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WE: IR REFEARAEATREETNHETZ S EA TR Z M, AR EREE
%8 TG % (ICP-MS) 24T 7 # k. M@ fZ k34 156 A8 B 7 % KR BT ALA
HHEP2UMBETEINGE, FRMTREHE. RETEPEZERNRITNEH#ITE
FFNMERTHE ERET, EXRKEESHFEH 24P ETEF, Liv Bes TIAU
TAMTTEABRY, Ni. CdFPb X 3MHMETED Y RMET 50%. Hl6HTEEEAE
ZREALMANFHEGLEREZR, THFSHATEZASNMTRA SR GFLELEZR.
AT REESHRETY, AEEZLETLEK Asy Cu. Pb. CdAn Cr#y 77 454039/ T 0.2,
RTEFHEREAF. FAREA, 21 HBETEW L B LF R H TTHQ=3.672<10, &
FLFM THQ AT HZEE, KMRAMTAHEHENLHEENRKL, EEHRTE Fe iy
BNER/KHE

KB L KREIT; MELE; BRAEE; #ENARITH; ICP-MS; f4HHFA

&5 ES: TS 207.5

LR JRELHR (Procambarus clarkii) XFR/NIEEFR,
PR B . ABREESE . BT, W2l
TE k. 2020 4F, 3 [E T LT ) 2 R SR R AR
h 1456 420 hm?®, FFEFH = mikF] 239.37 i t, fi
H1) F [ IR K F5 58 AR ER 6 7 (R 5 X K S5k K
iR, AR TR E LAY B 320G IR K K
PR, e RIFE AR B 222 BNH R H ) Iz K
o AT, FREFZRG TRy v [C 2 I 2
FEHAE N Z —, FFRGH A P a4 5 o v R
FEORFR 50 T AR RN P2 R0 80% LA B, I, JFJ@

WisHEHA: 2022-03-20  {EEIHHEA: 2022-04-28

FENIE : FE5E f T A TR R B R B8 H S % I (2020YFD0900301); [ 5K 2 25 ATk (R0lk) RHIFE

T (201503108)

F—E&: HWeW, MFHIAELE Reda il 5 SBE WS, E-mail: huangxiaoli@hrfri.ac.cn
BIEESE: BEARS (B)v), AUV IREE FK i & 2 2 7, E-mail: qd1978@163.com

HE K25 2: 329 sponsored by China Society of Fisheries

ERFRERD: A

Fef FH 7 4 o [C i B AR 0 B &8 20 B 38 YR
P

MEITR & BTN E M E L2 —E
BRARY, — TR TR WA (Pb) 4R (Cd) 55
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Hby AR FH %58 5 [ 2 R A B i G 3R 3 K F- R
TR, ABFFER B G 5 B AR B
% (ICP-MS) Kl 1 3K [l v FC ) 2 0 = & HE 44 i —
A8 0y (AL . 2RO R ) A7 By A B3R5 2 [G
SR A LR T 24 AR TR B & i, IR
B JE AT A2 48 A 175 Y4368 4502 (pollution indices)
HeTEVPAE (exposure assessment) Fl1E E50E KUK PEA
% (non-carcinogenic risk assessment) 43 H3EA T 75
Pk B g, B TE S 5 R
BTG G U i S A 7 S B S R A 7 i B
A PR UG 5 BE SCRE

1 MESTHE

1.1 E5RA

HL R A 55 B TR - S L 75000, 3€ [
Agilent 2 F], o B /\HATREAE/ SOV RS K
Y MARS X (3£ [E CEM A l); 4lizkey,
= Millipore A ) . AR . hBR¥IMILHLE, 72

Merck /2 H]; 100 mg/L R (Li). %t (Sc). % (Ge).

B¢ (Rh), # (In), %8 (Tb). & (Lu). % (Bi) Mix
VWA 10 mg/L B9 Li. 42 (Y). %6 (Ce). % (TI).
Co i, 3£ Agilent 23 & 5 A5 vE S Li. 9%
(Be). 44 (AD). HL (V). Cr. 4% (Mn). Fe. Co. %%
(Ni), Cu. Zn. % (Ga). fifl (As). Se. #n (Rb),
£8(Sr). 4 (Mo). iR (Ag). Cd. 4t (Cs). 91 (Ba).
T1. Pb Filfl (U) FrUEZR (1000 mg/L), WA EFK
FRUED BT 05 AR AT S BT AR HEA) BT CR R )
(GBW10050) H [E Z 5 fE W B ae 55 oo it
aliZk (FHFHE =182 MQ-cm); WA AR, 4difE=
99.999%.,

1.2 HEXESH&

& HH S50 v [Q R B IR A 5 T 2021 4F 5—6 H
A3 IR LA TR N T R, R AT .
WRMTT . SR WERT . RIRTT AN,
FAKYT, WA, EHITAEHT . REEAS
gt 156 4>, Hpidba 554, BIRA 5614,
LR 451 o B RAE SURAE 80~100 J2 5 [G )i
AR, RERRTTR 2 23~38 /B . A RAE S IE
B AR, it 156 (R I RE &, O RE
b 2~3 kgo REMHEMAZHNEETHBRE
PRUFARSMSE R BERS 53, BUH ALY, 3 AR U R
FEMAS T, B PR ORI, A1,
=20 °C V77, &,

