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Table 1

Toxicity coefficient (Tif) and background reference

value (C%) of heavy metals

Heavy metals Cj'( x10°%) Tf/‘
Pb 27.100 5
Zn 90. 300 1
Cu 11. 000 5
Cd 0.195 30
Cr 73.300 2
Hg 0.111 40
As 15. 500 10
1.3.2  #HfEA SN0

AW R Hakanson'™™ $2 11 1 78 4 25 KU
TRBOL KN DUAR W) vh 85 Jm 1 A B . WA A
SHEARRBOE GG % I8 T H e muwtE AR Y+
T AL B AL R AT AN D00 o 4 V5 % ) SRR L LA
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Krf: EY &R IR EASKE REG T, hES
JB B 1 AR KR B e 4 R R KT B A X
JEE Y BURFE s 4 8 Cu.Pb.Zn.Cd.Cr.Hg.
As 8 N R 804 51 5,5,1,30,2,40,10; C)
N LR F TS Y R
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B, 5 OB TE A S R BN £ R E) 7T
G Y Wi A AR S S R BRI 4y 5 AN B <
40, AR TRAE A B IXUG 5 40<< E <C80., il 74 75
KK 80 << E' <160, K # 5 W 76 4 & K
160=<< E; <<320, A @i RS s E) =320, /1R

o VTR AR 2 KUK

TWEAE A S K R € SO BT A 4 8 1T
PR 25 AU 2R B8 2 R, T L A A 2 XU R 4y
M4 A RI<T150, i 3 B A (R 7E A4 285 KUK
150=<< RI<C300, i 3 B A o W 75 £ 8 KE; 300 <<
RI<C600, ¥ 35 2 AT 3 15 7 A2 48 RURE 5 RIZ=600, 1 35§
FLA AR e W A AR A KUK
1.4 WIS

4 8 5 I8 T 22 (8] AH 56 1 1T B S il T ik 2
AR MOk IR AT R £ B L A ik AR B g R
SPSS X 8 4 J& F1FR 5 K 5008 647 3 a4 i

2 HRE5SMH

2.1 HUBNRYPESENRENSH

2% 2 AT 4k s DURR Y v 4 SR T3
B BRI N Zn>Cr>Pb>Cu>As>Cd>Hg, i
b 7 e & )8 i A A B R
Yy — AR 5 Al X SR B (R 3) L Bkl
DURY 4 R A B AR T e RN
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Table 2 Heavy metal contents in surface sediments of Tieshangang Bay (mg « kg™ ')

5%

Stations Pb Zn Cu Cd Cr Hg As
T1 3.9 19.1 3.2 - - 0.021 4.83
T2 10.9 46.5 7.6 0.07 - 0.043 18.41
T3 11.2 47.7 7.6 0. 06 - 0. 044 13.02
T4 11.0 42.5 6.2 0.05 - 0. 096 19. 22
T5 11.3 38.2 6.1 0.08 - - 13.12
T6 12.6 43.3 6.1 0.09 - 0.051 8.32
T7 7.1 14.3 8.3 0. 06 - 0. 041 -
T8 11.6 37.5 8.3 0.08 - 0.070 14. 62
T9 15.3 42.9 16.5 0.07 42.7 - -
T10 14.0 54.0 10. 2 0.13 - 0. 044 7.20
T11 9.3 26.1 10. 3 0.07 23.6 0.043 4.53
T12 12.2 33.3 11.3 0.08 - 0.004 1.75
T13 13.3 33.0 11.4 0.07 - 0. 006 7.72
T14 14.7 45.9 9.3 0.07 - 0. 047 5.51
T15 10. 6 38.9 18.5 0.06 23.2 0.041 4.28
T16 10. 6 38.9 18.5 0. 06 23.2 - -
T17 16. 4 44.3 12.5 0.07 46. 6 - -
T18 5.3 26.7 10.1 0. 04 11.1 - -
T19 2.6 29.2 15.0 - 9.7 - -
— R bR
The first class <60 <150 <35 <0.5 <80 <0.2 <20
standard "
lgixz]e 2.6-16.4 14.3-54.0 3.2-18.5 0.04-0.13 9.7-42.7 0.004 - 0. 096 1.75-19.22
A1 10. 7 37.0 10. 4 0.07 25.7 0. 042 9.42
Average values
T = RN T B . x R SR P ORI i — 2R AR v
Note: " — " represents no relevant data at this station, * indicates national first class marine sediment quality standard
3 HFUBNRYHPELESESHMXEXLIER (mg - kg™')
Table 3 Comparison of heavy metal content in sediments of Tieshangang Bay with other areas (mg * kg™ ')
ES
'Zh'ﬁ . Pb Zn Cu Cd Cr Hg As > %iﬁ
Regions References
RN ES R TR
Sediments in the 20.0 65.0 15.0 0.07 60. 0 0.03 7.70 [3]
shallow sea of China
MR R
Coastal of western 44. 29 139.93 43. 83 0.38 86.97 0.13 20. 83 [18]
Guangdong Province
SRS
Quanzhou Bay 67.7 179.6 71.4 0.59 82.0 0. 40 21.7 [19]
K 0 9t 4
Taihu Lake Basin 37.00 163. 62 44.71 0.479 102. 46 0.109 13.34 [5]
By AR 1 45K _ _
Eastern Hainan Island 19.2 81.4 29.4 0.19 57.3 [20]
LR
Beibu Gulf 14. 64 52.37 15. 07 0.06 44, 42 0.06 7.82 [1]
B3 TR _ _
Lianzhou Bay in Beihai 29.5 68.0 15.9 0. 30 0.079 [15]
S 1| S
BN 31.3 60.0 19.8 0.08 - 0.046 - (8]

