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Abstract: Arsenic (As) is a ubiquitous toxic metalloid, and its toxicity depends greatly on its chemical speciation. Marine
mollusks are apt to bioaccumulation of high arsenic contents because of their living habits. In this study, the bioaccumulation
and biotransformation of the clam Ruditapes philippinarum were investigated after waterborne exposure to arsenite (As
(IT)) or arsenate (As (V)) for 14 days. The results showed that arsenic uptake increased with increasing arsenic
concentration in the seawater, while gills of R. philippinarum showed the limited ability to bioaccumulate inorganic arsenic
from seawater, with no significant difference compared with control group following waterbone 10 pg/l. As () and As

(V) exposure for 14 days. The bioavailability of As (Il[) was slightly higher than that of As (V) to R. philippinarum, and
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arsenic was easier to be accumulated in digestive glands. The results demonstrated the As biotransformation in the clams

included As ( V) reduction, As (Il ) oxidation, and methylation. Arsenobetaine (AsB) and dimethylarsinic acid

(DMA) was the major arsenic speciation in all treatments, while monomethylarsonic acid (MMA) contents decreased

significantly after exposure, indicating that MMA can be quickly metabolized or converted into other arsenic speciation in the

rate—limiting conversion reaction of inorganic arsenic. Inorganic arsenic in gills was mainly converted to DMA, but AsB in

digestive glands, indicating the different transformation efficiency in different tissues. In summary, the results provided an

important basis for elucidating the arsenic bioaccumulation and biotransformation mechanism in R. philippinarum and

provided theoretical basis for shellfish breeding and food safety.

Keywords: Ruditapes philippinarum; arsenic; bioaccumulation; biotransformation

i (As) N HALGWTEHR A Z AR 1,
ER—FARERSR, RSB L REEZ
TERELI , X AR ™k Bl (Akter et al,
2005; Jomova etal, 2011) ., JL4Ek, BEHH AT
Ko BRI TE =R HER, R
]V A Y IR, A A i AR
RN R Padlal, A i i s £ 0 ELHRAR N TG
MU S iA T 2.8~4.5 /g (TH), E4HIT
FE A DA RE (1 pg/g) (Onsanit et al, 2010;
JEfE 55, 2006) o ITAEK, IhEEEK RIS Y 1A
PR A i R 7 0 ) s B 3.44 pe/L AT 19.01 pg/g
(MHE)  (Gaoetal, 2014) . WGFFERHTE YL T LIE
TR0 E RV IE A B S, DT A (g
B A (Neff, 1997) o

BTE B AR HA Z MR, ARIESH
EWHRPEARR ., —MATERE, TTHLEIER
LA R ER IR R ER 5 G AL A L B S g vl
Bt SR, ARSI R W H L AR 1Y EE
HEETTMEREY (Akter et al, 2005; Ventura—
Lima et al, 2011), P B B JCATLAH 4 ' S 5 AL KL
XS T Ha 7 B 8 R RO e R, A B 3 S, i
TEME KPR Y h E 2L TCHIE AR, e
EA YR Y 3 3 DL A 32 B (arsenobetaine,
AsB) . ffIHEK (arsenocholine, AsC) . M (ar—
senosugars, AsS) AWM RIELE  (Fattorini et
al, 2004) . HHT, CTERADIFIHZFLSHY X T
PUBR AR TT i T8 RGERIITSE (Qin et al,
2006; Thomas et al, 2007) , &I ICHLAHFEA: P14
W BN AT R P R, AR nY ik
JE RS A 7R R 1) Y AL PSP Bt (Aposhian et al,
2004) o TITEEFFEEARZI YR, A AR ZH L b
MR IICEFACMII TR . HET5ERY, 6
(Mytilus edulis) 7E 100 pg/L JoHLIH % 58 J5 X TCHL

M 4ERE 459 (Gaileretal, 1995), 4tWi (Sac-
costrea cucullata) YT ICHUMAG 508 1Y & 5 ML BE
71 (Zhang et al, 2015) , FEREIAAT (Ruditapes
philippinarum) &3 FE W= RE P EEW =60
Z—, T EAERFRE TG DR i S R
Wz —, FENDAETS YRR ™ R RETR B 1,
X, C#kE TR ST IR, AFEE
TIFFEAN [ 114 Ve P e e 5 A S E R s R A
JBelR SEELH AU P R R AL TE L. AT
T R PR AR SN T A R 25T LA AR 2
PR BAA R S, [Mmd ] o D 2R 42 57
FIE IR BRI HR .

