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Distribution and risk assessment of heavy metals in typical rice-shrimp
breeding environment and products in Jiangsu Province
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ABSTRACT: Objective To explore the potential ecological risks of typical Procambarus clarkii breeding
environment in Jiangsu Province, the distribution of heavy metals in Procambarus clarkii and its food safety.
Methods The concentration of heavy metals in the water, sediment and rice-shrimps which were collected from 9
cultivation areas of rice shrimp cultivation demonstration base in Jiangsu Province from March to June in 2020 were
analyzed. Comprehensive water quality pollution index was used to evaluate the ecological risk of rice-shrimp culture
environment water quality. The potential ecological risk index method was used to evaluate the potential risk of

heavy metals in surface sediments of rice-shrimp culture environment. The hazard quotient method was used to

EEWmB: #OR R A3 E A %5 (2020YFD0900300)

Fund: Supported by the Blue Granary Science and Technology Innovation Key Project (2020YFD0900300)

RIEEE: RBAE, W1, B0, FEEWFFE I AR T4 4 . E-mail: xhz824@sina.com

*Corresponding author: ZHU Xiao-Hua, Master, Professor, Freshwater Fishery Research Institute of Jiangsu Province, No.90, Nanhu East Road,
Jianye District, Nanjing 210017, China. E-mail: xhz824(@sina.com



%5 16 3]

HE b, S VO34 SRR R IR FE PR Al B 0 Al SOXS P 5411

evaluate the risk of rice-shrimp pollutants to human health. Results The concentration of Cu in the water collected

from some sampling points exceeded the GB 11607—1989 Fishery water quality standard, and the other four

elements were within the limit value. The ecological risk level of heavy metals in the sediments was low. The highest

potential ecological risk index of heavy metals was Cd. The concentration of the other four heavy metals was within

the limit value of GB 2762—2017 National food safety standard-Food pollutant limit except the concentration of As

in the liver and pancreas of some rice-shrimp. The hazard quotient and the sum of the hazard quotient of the 5 kinds

of heavy metals in shrimp were less than 1. Conclusion The water of the rice-shrimp breeding area is not affected

by heavy metals. The ecological risk of heavy metal in sediment is low. The long-term intake of rice-shrimp meat and

hepatopancreas has no obvious risk to human health, and it has good safety.

KEY WORDS: Procambarus clarkii; heavy metals; rice-field culture; comprehensive pollution index in water;

potential ecological risks of heavy metals; health risk assessment
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Fig.1 Distribution diagram of sampling points
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Table 1 Classification of heavy metal pollution level in fishery
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Table 2 Potential ecological harm index evaluation criteria
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3 304 WAB S A A (kg), HX 60 kg; TA ok
BUs R I -3 22 EE AT R (d), B 365 d/4EXED,
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Table 3 Reference limits of evaluation of heavy metal pollution

E 2l Pb cd As Hg Cu

RFD/[mg/(kg-d)]  0.004  0.001 0.0003 0.0003 0.04

PTWI/[mg/(kg-bw)] 0.025  0.007 0.015  0.005 3.5

2 HER5HH

2.1 HMAFIMZEMFXKEFEESE D HEFE

LG IR REITLE A FIFRIX SRR KRR E S B
B 4, N3 4 WG BT ARG LE A Fh s KR
Pb. Cd. As. Hg. Cu V¥ a4 514 0.79~1.98
0.14~0.39, 2.99~4.71, 0.04~0.11, 4.34~8.12 pg/L. Pb, Cd,
As. Hg 4 FOCRBEREETEREN. B3 RAELUKEES Cd
WREE W= TR CL. C3 SR AN A5 SRAFE 25 (P<0.05)
B Cd 5h, HAESBASIE SRR EEZER . BRRAE
MOALL A2, FR 7T DOREER Cu WEW A # T GB
11607—1989 HLE MG . KILE A 15 Yedb BOT M 25 5 2,
B A2 SREES A REERZEATS RO BT 1 Bl &
HIZ SR A X K TR 43 B B 52 B R s G s i) o 7K 2 AT e
TRECTFMEARTE, B3 RS2 B T5 Y 5ok

