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(1. PEVEFERSEEE A MR F5  266003; 2. o EKF=RR2EBF 5 5 8 K =58 i
Ol AKS IRy AT FFLE R R G E T 266071)

WE AR = F 4R F 8 (Portunus trituberculatus) 47 5236 4 4, N JE - A R AR A B 7 A
FRENT Z AR TR (AS)EE BT, As BEREBE 5 F K 5. 20 71 100 pg/L, &1t x
ZHERTFEERNEHEETMHATELENS, FREGEMEENEERBKBCE., £ %5
NE5H, BRET, ZARTFEFRBRALT L BCF BEH TMHAL, Bl g ELHE R
M, = AR TR AR A 4 F d (R 2w ok L 4L % B By BCF 241 8/ 21.21, 15.07 A7 10.31, RRaE
FE B (k)& BCF HRAKGEH As IRE I mmd; MWAR Y, dKE%EKEAM L8 BCF
A5 K 517, 3.74 F1 5.83, 5. 100 pg/L L Hs 4 & 20 4 F S BUR A T, (220 pg/L SLh A0 E F it
FEH kD, %éﬁkﬁ%*‘”k(kz)ﬁk TREW, R FE BCF A MFEZH Bpr&/.
K#EiR SRR TE;, R EMER; WA FHEA

FE SRS S917.4 jzﬁiﬂmﬂﬂ A XEHES  2095-9869(2020)06-0092-08

DR S L — AR IR R R RIS R, B2 T Cu. Pb Rl As SFHE 4
PRI, KPR AR A RO SRR R R I E R T (N, 2018), STEEY
Y 70% (FRIIASE, 2012)0 K FRIE A BURTRE IR 1812 & BURR W REZ IR, R 1'1X]‘7J<F£?%
FEMBYREZ —, WRA M DR EEA S A K E i B, Xz
1015 8 4 £ ) 2 7 o B A2 1 42 B (Rastegar et al, 2014,

A T b &, G EEE SR 15 O Ekino et al, 2007; Mukherjee et al, 2006; Nawrot et al,
TR R, A WITER, TEENEE . 2010)o

L2520 S ST SR DI . BT T T As B—FHARMTESETRHFENIES)E
G VRN TS | ARk i £ E A R UK, LA HLER(Org-As) HIEHLEH (In-As) L 5012
FUA(CU) . HE(PH*). Bi(AS™, As™). R(Hg>)H FAET B4R A (Braman et al, 1973), ARWFsEH, Ar
F(CAY IR B BAETI S, DAt — Kok s PEELRRRRIY X 2 B R Gl H R UL, JCHLE A
PRMEGR TS, 2017; Z2H %, 2010; M6 k4, 2017,  PUBREA B m A e Hod, JoPLAP 2L
WHELL4E, 2017; FAIZE, 2012, IR, 2018; TH  FAER(AS)MBIERER (A YR RAFTE , 1M As™ RO REVETE
45,2017), HUA, KEBKIRTH RSBk ehize  F 0 ASTIR TLARGRUR, 2012; BRAIFTA, 2017). 41
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BUA A FP AR XT TCALRN B2 219 2, E 8L H SLq
MMA) . = H X # @
(Dimethylarsinate, DMA)., — H 3&fi(Trimethylarsine,
TMA) . -2 B H RSB XA (FE AR SE, 2019), 2E
YR 2 — 0 43 B JCHLA I o A= B P SR A A R 2
JoEH RS BEERAR A DL G ok AR Y 5 3 GRXORL,
2012), MM, As BEYERBIE HAERNER, K
ik i 23 X AR ) A i U™ T S (Grund et al, 1987;
Casarett et al, 2001; XA, 2018), 3 [ B 2 il v
iI>(Centers for Disease Control and Prevention, CDC)
1 BFRigg S 58 ML (International Agency for Research
on Cancer, LARCY¥ As #fi 2 55— R EUm Y I (X K%
4, 2002), WX EM, FE T R T (Portunus
segnis). #JE 7 0% (Donax trunculus) . 216 £ (Mullus
barbatus) %5 1 7= iy AR KN H A [F) 2 A9 As (Ghaeni
et al, 2015; Ferrante et al, 2019; Copat et al, 2018;
Filippini et al, 2018), MiiX 46 As B = f e N 2548
A As I EEBIEZ —(ia et al, 2018),