Qinzhou Bay
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Continued table 3
b 5k Ph Zn Cu cd Cr Hg As 2 % ik
Regions References
Pearl Bay in Fangcheng- 11.0 30.0 6.3 0.03 - 0.017 - [21]
gang
JEER T R E
Background value of Beibu 27.1 90. 3 11 0.195 73.3 0.111 15.5 [15,16]
Gulf
il (2009 45 B
Tieshangang Bay (2009) 15.9 61.1 13.1 0.27 0. 068 10.1 [14]
ke N GE
Tieshangang Bay 10.7 37.0 10.4 0.07 25.7 0. 042 9.42 This study
W = RN I TR SR B
Note:" — " represents no relevant data at this station
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g 4 BrR,Pb.Zn.Cu,Cd.Cr,Hg 1 As [ .
T 95 9 280 C, FHME AT Cu (0.94)> As
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(0.56)>> Zn (0.41)> Pb (0.40)> Hg (0.38) >
Cd (0.37)> Cr (0.35),¥J/NF 1, )8 TAKI5 Yok .
MERETSRIEECC, KRB T A WM EEBN C, ¥
/NT 5B TR AR T,

Table 4 Pollution index of heavy metals in sediments of Tieshangang Bay

PR 5 P R A C} Single factor pollution coefficient C;

Pb Zn Cu Cd Cr Hg As

T1 0.14 0.21 0.29 - - 0.19 0.31 1.15
T2 0.40 0.51 0. 69 0. 36 - 0.39 1.19 3.54
T3 0.41 0.53 0. 69 0.31 - 0. 40 0.84 3.18
T4 0.41 0.47 0. 56 0.26 - 0. 86 1.24 3.80
TS 0.42 0.42 0.55 0.41 - 0.85 2.65
T6 0.46 0.48 0.55 0.46 - 0.46 0.54 2.96
T7 0. 26 0.16 0.75 0.31 - 0.37 0. 00 1.85
T8 0.43 0.42 0.75 0.41 - 0. 63 0.94 3.58
T9 0.56 0.48 1. 50 0.36 0.58 - - 3.48
T10 0.52 0. 60 0.93 0.67 - 0.40 0.46 3.57
T11 0.34 0.29 0.94 0. 36 0.32 0.39 0.29 2.93
T12 0.45 0.37 1.03 0.41 - 0.04 0.11 2.41
T13 0.49 0.37 1.04 0. 36 - 0. 05 0.50 2.80
T14 0.54 0.51 0. 85 0.36 - 0.42 0.36 3.03
T15 0.39 0.43 1. 68 0.31 0.32 0.37 0.28 3.77
T16 0.39 0.43 1.68 0.31 0.32 - - 3.13
T17 0.61 0.49 1.14 0. 36 0.64 - - 3.23
T18 0.20 0.30 0.92 0.21 0.15 - - 1.77
T19 0.10 0.32 1.36 - 0.13 - - 1.92

Aviaiggﬁvalues 0.40 0.41 0.94 0.37 0.35 0.38 0.56 2.88

T = 7R 1% 0 JEAH B

Note:" — " represents no relevant data at this station

2.2.2 #HAEESNEIFN AN HES Gt AU I 5 | kS 1

A L VS B SV SRR R R (R ) T A E
4 )8 DR 1 7E 45 3 0 14 T A 2R S KU R B8/ T 40,
SEBME N 0. 41 — 15. 27 45 4 @ W 16 AR S KUK R 8L
S FE B R B MK R S Hg ™ Cd > As™> Cu>>Pb >
Cr>7Zn; A 5l 0 19 T 42 I8 25 6 W 76 28 25 AU 98 4L
RI N 7.89 - 60. 00, V- {H Jy 31. 77, &k 1L s #s 15 N
RI 880 T84 . RIS KAEIE AL T 150, 4K 4 S0
T A 25 AR 8 B8 G W L 4k 1L s VS Vi SRR ) v
G J 1) TS A DRI A 3 A A L Ak ATV A AR A XU 13
W, 2 BT RIS B U R0 RS 0T A A PR B L AR T U
P TRR ) 4 Ja A A 3 e A RO A RIS 48 B5ORE X

