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Fig. 1 Distribution of monitoring stations in Lianzhou Bay

1.2 M AE
1.2.1 $BFFREHE  BHNETERIER
SF SIS X A K 5 T 4y S BRI A o B 9 Y R
HAtE AR N

P, = C/S, (1)
R (1) P, R T35 e 5, e i 351 T 4R Y
TSYFREE, C, F1 S, 433 7K S5t 42 ) (Hg . Cu Pb
Cd) A &5 1 SEME (pg/dm’ ) LS 5 DF 6 4 o (8
(Mg/dm3).
1.2.2 EHELBTEIBHP SHELBLELT
FrH PRMEQRIGRIERMZMESBLZST
YRR A R -

C} = C/C, (2)

Q=2@ (3)

A (2.3) G RN 43R 15 YL F 58, LT
LR A R TS YRR L, € R U T AR i 5

WE (mg/kg) , C, N ZFESREG TS Y455, 2
RHEFESEERERBZA, C, HIRY)& ES)E
BRI RITHRE (mg/kg) .
1.2.3 #AEAENEI4&(RI) K4 Hakanson
(1980) 23 f T 70 2B 25 KU R 3517 e 28 I
IF 9 X a8 2 TUAR M i < e o JHC 5 T 8 A A Tk
TESZm ), Hat B A=k

= YE =36 @)

S0 (4) L RE R yURUI 4 0 19 5 4 W 12 25 AU
S B NIRRT AR BT E ARG R TN
T 4 R AL R

2 ZR50Ne
2.1 BARkPELEESETNL

2012—2017 4F4R4F 8 H B M D1 2R 55 58 X i
BoKRES R SR ras R ILER 1.\ 1 Eds
AJHT, B Hg F1 Cu 4b, Pb Cd P-4 & 5 3438 ) (i K
AKFARIED ' g — 2K TR v K.

WF5E X el g 7K o B 4 J 1 2 2 o A A BT ]
T He B9-F-34 5 5 34 o 2012 4F <2016 4F <
2014 4F <2017 4F <2015 4F <2013 4F; Cu 13545
B0 2017 4F <2012 4F <2016 4F <2015 4F <
2013 4 <2014 4 Pb -3 8 5404 R 2012 4F <
2013 2017 4F <2014—2016 4F; Cd [ -39 & B4 Fi
12013 4F <2012 4F <2016 4F <2017 4F <2015 4F
<2014 4F. QAR , BN T D1 2SR50 X g K 8
G JE S ARGl AKOK BTbR E) o i 2 bR (A
CGEGIKT=FRAH ) -

RNV DL 55 36 X 5 T 94 HoAth 3= 2557 58 IX A
e, WK 4 SR A S KA 22 AN K S T
A 1y DS FRAE XA LE , FREIM T DTS 3% 4 IX T 7K
HAEJE Pb 11 & S A T AR (% 2).

F1 BENENEAFREXBKELELE(ug/dm’)

Tab.1 Heavy metals contents in seawater in shellfish culture area of Lianzhou Bay

GO = Hg Pb Cd
2012 T F 0.017 ~0.039 1.0~4.9 0.2~0.9 0.07 ~0.49
Bfl 0.026 0.4 0.25
2013 T F 0.051 ~0.088 3.2~6.4 0.5~0.8 0.06 ~0. 10
BIfE 0.070 0.7 0.08
2014 | 0.034 ~0.053 3.2~6.8 0.6~1.2 0.14 ~0.86
Mt 0.040 0.8 0.36
2015 T 0.052 ~0.083 3.2~4.8 0.6 ~1.0 0.21 ~0.49
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g1
£ R gE| Hg Cu Pb Cd
¥l 0.066 3.9 0.8 0.34
2016 SiEnsl 0.026 ~0.045 2.3 ~4.4 0.7~0.9 0.25~0.27
Wil 0.037 3.2 0.8 0.26
2017 Etens | 0.041 ~0.049 1.0~2.5 0.4~1.0 0.24 ~0.34
¥l 0.045 1.9 0.7 0.30
T 7KK 5T — bR <0.05 <5 <l <l
7KK T — 2 bR <0.2 <10 <5 <5
F2 ENTRNEFERGREEREEBLE(ug/dm’)
Tab.2 Comparison of heavy metals contents in seawater of different shellfish culture areas in China
FRIH X Ay =) Hg Cu Pb Cd
AR 2010 T 0.020 ~0. 082 0.30 ~5.01 0.09 ~4.89 0.01 ~0.78
¥l 0.042 2.64 1.48 0.18
TR 2014 B 0.020 ~0. 024 2.1~3.4 0.27 ~0.96 0.13 ~0.20
SN 0.022 3.0 0.56 0.17
Frp 2012 1 0.0171 ~0.0845 1.72 ~4.19 1.34 ~3.74 0.229 ~0.299
¥ 0. 0499 2.60 2.74 0.261
2013 T 0.0155 ~0.0878 1.13 ~4.91 0.0863 ~3.59 0.0785 ~0.274
Bl 0.0357 2.28 1.73 0.205
7T 4 2006 7 0.1~0.2 1.2~5.2 5.8~11.3 0.10 ~1.09
Bi(E 0.12 3.2 7.8 0.30
2007 B <0.02 ~0.15 <0.2~2.4 <0.03 ~4.15 0.08 ~0.17
¥l 0.05 0.5 0.84 0.11
[ =t 2012 il 0.02 ~0.05 2.20 ~8.32 - 0.08 ~0.12
¥ 0.04 5.21 - 0.10
2013 T 0.04 ~0.06 2.60 ~2.80 - 0.12 ~0.29
Bl 0.05 2.73 - 0.20
2014 T 0.06 ~0.13 1.40 ~4.20 - 0.04 ~0.06
Bl 0.10 2.60 - 0.05