IR S SRR A YR AT S 2 R
[FIEF, A2 As BB R &K A Z — @K
4502017, WEHSE, 2017; $1 74, 2017), BIRE
N Ah a3 0 B 78 28 o 4 R T YRR AR N B S 1k
11T KEWUFFE (Hosseini et al, 2014; Ip et al, 2005;
Protasowicki et al, 2008; Flores et al, 2014), {HHHj X
B AR TR T As 7E I 522K N B A= ) s 1 Ol i
T T W5 (Ghaeni et al, 2015; Bakker et al, 2017; Liu
etal, 2017), Z5RAM, KNI ET, SLRYEELE
JH IR MR e, ILPA Al DG T H 5228 A ) 3
TR S AT 5 0] 6 A DL A1

=Y % (Portunus trituberculatus) B A £ 35
B AR R B HOR SRR A, R R E IR
it m T B R — (U = 5F, 1997). KT
SRR T As 10 E BURE S IIESE M ORI . AESE
T = PR TR RS B &, s
ol )RR = RN As (98 S8 J) 0t
i, W= T8 As MERYR S, DR
R 114 B 45 H AR S I S Al

1 #REFE
1.1 B4

S F RS AT | 3% T IR R A R = e AR T
240 2, FHFEK K (70.3242.46) mm, FH5E TN
(140.23+2.66) mm, VYK H(139.86+5.22) g, T
2018 4 9 HIAF I AR H BT 35516, IRk As 1)

(Monomethylarsonate,

HEEIS S(EM 0.91 pg/L.
1.2 iXF5{=5

B G . NaOH. W& fb #0352 1 [ 243
R A aliialn] s SEge T As AR HER R h E
HHRRFEPRFERE 1000 mg/ml AN AR AW 47
Bt FHI7K 9 Millipore-F2BN 43517C % 4fi 7K 25 ] %
(AR LLK s T IR A6 R 3R A0 SRR AR A R 106 emx
64 cmx20 cm). S5 AT A 3% 545 L5 USRI W (1+4)
B 24 h, JHERAKRE WG, LS K
3. THAIE N X42A S5 (A shi e E, bt
X3 A AFS-933 T2 e 6.

1.3 KA ZE

131 =ZRBFEAT K =R EBERET
ROIIBRIOKFE . BHRBIME, EE8nA, BKRT
18 : 00 FME 1 R MEE N =R T BRED 10%,
HR AR LB G DA ) . $MR 2 h S5, sEadiok
1K, B K ER BE ol 30.4~30.7, /KiE A 22°C~25°C,
pH } 8.0~8.3, Wfi#%(DO)>6.5 mg/L,
132 REER SEUR A AR R 2 BB,
PIEAT 15 do S0 R R IR B LAY K SRR I Sy v ]
B, EERT 5 HMET 1045, B, SORE bR
15 DU TR AE | B 20 S VR FE BRI 4 41, Hor,
3YUASI A, 1 4K RG], A 3 A FAT.
S AH I R R R 43R 5. 20, 100 pg/Ls
EESBCR RS RITRBRELS ., R,
7Kk H DO > 6.5 mg/L, 24 h ek 11K, #ekEH
100%. SEERFFLAIN As B, RE =R FERS, U
D SR AR E . E AR = PeiR TR
KPREAT A S8 BB SET I =R RS . SEa )
6], = PR FEARRL N G 1A R AR A= 3 1 (Ruditapes
philippinarum)], M55 B 5% W —2 50T
0. 3.5, 10, 15 RRE=INHRFERES, IUEY
LA . BFBRARALZY, 213, ERER, LL&HT.
[, SRAKIRFES , FEF-20°CokF%& H .
BERELRAHE, BRI =R B A RS
FRARUFIK I KR I HEA TR B R RS 3680 9 K
Ay | MR AR (55 B SR AR R, 4 T A 18
20, 25, 30 ROREE =P TEERES, BUEIRNLA
JFIRRR ALY, 213, AR, LL&arir. [k, R
SEORARRE S, AT 20 CUKAR % .
1.3.3 Hamara S ' R TC LA
I R A 71 ) (GB 5009.11-2014), % I 14 i
Xk BT EURE (b A T T A, HERAPRE 1~2 g CRS 22 0.01 )
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FEMCATE A, IHALRE 2 5IA 8 ml AR
M2 ml SRR, HEEREREM ALV S5
28 XA2A BB 11 3l A B e i B R = A A
KREEME T, EIRAF 1 ml BEEWRRE, 1%
HENIEPEA 100 ml ZERATHZEKER, R
P DCCRE A TGN , AS I By TR] s 144715 23 1