https://www.china-fishery.cn

1.3 MG x

I 77 % [R) SR A ™ . 3% 358 4 TLAE {5 A i
FH SRR It 0, Haikohyk 3, HET&H.
FE B T e . R FRER 0.5 g KRS, INAR
HHE N 65% BYRSIR 2.5 mL, 37% LA 0.5 mL,
HBAl7K 7.0 mL. SOBTH AR . DI 1600 W
(50%), JEFHEEE 185 °C, FHEETE] 10.5 min, &
FEEFE] 14.5 min, BRI AR A 50 mL 2 i,
A N AR (100 pg/L) 0.5 mL, 5 A 250 mL,
[ B AR 2 F o TS RO RE SRR 2 Y
ICP-MS A5 o W5 Z i ez il bn i 26 (b e
W Li. Be. Al. V. Cr. Mn. Fe. Co. Ni. Cu.
Zn, Ga., As. Se. Rb., Sr. Mo. Ag. Cd. Cs,
Ba. TI. Pb #1 U/ 0~20 ug/L; Fe, Mn, Ba, Cu
F1 Zn 2k 0~1 000 pg/L), A FEIR 99.9% LA LBk
s AT B B AL 5%~10% BAE i
526 WA LASS UE A P . FrRiEd g ik [/ k™,

XT As & 23 Fhot gk AW o o b e
B (KHER), Ga JGER IR 7 2 50IE 7 72 1) HE B
PE. As %5 23 Floom 2 DK 25 S 2436 A2 Ty vk 50 E 2
3K, Ga TR INAR ENCE K 85.3%~94.6%. FF il
KBRS & R TR AN, HAb TR A AH
SHRER 2 (RSD) ¥/ T 10%.

14 SEIFNSERITM

T RARHCEIY RO TR AR
L JEEwE, RECH MR ERE, RFRA
B 5 QAR R P v QR B R A2 T 4 8 V5 IR
‘{R[IO—II]’ /ZA\I‘

P;=C;/Cy; (1)
KW, P lyra RIFEUR S § Fh i 4R (075 e
BEG; G iMESENSE, mgke Ci N
55 iR 4 B bR E R B, mg/kg, AWFIECR A
NY 5073—2006 LA F KM AEAE
YRR ) U H GB 2762—2017 { i %4 EHF
Pt &b s e R ) Y b A JE R AR
BHA ., ISR P<02 IEF I RKFE; P,
1E 0.2~0.6 HFET5 Y K5 P 7E 0.6~1.0 s e
K5 P>1.0 G ek,

RFEAAE RS ERAARGZURH A T
AL (FAO/WHO) B & IS IR & £ R Z 4
(Joint Expert Committee on Food Additives, JEC-
FA) 7 0 4 5 AU DT 0 A5 80 45 XU 37 AN o E
B HBARENILR ERLL 7N EBEARE, Tl
30 fE M HERAE, M Tk
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EDI =X x C;/Bw )
Y,, = EDI x 7 (3)
Y,, = EDI x 30 (4)

X @, EDUNS i Rl o R & H G R i i
(estimated daily intake, EDI), pg/(kg-d); X M A
B H AR S IE SR, AR T E R LR A A Y
HEABERESH, $#229.6gdit; C R i f
MEITR & a, BCFEITS, mgkg; Bw ik
WA RT R, Lheokgit. X3, v, A
J G R aE i, AR JE K™ i B AR
MEIT RN, ngkewk), wkERE., X @)
oy, AR REE R, R EH K™ i
BARFHEICENE, ng/(kg'mth), mth /R H .
Rs=EDI (,, ¥,,)/ADI(PTWI, PTMI)x 100% (5)
X G)H, Rs AR, %; ADI A4 H i 52 5%
A& (acceptable daily intake), pg/(kg-d); PTWI A
R 32 % A f (provisional tolerable weekly intake),
ng/(kg-wk); PTMI k& J iif 52 $ A i (provisional
tolerable monthly intake, PTMI), pg/(kg-mth), 4

Rs /T 100% B, Fm XS AT LIFESZ, Rs i,
HAa 2L,
FEFE RPN R ASEE E R IR

J&) (US EPA) # ) 1 H A5 XUBS: 5 %X (target hazard
quotient, THQ) P-4l 5 [C it 2 R WL P v B — ol ot
TCER R ARG B T A g AU T R A S

THQ = EDI/RD 6)
KX @) H, RMDHANZ FH F| i (reference dose),
ng/(kg-d). 4 THQ<I A, AN fdid LR IK T
TR NG B 20U X 24 THQ=1 B, A
Rz TG KT 23 X 2 N AR VAR B X
. THQ {EBIR, KURBK

KL H BRI R %X (total target hazard quotient,
TTHQ) H TN & & 15 4 i e A, A5

TTHQ =Y  THQ, (7)
X (7)), TTHQ MEMUGHE THQ Z A, TTHQ<
1.0, AT EMAEFZMN; TTHQ >1.0, FKH
XA R AT e AL fUfsE e ;4 TTHQ >10.0 A,
RLFAE B EREERON . THQ,; MEE i PR T HR
) B bR KBS R 2. n FoR R ICE AU, AT
FEVEAN T 21 Pt 70 2 AR AU
1.5 BIESH

g 25 B (meantSD) & 7~ , K FH Excel

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

2010 GEiH AR HATEAE 43 BT s RS RI R 5 2253
B 50 AN TR 0 B it v i e 38 1 1 22 S
FI I SPSS Statistics 22.0 #F i 4T Z LG0T o
ORI R /N TG H B (LOD) B9 FLBIIE T 60% Hif,
FrAART LOD £ LA 1/2 LOD 3151,