TE: =7 7R SCHRH JoAR S Bl

MAEPRAEAERE (] 2) ,2012—2017 4 Hg (1
EREEIAE 0. 017 ~0. 088 pg/dm’ 22 [8] , 4 b ] I,
AWl (B R R TC ] AR 3, - 2 5 i 0. 047
peg/dm’; Cu [l EEHE N 1.0 ~ 6.8 pg/dm’, -1y
B 3.6 pg/dm’, I Sk NG R AR Y R 4
FRIE(E I BT 2014 AR fIRMELH BL T 2017 4F;Pb
(& Y 0.2 ~ 1. 2pg/dm’, P 3 35 R

0. 7Tpg/dm’ A 2 1 Th i # Cd 1 % 535 [
0.06 ~0.86pg/dm’ , F-3 & &K 0. 27 pg/dm’ | B g
e8RS R DIITID k28
2.2 BRHBESRERTEFE

BRI DL 57 DX 7K 7K s i FH g K oK
JRFRAE) P B —ZRARMESEAT PR, R K BRI AR L
RGNS 3 IR BT X A K
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Fig.2 Inter-annual changes of heavy metals in seawater in shellfish culture area of Lianzhou Bay
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Tab.3 Classification of seawater pollution status

P, EH T YL
Pi<0.4 1 FLRA G
0.4<P; <0.6 2 i
0.6<P; <0.8 3 LR Rl
0.8<P; <1.0 4 TR RE VG Yy
1.0<P; <2.0 5 g S Yy
P;=2.0 6 S Y

x4 BRMNZEREFERBRKDEESENTITN
Tab.4 Evaluation of heavy metal pollution in seawater in

shellfish culture area of Lianzhou Bay

Pi

h

Heg Cu Ph cd
2012 0.13 0.26 0.08 0.05
2013 0.35 0.44 0.14 0.02
2014 0.20 0.55 0.16 0.07
2015 0.33 0.39 0.16 0.07
2016 0.18 0.32 0.16 0.05
2017 0.22 0.19 0.14 0.06

iy 22 4 T01,2012—2017 4F BEM 75 U1 2K F558 X

SRR BRGLEGT , /K He (Pb [ Cd [ A /KF-,
2013—2014 4F Cu BV Y5 50 M 34, J& Tis
K.
2.3 MAYHEESESETL

2012—2017 4 Ji 75 D12 % 5 X1 3 T AR
E AR AT A R LR 5. S5 R R, BR 2013
4F Cu A1 Pb &b, AR BRI ITAR Y 8 43 8 14 &
PImAR F QPR DU ) ' b i — 28 AR v f
GEABFRIHE) .

JREIH VS D1 S F 5 X AN [R)AF 453 [ U AR ) v 3 45
TR —E 255, RN Hg WP & &0l
2017 4F <2014 4F <2016 4F <2012 4F <2013 4F <
2015 4F; Cu 380 84041 1 2012 4F <2014 4F <
2016 4F <2017 4F <2015 4F <2013 4F; Pb [ 4
M R 2012 4F <2014 4F <2017 4F <2015 4F <
2016 4F <2013 4F; Cd [ -3 & 5404 i 2012 4F <
2015 4F <2014 2017 4F <2013 4F <2016 4. BHF5EIX
WERIZUURY T 4R P& & i R EIMRIR
Pb > Cu > Cd > Hg.