2.3 ELEBMTOCREEHH NI

B — 3 T fif ek 1L e T S R 4 R ok TR %
KR AW 58 X DU Y vh & 4 )| A B AT ALsk (TOO)
AT E RSN, TS SR LR 6. MARIE(E K
R T LI K7 R & L o e N o1 2 = s NS e
45. 254 % F1 28.248% . R TTHkFE Ry 73.502% . 7
A 1, He  As A1 TOC EA7 55 5 10 28 fr 8, X 2
4 A S A B AR N R WX S T 4 R A
BRI P EE SR AR & EA X, He
FERW T A A 55 As SRR T Tl A7
WA R A0 . s 2 L PbZn B Cd A RN
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Table 5 Potential ecological risk index and degree of heavy metals in surface sediments of Tieshangang Bay

o WIEASHR S E, ‘
Stga‘{it%ns Potential ecological risk parameters E'; RI RR}SB%E\{%
Pb Zn Cu Cd Cr Hg As

T1 0.72 0.21 1.45 - - 7.57 3.11 13. 07 it Low
T2 2.01 0.51 3.45 10. 77 - 15. 50 11.88 44.12 it Low
T3 2.07 0.53 3.45 9.23 - 15. 86 8.40 39.53 i Low
T4 2.03 0.47 2.82 7.69 - 34. 59 12.40 60. 00 it Low
T5 2.08 0. 42 2.77 12.31 - - 8. 46 26.05 i Low
T6 2.32 0.48 2.77 13.85 - 18.38 5.37 43.17 i Low
T7 1.31 0.16 3.77 9.23 - 14.77 - 29. 25 i Low
T8 2.14 0.42 3.77 12.31 - 25.23 9.43 53.29 i Low
T9 2.82 0.48 7.50 10. 77 1.17 - - 22.73 ik Low
T10 2.58 0. 60 4,64 20. 00 - 15. 86 4.65 48.32 fi§ Low
T11 1.72 0.29 4.68 10. 77 0. 64 15. 50 2.92 36. 52 fit Low
T12 2.25 0.37 5.14 12.31 - 1.44 1.13 22.63 ik Low
T13 2.45 0.37 5.18 10. 77 - 2.16 4.98 25.91 i Low
T14 2.71 0.51 4.23 10. 77 - 16. 94 3.56 38.71 it Low
T15 1.96 0.43 8. 41 9.23 0.63 14.77 2.76 38.20 i Low
T16 1.96 0.43 8. 41 9.23 0.63 - - 20. 66 fi& Low
T17 3.03 0. 49 5.68 10. 77 1.27 - - 21.24 it Low
T18 0.98 0. 30 4.59 6.15 0.30 - - 12.32 i Low
T19 0.48 0.32 6.82 - 0.26 - - 7.89 i Low

Aviiﬁalues 1.98 0.41 4.71 10. 95 0.70 15.27 6.08 31.77 it Low

TE % = 73R %l T X B

Note:" — " represents no relevant data at this station

BT S B TE VS P9 RS SRR T L T RE B A AR ALY NN

UL 3 itig
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Table 6
TOC in the Tieshangang Bay

Results of PCA of heavy metal concentrations and

K F 3 faf Factor load

THE
Elements Wy 1 B4y 2
Component 1 Component 2
Pb -0.132 0. 859
Zn 0.518 0.712
Cu —0.668 -0.211
Cd -0.217 0. 809
Hg 0.823 -0.127
As 0.944 —0.133
TOC 0.909 0.011
e
AFAL A 3.168 1.977
Eigenvalue
ﬁﬁk% 0 b’ 0
Contribution rate 45.254% 28.248%
Zit sk
Cumulative 45.254% 73.502%

contribution rate

BRI AT N NG Sl i B AR i TS K Tk Bk
IR A 75 7K S5 i T 75 P9 L HR 2 T AT PR 5 B
GIREAE . ML HEVE NS R /N K B 1 A
B 5y TIRBL A HEA B8 5 [ SR B4R T4 5 K
A ULE . IR IR o Wb RR B SR IT R it — 4
) 4 AT L AR AR Xk v DX g B
S5 o AR O VA A 3 A s K BOIR B0 7 G 9 1R T
b P T T A 22 L HLBE N [ SRS 5 B A 2 WD O
HEH, T2 BT R T 5 KR AR TG T K HECR
Wi o Tk L T2 S DX ST T 9 904, SRR DL AR Al
AE O 28 BT 2R, S AR 0 4 i A v TR A B Y
R,