2 4R

21 HEHFERREEMTIATHETERSE

=44 5 QR LA Y 24 PR TR S,
Li. Be. TI M U4 fffddomBZ ALK, Ni. Cd Al
Pb 3 i i & JC R K i RAL T 50% (£ 1, 3% 2),
Cr. Al Ga (#1553 5 R 70%. 71.3% F1 50
HoAth 12 Fhidit T R A H RN 100%. 6 H 3R 1
50% 1 17 B i o0 27 3 & 6 B s 2R HET
Zn>Fe>Cu>Rb>AI>Mn>Sr>Ba>Se>As>Mo>Cs>Ag>
V=Cr>Co>Ga, — A FHMH & & e M~ Zn
[(5.384+4.650) mg/kg, (2.736~61.646 mg/kg)], H K
} Fe [(3.153+1.898) mg/kg, (0.679~11.343 mg/kg)]
F1 Cu [(2.459+0.919) mg/kg, (0.877~5.625 mg/kg)],
I AR LT R ITER . BR Rb A1 ALSR, BTG
JE MR LA v b 55 i T R 1) i = A
MEILER . AFEE ST As. Cu. Pb, Cd Al
Cr 1% 5 Fh i 4 )@ 44 & | K T NY 5073—2006
(EAFEEGKTRPAEARAEYRRE)
GB 2762—2017 { & i &2 E KM & i
YRR ) thABRAE, BEIIASHIE S IR AR B L D
iR s FhE 4R E RS IRE R E bR

22 AR~ REEMIATHETZESE
=&

ANTA1 A 7y e EG SR B M UL PA) PP i O 3R Y 35
FAEZES (R 1, £ 2). KA PR3
50% 9 17 MR CRITE BHEY, #HE: Zn>Fe>Cu>
Rb>Al>Mn>Sr>Ba>Se>As>Mo>Cs>Ag>V>Cr>Co>
Ga; WIRg: Zn>Rb>Fe>Cu>Mn>Sr>Ba>Al>Se>Mo >
As>Cs>Ag>Cr>Co>V>Ga; % #(: Zn>Fe>Al>Cu>
Rb>Mn>Sr>Ba>Se>As>Cr>V>Ag>Cs>Mo~Co>Ga,
WL R R O TR S Y S A AR R
AEERL, BIAVTEETCER, 008 Zn [(4.971+0.923)
mg/kg, (3.385~7.795 mg/kg)]. Fe [(2.918+1.328)
mg/kg, (0.679~6.097 mg/kg)] Fl Cu [(2.369+0.824)
mg/kg, (0.877~4.410 mg/kg)]. W/ & Ml BUE FE
i PSR R T 3 BB JURBR Zn M Fe b, i
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#1 ZHEVHFERKRENIAFLENETESE (EE)

Tab. 1 Concentrations of essential trace elements in P. clarkii muscle cultured in
rice fields from three provinces (wet weight) mg/kg
rfizn iﬁfb% \ Mn Fe Cu Mo Zn Se Sr Co Cr Ni Li
il ) 57 0.007£0.003" 1.139+0.622" 2.918+1.328" 2.369+0.824" 0.034+0.075" 4.971+0.923" 0.115+0.030" 0.3370.066" 0.004:£0.002" 0.006+0.007* 0.000+0.001° ND
Hubei 0.003~0.016 0.251~2.884 0.679~6.097 0.877~4.410 0.001~0.448 3.385~7.795 0.065~0.207 0.218~0.561 0.001~0.007 ND~0.031 ND~0.005 ND
gﬂ@ 57 0.003+0.002° 0.885+0.454° 2.164+0.994" 1.992+0.616" 0.077+0.091" 5.350+7.659" 0.097+0.038" 0.309::0.091° 0.004+0.005° 0.005£0.008" 0.002+0.010° ND
unan

0.001~0.008 0.235~2.245 0.820~4.862 1.100~3.659 0.005~0.512 2.736~61.646 0.053~0.263 0.130~0.517 0.001~0.038 ND~0.061 ND~0.074 ND

2 46 0.012+0.007° 1.707+1.275° 4.669+2.355° 3.149+0.934° 0.007+0.010° 5.938+0.977* 0.134+0.042° 0.4310.214° 0.007£0.003° 0.012+0.011° 0.002+0.011° ND

Anhui
o 0.001~0.031 0.354~6.532 1.105~11.343 1.673~5.625 0.001~0.066 3.988~7.987 0.084~0.329 0.266~1.534 0.002~0.017 ND~0.038 ~ND~0.055 ND

B R 156 0.007+0.005 1.212+0.888 3.153+1.898 2.459+0.919 0.041+0.076 5.384+4.650 0.114+0.039 0.354+0.142 0.005+0.004 0.007+0.009 0.001+0.008 ND

I
hean vatues 0.001~0.031 0.235~6.532 0.679~11.343 0.877-5.625 0.001~0.512 2.736~61.646 0.053-0.329 0.130~1.534 0.001~0.038 ND~0.061 ND~0.074 ND

2% 100 100 100 100 100 100 100 100 100 70 44 0
detective rate

T R ESEER T ERE T RERORE B ER (P<0.05), “NDEARKH, T

Notes: different superscripts in the same column mean significant differences (P<0.05), "ND" means not detected, the same below

xR ZHREAFERRREMNIATEENELZRSE (EF)

Tab. 2 Concentrations of toxic trace elements in P. clarkii muscle cultured in
rice fields from three provinces (wet weight) mg/kg
rﬁi%ﬂ ﬁﬂfg As Rb Ba Ag Cs Al Ga Cd Pb Be Tl U
biikla ) 57 0.070+0.020" 1.488+0.5170.192+0.068"0.008+0.002"0.010+0.008" 1.342+1.175 *0.003+0.002°0.000£0.000°0.000£0.000°'NDNDND
Hubei 0.029~0.113 0.607~3.412 0.088~0.364 0.005~0.013 0.003~0.043 ND~5.277 ND~0.006 ND~0.003 ND~0.004 NDNDND
ﬁﬁ@ 57 0.045+0.015°3.232+3.199°0.172+0.0790.008+0.0020.023+0.030° 0.098+0.231°0.000+0.000°0.000+0.000*0.002+0.008‘'NDNDND
unan