YL IR A8 F8 43 6 U 25 6 Fh 35 XA [ SR A 1) [0 K A o
B4R ORIE 5, NE 5 W LIE BT ARG IR LE
AMFEXIKFES Pb, Cd. As. Hg. Cu V345 1l
Bl 4394 1.38~1.64, 0.20~0.31, 3.41~3.78. 0.06~0.10.
3.22~11.56 pg/L. B Cu b, HAE 4R ERAER A LG
BEMER. 6 AKFd Cu WEREST 3. 4.5 A
(P<0.05), 6 AKMHEERFHWERT GB 11607—
1989, 3. 4. 5 A¥IARBIELISE . KL A5 5EE
TEMEE IR, Br 6 H & R X ERG 15 et SR EOT- 1
ERF 1, FH 6 A KFRMM XK Z BRI YW, 3.
4.5 AKRERA 15 RO B ES/NT 1|, RS TR
K FFARZ FT5 YL,

R4 BEXRFERKERELRETHREN=4)

Table 4 Average concentration of heavy metals in water samples at each sampling point (n=4)

TR PRI e/l GATINE AT

Pb cd As Heg Cu el Byl
Al 1.84+0.34 0.16+0.11% 3.29+1.93 0.10£0.05 4.50+3.79 0.32~1.40 0.78
A2 1.41+1.22 0.28+0.15" 3.59+1.66 0.05+0.03 4.34+1.59 0.54~0.83 0.69
A3 1.98+1.17 0.14+0.14¢ 2.994+0.77 0.06+£0.06 8.12+5.63 0.49~2.00 1.06
B1 0.79+0.21 0.14+0.17¢ 3.86+0.82 0.11£0.04 6.75+4.24 0.68~1.64 1.00
B2 1.64+1.02 0.25+0.11% 3.12+1.80 0.04+£0.06 6.24+5.52 0.33~1.71 0.85
B3 1.15+0.91 0.39+0.06° 3.33£1.57 0.09+0.06 7.73+6.25 0.52~2.08 1.12
Cl 1.93+0.27 0.37+0.16™ 4.27+0.33 0.09+0.02 5.76+5.99 0.36~1.87 0.94
C2 1.23+0.85 0.3540.15" 3.18+1.98 0.05+0.02 7.00+5.77 0.47~1.74 0.96
C3 1.66+0.33 0.3440.11% 4.71+£0.48 0.09+0.04 4.42+7.06 0.40~1.84 0.82

GB 11607—1989 50 5 50 0.5 10

AL, A2 A3 HARINTE 3 ARAEAG B, B2, B3 MiEiET 3 ARAEA; CL. C2. C3 WELT 3 ARAE A SRR F RN 8%

2R, TR,
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BRFEETIBYESE P S EEIIE 6, 5RE
BHAEXS T GB 15618—2018 { HIEFREEFif &+ 3875
PR E TR CRIT) ) KU TRE(E, & RS 5 FhE
SRR SRR AR . HIX T2 575 5 {H, A3, Bl
B2. B34 -RFES P uE SR, 2510 1.05, 1.14,
1.08. 1.04 £, HAh 4 FiE &8 TR AR, AHXFIL
T I EHE G L), Pb, Cd. As. Cu YIRS,
Bk As. Hg#h, HAth 3 D4R ICHE K RAE SR 25 5
¥, M Bl RFES PO S EMEST AL A2, C1., C2,
C3; He Bl RS Cu EIAE ST C1. C2. C3; A1 R
FeaiCd R & T C1, C2. C3,

