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Analysis of heavy metal concentrations in marine economic shellfish from eastern Guangdong Province and

its health risk
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(1. School of Life Science, Jiaying University, Meizhou 514015, China; 2. Meizhou Fishery Technical Extention and Disease Control Cen-
tre, Meizhou 514071, China)

Abstract: In order to evaluate the status of heavy metal pollution on marine economic shellfish in eastern Guangdong and the intake of
health risk, the contents of lead (Pb), cadmium (Cd), chromium (Cr), copper(Cu), zinc(Zn) and manganese (Mn) in muscle and visceral
mass from 10 species of shellfish were determined by using method of inductively coupled plasma atomic emission spectrometry (ICP-
AES). The single factor pollution index (P;), target hazard quotient(THQ) and the total target hazard quotient(TTHQ) were used to evalu-
ate the pollution status of heavy metals and dietary health risk. Results showed that the levels of metals in muscles of the shellfish were
found in order of Zn>Mn>Cu>Cr>Cd>Pb, while which in visceral mass were in order of Zn>Mn>Cu>Pb>Cr>Cd. Except Cr, the heavy met-
als concentrations in visceral mass samples were significantly higher than those in the corresponding muscles. Based on the P; indexes, the

shellfish were polluted to one degree or another by Cd, Pb, Cr and Zn, except the P; indexes of Cu. The shellfish P; index from high to low
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was in order of Cd> Zn>Pb>Cr>Cu, While the P; index of Cd, Zn and Pb in most shellfish viscera were in heavy pollution level. The results

of THQ showed that the indexes exposure to individual metal (Cd, Zn, Pb, Cr, Cu, respectively) were at none risk level for children and

adults except the index of Cd in visceral mass of Pinna pectinata. However, TTHQ results showed that the TTHQ value in about half of the

shellfish species were more than 1, which indicated that long—term consumption of the visceral mass of these species would have a negative

impact on human health. In summary, the shellfishes were polluted by Zn, Cd, Pb and Cr to some extent, which indicated that hidden dan-

ger of heavy metals pollution was present in ecological environment and fishery production in the area, and the monitoring of heavy metal

residue in shellfish and heavy metals pollution need to be strengthened.

Keywords: economic shellfish; heavy metal; muscle; visceral mass; evaluation
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Table 1 Heavy metal contents in muscle and visceral mass of ten kinds of marine economic shellfish from eastern Guangdong coast

(Fresh weight ,mg-kg™)

2 2 Tissues 2 Species Cd Cu Mn Pb Zn
LA Muscle BB AR Poundulata 0.06+0.01f 1.06+0.07de 1.49+0.13e 38.18+1.76b  0.12+0.01d  176.10+8.62a
1% S. constricta 0.06+0.01f 1.2220.11cd  9.7220.13a 3.33£0.18e 0.36+0.04h  23.89+1.46e
VELHER C. rivularis 0.32+0.02b 0.82+0.07f 9.07+0.18b 3.45+0.29¢ 0.04+0.00f  43.77+2.77d
SCHE M. meretrix 0.26+0.01¢ 1.08+0.11de  0.62+0.10g  26.00£1.16d  0.04+0.00f  173.51%9.27a
/NIRAEAT I R. variegatus 0.04+0.01f 1.46+0.07ab 1.14+0.10f 2.00+0.08e 0.03+0.00f 18.3620.60e
Fe At H. diversicolor 0.04+0.01f 1.36+0.08bc 1.18+0.12f 0.92+0.05¢  0.06+0.0lef  15.92+1.00e
B} S. subcrenata 0.07+0.01ef 1.55+0.09a 0.710.11g  32.19+1.98¢  0.18+0.0lc  159.14+10.14b
MiYLER P. pectinata 0.77+0.11a 0.93+0.10ef  0.60+0.01g 0.98+0.01e 0.08+0.0le  60.68+0.11c¢
FEEARIR B. areolata 0.0120.00f 1.02+0.11e 5.74+0.39¢ 1.8120.12¢ 0.46+0.04a  21.02+1.16e
FEHERIA T R. philippinarum — 0.13+0.02d 1.26+0.07¢ 2.28+0.06d  75.15+6.92a  0.38+0.02b  38.74+1.96d
P E" 0.18+0.23 1.18+0.24 3.25+3.54 18.40+23.85 0.17+0.16 73.11465.82
Mean value in muscle
MER] Viscera WL B AL P. undulata 0.07+0.01h 0.88+0.05hc 1.77+0.07¢ 32.19+2.0le  6.15+0.38¢ 137.22+7.71f
345 S.constricta 0.45+0.06fg 0.77+0.06¢ 11.62+1.34¢  19.09+1.14g  10.09£0.52a  618.40+29.63h
WEYT4ENE C. rivularis 0.54+0.06¢ 0.98+0.15b 16.77£0.04b  75.54+2.11b  9.15+0.16b  640.11+9.94h
SCHA M. meretrix 0.3020.06g 1.1820.05a 1.7220.09¢  38.40£1.86d  0.05x0.00e  140.56+6.76f
INIRAEAS A R. variegatus 0.08+0.01h 1.030.12b 4.59+0.05d  20.04+1.20fg  0.1420.02¢  212.90%12.34e
e i) H.diversicolor 0.90+0.07d 1.20£0.13a  20.0520.93a  24.05£2.04f  0.7120.05d  478.56+15.98d
B S. subcrenata 1.7120.11b 1.2320.10a 1.5120.07¢  73.52+2.48b  0.19£0.02¢  221.64x10.42¢
MiTL#% P. pectinata 3.890.36a  0.90£0.07be¢  6.05:0.02d  46.23%2.53¢  0.2120.03¢  515.66=16.86¢
75 BEAR RUZ B. areolata 1.26+0.07¢ 0.90+0.03bc  21.34%2.13a  137.28+6.21a  0.81£0.04d  695.91+29.34a
ELEEUAT R, philippinarum — 0.3520.02¢f  0.90£0.04bc  5.45:0.32d  36.4020.15de  0.13£0.02¢  210.90%9.68¢
P A 24 (5 0.95+1.12 1.00£0.17 9.09+7.53 50.27+35.30  2.76%£3.92  387.18+216.16

