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Table 1 Heavy metal content in seawater of major shellfish culture areas in Guangxi Unit:pg » L'
FEhH X AR iH .
Breeding area Year Ttem Cu Pb Zn d Hg As
Lianzhou Bay shell- 2016 Content range 2.29-4.36 0.66-0.88 4.05-12.00 0.25-0.27 0.026-0.045 0.64-0.84
fish culture area
Mean value 3.16 0.78 6.29 0.26 0.037 0.71
2017 Content range 1.02-2.50 0.36-0.97 2.78-6.97 0.24-0.34 0.041-0.049 0.43-0.73
Mean value 1.94 0.67 5.29 0. 30 0. 045 0.61
2018 Content range 1.68-5.13 0.38—-0.89 2.90-41.40 0.13-0.21 0.051—-0.070 1.03-1.22
Mean value 2.75 0. 66 12.00 0.17 0. 058 1.14
Maowei Sea oyster 2016 Content range 0.85-3.49 ND-1.05 ND-7.92 ND 0.014-0.025 0.45-1.31
culture area
Mean value 1.29 0. 66 6.19 ND 0.019 1.14
2017 Content range ND- 6. 53 ND-1.06 2.51-25.20 ND-0.27 0.066—-0.095 0.63-1.21
Mean value 3.69 0. 66 8.84 0. 24 0. 082 0.91
2018 Content range 2.12-7.79 0.74-0.94 3.56-15.80 ND-0.15 0.015-0.028 0.61-0.80
Mean value 5.71 0. 85 6.09 0.11 0.023 0.73
Red Sand oyster cul- 2016 Content range 0.42-13.0 0.84-1.69 9.12-31.30 0.04-0.31 0.028-0.053 0.74—-1.45
ture area
Mean value 4.53 1.08 17.50 0.14 0.038 1.03
2017 Content range 0.56-1.78 0.61-1.39 3.09-11.60 0.11-0.19 0.118-0.140 0.64-0.75
Mean value 1.18 0.91 7.50 0.14 0.129 0. 69
2018 Content range 1.24-1.68 0.74-1.05 1.97-5.76 0.13-0.19 0.018-0.043 1.08-1.21
Mean value 1.42 0. 86 3.87 0.17 0.028 1.12
Overall mean 2.85 0.79 8.17 0.18 0. 051 0.90
Standard value of Class | seawater <5 <1 <20 <1 <0. 05 <20
Standard value of Class [l seawater <10 <5 <50 <5 <0. 20 <30

Note:"ND" denotes not detected.
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Table 2 Comparison of heavy metal content in seawater with other sea areas in China Unit:pg » L'
S o Cu Ph Zn cd He As
Sanggou Bay™'®! Content range 1.14-2.88  0.38-1.55  4.62-6.53  0.18-0.92
Mean value 1. 68 0.83 5.39 0.42
Hainan™'"” Content range 2.76 -4.04 0.73-1.59 8.96 -12.10 0.15-0.27 0.032-0.049
Mean value 3.38 1.18 10. 76 0.22 0. 040
Qisha Peninsula?"] Content range 0.71-5.34 0.03-0.85 0. 60— 68. 60 0.03-0.49 0.89-4.37
Mean value 1.91 0.22 16. 17 0.08 2.06
Jiangsut?! Content range 1.18-5.55 0.10-1.91 4.43-19.20 0.04-0.18 0.007-0.051 0.63—-2.90
Mean value 3.14 0. 64 10. 18 0.09 0.026 1.53
Yellow Sea and Bo- Content range 0.60—-4.62 0.16 -2.95 4.92-10.61 0.14-2.95 0.03-0.11 0.16 -1.37

hai Sea??]
Mean value
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Table 3 Classification of seawater quality pollution level