0.020~0.094 0.922~20.185 0.028~0.390 0.003~0.014 0.007~0.221 ND~1.079 ND~0.001 ND~0.002 ND~0.053 NDNDND

2R 46 0.068+0.018" 1.946+0.779°0.287+0.246°0.011+0.003"0.008+0.007" 4.553+3.704° 0.006:0.002°0.000::0.000°0.000+:0.000'NDNDND

Anhui
0.039~0.107 0.685~3.913 0.108~1.385 0.003~0.018 0.003~0.039 0.405~15.609 0.003~0.011 ND~0.001 ND~0.003 NDNDND

=AY 156 0.060+0.021 2.241+2.120 0.212+0.154 0.009+0.003 0.014+0.020 1.822+2.782 0.003+0.003 0.000+0.000 0.001+0.005 NDNDND

mean values
0.020~0.113 0.607~20.185 0.028~1.385 0.003~0.018 0.003~0.221 ND~15.609 ND~0.011 ND~0.003 ND~0.053 NDNDND

T H /% 100 100 100 100 100 71.3 50 13.8 2.5 000

detective rate

HA 1A NRAELFFEA FWMEITE, 25l
Rb I Al,

A 11 LT ITTR R 1),
AL A B 4 A Sty Cr, Co. Fe, Mn, Cu,
Se F1 V IT & & & i FH L TLHEAE (P<0.05), 1Ml
b5 R P RE A AR AR B B35 22 5% (P>0.05)
(F 1)o WIACFNE R 70 (G ARWLIA H Mo JTT R
SR ESTREE (P<0.05), =NEMHE T
) Zn FINi 2 PR FrE 2 MR HA 2%
5 (P>0.05).

it 1 9 AR LR Bl EiE oo R, #idt
BRI AR T Ba, Ag. Al Fl Ga TTE KT
TR B EFRTEHAE (P<0.05) (£ 2), H#dLE M
IR A A L, X 4 R TR B & B AE 95% HIK
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S EAREA BEET (P>0.05), HILE MEEE
FEShTh As TR S B E = TWIEA (P<0.05), 1M
Cs LR W E MM T WA (P<0.05), Wit
TRAAHL, 1R 2 FhifE o R & RTE 95% 1K
S ERNEA B F 2R (P>0.05), 5K JREIFILA
o Rb # B ARHER . RS>, P
A B 2E R (P<0.05), 72 FhidEcE (Pb
H1 Cd) 7 3 A48 03 1 v ER IR S AR LA rp i) 5 12

ARA BEZES (P>0.05),
23 ZRGITaH
RS KRR TR E IR fh

KA YT o3y 12 20, W Hh i Je R % itk
FIASRHE BT (3R 3)0 SEIRSECHF LA th 4% JT R (]

R E K224 F 7/ sponsored by China Society of Fisheries
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FEFE—EAHEYE, B Be. TIRUSMY 2100 ZMAEILR, As5 Ag. Al BEHFEEIEHSE (P<
R 46 DB IEA G (P<0.01), 0.01), 5 Pb i F M AHE (P<0.05); Ba 'y Ag. Al

MREFIEHDE (P<0.05), 3 MEMBEOHDE (P< BB FIEMHC (P<0.05); Ag 5 Al BB EIEAHC
0.01), 6 ™2 BFHAMIC (P<0.05), X TZIERE  (P<0.01); CdFl Pb 5 HAMTTR EAHICHEA B3

®3 WELREXUSN

Tab.3 Correlation analysis of trace elements

eleﬁits Li Al \Y Cr Mn Fe Co Ni Cu  Zn Ga As Se Rb Sr Mo Ag Cd Cs Ba Pb
Li 1
Al 0.594% 1

v 0.395 0.944%* 1

Cr 0.595%0.919** 0.889** 1|

Mn 0.035 0.556 0.762%* 0.525 1

Fe  0.375 0.881%* 0.971** 0.860** 0.862** 1

Co  0.086 0.733** 0.869** 0.692* 0.898**0.912** |

Ni  0.603* 0.195 0062 0283 -0.132 0.083 -0.107 1

Cu  0.391 0.833** 0.854**0.779** 0.674* 0.864**0.819** 0.004 1

Zn  0.164 0.575 0.644* 0.630* 0.527 0.659* 0.729%**-0.223 0.563 1

Ga  0.306 0.868** 0.851** 0.649* 0.558 0.782**0.710%* 0.049 0.714** 0.459 1

As  0.124 0.752%*0.788** 0.601* 0.412 0.646* 0.594* —0.260 0.679* 0.453 0.778** 1

Se  0.186 0.638* 0.562 0.428 0.294 0498 0.494 -0.051 0.682* 0271 0.733** 0.588* 1

Rb  —0.105 —0.370 -0.431 -0.372 -0.138 —0.366 —0.176 —0.112 -0.162 —0.337 —0.415 -0.478 —0.237 1

St 0.355 0.795%* 0.815%* 0.719** 0.530 0.796** 0.684* 0.238 0.666* 0.636% 0.832%* 0.618* 0.594* —0.720%* 1|

Mo -0.130-0.619*-0.591* —0.317 —0.346 —0.509 —0.426 0.053 —0.514 —0.113-0.886** —0.694*-0.692* 0389 -0.652* 1

Ag  0.347 0.892%* 0.891** 0.794** 0.525 0.794**0.722** 0.218 0.692* 0.462 0.862** 0.813** 0.506 —0.400 0.754** —0.655% 1