1.4 HIEAIE S0 M &R

1.4.1 #3EA 2 K Excel 2003 #fF b5t
FIFERAEL RS s SR SPSS13.0 {47 i 3%
P25 815 ] Origin 7.5 #{4F24 A,

1.42 S m AR 1 4 R 1) R T O AR
L RUR 8 71 2 A BE 5 A bl A K A 5 A Wk 2 1)
HIVE it 7 (Kahle et al, 2002), 3 % (R T5 YLy 1 Lk
AN Y E 4, T LU LA VRS TS Y e K AR
AR Z A B P AR B AR, DRI, IR
FEOT FH— 20 8h Syt AT . HAT, VR 2 N
FEHRIE T B (T 45, 2008; K ERSE, 2012;
Martins et al, 2012; ZEAEMNEE, 2012), HFEHHARE 1,

ki
Kk, P HEYkc,
v ’ v
k, Ky

K1 A e SR 8l g A

Fig. 1 Model of two-compartment bioconcentration

ME T ATLAE 1, kA ERRE R, kA
EHE AR E L, K HAKIR IR R E AL, kv HED)
PG R B, Cy AZKARE £ 8 W B (mg/L), Ca
AR N 4 JE T E (mg/kg) o

KA (F A E A8 T5 K AR A

dc

dC
d_tA: kCy — (K, +ky )Cx 2)
PRl S 6 ) 301 4, e Z s AR AR S Y ) H SR A%E
KEAEYIRARE . RO ()T 15

Ca=C, +cwf(1—e*"2‘) BHESEO<t<t*)  (3)
2

Ca=GCp+ Cw::—l[e_kz (t-t9e ™' ] BHud Rt >t (4)
2

[, t ST (D), tONE SR BEAS
WREEFTE (), Co NI IT LR T A Wik N &8 ik i
(mg/kg). HT Q)R TE@) X & B AT IRk
PEILA BT A3 2 Kk, T koo

Mg b, fEPERRET, AW E %R E(BCF) M
AW B, A BIE A DL A1 5

BCF :ﬁ: lim&(t — ) )
k2 CW
In2

=— 6

B> K (6)

2
XURH By ) 2 15 R a] TR T 53 BVt 95 A7 38 1) 9k 32
SEFEOLT , BEEEPIR ST B8l 124

2 #R
2.1 KEFEBMARE
MR 1R LIEH, KRS 30 KKK ) B

P JRE AR T 08 R 2 Al R B JBORE 1, i DR AT RS T K
i/ N Y E S 1= R b S N DS b R
LY AR Gl A, T RESR R — PR T
IREST R, AOEN As BHRA, SEEEFRNGH
AR TR BEE MR . MAER B, e 5
XFRRZA L, SCR LK R P i I v T X R, L
e vk B L MR R A B R AR MR R R v, ELRE R