Joig: Aty

Quality assessment
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Table 4 Evaluation of heavy metal P; in seawater of major

shellfish culture areas in Guangxi

FHIX EOY

Breeding area Year

Cu Pb Zn Cd Hg As

P ‘?‘5‘%’%%?&
’ Pollution level Lianzhou Bay 2016 0.32 0.16 0.13 0.05 0.19 0.02

Shellfish cul-

P.<<0.4 1 Natural background

ture area
0.4<P.<0.6 , Clean 2017 0.19 0.13 0.11 0.06 0.23 0.02
0.6<P,;<0.8 3 Relatively clean 2018 0.28 0.13 0.24 0.03 0.29 0.04
0.8<P,<1.0 4 Mild pollution
‘ Maowei Sea 2016 0.13 0.13 0.12 0,00° 0.10 0.04
1.0<<P,<<2.0 5 Moderate pollution oyster culture
. area
p;=2.0 6 Heavy pollution 2017 0.37 0.13 0.18 0.05 0.41 0.03
5 = i ek 2018 0.57 0.17 0.12 0.02 0.12 0.02
o XK P& EERTEYRIE (P ) L& 8

4, FHFR A AT, VY 322 DL 2 SR A X UK Y TR 4
J& TT 3 WK B Y B FE AR IRy Cu™>Hg™>Zn = Pb>
Cd>AS,E1$@7kﬁ§%ﬁﬁiﬁ%,7kﬁﬁﬂ:$ﬁﬁ7k 2017 0.12 0.18 0.15 0.03 0.65 0.02
Vo DB AN 3R B SROOR B OB N VS DK SR A IX
2016 — 2018 4 #y 7K 51 35 J& A< IS K 7 5 26 2 U A4 W 57
FE X 2018 4F Cu(0. 57),2017 4F Hg(0. 41) Ay 75 YL 35
B K 8 T HE K T 7K F 5 20 VD AW SR 5 X 2016 48

Red Sand oys- 2016 0.45 0.22 0.35 0.03 0.19 0.03

ter culture area

2018 0.14 0.17 0.08 0.03 0.14 0.04

Overall mean 0.29 0.16 0.16 0.04 0.26 0.03

Note:" * " denotes not detected, P, is evaluated by the detection lim-
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Table 5 Heavy metal content in surface sediments of major shellfish culture areas in Guangxi Unit: mg « kg ™'
’e \

Breiiyfg[ﬁrea ?e{fr ?tjei Cu Pb Zn Cd Hg As
Lianzhou Bay shell- 2016 Content range 17.4-20.9 36.2-45.2 48.4-51.2 0.20-0.26 0.056-0.090 10.93-17.56
fish culture area