Cd  -0.081 0.004 0226 0.078 0.601* 0326 0419 -0.121 -0.004 0.436 -0.045 —0.063 -0.332 -0.073 0.095 0.292 0.039 1

Cs  —0.030 —0.415 —0.482 —0.386 —0.260 —0.447 —0.288 —0.096 —0.261 —0.305 —0.508 —0.451 —0.438 0.940** —-0.771** 0.499 —0.408-0.004 1

Ba  0.305 0.678* 0.802** 0.652* 0.805** 0.872%*0.792** 0.308 0.640* 0.546 0.705* 0418 0.320 -0.478 0.843** —0.481 0.683* 0.440 —0.535 1

Pb  —0.148 —0.444 -0.418 -0.277 -0.220 —0.356 —0.250 0.393 —0.524 -0.094 —0.507 -0.626* -0.325 0.024 —0.206 0.641* —0.370 0.371 0.025 —0.111 1
TE: *AE 0.05 NGRS **. £ 0.01 ZUN (SRS B 2
Notes: *. correlation is significant at the 0.05 level (two-tailed); **. correlation is significant at the 0.01 level (two-tailed)

REIA WAREBESCREEIRIIA  KIDHTRE Ay 2, 29 5 [ R AR LA h
TIER Be. TIAIUSMY 21 MR CR S RSTR  MECE SRS SR A —E M.
G, RAAMBREETT I, BRI ERSOH % JEAIF LA P Be.
é@Eﬁ%’m%mml/%ﬁ%%ﬁ%%WW TUA U SMAG 21 R o6 3 MR BRI 4/ R
ey o SR Iy HERAT 1. b7 TR

. X WA 54.403% . 12.350%. 10.287% I 8.869%, %

NPT Awm\a%m\%mmﬂﬁm s . RN
THORE SIS, R TR T R B 25 TR N 85.908%, 1 JHISH — 32 o3 X 5

FHES R0, B < m#mﬁmﬁ FJSCHEUF AL A R E ¢ 2 LB . A5

OMSEFRRECHE B 7, 12 AR IR S A B o . B B R IEAE B O AR, A5 3]
%ﬁ4ﬁ,@%ﬁﬂmﬁ\a&ﬁﬁ§@ﬁﬁﬁ L e E S S R s R
i AN . SRR B2, WiEa s A RBEEBRZA, R r 22 M, 153
. E—l‘ﬁﬁ%ﬂﬁnl‘ﬁ?ﬁﬂ’]ﬁun%’%jﬂ xR, LEER A BRI R, A LA R
M. BRI RER TR R 2, IR B=(54.403x58 — ML B REH12.35x58 4k

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn
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WIAE& M TH  Jingzhou Hubei 7
WAL WYL Qianjiang Hubei 8
GRUEZIRT Anging Anhui 5
ZRAA7NET Lu'an Anhui - 6
ZHRAA T Hefei Anhui 3
WS4 8T Changde Hunan 10
W4 EET Yueyang Hunan 11
WIFA ™ Yiyang Hunan 12
ZRAE BRI Chuzhou Anhui 1
R IERT Bengbu Anhui 2
ZHAAWER T Huainan Anhui - 4

WA KL Changsha Hunan 9

TR R B R
rescaled distance cluster combine
5 10 15 20 25

1 AE&#R RRETNATFHETEREDN

Fig. 1 Hierarchical cluster analysis of trace elements in P. clarkii muscle from three provinces

B R ELH10.287<55 = M2 & R A+8.869x 5 PU £k
P A R %0)/85.908, )5, HATCEMIE=1%
TCR LGB REU G BB REZ
A, @ BRI, e AEHET T 7 MOt R S
WA Co. Al, Fe. Sr. Ba. As#ll Cr, A[{F A%
o v FC AL R A = b IR T 1 S % e R .
24 EERETHEKEITH

E24 R TR, A SMESETRE
I E & L bR R R TR T HAE K S Y
B PR, Cu. Pb. Cd Ml Cr A A5 1fE FR & 5
MK 50, 0.5, 0.5 F1 2.0 mg/kg, 7K7= i o AL
(inorganic arsenic, iAs) FJPRIE K 0.5 mg/kg, A
WG T 5w QR ZE MR HILIA A S (total arsenic,
tAs) 1, AR AH OGSO iRRE Y, K tAs B
Te L 10% Hr55 m iAs F FIEM i oT o K4 = (1)
HYIRBOT Mk, 3A MMM T As. Cu. Pb,
Cd Al Cr Y 5 Y& 48 %% P, 43 i 4 0.012. 0.049.,
0.002, 0.000 1 0.004, ¥I/NF 0.2, WM AIEH T
FEAKF.
25 ZFEITH

A FE ARSI Fr) 24 Fof etk 5T 38 Hh ok BURH Q-
WikE R 2R 7 M ESJESCE FLEK (Cu. Zn,
Cr. Al. As. Pb fll Cd) JFJRBEEEIFAG" Y (3 4).
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FAO/WHO 1 5¢ 3C 4 h A BLE Cr i PTWIH .
CrfE AR S EZ L Cr () 5 Cr (V) WIESAE
£, Cr (I BAKMLTFEREFRITE, Cr (V) E—
REUEY . BTSSP ENME, 78R &
% 4= Ji) (Buropean Food Safety Authority, EFSA)
ey Cr () 1A #2572 H A ESRIEMTY, LI
B h, A 0 v KR Z AR AR Cu, Zn.,
Cr. Al. As. Pb I Cd 7 Fhoe R & W% 4,