LI R S RS IR

1.1 HRERE

FERAEIAF GEK 3~4 em) W THA 2K
Y, SEEREYIFE 10 KGR E2ESL . IR
IS 4 T 583 R] A T 2K A S A iA #) 0.01 mg/L D B
(kA== 5, 2011) , BERUGEEAS R R, I
SHA G SCHR, 4 DREEH MR 10 pg/L.
100 g/l 19 As(I ) 1 As( V) B R IEF =T 14
K, X IR Tt gk Ce TS ik
ARG K S i, MK R A AR IR R 1.150
+0.226 pg/l, n=8), NEIMILHLAM, FFELEHR
Jo, SREEXT BRLH PN 2R B 2 AR = AR AT A I R i A
L, FHRET-80 CHARIR VKA & H o

BFRANER SR IN], SCuesh Y SR TR
JEMEKF (13 °C, 31 %0, pH7.9), ERHE/NER
B, UEE 2h JEHUK, B 24 h SRR —IK,
1.2 BEsHh

PSR i BB AR DA TR BRHS , rpfE T 35
RTEAENEET 2 e, FRE, BFERTIA TmL
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TIRAL T HNO,, 80 CAK AN ZE 1 fift 5 4,
BB EW, BAKERE] 10 mL, KA ICP-MS
(PerkinElmer, Elan DRCT , X #8%I5, USA)
ENTEE RS T ia. BARE 6 MEATHA,
HANELE T =D pe/g TEER.
1.3 AEABMEESHESENT

AN R E 25 5 & A I 7 7% 2 MR Zhang 4§
(2015) o RI, FREGAFAEZEUAF IR T 412125 0.05 ¢,
JIA 5 mL 50 %W B (HEE:K=1:1), HH
)M 15 min J5, 10 000 rpm 5.0 10 min HX
g, EELLEEREMR . REUW B 50
PIRGEZE 1 mL 5, IBAKFFEZE 5mL, 045 um
1t &, ffi il HPLC —~UV —HG -AFS ( AF —610D2,
Beifenruili Analytical Instument Corp, JbE0) HEFTHH
M. KSR . P18 72kt . Hamil-
ton PRP-X100 (10 wm, 250 mm x 4.1 mm) ; Jish
#H: 20 mmol/. NH,HCO;, 10 mmol/LL KCI, pH 10.3;
#t: 10% (V/V) HCl; )55 2 %/ KBH4 %
F02% (w/V) B KOH; EALH: 2% (m/V)
K:S:0s % T 0.5 % (w/V) ) KOH; 5 ik < -
800 mL/min; #§S : 500 mL/min; G %344 M
JE: 325V STHL: 100 mA,
1.4 RSt oHm

K HH SPSS 16.0 G+ AR5 20 8 7 22
BT (One—way ANOVA) FIAHICHES#HT  (Pearson
correlation) , 3% Orign 8.0 YEH .
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As( V)25 2 SV 5 55000 BRAH AR LR 0 2 38
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Al 5 PR RIRAAIE S S . 2 IeHL 28 14
KIg, SXTHAMEL, 100 we/L As( V) ZFELH T
frr As( VOB &R B EFRE (P<0.05), FY As
(VOFFAHLG, MR AP F 2L
As(VOIEXAEAE, (A /N5 AsCIT) .
100 pg/L As( V) ZEEEH AR th— LR (mo-
nomethylarsonic acid, MMA) & &I EHE T
R, FTH] MMA PRk b AR 35 5l 5% 1k Sk A W A7 2
Ao 100 pg/L AsCIL) AT As( V) Z2FE 4 L 21 —
PR 35 i iR (dimethylarsinic acid, DMA) Hl AsB &
HREW (P<0.05), RPIFFHEEBIFEE4LN
W TCHLN 25— R B8 SR S R AL s
/NI DMA Fil AsB.,
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- 1 =0.079 8x +30.838 AT 0,025 2 + 31.862
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F1 AHHERE 4 XFHEEERFHEAZRIFAESHEE (/pg-g', TE)
As(1D) As(V) MMA DMA AsB
Control 0.142 +0.052° 0.252 +0.073* 0.527 +0.048° 3.650 + 1.381* 6.175 £ 0.722°
As(11)100 pg/L 0.178 +0.088* 0.781 + 0.409° 0.774 +0.192° 9.339 +2.931" 11.036 + 2.087"
As('V)100 pg/L 0.214 + 0.094° 0.576 +0.190* 0.815 +0.313° 10.522 + 3.582" 13.618 + 1.449"

IE: a, bFRARLLHEARARREMSEZEREE =3), P<0.05,

®2 THMERE 4 XEFEEERFHRBEIRALSHEE (/ug-g', TE)

As(I) As(V) MMA DMA AsB
Control 0.174 + 0.059* 0.414 + 0.102* 0.748 + 0.202° 1.921 + 0.531* 9.321 + 2.314*
As(11)100 pg/L 0.251 + 0.087¢ 0.554 + 0.471* 0.471 £ 0.081* 1.773 = 0.500* 9.613 + 2.595*
As(V)100 pg/L 0.228 + 0.061* 0.724 + 0.418" 0.418 + 0.114" 1.240 = 0.211* 10.173 + 1.398*

i oa, b FRRAFAEHRA ] R A 2 i 22 57

Bl 4 B8 T ARG A ZUh HFP IR b
E A, Hrp AsB B FEMRAAEE, HiK
5 DMA, JeHLAIEZD As(IDFT As( V) i He )
YIeEoN, Hrp AsCHD) (&5 S e 43 U AR 2.02 %,
As( V) 5 B E 3 LSBT 5.70 %, 1 H-5 %7 IR
AL, KRB AsCIDA As(V ) 5 LA 5%
A EAEAL, FIHFEA RG] DI SO0R o L
AL AV, MMA &S LA BT 6 %, 5
SHRZHAHEL, 100 pg/L As (V) REELHLHLL K
100 pg/L As( I As( V) ZERAH AR MMA B
BB B E TR (P<0.05), FRRGEIIFERE
FERGAFXS IO T H LA Ak, MMA 7] LA b
AR A HABRA A