Mean value 18.9 42.2 49.7 0.22 0. 068 13.38
2017 Content range 15.4-21.2 23.8-28.7 31.8-52.8 0.13-0.17 0.041-0.052 10.65-12.72
Mean value 19.1 25.6 45.3 0.15 0. 045 11.39
2018 Content range 4.2-26.5 5.2-28.7 36.6-84.2 0.06—0.16 0.047-0.052 3.14-3.51
Mean value 18.4 20.0 64.3 0.12 0. 049 3.34
Maowei Sea oyster 2016 Content range 21.3-32.5 10.6-24.0 31.2-46.8 0.07-0.18 0.012-0.066 13.48—18. 82
culture area
Mean value 26.8 15.3 38.8 0.12 0.032 16. 87
2017 Content range 20.4-36.6 20.4-29.8 56.0-89.7 0.10-0.19 0.033-0.078 3.70-6.52
Mean value 26.0 25.3 75.2 0.13 0. 062 5.21
2018 Content range 3.5-8.7 3.56-8.7 21.1-49.1 ND 0.067-0.121 2.14-3.27
Mean value 6.9 6.9 31.6 ND 0. 086 2.53
Red Sand oyster cul- 2016 Content range 17.5-38.5 15.2-27.0 72.6-112.0 0.12-0.18 0.122-0.173 19.61 —30.90
e e Mean value 29.2 21.6 94.1 0.15 0. 145 26. 40
2017 Content range 3.6-28.0 5.3-13.6 41.9-104.0 0.02-0.09 0.147-0.227 13.21-16.60
Mean value 18.7 9.4 72.4 0. 05 0.179 15. 44
2018 Content range 5.9-11.3 1.3-2.4 53.2-79.3 ND 0.014-0.043 15.20-17.41
Mean value 9.2 1.9 69. 5 ND 0. 030 16. 37
Overall mean 19.2 18.7 60. 1 0.11 0.077 12. 33
Standard values for Class I marine sediments <35.0 <60.0 <150.0 <0.50 <0.20 <20.0
Standard value for Class [l marine sediments <100.0 <130.0 <350.0 <1.50 <0.50 <65.0
Note:"ND" denotes not detected.
k6 SENEMBEHARYIESEESELR
Table 6 Comparison of heavy metal content in sediments from other sea areas in China Unit:mg + kg™’
I o Cu Ph Zn cd He As
Sansha Bay™'"! Content range 23.04-36.52 39.07-51.83 0.080—-0.200 0.051-0.082 8.47-12.16
Mean value 30.91 44. 40 0.121 0.071 10. 24
]iangsu[zu Content range 8.7-29.5 11.0-28.8 43.9-138.0 0.047-0.255 0.010-0.059 4.7-19.8

Mean value
Zhelin Bay!® Content range

Mean value 22.94

56. 84

21.33-24.97 50.14-66.91 132.62-193.59 0.07-0.15

149. 15 0.11
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Continued table

Unit:mg + kg™’

g IX i [

N o Cu Ph Zn cd He As
Dalian®’ Content range 16,46 -23.51 23.27-27.08 60.14-93.48 0.120~0.143 0,019 0. 037
Mean value 19.93 24.88 66. 34 0.130 0.028
f:;;;%g;gmg river €7 Content range  9.45-31.70 18,70 28.95 75.50-118.50 0.521.87 9.75 - 20. 90
Mean value 21.04 22.87 91.81 1.04 15.17
2.4 MBRYESETLITFN

HRAE TV 3 22 DL 28 325 IX 3R )2 UL B 14 43 #r &5
BRI AR B A8 B (1) X0 X B DO AR ) 3 4
JRIEAT TS Y PP . H A B AR EOVE S BIF 5 K BR R BT AR
Yirb & BTG Y 1 E AR AR . AR IR T AN g Y.
IBE Bk AL 715 S E 5 3R R R0 O A AR 1 A AE
FHATRE S 10 3 S B AR fk . 48 b, R FH v [ i 7 =
JES A S )V S DL SRR IX TR 4 R G Bk
b7 5l B¢ 5L % 1 Cu Pb.Zn.Cd. Hg I
As 975 58 43 %~ 38.15.86.0.055,0.08 1 1.9
mg -« kg ', ML R BAEEL (1) B9 TT G A g ) 4y L
N
*7 HBMBREBSLZERYS

Table 7 Classification of geo-accumulation pollution level

b 371 Jri Ry
geo Pollution level Quality assessment
<0 0 Clean
0-1] 1 Relatively clean
(1-2] 2 Moderate
(2-3] 3 Relatively serious
(3-4] 4 Serious
(4-5] 5 Very serious
=>5 6 Extremely heavy

®8 TAFENLFERARYEESE I, 5HEN

A 5E XK 2 DO Hh o 4 8 19 ¥ IR B8 T
28, APREM LTV EE IR IX R Z IR &
BB As b, Cu.Pb.Zn.Cd. Hg ¥ s 1 2 45 %
T DB AN T 0 - 1, VR Y IR TR0 W R
E . o As FE 3 N FRIHIFEN 1., 65 HAh 5 WL
TR o 4 i A L 4 s s, TR A2 FRFE R 5 N 4%
BOHFER A, — Bk U, As Z AR IR R
R, BRI &, T 74 3228 DU SR 7 X 35
DU 6 Fh i 4 J8 (1 5 e AR BE AR IR O As™>Cd>
Pb>Hg>Cu="7n,