R A5 v 61 3K 38 A 0 I B 5 4 P Kk ™ i T 2
di Cu, Zn, Cr, Al, As, Pb fil Cd TE MW BHA
A G GR 4P, HHES TR TR A
VAR, 20914 140.000 pg/(kg-wk). 231.000
ug/(kg-wk). 2.400 pg/(kg-d). 58.000 npg/(kg-wk).
155.050 pg/(kg-wk), 2.300 pg/(kg-wk)F1 1.175
ng/(kg-mth), 7 #ICE K ADI (5 lb R Al>Zn>Cu>
Pb>As>Cd>Cr, %U{E N 0.125%~10.850%, KA
I HEFER) ADUE . FrA, A3 i 6 FH A A X s
N FRFE 1 v [ SR ES RN A Cu, Zn, Cr., Al, As,
Pb il Cd iX 7 P 4 @A FIC K, XL
b B TR
2.6 IEEEXBEITEM

AHIE 5T A I 1) 24 Fh i T R B BT
KBNS H G 21 e 702 T e R KU e it
Al o a3 US EPA 'H J7 M 2 ™ Kz & 2] Li. Be
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T4 RREETNAG 7 HHETRHAFRETMG

Tab.4 Human exposure assessment of 7 trace elements from P. clarkii muscle

K77 b R

B ILRAEKT FHIE

e e o SMAENERILLHE% RN E/pg/(kg wk)] average value .
MR IR BV B/ [ng/(kg wk S ; ” L BEA
tr;ge%lé;l%:nts r +§ﬁow?bl[euignt(akgew ) proportion of aquatic dietary intake of reffe%cﬁz;
products in total trace elements form EDI/[ug/(kg-d)] Rs/%
dietary intake aquatic product
Cu PTWI 3500 4.0 140.000 1.213 6.065 [14]
Zn PTWI 7000 33 231.000 2.656 8.048 [14]
Cr' 300 pg/(kg-d) 0.8 2.4 ng/(kg-d) 0.003 0.125 [20]
Al PTWI 2000 2.9 58.000 0.899 10.850 [21]
As PTWI 350 443 155.050 0.030 0.135 [21]
Pb PTWI 25 9.2 2.300 0.0005 0.152 [21]
cd' PTMI 25/[pg/(kg mth)] 4.7 1.175 pg/(kg-mth) 0.00005 0.128 [21]
e o RoR AL AL AR
Notes: "*" means the units are different from the others
HALZE 21 ML B RID (3£ 5)e ABFITH Cr HRA 7550 OB STRIE , 5o [ 2 MR S A ik

(VD) # RED JH T iTAl 5 iAs & 2 F ] tAs He 5 e
DL 10% JHAAFEIPY; Pb R EFSA LA EHE,
HRAEAK ™ i T 9% 15 45 TR R AR LR, 4300
TR N 4 TC R AEAK = S i RED A, R A
RfD {& 1% THQ #1 TTHQ., Li. V. Sr. Co. Ni,
Ba. Ag. Be. TI 1 U X 10 fooE A 4 8| Kr=
i IR SR AR B LS (8 5), ARETHEH iR
TCRAEAKZ RTINS H R AR, Bl HEL EDI
FrZ2% 50 &K1 THQ {H. KR Fe (THQ=1.111) T
Ehh, HAbIC KM THQ ¥y<1, TTHQ K 3.672.
T TTHQ<10, FRIAARNITE /4T (1 v KR EEHR AL
PRRE AN EAT E M XU 800

3 Wi

i, LGRS HR AL (JR) Ao 2 o G S R e
B EF) HEJE (Cu . Zn . As, Cr. Pb
F1 Cd) & mE AR T I T AR OC SCHRHE . DAAEXT 5
RERIFE LM RER T XELESE S
ito SUEMBFRAR LLP (3% 6), ARTFFTA TN Y
WAL v [IRJF AR As. Cr. Pb Al Cd & &
55 0T T AR A S50 HE ) A T e IR ES HE
R 7] 4 8 1 & R ASAHAT, = X IR
ZEUFHLIA Y As A Cd RS H 5 TR AR 527 4t
TH 147 P Hb X e S o EC s B R v As AT Cd )
AT . BER L, AWFFTR I Y v G R A AR
JULPR 5 e 5 Y A AR Tt A DG SR >
SPPTATRER IR, R T WA (] b SRR AR,
TR B BT BORE i B AL SR AT RE R R R, R

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

MWESESERR, ML AEIRRHE,
BN B R & AR, RABERRIA .
v RS AR AN R A 2R S B AL . Pb & i, B>
JHRE> B> IR AR LA >ZE L Cd &, P> >
WU As & i, BRSSP . ARBFSELERIRERS
CEmL . B SRANE, CEILAES, Ktk
oI b ) 4 A i A

AN [R) 77 1 5 [ S 2 MR A 75 Tl T R R
TCRVMFAE—E 225, BAR FORTR P A it b 5
MEITERNERERTAELR, XTSI
Ji 2 MR 0 5 B T 2R R T Y A BT B A A R,
KT b R T R AR S AR BRI K 5
JEJBT | il BEFERL AT G, TR H R 5H A 5 TG
HCHR 5 R b ) BT R AR AR G,
AR, S R B AR LA 3o st e R A
TE 0 5 W B DB 5, SRR BIF S 7 vh AR Gl 8
& (Eriocheir sinensis)™ Fl K J§Rk 1y £ (Oncorhyn-
chus keta)™ IR ITCR O WA RIE . FIHA
(7] 7= b, 2k 57 7= it v BB T 3R A SRR AR SR A T 7
WIRC S dElG . fORBESEK ™ S b N