wo_ (1) EERIRGHERS , ELAh e AT PTRAR, (HLA AT 2 0 B
L AN, AR E: = ke TREIAPIRY As B IO
AR A BRI ROREIC, ELBOA I I RS RO
FR1 KRG SR E (ug/L)
Tab.1 The concentration of total arsenic in water (ug/L)
S Ay i [E] Time (d)
Experimental
groups (ug/L) 0 3 5 10 15 18 20 25 30
XTHEZH Control  0.46+0.09 0.46+0.15 0.40+£0.16 0.45+0.09 0.44+0.21 0.41+0.16 0.43+0.13 0.30+£0.16 0.12+0.08
5 0.46+£0.09 4.61+0.28 4.61+0.31 4.59+0.48 4.53+0.34 0.90+£0.08 0.67£0.10 0.46+0.22 0.41+0.06
20 0.46+0.09 18.68+1.11 18.74+0.60 18.45+1.38 18.30+3.10 0.92+0.11 0.68+0.02 0.46+0.15 0.45+0.05
100 0.46+0.09 93.85+2.61 93.37£1.87 96.04+1.76 99.81+£8.26 1.03+0.04 0.89+0.14 0.57£0.12 0.57+0.11
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Ik 55 B FEA O R RIS, SEER A R = e T
B SRR R AR 00 As e B A v ST R 3
KRR, St AT AR B B 4K A b B AR B i T

AN

22 ZRBRTERRBEFEENENEERBERER

TEE TR B, SXTIRAIHRE S A EL, 5. 20
1100 pg/L SEEG A H A5 X6F Ry 1) BORE 50 I B i s A
We BE A W TR (P<0.05), R 20 pg/L 455 5 K5
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Fig.2 The concentration of total arsenic in hepatopancreas
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Fig.3 The concentration of total arsenic in muscle

5510 REPIRETC R % 22 5o, HAbh A S,
AR T T AR S A S B 2 R R ) ) 3 i
] i N (P<0.05), HLAT 5 d K EREEAR, 5d LU
JEH K BRI, 1R R R A RS dif, Sk
FEIRRN B RAA, 5. 20 F1 100 pg/L 525 4 ) S i Ji8
WK 3.447. 3.754 Fll 4.004 mg/kg (BTE). 7ERIK
SEHRBBL, e RE 2 PR 1 S IR A S P R
FOARVR BEZH PR, BRI A R (30 A, &L
) S B e B AT 2 R T2 1 41(P<0.05) (1A 2),

23 ZERTEIRAPIHNENEERBERER

TEE LI B, = Yo TEENLA S B Y
HOR ] AR S AL, Y53 it B 1) A 3 o 14
TE 0~5d Hr, BRI SN (P<0.05), 5~15d L
FHEARAE | (AR 0~5 d P E T, ik e
HEASERRIY, 7EE LA RS )i, Bk Ak
FEKAG, 5. 20 F1 100 pg/L 5256 2H 1 S ffk B 43 1)
Jy 1426, 1.684 Fl 1.770 mg/kg((BH); 1ERM I
15~20 d B, WLIA AP Y S a2 B B HES , Hod,
20 pg/L SEEG LWL s a ik B AR A e, 20 d LU,
20 F1 100 pg/L ¥ B2 2H AL AT Hh S FE A i TR A2
SFERAR T ARR, BRI ZE R (30 A, £500
20 T R AT I e TR R ZE (P<0.05) (8 3).

24 ZHEBRTEXNEMNENEEINFESH

R4 KA Bl 77 2 5570 % 52 56 79 21 19 B s b 473
B RE AR A G)~A K (6), 5 =ik 1
X S AR S A B T2 S8 ki . k. BCF.
Bino MR TEEXT B4 W s 4R S S B 2.

M2 A LIFEH, 5. 20 F1 100 pug/L 525620 AT
JEMR Y BCF 435120 21.21, 15.07 1 10.31, By, 434l
45.92, 436 f13.00, L, —Pet 758 TR
T i) ' S B T P A0 8 v v B T R AL, AR R T B

K2 ZHERTFEIFARRETEMHMZIENERINFSH

Tab.2 The kinetic parameters of bioconcentration of total arsenic by P. trituberculatus in the different concentration