2.5 EYEESESENTH

J7VH DU FRAE XA W AR b A R Y B K
AR 9 R R S Y AR AR K O I VA5 (Cras-
sostrea rivularis) . HAUE P, BR Hg 1 As &K
SPELAR AN L 3 A %G8 B VT A W5 DU R Cu PbLZn
A Cd LEA [6] 48 B [8] 19 B 4 J& % 2 K P Al i — 28
TEEVE A2 ) BT S A U 815 0 o JFE o B M Y DL 2K 5 B X
2017 4F 1 Sufifi ) Co MbREcE , O 1 =KV
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B
w

Table 8 Evaluation of heavy metal I, pollution in sediments of major shellfish culture areas in Guangxi

Cu Pb Zn Cd Hg As
FEHE X Ay
Breeding area  Year I oo 451 I 451 1o 45 Iy &l I oo & I ! oo 23]l
g0 1, degree g0 1, degree g0 I, degree go I, degree g0 I, degree g0 1, degree
Lianzhou Bay 2016 —1.59 0 0.91 1 -1.38 0 1.42 2 -0.82 0 2.23 3
shellfish  cul-
ture area 2017 —1.58 0 0.19 1 -1.51 0 0. 86 1 —-1.42 0 2.00 2
2018 -1.63 0 -0.17 0 -1.00 0 0.54 1 -1.29 0 0.23 1
Maowei = Sea pp16 109 0 -0.56 0 -1.73 0 0. 54 1 191 0 2.57 3
oyster culture
area 2017 —1.13 0 0.17 1 -0.78 0 0. 66 1 -0.95 0 0.87 1
2018 -3.05 0 -1.71 0 —2.03 0 -1.04" 0 —0.48 0 -0.17 0
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gk
Continued table
) Cu Pb Zn Cd Hg As
FI X Ay - - - = - -
Breeding area  Year 1o P03 1 0 20 1 oo 90 I o 950 1., 95 I 200
80 I, degree  "#° [ . degree 80 I, degree g0 1., degree g0 I, degree  "#° I degree
Red Sand oys- 2016 —0.96 0 —0.06 0 —0.46 0 0. 86 1 0. 27 1. 00 3.21 4
ter culture ar-
ea 2017 -1.61 0 -1.26 0 —-0.83 0 -0.72 0 0.58 1.00 2.44 3
2018 -2.63 0 —3.57 0 —0.89 0 -1.04" 0 —2.00 0 2.52 3
Overall mean -1.70 0 -0.67 0.33 -1.18 0 0.23 0.78 —0.89 0.22 1.77 2.22

Note:" * " denotes not detected. !, is evaluated by the detection limit.

R9 TAFENLEFEREYEHRESESE

Table 9 Heavy metal content in organisms from major shellfish

1

culture areas in Guangxi Unit:mg kg~
FRFH X A .
Breeding area Year Cu i Zn Cd Hg As
Lianzhou Bay .
. 2016 86.70 ND 47.0 1.08 ND 0. 06
shellfish culture
area 2017 108.00 0.23 31.4 0.60 0.020 0.14
2018 6.99 ND 43.4 0.08 0.011 0.19
Maowei Sea
oyster culture 2016 63.50 ND 111.0 1.65 0.003 0.25
area
2017 4.12 ND 245.0 0.07 0.029 0.38
2018 38.70 0.31 439.0 0.16 0.008 0.67
Red Sand oys~ 9016 554 0,04 23.3 0.17 0.011 0.06
ter culture area
2017 5.55 0.06 140.0 0.14 0.088 0.14
2018 9.75 0.09 63.0 0.09 0.020 0.10
Overall mean 36.50 0.10 127.0 0.45 0.021 0.22
Class I biological quali- 1 —4 1 <99 <0.2 <0.05 <1.0
ty standard values
Class I biological p
<25 <2.0 <50 =2.0 <0.10 <5.0

quality standard values

Note:"ND" denotes not detected.