Mean value in viscera

TE 7 10T DU WL B ) -3 (n=10) 5 “#7 2 10 i DS A R P o B 4 s 19~ F- 28 (n=10) 5 FAB K A 3 VR E 25 2R (9-F- 4 (EL e

22 (n=3) ; [A]— 5 Bt FP AR AN [ TR R 22 57 B35 (P<0.05) .

Note: "*" is marked as the average heavy metal contents of 10 kinds of shellfish muscles (n=10) ; "#" is marked as the average heavy metal contents of

10 kinds of shellfish viscera(n=10) ; The other data are mean+standard deviation of three groups of shellfish (n=3) ; Data of the same column (muscle and

viscera, respectively) with different letters are significant difference (P<0.05).
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Table 2 The single factor pollution index of heavy metals in muscle and visceral mass of the ten kinds of marine economic shellfish

from eastern Guangdong coast

ZH2H Tissues Fh 2 Species P P, P, P, P,
LA Muscle AR P. undulata 0.59* 0.53* 0.03 0.25% 1,175
WU S. constricta 0.64%* 0.61%* 0.19 0.72%* 0.16
PEVT4EWS C. rivularis 3,19 0.41* 0.18 0.08 0.29*
SCHG M. meretrix 2,63k 0.54% 0.01 0.07 11655
/INIRAETT B R. variegatus 0.39% 0.73%% 0.02 0.06 0.12
Aty H. diversicolor 0.45% 0.68* 0.02 0.13 0.11
B S. subcrenata 0.68% 0.78% 0.01 0.35% 1,06
MiTLEE P. pectinata 7.66%+% 0.47% 0.01 0.17 0.40%*
T BEARIZ B. areolata 0.15 0.50% 0.11 0.93%% 0.14
JEREIAT R, philippinarum 1.30%5% 0.63%% 0.04 0.76% 0.26%*
JULAI {8 Mean value in muscle 177585 0.59% 0.06 0.35% 0.49%
PE] Viscera WA AR P. undulata 0.74%% 0.44% 0.04 12.307% 0.91%*
51% S, constricta 4 48k 0.38% 0.23% 20,175 4,128
IR C. rivularis 5.43% 0.49% 0.34%* 18.30%%#* 4. 07k
SCHA M. meretrix 3,015 0.59% 0.03 0.09 0.94%
/INIRAETT U3 R. variegatus 0.75%% 0.51% 0.09 0.29% 142
R H. diversicolor 8.97:k% 0.60%* 0.40% 1,425 3,19k
B S. suberenata 17.06%*% 0.61%* 0.03 0.38% 1.48%##%
MiTLE% P. pectinata 38,98 0.45% 0.12 0.42% 3. 44585
7 BEAR AIE B. areolata 12.57#%% 0.45% 0.43% 1,635 4,647
JEATEMAAT R, philippinarum, 345585 0.47% 0.11 0.27% 141
PR E AT {8 Mean value in viscera 9,54k 0.50% 0.18 5,535k 2,58k