BF (n=3), P<0.05,

TEXT B ZH Fn 45 Ab PR BEAH 20 AsB 5 B e
%124 5042 % ~ 58.09 %, DMA N 33.05 % ~41.81 %
100 g/l As( V)2 22 4 BB 20 MMA 3% T %
(P<0.05), DMA & EFh, AsB FEHmERME —
ER R RS BRI W, 7EIEE (g s
e, TCHLA R AR DMA L T AE AR
AsB 5 B 43 L AT IA 73.96 % ~ 79.52 %, DMA
LM 9.75 % ~ 15.23 %, 100 peg/L As( V )AL BELH
MMA %5 5 T, DMA TGS, AsB &
HREWI (P<0.05), RUTEBRHIChLa) £
BUHEAC R AsB. DUILSEARERM, JEEEEG AR
LU TCAILAH A AR SR S AN [A]
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Bikshy, Woeds, BREERSE) HA AR
AW (Neff, 1997), fHln, ERE:D
Pinctada fucata (Katano et al, 2003) , B8 (Rut-
tens et al, 2012), RWAZEHr S0 0L Modiolus capax
(Gutiérrez—Galindo et al, 1994) F1ZE M H: 45 Cras—
sostrea virginica (Wilson et al, 1992) . A5 A&
PR 25 5 i AR BE MG AP A Ut 5 v TR R A
EHZH 2R IAF] 30.01 pe/g (T ), LR
KF 17.16 pe/g (T ) o [HZH0E S xiiK
FhICHLER A AR . Gailer % (1995) #F5E
Wi, S5XFIEZH IR DL Mytilus edulis 220 5
i (42~5.1 mgkg (BHE)) AHIL, 7E 100 pg/L As
(ID)Fn As( V) ZEEE 10 KNG DT rp S5 5247
B 5.8 H13.9 mgkg (MREE), BA W& ZEfk.
Hunter & (1998) #F5% & PLAFR Crangon crangon TE
100 pg/L As( V) ZE 58 24 K I 4 b S & 5 %t
MRZHAH HL A 2Bk . Zhang %5 (2012) RS A PR,
S5XRBAMLY, 1£5 8 Terapon jarbua 21 1E 100
pg/L As(IDFT As( V) B 10 K5 1R N LR B IR
B R, AR R AR R IR AT AR A 87
100 wg/L As( V) R5E 14 KJ5 Ml 2 5% B4
MRA B EZS (KD, HAFBRRFEEZH 2
S EImEHgE (8 3) . UL ETRER T
PLERAIRAE R EE o AN, ABER K IR 0
FFXF =i AR R B S A, X5 Zhang
&5 (2015) TEfEWE4EWE Saccostrea cucullata F BT
FEAREML, R =N EIAT B8 L T ST ) T8¢
¥etto

AMFFEFRI, 0T HRZH 5 R 2H SR A 2 rp SR
R TR, EEERE T PR T AR R R
L, HALPESE N R B T 2RI BT 4
R, Andersen & (1994) WFFTHGE, As {544/ &
i X T 8 Carcinus maenas BN AN B 8% 0 S RS
HEE, W4 Hemifusus ternatanus (Neff, 1997)
SR AR N THA A 2, SRS
K As Hfil, AT RE 325 LAMK BRI A 2 O By 5 =X
RGN, B2 THE sk s 2 HABHL
Langston (1984 )% I AFE D2 Serobicularia plana
M As 75 YA 0l D RS R ARTS e DXt BHZH 21
Hh R R B TG R, SRZH 2 S v S B )
PR RS A B2 B AR A T s, T TP IBR AR v S v
JEASRAF AR R K-, R As SIFHAEE &
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B9, AR, BRBIEINFHA P ARRER,
I, SERHLUELL, SRS D) TR SR A AR
R AR R

CAMTR R, (G4 Y; (Zhangetal, 2015) .
H A% 8 Oryzias latips (Ohki et al, 2002) F1%dE
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LA FE A R R 1 8 DRI e i 1) HR S AR B A B Bt
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al, 2015) . VP#& Arenicola marina (Geiszinger et al,
2002) . PAFMHEAEY) Apiotrichum humicola Fll Scopu—

lariopsis brevicaulis (Cullen et al, 1994) H MMA
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HA P FEWMMAIELS (Hanaoka et al, 1988;
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724%) (Francesconi et al, 1987; Francesconi et al,
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