AN (7] 5 8 DX 3k 1) A P AR 4 R % it o3 A REAE IR
FETE—E 22 5, BN TS DL 28 55 B IX () A= ) R 5 42 Ja °F
PI& it (mg » kg D IRIKE Cu(67.2)>7Zn(40.6) >
Cd(0.59)>As(0.13)>Pb(0.10) >Hg(0.011),
J2 Vg A W 5 B DX S £ U W SR A DX AR AR R
VR E R ERI N Zn>Cu>Cd>As>Pb>Hg, Mt
®10 SENEMEENEEYGEIESBABRE

Table 10 Comparison of heavy metal content in shellfish organisms from other sea areas in China

TR FokF 5T X0 v o 4 i SF- 2 0 S
IR 5 5 R 200D 37 i XM ) 3 5 0 8 45 %ot b
IS VS M S 3 VL WA T 4 S V5 Y 43 T ) B 5 4 R R
— .,

55 ] P At 1A 35 DU S A W AR 4 R e LA (GR
10 AT LA 778 3 2 D13 35 50 X A ) 1 o 42 g b
Pb 1 As 5 HAth ¥ 38 A1 L & 2= 88K, Cu. Zn, Cd Al
Hg & b 2 5K,
2.6 EMBELERSRITINMREERE

ST U Ve A W 6 ) vh — 2K 1 PR A ) T R A
HEAE (SO R 78 32 %2 DL 2R R0 IX A ) 14 & 4 s ik 47
P, WM. g5 3k 11 fros, 45 SRR, WF 58 IX 48
2016 — 2018 4R VL4t Wi £ Py ik b Cu Pb.Zn.Cd 1
Hg fF7EAS R AR BE (B bR B4 L As FF A — 27
A 0 5 e o (R v R VS DL 2K 3 A X T YT A 5
SR I5 Y R MR N Cu(6.72) > Cd(2.93) >Zn
(2.03)>Ph(1. 03)>Hg(0. 22)>As(0. 13), F B
S W 75 B X A5 YR A Zn (13, 28) > Cu (3. 54) >
Cd(3.13)>>Pb(1. 30)>As(0. 43) >Hg(0. 27) , 2L 1»
WG FE 50 X ) 35 Y I 9 Zn (3. 77) > Hg (0. 79) >
Cu(0. 70)>>Cd (0. 67) >Pb (0. 63) >As(0.10),
e bV R DR SR K A kb 6 R &R 15
PR EFE RN Zn>Cu>Cd>Pb>Hg™>As,

Unit:mg « kg ™'

Sea area Species Cu Pb Zn Cd Hg As
Qinzhou Port™?!  Crassostrea rivularis 126. 96 0.02 532.03 0.52 0. 009 0. 40
Hainan Island™®" M. meretrix 3.240.18 0.49%£0.18  10.90%1.44 0.028+0.004 0.38%0.13
Yantai-*" Chlamys farreri 6.26+0.03  0.92%0.24 15.51+1.11  0.50+0.07  0.07+0.02
Qinzhout®* Ostreidae 63. 50 ND 111. 00 1.65 0.003 0. 250
Tianjin"**! Scapharca subcrenata 0. 308 0.127 0. 0849 0. 0272 0. 749