T ARG RIS YK 5 o URG YR s o URE TS QUK

Note: "*" represents slight pollution-light pollution level ;"**" represents pollution level ;"*#*" represents heavy pollution level.
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Table 3 THQ and TTHQ for children exposure to heavy metals in muscle and visceral mass of the ten kinds of marine economic shellfish

from eastern Guangdong coast

THQ

202 Tissues FIZE Species TTHQ
Cd Cr Cu Pb 7n

AL Muscle PSR Poundulata 0.016 0.097 0.010 0.010 0.162 0.295
1% S. constricta 0.018 0.112 0.067 0.028 0.022 0.247

VLA C. rivularis 0.088 0.076 0.062 0.003 0.040 0.269

SO M. meretrix 0.073 0.099 0.004 0.003 0.159 0.338

INIRAETT 0 R. variegatus 0.011 0.135 0.008 0.002 0.017 0.172

Fe At H. diversicolor 0.012 0.125 0.008 0.005 0.015 0.165

B S. subcrenata 0.019 0.142 0.005 0.013 0.146 0.312

MiTLER P. pectinata 0.211 0.086 0.004 0.007 0.056 0.363

5 BEAR AR B. areolata 0.004 0.092 0.040 0.036 0.019 0.191

AEALIEMAAT R, philippinarum 0.036 0.116 0.015 0.030 0.036 0.233

LA YI{E Mean value in muscle 0.049 0.108 0.022 0.014 0.067 0.260

PEI] Viscera WS AR Poundulata 0.020 0.081 0.012 0.484 0.126 0.724
WH1% S, constricta 0.123 0.071 0.080 0.794 0.568 1.637

VLA C. rivularis 0.150 0.090 0.116 0.720 0.588 1.664

SCHA M. meretrix 0.083 0.108 0.012 0.004 0.129 0.336

/NIRAEAT U5 R. variegatus 0.021 0.094 0.032 0.011 0.196 0.353

e 8if) H. diversicolor 0.247 0.110 0.138 0.056 0.440 0.991

B S. subcrenata 0.470 0.113 0.010 0.015 0.204 0.812

WI{LEE P. pectinata 1.072 0.083 0.042 0.017 0.474 1.687

75 BEARRIZ B. areolata 0.347 0.082 0.147 0.064 0.639 1.279

JEAEEMAAT R, philippinarum 0.095 0.086 0.038 0.011 0.194 0.423

P A1 #47{H Mean value in viscera 0.263 0.092 0.063 0.218 0.356 0.991

TR S A WA PN Zn  Ca 5L DUFIA M5 b Cd 57
RIS . AR BT A Y DR A s e
ZRE e v R W IR) T, EAS X o 4 e 7 G E Y
=W 4 4 S T e i KR B DR 2 DL R IR N B 43 R
bR B E SR R o EAS RV D2 T 4 R S YA
TE22 5k o AR AR AER RGN 1 B A MR v Bl T
RN A E 4 )&% (Zn . Cr.Cd .Cu . Pb) & &, 45 R IR,
REBORBE &R T G B5 g . AR UKEESIX &
TRIMEHR I K R A L R B S TR U 7 7 it oA
A 4 i 95 Y () B, {H Cd 5 Cr 8500 3 10 W8 e XU 75 32F
— T, DR, AN ] Sl DL 2R ) o 4 S T Y AP e 2
Sk R T 3B T Y v ) BRI YA, R R
5 a R R HAFTEE A L8R 1T LA
KK AR E Vi SR RN R B S A O

DUZE XA R b 2 4 Jeg 1Y) & AR BB ) 22 5 I . 9
JURCEEIX e ] Vi 8 30 ()7 D1 2 1A N o 4 5 B
FEAERA R, 251 B W 1) DR AA A Zn A Cu &5 62
B, Ph Cd . Cr & BRI P A2 55000 R i 3
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FRAE Az FRAR G T 45 R T A R e = A s 4 1
P, Cu S A8 B I 1 2 1 S ZFP () 75 6K, Zn  Mn
S5 T AR, B, YT I0E Zn .Cu & Mn
75 DU A PN B I 3t 43 B0 L Cd WP AN 2 AR A b 75 T
ROMEARICR, Ko m IR —ERE F T
I 5 YR,