EY) HAERAL R L E AYHEL AEWESE AyeekaEm
Contaminant Tissues Exposure concentration (ug/L) HREE k, #HRHEH k, ZRB BCF B,,»/d
fil T I 5 2.48 0.12 21.21 5.92
As Hepatopancreas 20 2.40 0.16 15.07 4.36
100 2.38 0.23 10.31 3.00
WA 5 0.69 0.13 5.17 5.17
Muscle 20 0.68 0.18 3.74 3.79
100 0.72 0.12 5.83 5.64
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Hagg, Ho, kB As SR8 Tk R RS
ko BEZKAARH As W 3G I m. WLRH, 5 0
100 pg/L SEEG2H 45 8 S S50 iR, {3 20 pg/L
SLEGL ki B/, ki K, B, H BCF MA 92
P Wb
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25 AR — 2L

SR LRE, ARSI A, BRI S
WREREE KR As ROMBESE NG, I H.28 4%
SRR S5 A )R R SR A v, LD B A P B
KR As W BE YIS G fn, 1B 20 A1 100 pg/L 52
IS ZH A2 RAH L JC I B 25 57 . Yilmaz 5(2007)F 50 3R
B, B4 m 5 TR T 1 R R T
HRAEIRAVE R, AR A s e A oy g AR g 2
BN NI 4 8 B BN AR B, U2 I MR X e 174
EAERE T = T LA 2R A

SRR = A T R 0 UL PR e A RRE
HB ST (0~5 1 15~20 o) i mlg f A Lk, )5 1 (5~15
H120~30 )X IMELFEAGE T2812, X5 ME%2014)
XFR I [a] BEFE = PR T8 1R N 1) 45 3l 1 24 5 445
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Study on the Accumulation Specificity of Arsenic in Portunus trituberculatus

HAN Yaquan'?, CHEN Bijuan’, ZHANG Yan", XIA Bin?, TANG Xuexi'

(1. College of Marine Life Science, Ocean University of China, Qingdao 266003;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071)

Abstract Heavy metal pollution in marine environments has become a prominent environmental
problem. Many domestic and overseas scholars have conducted a great deal of research on the heavy
metal pollution characteristics and accumulation specificity in crustaceans. Economically important
crustaceans in aquaculture such as the Whiteleg shrimp (Penaeus vannamei), Summer flounder
(Paralichthys dentatus), yellow croaker (Larimichthys crocea), Chesapeake blue crab (Callinectes
sapidus), and Japanese blue crab (Portunus trituberculatus) are very popular foods but also have a high
arsenic-enrichment factor. One of the most economically important marine aquaculture crabs in China, P.
trituberculatus, has recently increased in popularity due to its high nutritional value and desirable flavor.
The bioaccumulation of arsenic in the Gazami crab (Portunus trituberculatushas) has not been reported.
Exploring the accumulation specificity of arsenic in P. trituberculatus provides the scientific data
necessary to determine safe thresholds and arsenic limit in marine aquaculture. In our study,
bioaccumulation of arsenic was studied in P. trituberculatus and simulated using the two-compartment
model. The exposure concentration gradients of arsenic were 5, 20, and 100 pg/L. We analyzed data with
non-linear curve fitting, obtaining the kinetic parameters such as bioconcentration factor (BCF), uptake
rate constant (K;), elimination rate constant (k;), and biological half-life (B;,,). The results showed that the
BCF of arsenic in the hepatopancreas was significantly higher than muscle. At the end of the enrichment
experiment, the BCFs of arsenic in the hepatopancreas tissues of P. trituberculatus from low to high
concentration groups were 21.21, 15.07, and 10.31, respectively. The uptake rate constant k; and the BCF
decreased with the increase of the aquatic arsenic concentration. The BCFs of arsenic in the muscle from
low to high concentration groups were 5.17, 3.74, and 5.83, respectively. The kinetic parameters of the
5 ug/L and 100 pg/L experimental groups were similar. However, the uptake rate constant k; was the
smallest. The elimination rate constant k, was the largest in the 20 pg/L experimental group, while the
BCF and B,; were the smallest.

Key words Portunus trituberculatus; Total arsenic; Bioconcentration; Two-compartment model
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