Note:"ND" denotes not detected.
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1 THEENXFEAXEVEESLE P, ¥/ R BCF
Table 11 Evaluation of heavy metal P; in biomass and BCF in major shellfish culture areas in Guangxi
?%ﬁﬁlz A Cu Pb Zn Cd Hg As
Breeding area Year P, BCF P, BCF P, BCF P, BCF P, BCF P, BCF
Lianzhou Bay 2016 8.67 27 437  0.40° 51 2.35 7 472 5.40 4 154 0.04" 54 0.06 85
shellfish culture
area 2017 10. 80 55 670 2.30 343 1.57 5 936 3. 00 2 000 0. 40 444 0.14 230
2018 0.70 2542  0.40" 61 2.17 3617 0. 40 471  0.22 190 0.19 167
Maowei Sea oys- 2016 6.35 49 225 0.40° 61 5.55 17 932 8.25 18333 0.06 158 0.25 219
ter culture area
2017 0.41 6242  0.40" 61 12.30 27 715 0.35 292 0. 58 354 0. 38 418
2018 3. 87 6 778 3.10 365 22.00 72 085 0. 80 1455 0.16 348 0.67 918
Red Sand oyster 2016 0.55 1223 0.40 37 1.17 1 334 0. 85 1214 0.22 289 0.06 58
culture area
2017 0. 56 4703 0.60 66 7.00 18 667 0.70 1 000 1.76 682 0.14 203
2018 0.98 6 866 0.90 105 3.15 16 279 0.45 529  0.40 714 0.10 89
Overall mean 3.65 17 854 0.99 128 6.36 19 004 2.24 3272 0.43 359 0.22 265

Note:" * " denotes not detected, P; is evaluated by the detection limit.
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Hh s Zn Cu.Cd # BCF ¥ KT 1 000, i W ix 3 Fl 1 43
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X 5 R O S X A TR YN A BIF 9 4 R 5K
(4 AL EXF CulZn A1 Cd (198 & BE 7 L HABTEVE A )
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ST KB, MK Zn 1 Cu 14 B B A 388 8 L 3T
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Distribution Characteristics and Pollution Evaluation of Heavy
Metals from Major Shellfish Culture Areas of Guangxi

CHEN Jiyi', YANG Na',CHEN Xuyang®" " ,JI Chunyan',LIU Baoliang'
(1. Beihai Marine Center, Ministry of Natural Resources, Beihai, Guangxi, 536000, China; 2. Fourth Institute of Oceanography,
Ministry of Natural Resources,Beihai, Guangxi,536000,China)

Abstract:In order to explore the distribution and pollution level of heavy metal content in major shellfish cul-
ture areas of Guangxi,based on the investigation and analysis data of heavy metal elements (Cu,Pb,Zn,Cd,
Hg,As) in seawater, surface sediments and organisms of major shellfish culture areas of Guangxi during
2016 — 2018, the single factor index P, method,geo-accumulation index I, method and Bioconcentration Fac-
tors (BCF) were used to evaluate the pollution of heavy metals in culture areas. The results show that the
content distribution of all heavy metals in seawater is Zn>>Cu>>As>Pb>Cd>Hg.and the pollution degree is
Cu>Hg>7Zn=Pb>Cd> As. The content distribution of heavy metals in sediments is Zn>>Cu>Pb>As>
Cd>Hg.and the pollution degree is As>>Cd>Pb>Hg>Cu = Zn. The contents of heavy metals in the shell-
fish of Crassostrea rivularis is Zn=>Cu>Cd>As>Pb>Hg, the pollution degree is Zn>>Cu>Cd>Pb>Hg>
As,and the bioaccumulation ability was Zn=>Cu>Cd>Hg>>As>Pb. It can be seen that the seawater quality
of the main shellfish culture areas in Guangxi is better, which belongs to the background level. The sediment
environment belongs to relatively clean level and suitable for shellfish culture. There are different degrees of
pollution of heavy metals in organisms,among which the accumulation of Zn,Cu and Cd is more significant,
which should be paid attention to.

Key words: shellfish culture areas;distribution characteristics;heavy metal;index of geo-accumulation;enrich-

ment coefficient;pollution assessment
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