
X As BIIER AP B AT AL R R IR AR T R R A E S S0

(2) I ERRAKIAYZ 2 T ORI BEMTS GY , As & /KA B ARG S ka3 A2 XSS Je i i i 4
Hb A AR A R GE TS Y B0h T BOMA AR 4 X FR I O ARSI AR P A i TS Y A R IESE As SHBITAZE ) IX
R TS E L As TEREARAT A B PR A /R XA BT 75 Y (AR 40 ) By o i) A 245 5 e
W, R ARG X SRR B 5 NS A AR LR
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