JRESH VS D1 S 55 X5 ] Y AS [) DL 26 5 4 X0 [
SRR S) , RETBRYESE Y EES)
P HAth DU FR58 X AH FL AR AU AN K 5 1 P HAl A 1
DIRFRFEIX AR L, Pb - 35 1% F 0

IR R (6 3) ,2012—2017 AFJRM|
15 DR FRAE X TR He F Cu 122 Lk Fh—
3, BRI SR NS FEAIK, Hg A1 Cu (95 A8 1k 53
7E 0. 041 ~0. 188 mg/kg Fl 11.2 ~50.3 mg/kg =
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i), S5 BESM B0 0. 100 me/kg A1 23.5 me/kg:Ph G A RRIE(E 2016 4. 5iEK i1 42 045 B s
1 Cd FH 8 A IA 33.0 me/kg 0. 16 me/kg, & (LT HAMHF 10, Bk He b, BB Cu Pb.Cd 4
PRI SO TS, Ph R A BB 2013 4F,  BVISIMHE SRR A 5L,

x5 BRMNZENEAFERTRUESESE(my/kg)

Tab.5 Heavy metals contents of the sediments in shellfish culture area in Lianzhou Bay

R HH Hg Cu Pb cd
2012 T 0.126 ~0. 142 11.2~13.8 8.9~10.2 0.05 ~0. 14
¥fE 0.130 12.6 9.7 0.11
2013 T [ 0.112 ~0. 147 44.1~50.3 62.9 ~68.0 0.15~0.22
E 0.133 47.5 65.9 0.18
2014 T 0.051 ~0. 067 14.8 ~18.0 12.9 ~14.7 0.09 ~0.23
HyfH 0.059 16.4 13.6 0.15
2015 T 0.151 ~0.188 22.4~31.3 40.7 ~41.0 0.02 ~0.22
YifE 0. 166 26.3 40.9 0.13
2016 T 0.056 ~0.090 17.4~20.9 36.2 ~45.2 0.20 ~0.26
Bifi 0.068 18.9 42.2 0.22
2017 T 0.041 ~0. 052 15.4 ~21.2 23.8~28.7 0.13~0.17
¥l 0.045 19.1 25.6 0.15
TR — JS b <0.20 <35.0 <60.0 <0.50

®6 EAARANEFERARYEERESELILE(my/kg)

Tab.6 Comparison of heavy metals contents in the sediments of different shellfish culture areas in China

FRH X Ay i H Hg Cu Pb Cd
TR 2010 i 0.002 ~0. 440 5.27 ~40.30 4.99 ~60.20 0.05 ~0.56
il 0.077 11.45 18.48 0.18
gL 2014 Filid 0. 046 ~0. 050 22.8 ~28.7 18.6 ~24.9 0.08 ~0.11
Pl 0.048 25.5 22.0 0.09
Ko rpte] 2012 i 0.018 ~0.227 28.0~30.9 20.1~22.2 0.129 ~0. 140
Pl 0.021 29.2 21.2 0.134
2013 Filiz] 0.014 ~0.015 23.7~24.7 21.5~22.4 0.162 ~0.186
il 0.015 24.3 21.8 0.177
J P 4] 2007 i <0.002 ~0. 140 5~39 12 ~38 <0.04 ~0.26
il 0.037 2 29 0.14
I 3 Al 2012 Fili ND ~0. 132 13.5~15.3 - 0.27 ~0.28
BNl 0.132 14.4 - 0.28
2013 i 0.071 ~0.129 7.98 ~25.70 - 0.08 ~0.28
Pl 0.091 18.19 - 0.16
2014 S5 0.050 ~0.079 15.2 ~34.5 - 0.30 ~0. 60
Pl 0. 060 22.4 - 0.46
FREFERET) 2006 ~2008 Fiid 0.001 ~0.303 1.3~23.0 5.0 ~58.0 0.02 ~0.13
Pl 0.057 10.5 18.7 0.05

T “ND” AR R 5 = 7 FoR 30k DA S B
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Fig.3 Inter-annual changes of heavy metals in the sediments in shellfish culture area of Lianzhou Bay
2.4 MBMELETTRIGME b F 85 55 15 Y K F; 2014, 2016—2017 4F [y Hg,