=4 3R v [ AR P ] Cu. Zn, Cr,
Al, As. Pb fil Cd 51 & 4L B HAK . BR
Fe &k, JAth 20 FoCE 9 THQ 76V AKF TR
AL/ 1, RUIFTHT Y 20 i TR A
ANAETEW b i g B XU, . AR JC R % TTHQ /Y 51
BRBAEIEROR 25 5%, THQ (HHFATT 7 BIITHR B K
F/NF A Fe>Mo>Cu>Mn>Zn>Cr>Se, iX 7 FhJt
KK THQ &A1Y TTHQ ) 98.2%., HH', Fe. Cu,
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#x5 HFERKEETIASHMETERN EDI A THQ &

Tab.S EDI and THQ value of trace elements due to the consumption of P. clarkii muscle cultured in rice fields

7K BN o5 R R BB EL A/ %

I

el?m%fnt %%%U%gﬁg(@d)] proportion of aquatic products in average exposure level
total dietary intake EDI THQ
AEMEITCER  essential trace elements
Li 2 N/A 0.001 0.001
\% 5 N/A 0.003 0.001
Mn 140 1.0 0.598 0.427
Fe 700 0.2 1.555 1.111
Cu 40 4.0 1.213 0.758
Mo 5 0.5 0.020 0.800
Zn 300 33 2.656 0.268
Se 5 9.6 0.056 0.117
Sr 600 N/A 0.175 0.000
Co 0.3 N/A 0.002 0.007
Cr 3 0.8 0.003 0.125
Ni 20 N/A 0.001 0.000
BHEMEITLE toxic trace elements

As 0.3 443 0.003 0.023
Ba 200 N/A 0.105 0.001
Ag 5 N/A 0.004 0.001
Al 1000 29 0.899 0.031
Cd 1 4.7 0.000 0.000
Pb 1.5 9.2 0.000 0.000
Be 2 N/A 0.001 0.001
Tl 0.01 N/A 0.000 0.000

U 3 N/A 0.000 0.000

W a B ICENSEHE (RMD)HUS EPAE 75 My &5, b RTEUS EPAE 77 Mui K R FIHS (Pb)IS % 7& (RMD), AWFH R EFSATRALK)

HERD, N/AFORANE

Notes: a. oral reference dose (RfD) of elements was established by the US EPA™; b. RfD for Pb was not available by the US EPA, and the EFSA value

was used”™. "N/A" means not applicable

Mo 1 Mn () THQ 7T ¥k ¥ # = . Mo. Cu. Mn,
Zn, Cr fl SeiX 6 Fifill i o0 2 2 A W R 0 75 1 1
HILE, HEESEB ARG T X Ak
fad, WTX6MutEita/5M EDLE T HS#
FE, THQH¥I/NT 1, HILiX 6 FiotE AR EE
(R JEZE . Fe X TTHQ MY STk R4, THQ K
F 1. #HR Fe R AKRMTFHMEITTER, HAETE
Wl AR S5, Fe Y R ZORIE RS
BRI R, K- miET N Fe AR
[ 0.2% £ FH M 2 X 3 57 4 5 [Q ) B AR Fe
A BT TSHA &, M Cu. Zn R
AT A7 (Rs) M8, BRI, ot & H s
I 5B R 5 A 35 00 28 0 AR P s o XL {1 15
K

https://www.china-fishery.cn

4 g5

WG L 5 e RS TR =48 AR T R 4 o G B R
JLPA H A Hh Y 20 B GCEE ST E Y, BR Rb A AL,
PR MEICR N G TAFMEITR. il
AT 50% Y 17 A T R 7E b IC R A AR LA
el EAEHEF . Zn>Fe>Cu>Rb>AI>Mn>Sr>Ba>
Se>As>Mo>Cs>Ag>V=Cr>Co>Ga,

HIAEA . WIRE A 5 e RS e 3R 0 e IR 2
WRALPY H Y St Cr. Co. Ba fll Ag %5 5 Fisiz oo
REEMILA B 2R (P<0.05). HIHLa FZ i
BRI As TR &R E S T WA (P<0.05),
1M Cs LR % it WE LT WA (P<0.05). #IdL4 .
W 8 AN BB W L8, Fe. Mn. Cu. Se.
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k6 TRMXEREEINFESES ST
Tab.6  Heavy metal contents in P. clarkii from different regions mg/kg
HhIX S 3Lk
region Cu Zn As Cr Pb Cd references
ik <) 2.369£0.824  4.971£0.923  0.070£0.020  0.006+0.007  0.000£0.000  0.000£0.000  AHF 7T
Hubei this study
MR 1.992+0.616  5.350+7.659  0.045£0.015  0.005£0.008  0.002+0.008  0.000+£0.000 AW
Hunan this study
R 3.149+0.934  5.938+0.977  0.068+0.018  0.012+0.011  0.000£0.000  0.000+0.000  ASHF 7T
Anhui this study
ikl N/A N/A 0.078+0.031  0.022+0.090  ND(<0.0025)  0.005+£0.006 [26]
Hubei
LR M T N/A N/A 0.099+0.216 N/A N/A 0.003+0.000 [27]
Yangzhou, Jiangsu
T A (S BET N/A N/A N/A 0.52+0.47 0.18+0.11 0.21+0.10  [28]
Xinyang, Henan
TR R T N/A N/A 0~0.518 ND 0~0.424 0~0.411 [19]
Quanzhou, Fujian
WA LT R 4.49+1.29 8.41£2.38  0.226+0.089  0.212£0.009  0.376£0.084  0.059+0.010 [29]
Caowei, Yuanjiang, Hunan
1R A4 P B T A 4.96+1.31 8.54£2.42  0.228+0.093  0.254£0.008  0.468+£0.086  0.079+0.009 [29]
Qingshuzui, Nanxian, Hunan
IR R L P R 4.64+1.24 9.05+2.65  0.234+0.082  0.286+0.008  0.476£0.081  0.067£0.008 [29]
Maocao Street, Nanxian, Hunan
i ek = ik T IEAK 5.07+1.32 9244259  0.249+0.084  0.271£0.009  0.391+0.093  0.070£0.008 [29]
Qianshanhong, Datong Lake, Hunan
L N/A N/A N/A N/A N/A 0.068+0.157  [30]
Jiangsu