AT RBINGE SRR X IUBY S s HEESIEN
PRI A 2 XU 4 BRI AR AR S S 2R A PR B3 7
TLINA TR FRUR 254 P 35 UL R v 7 A S KU 25
FEER) N 35.68~63.93, KR 51.41, EEREEER N
fi%o HMURFEMRT R4, 3 AN SRAEIRTE UTAUE 72 AL S K
K2 e TR BL(RD Fe AL, 151111 (61.38)>1 M1 17 (55.60)> 1 %
M (37.24), Cd WIS QW B BRI EN N
13.46~36.06, ¥ K 25.42, % KIRLEE A AR S X 45
BRI BITHRERR S, 5 49.4%, EAlfed M E S mis
WRTE A S i B, RS KSR KGR Fril
5 EE 4 1 BRIV A A A U i R A KU Y HE 5
74 Cd>As>Pb>Cu>Hg,

F5 TRREFHEKFENESREFIREN=9)

Table 5 Average concentration of heavy metals in water samples at different sampling time (n=9)

P
- JET VR B /(ng/L) . -
Pb Cd As Hg Cu
3H 1.48+0.67 0.29+0.17 3.45+1.10 0.06=0.03 4.60+2.46" 0.33~1.10 0.72
4H 1.64+0.72 0.20+0.11 3.41%1.55 0.08+0.05 3.2242.22° 0.36~0.88 0.61
5H 1.38+0.88 0.3140.14 3.78+1.28 0.06+0.05 3.84+2.51° 0.32~1.09 0.65
6 H 1.57+1.04 0.25+0.18 3.66=1.66 0.10+0.05 11.56£5.15° 0.79~2.08 1.67
*6 MEMPESEIHKRENM=4)
Table 6 Average concentration of heavy metals in sediments (n=4)
R JE /(mg/kg)
R R
Pb Cd As Hg Cu
Al 32.57+6.71% 0.16+0.05° 7.69+1.63  0.03+0.01 29.68+13.73"¢
A2 26.55+10.65° 0.1140.03° 8.06£1.61  0.02+0.01 30.90+17.35®
A3 36.84+1.59® 0.14+0.04% 7.17£2.06  0.03%0.01 30.38+6.53%°
Bl 39.84+2.68" 0.15£0.02" 10.02£7.44  0.04£0.01 31.15+2.75°
B2 37.95+1.14™ 0.13£0.02" 12.75+5.94  0.03+0.01 28.85+3.94°
B3 36.45+4.47% 0.13£0.01%° 10.7£6.97  0.04+0.01 29.63+2.09"
Cl1 30.31+1.34% 0.06+0.01° 10.34+3.78  0.04+0.02 16.03+4.62¢
2 30.11+1.46" 0.06+0.01° 8.02+2.3 0.03+0.01 17.242.09%
C3 30.76+4.21% 0.06+0.02° 7.84+3.44  0.03£0.01 17.63.71°
VLIRS (e 1)) 26.2 0.13 10 0.29 223
Al 4 50 35 0.2 15 0.15 35
GB 15618—2018 H -3 PR35 it 51 XIS 07 L 1B 240 0.8 20 1.0 100
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Table 7 Potential risk assessment of heavy metal pollution in sediments
THEA = RI AL
Pb cd As Hg Cu WU iR 5
Al 6.21 36.06 7.68 4.16 6.65 60.76 ik
A2 5.07 24.67 8.05 3.37 6.92 48.08 ik
A3 7.03 32.87 7.16 4.11 6.81 57.98 ik
Bl 7.60 34.28 10.02 5.05 6.98 63.93 ik
B2 7.24 29.49 12.74 4.63 6.46 60.56 Llis
B3 6.95 29.71 10.70 5.65 6.64 59.65 {lis
Cl1 5.78 13.73 10.34 5.64 3.59 39.08 ik
C2 5.74 14.55 8.02 479 3.85 36.95 ik
C3 5.87 13.46 7.84 4.57 3.94 35.68 ik
FHME 6.39 25.42 9.17 4.66 5.76 51.41 {lis