RIS B I X R , A5 BT 50 %
1988 4E J M 5 3 2 VTR i T 4% He ., Cu. Pb . Cd
MRS C ), 010 0. 111 11,0,
27.1.,0. 195mg/kg" . PO P38 4 R FH 0 35 4
RIS R C ) KT § T 4R 115 YL L
FEK AT b 4 T 4 08, T RS 2 Ha-
Kanson 2 H M7 25 KU KL 0 8 I 48 b B
SR, SR 4R L A5 RSB C, BRI 5 Q358
[1995 Y 53 S 14 25 M T 255 (2003 ) FOFSE R
LA P T HHR T 6 4 R Fr i B Rt A
RERTEAE ) CLR G, BT R RIS N T TR
SO DX 4 J2 OB o B 4 PR T 1 7
RERAAR(2) M(3) , AR C A C,
{H(38). BRI 48 15 Y 35 BOR B, TR
Cu [ F-H C A (2. 13) , I %75 Yok P
WAEBRI o2, 2013 4F Cu [y CAERLRS A% 4.32,

2012 2014 2017 4E/Y Pb, DL KRR 2016 4E4MY) Cd 5
P ZBENT 1R TR YK s AR [ i &
GxJE CAIIE 1 ~3 ZI0], 8 T 575 Y K. &
A5 Y%L C, >k F ,2012 2014 2017 41 C, {63
INT S B TARTG YA, AR Ay B4k T v A5 5 e
KV Z SRS R DU Y & R R AL T rh 45
15 YK B 15 e UF AR Cu > Pb > Hg
> Cd.
2.5 MAYHPESENBEESXEITEN

RS RIS YR ( C) ) M Z N E 4R (1 45
A5 YR FCR UL B 1 PEA DX i 5 G AR AE , (EA
REA AU s O v 4 T I R 1 KT L 2R S U
FREE DL R 4 S T G ) U . AR 0 A A A UK
15 9% 280 RI B R S e DX 3 0 AR W 1740 18 A A 285 RURG:
IRV B X IR 2R Y h #E 42 )& Hg . Cu ,Pb Cd
{14 T4 W R R K053 31 940 5.5 .30 LR R

R7 MBYESESEEENS
Tab.7 Classification of heavy metal pollution in the sediments
¢ B T YR Ca BT
¢ <1 575 €y <5 54
I< (‘} <3 i 5sC, <10 s
3< C} <6 BTG Y 10< C, <20 BTG Y
Gy =6 [EREE S €, =20 [EREE S
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Tab.8 Assessment of heavy metal pollution of the sediments in study area

(o
ARy Cy
Hg Cu Pb cd
2012 1.17 1.15 0.36 0.56 3.24
2013 1.20 4.32 2.43 0.92 8.87
2014 0.53 1.49 0.50 0.77 3.29
2015 1.50 2.39 1.51 0.67 6.06
2016 0.61 1.72 1.56 1.13 5.02
2017 0.41 1.74 0.94 0.77 3.86
S 0.90 2.13 1.22 0.80 5.06

SJRIY £, FRE 1594 AU BRI 9. K M
T DU TR X ORI 45 TR 5 YedR B ( C) ) Az

PR A T, ) ALK (4) #EATIHEE, 7T 30X
ERUURRYIN E, R T5 YU, 245 R4 T3 10.

R MRMEESEEEESNREELS

Tab.9 Classification of potential ecological risk of heavy metals in the sediments

E, BT S AR RI SRR S AR
E, <40 AR A 25 KU RI <140 AL 25 KUK
40< E; <80 HYBLE A 25 KUK 140< RI <280 HYBE A 25 KUK
80< E. <160 BB TEA S A 280< RI <560 VB TEA XU
160< E, <320 VB EA AU RI =560 R B e A S AU
E =320 AR A A 25 R

*10 MRXEBARUESENBEESRKEITMN

Tab. 10  Potential ecological risk assessment of heavy metals of the sediments in study area

ARy h RI LS

Hg Cu Pb Cd IR R
2012 46.80 5.75 1.80 16.80 71.15 TR
2013 48.00 21.60 12.15 27.60 109.35 R
2014 21.20 7.45 2.50 23.10 54.25 AR
2015 60. 00 11.95 7.55 20.10 99. 60 XU
2016 24.40 8.60 7.80 33.90 74.70 R
2017 16.40 8.60 4.70 23.10 52.80 XU
S5 36. 13 10. 66 6.08 24.10 76.98 i