Ve N/A™FRAHESE RS
Notes: "N/A" menns not applicable for the reference
Mo. V. Rb, Al fl GaiX 9 Fil i LKA B & 25
5t (P<0.05); HAth 8 it 7T (Zn. Ni, Pb, Cd.
Li. Be. TI f1 U) &&7E 3 NE R EIAEAE B35
Z 5 (P>0.05), i [ B AR ILIA & ST K R A
—EANE, H5F A SR N EE VI E
WAL R LR b IR B AR AL
HFAJENAEILE (As. Cu, Pb, CdHl Cr) 75
PAREI/NT 02, MTIEH T RMEAKE. —4H
M #5250 50 [QJR B MR R Al Cu, Zn. Cr. Al. As,
Pb il Cd X 7 FhEE & J& oA H oo R 5 E M & H K
B AR . 21 FP i oC R W OB B bR fa F R A
TTHQ<10, R HIABFFE 5317 1Y 5 [C IR UR LA A
i AN B R RN . (H Fe A BB T2
Fi & RID, @UGHE R ERE N E R R W
PG AR PFA

(3 7 WA A U 52 Fr s A2 B Al 22 )
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Levels of 24 trace elements and health risk assessment in rice-crayfish
(Procambarus clarkii) muscle in three provinces of China

HUANG Xiaoli *, GAOLei'’, WANG Peng'’, CHEN Zhongxiang ', HAO Qirui ",
BAI Shuyan '*, DU Ningning >, WU Song ¥,  QIN Dongli **

(1. Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070;
2. School of Materials Science and Engineering, Northeast Forestry University, Harbin  150040;
3. Supervision, Inspection and Testing Center for Fishery Environment and Aquatic Products,
Ministry of Agriculture and Rural Affairs, Harbin 150070;
4. Key Labrotary of Control of Quality and Safety for Aquatic Products, Ministry of Agriculture and Rural Affairs, Beijing 100141)

Abstract: Crayfish (Procambarus clarkii) is one of the most important economic crustacean species in China. In
2020, the area farmed P. clarkii was 0.14 million hectares, with production exceeding 2.39 million tons, which
ranked the 6th among freshwater aquaculture species in China (the top 5 are all large freshwater fish species). As
an important and popular freshwater aquatic product in China, the food safety of P. clarkii is widely concerned by
consumers. Trace element level is an important index to evaluate food safety. In order to investigate the concentra-
tions of trace elements in rice-crayfish and its food safety, 24 trace elements in 156 samples of P. clarkii cultured
in rice fields in Hubei, Hunan and Anhui were detected by inductively coupled plasma mass spectrometry (ICP-
MS). Crayfish cultured in rice fields of Hubei, Hunan and Anhui three provinces were collected from May to June
in 2021. A total of 156 samples were collected, including 55 from Hubei province, 56 from Hunan province and 45
from Anhui province. The pollution levels and potential health risks were estimated by pollution indices, exposure
assessment and non-carcinogenic risk assessment method. Twenty trace elements had been detected in P. clarkii
samples, and Li, Be, Tl and U were not detected. The contents of 17 trace elements with a detection rate of more
than 50% were in order from high to low: Zn>Fe>Cu>Rb>AI>Mn>Sr>Ba>Se>As>Mo>Cs>Ag>V=Cr>Co>Ga.
The average content of Zn was the highest (5.384+4.650 mg/kg), followed by Fe [(3.153+1.898) mg/kg] and Cu
[(2.45940.919) mg/kg]. Except Rb and Al, the content of essential trace elements in muscle of P. clarkii was
higher than that of harmful trace elements. Sixteen of the 24 trace elements in the rice-crayfish samples had signi-
ficant differences between Anhui and other two provinces, and 5 of them had significant differences between the
three regions. The contents of 6 heavy metals (Cu, Zn, As, Cr, Pb and Cd) in crayfish samples were lower than
those reported in previous studies. The possible reason was monitoring time, location and other factors, especially
the sampling site. Some trace elements in rice-crayfish muscle showed significant regional differences by phylo-
genetic relation analysis, which indicated that the enrichment of trace elements in aquatic products was related to
the growing environment. The pollution indices of five toxic heavy metals (As, Cu, Pb, Cd and Cr) in rice-crayfish
samples from three provinces were all lower than 0.2 and at safe levels. The estimated daily intakes(EDI) of 7 ele-
ments (Cu, Zn, Cr, Al, As, Pb and Cd) were 1.213, 2.656, 0.003, 0.899, 0.030, 0.0005 and 0.00005 pg/(kg-d),
respectively. The intake of the 7 elements accounted for 0.125%-10.862% of the ADI values of adults. Consump-
tion of Cu, Zn, Cr, Al, As, Pb and Cd from P. clarkii in the survey area was associated with low health risk. Except
for Fe element (THQ=1.111), the THQ values of other 20 elements were all lower than 1, and the total target haz-
ard quotient (TTHQ) was 3.672. TTHQ was lower than 10, which indicated that the P. clarkii muscle samples ana-
lyzed in this study had no toxic risk effect. However, Fe intake is of concern.

Key words: Procambarus clarkii; trace element; dietary exposure; health risk assessment; ICP-MS; rice-cultured
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