DUEANRIZAZI00 8 4w & B AR D)t B 35 AT
e SR PN AR SR e A S A A I AT
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PR B, Cd L Cu AEF 5 B DL P52 L rh & it B R AR
FHAWL L, Cr NiE£F LA 22 4/ B A 55
WAL AIBIFFT 45 S, IR 5 bt DL Y AE AT Cd P Jii o
38 ABELPASE L Ph . Cd 19 7 i A (KT HoAth
HL . AL R, BR Crdlb, DU Py i A o HAth
5 e 4 Ja ot 40 B ST AR v T LA B A LY
AL, AN LA LY 2.73~15.77 15 . o] 0L, AHF
5 FAMFEEE R . DA R A8 B4R 1Y
ERRE 02 5 5 SU0 A BRI e %5 DIAH G .
P AT 2 DL 26 B A A B A oy, e 4 o] 5
R R 4R 10 4B o s 1, L 2R 4 )8 0%
AR, LU B S E RO 4™, 2%
PRAGECIX I S B DLAAC DY Cd AR SRR M AT T
FFE , 45 3 i 7R 12 DL 28 P o) o 4 1Y) s AR B A v
THIAHAL,

AR VA, T 4 SR 5 e 1 N IS ER AR XU
SRR BR T ASVLER R Cd Ah, A DS AL

FINIEA H Cr CuPb Zn ) THQ ¥4/NF 1.0, £ 1%
4R 4 R AR N B — e B XL s A B B B
f BRE XU 5 (LB H ARG R BC(TTHQ) &5 SRR, %
10 il D1 26 Y E A Hh 2978 50% DLZEH TTHQ KT 1,
PR EE A0 & X AR 40 DL 28 A R A 7 A
TRERRE RS o F AR BRI 45 SR , B8 AR Wit T B 1 = 4
TR 23 T EeE ARG, SR
77 DUISAEAE Cd 2 8 I 220 T 4 R 22 8 11 V5 2 f B XL
B . ABIETE S O A WFIE 45 FAH T B 5 0 S X 3
V£ FH DL 28 T 4 J 1 e 1) R XU 20 B 26 B,
AR, TR E 5 A AL & F DU 2SR Cu P,
Cr Hg Xf i A AL # 59 THQ (E /N T 1.0, (HER 43 it
I — BB D12 Cd AT As 75 Y 1) £ BRE XU B8 HH T AT 4232
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VA 3.6% FIFE S Cd 88 R HE 77 1R
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Table 4 THQ and TTHQ for adults exposure to heavy metals in muscle and visceral mass of the ten kinds of marine economic shellfish

from eastern Guangdong coast

THQ

414 Tissues i Species TTHQ
Cd Cr Cu Ph Zn

JLIA Muscle WS AR Poundulata 0.020 0.011 0.012 0.012 0.197 0.252

W358E S. constricta 0.021 0.012 0.081 0.034 0.027 0.176

PVLAE C. rivularis 0.107 0.008 0.076 0.004 0.049 0.244

SCHA M. meretrix 0.088 0.011 0.005 0.003 0.194 0.302

INIRFEAS A R. variegatus 0.013 0.015 0.010 0.003 0.021 0.061

e 4t H. diversicolor 0.015 0.014 0.010 0.006 0.018 0.063

BHUifS. subcrenata 0.023 0.016 0.006 0.017 0.178 0.222

MITLER P. pectinata 0.257 0.010 0.005 0.008 0.068 0.347

T3 BEARRIE B. areolata 0.005 0.010 0.048 0.044 0.023 0.131

TEFTRIAAT R, philippinarum 0.044 0.013 0.019 0.036 0.043 0.155

WL EME Mean value in muscles 0.059 0.012 0.027 0.017 0.082 0.197

N Viscera BB AR Poundulata 0.025 0.009 0.015 0.589 0.153 0.790

1% S. constricta 0.150 0.008 0.097 0.965 0.691 1.911

JEVTAENR C. rivularis 0.182 0.010 0.140 0.876 0.715 1.923

SCHE M. meretrix 0.101 0.012 0.014 0.004 0.157 0.289

/NIRAETT 5 R. variegatus 0.025 0.011 0.038 0.014 0.238 0.326

Fe At 1. diversicolor 0.301 0.012 0.168 0.068 0.534 1.083

M S. subcrenata 0.572 0.013 0.013 0.018 0.247 0.863

MIYLER P. pectinata 1.303 0.009 0.051 0.020 0.576 1.959

Ji BEARRIZ B. areolata 0.421 0.009 0.179 0.078 0.777 1.464

AEHEZIAT R. philippinarum 0.116 0.010 0.046 0.013 0.235 0.419

P IE I B{E Mean value in viscera 0.319 0.010 0.076 0.264 0.432 1.103
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