M 10 AT LI Y iR SRR ) Hh L0
IR MTY E, E/NT 40, B AE AR IS KU K52
%5 LA F He 1972 £, {f 36. 13, R S e
B, H 0 A AR A 8 E K F, vk 2012,2013
2015 4 Hg MYPAEA SR HE RO BIIA 2 T 46. 80

48. 00 F1 60. 00 ; £5 F 42 J& (- T AE AR S e L
HRE/NRIY Hg > Cd > Cu > Pb. N ZFhE 4 )8
AT E S XBRRRE RT(ERF 6 IRTAA LSRN RI
SFEES/NT 140, J8 TR AR AR S KU A, e
2013 4EHY RI i fie s, i85 109. 35, F 25 A2 Hg
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) E, B e 5 R . SR, M DL 2 FR A X
DURY 4 Je P AR AR S AR e TR A AR
A XS PR 0

3 4k

(1) B 5 DU 3R DX K b T B 7 b Ak
BRABIK T, PR 5 2K KR i ) b ol (L
GE A KT FRA) 4 BRI Y F- 4 & (pg/dm’)
KK Cu(3.6) >Pb(0.7) >Cd(0.27) > Hg
(0.047) , Bk Cu 4, Hg Ph Cd 4 b % {3 52 W] 5
T WA T G SR T YRR T
Cu(0.36) >Hg(0.24) >Pb(0.14) >Cd(0.05) ,%#
PO BORBLHA B T A KT

(2) FIZVLHWY 48 7 BB 2013 4F Cu i
Ph S, HUARTR G - 349k L 349 R — W P BB
B, 5 A DU FRAE DA L, Ph 13

S

EEG T A H AR T (mg/kg) T A Ph(33.0)
>Cu(23.5) >Cd(0.16) >Hg(0.10) , & He 4F, It
W Cu Pb (Cd 4R PRz Ak S5 R 7K AH H i 22 4k
FA L R SR 1075 Y85 ( C)) K F, Cu
HIEE C e (2. 13) 8 T 675 YLk S, Ho
2013 4EIR B F R AE (4. 32) s £ 4 Ja 175 YL Fe B 1
FKFIMEYR Jg Cu(2.13) >Ph(1.22) > Hg(0.90)
>Cd(0.80). NZMEEBLEATEIARE( C, )k
FLFH C EN 5,06, 8 T o 25 YK

(3) IZFRFH IR UTAR Y T 4 114 3 AR A 25 RUS:
TRV, KBS R BB R 76. 98 5 45 5 4 Jm V5 YL [N
T U A A S RS R B0 Y S Hg (36. 13) > Cd
(24.10) >Cu(10.66) >Ph(6.08) , i Hg fliE1E
A S XS 8 B K, AN BT iR 3R I8 B 23% , K IH T
% X I8 =27 Hg W 7 AR A5 XU 52 ).
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Variation of heavy metals in shellfish culture area of Lianzhou Bay,
Guangxi and potential ecological risk assessment

CHEN Ji-yi,JI Chun-yan,CHEN Xu-yang,ZHANG Chun-hua
(Beihai Marine Environment Monitoring Center Station of SOA, Beihai 536000, China)

Abstract : According to the on-site monitoring data of shellfish culture area in Lianzhou Bay in August from 2012 to
2017, the contents of heavy metals (Hg, Cu, Pb and Cd) in seawater and surface sediments were discussed, and
the pollution status of heavy metals in two media and potential hazards of heavy metals in sediments were evaluated.
The results showed that the average contents of heavy metals in seawater were Cu > Pb > Cd > Hg. The inter-an-
nual variations of Hg, Pb and Cd all showed an obvious upward trend except for Cu. The pollution level was Cu >
Hg > Pb > Cd while the overall water quality of heavy metals was basically at the background level. The average
contents of heavy metals in surface sediments were Pb > Cu > Cd > Hg. The inter-annual variations of Cu, Pb
and Cd were basically the same as those in the aqueous phase except for Hg. The pollution level was Cu > Pb >
Hg > Cd while the overall pollution level was medium. The potential ecological risk level of heavy metals in sur-
face sediments was Hg > Cd > Cu > Pb and the synthetical potential ecological risk index RI was less than 140
with an average 76.98 from the results of 6 surveys. It indicates that the area was in the state of low potential eco-
logical risk level.
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