2.3 TEER SR X IR
23.1 ABIFFEELESAFRL

FEURF= BN L BFIEAR . 6822 Forh S FhERE4IRAY S
LI 8. 3R 8 AT LIE H, Cu e, As IRZ, Hg . Cd.
Pb ff%, FHFEMESE Cu. AsfEIWEE T EM Cd.,
Pb. Cr WIfiE )1, 0K As 4h, HAth 4 FoCE ¥4 GB
2762—2017 FRALEIEIE N o [ —JC 3R AEA [FEB ALY 431
A B FHNESR, Pb ML PR ERie, PR, 5
W2, WA PRI Cd B i B A s T b
7o As TESTBALE BUBE 1 N IFIRAR> IR 22 >75 > 1R ) ; He ¢
AL E RE ) AR A > B> Fe> I 22, Cu FEATRE &
FELRE ST M IR 22> JHF g i > >R P o
232 ABIFF EF AR B ARSI

VLI T RE R 25 b 7 DX R M 4 PP 5 A A3
kA0 AR R R AR 2 5% T 42 A 1) THQIE AN R 9 iR o

Wt 3 R 9 AT A, AAFFT I RZUR ™ 5 U R R A
PE AR EWD S % ST AR 2T i N
PTWI, ZERSUFIRPY v, He 7Y THQ {E5 &5 o ZERSUR iR e,
As 1) THQ fHf5ems, A DARIMN T RSUARAFIRAR THQ {5
4 0.231, FRINRGERATFRAR Y E 4 B 48 TTHQ [RIFfR & . 3
AHUIXFFAFER P TTHQ R IRV Ay i 1 T > M Tl >
2T, S TTHQ 2 0.097, /T 1, 3 /N X RgUF AT B
TTHQ R ARIBFAR Y AR M > i mi>HEZ T, P44 TTHQ
H0.235, ERBFREGERA, KA ERTERLR A AT
i i 2 % L i ) £ R XU AR /DN, L RS R g i 2 % o 4
R g i R IR 2 s A T A AR AR A, AR o ) A A A
MR As A EEEH GB 2762—2017 BRI SR, KL
W CFEUF PRI R A, B T4 GB 2762—2017 H{LX}
TCALARVE R BRE, PR TR RRIRE 0 P As IR ASTE—
A0 DT 2 5 i PR R

*8 FRIIEHUEESRESEHH(0=36)

Table 8 Distribution of heavy metals in different parts of rice-shrimp (n=36)

AL Pb cd As Hg Cu
LN 0.005 0.007 0.249 0.083 2.51
JH e 0.032 0.094 0.679 0.037 6.76
i 24 0.058 0.010 0.543 0.029 10.80
7t 0.035 0.011 0.447 0.031 4.99
GB 2762—2017 0.5 0.5 0.5(FCHL) 0.5(F 25K)

T -FoR TR
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Table 9 Weekly assessment of intake and hazard quotient of rice-shrimp
EWI THQ
RAESE R TTHQ
Pb Cd As Hg Cu Pb Cd As Hg Cu
LING| 0.003 0.0032 0.158 0.061 1.76 0.00009 0.0005 0.075 0.0175 0.0063 0.100
M
JFEERR 0.018 0.0594 0.484  0.027  6.10 0.00063 0.0085 0.231 0.0076 0.0218 0.269
LiNG| 0.004 0.0051 0.192  0.040 1.37 0.00014 0.0007 0.091 0.0116 0.0049 0.109
3
FFEERRE  0.009 0.0594 0.451 0.018  3.26 0.00034 0.0085 0.215 0.0052 0.0116 0.240
LiNG| 0.004 0.0057 0.122 0.056 1.63 0.00014 0.0008 0.058 0.0159 0.0058 0.081
i)
FFBERR  0.006 0.0594 0354  0.025 3.47 0.00020 0.0085 0.169 0.0070 0.0124 0.197

3 iiesge

Wil 5 A 255 R R T, VLR R AR LA
T RERREE YK, FRAR IR A X K AR PR IE 5 0 32 21 Al A ER
BT T A AT R BTSN AE TB /. X R AR 25
I DK 5T W 25 SR R WS 40 R A AN Cu MRS A B GB
11607—1989 M4, Hax 4 FOTRBEREEEREN. K
LA T YR BT 45 TR W% SR B X K TR 43 it B sz 3%
TS YL st M, R AR DR MR 25 5 55 DK A i i 4 i 7 o
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