Cu 7 5 iy 11 7 0] 0 98 72 87 56 00, 2 W1 2 1 s T
R g Cu AT REASIE L IR G A M2 32 4% T H 4R
JHY S N R ol 5 AN ORI A G LR Al i
SR O B < T R 2RO A RV AN I <
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T KA 32 R KU L R I
PR A 33 T B A TR HG T T G ) e 5 B e ek
MR IR AT P AL ER L I T AL M
PR oG Wk B 1Y ey

BRIHEAE 7 P AL AR 22 B DX 2L A 3 11 X
AT 1 e Ji 52 B 0™ s (9 i 32 IX e 7 e Y T 22
ARG LB Tl % K A B K HE R L Kok
FEAT HA R R AR TS g . RV BRI X B 2 s 7S
e S T BAR K P (H Bl & W FE S 22 5 A R
JEE AR Tl A i A R BB, Rl RE 2> S B R
ST A G T AR AN, SRR B0 B 22 i B L
F Y T 4 10 DX SR 0 7 Sk o AT AN S TR A
KR Ay A A R AR T 20 AR R R EN KB
SR DRI AT T A L R A P T it
A% A BT L0 DX A A PR SE , LA TR B AR 5 PR 14 )
Rret ke .

4 i

BRIl I B R JZ DO Pb.Zn, Cu,Cd. Cr,
Hg Ml As & & 09 °F ¥ {8 4 7 >~ 10.7,37.0,10. 4,
0.07,25.7,0.042,9.42 mg » kg ', EA B & & H
B B AR IN Zn>Cr>Pb>Cu>As>Cd>Hg, ¥
AR b ] At 3 Y R85 ELAR T P b 3 v A s 7
X3k, 7 B [ 5206 VE DT R ) I i — 28 bR i Pb Zn,
Cd.Cr.Hg F1 As 19431 1 B0 A AL L7 & Bk 3R B
RV N TR AN L Cu S R R AN e T
WIS . BRILEE S JE L Fis PR AR K Cu>
As>Zn>Pb>Hg>Cd>Cr, YL Y b & 4 8 19 7%
7 KU B B ARG, A A S F S AR K Oy Hg™> Cd >
As>Cu>>Pb>Cr>Zn, kb F K W 75 4= 25 KUK 59 7
W , 2 BT 58 T S A R A IS B A A R B L RV VS N L
TR 4 J A TS Gl A R IR AR AU 48 B & L 1 5
Y .

Brigt:

BB T R AL RS B P 3E IR B
W5 AR F R AR,

&% ik
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Pollution Status of Heavy Metals in Surface Sediments near Ties-
hangang Bay Sea Area.Guangxi

QING Shangmin',Chen Hainan',SUN Yan',LIU Guogqiang'*,LLAO Qibin"*
(1. Marine Environmental Monitoring Centre of Beihai,State Oceanic Administration, Beihai, Guangxi, 536000, China; 2. Key La-

boratory of Marine Environmental Survey Technology and Application, Ministry of Natural Resources, Guangzhou, Guangdong,
510000, China)

Abstract: In order to clarify the impact of the rapid economic development of Tieshangang Bay on the coastal
marine ecological environment, based on the geochemical test and analysis of surface sediments at 19 stations
in the sea area of Tieshangang Bay in Guangxi, the distribution characteristics of heavy metals Pb,Zn, Cu,
Cd,Cr,Hg and As in this area were studied and the potential ecological risks were analyzed. The results
showed that the average contents of Pb,Zn,Cu,Cd,Cr,Hg and As in the surface sediments of Tieshangang
Bay were 10.7,37.0,10.4,0.07,25.7,0. 042 and 9. 42 mg + kg™ ' ,respectively. The contents of heavy metals
showed the decreased trend from Zn>>Cr>Pb>Cu>>As>Cd>Hg,which were in line with the first class of
national marine sediment quality standards. Except for Cu, the distribution of heavy metals was similar,and
the content in the inner bay was generally higher than that outside the bay. Compared with other areas,the
content of heavy metals in Tieshangang Bay was significantly lower than that in other port areas of the Guan-
gxi Beibu Gulf,at a low level. The single factor pollution degree of heavy metals in Tieshangang Bay was ar-
ranged in the following order; Cu>>As>7Zn>Pb>Hg>Cd>Cr,and the potential risk of heavy metals in
sediments was lower. The impact of ecological hazards was Hg=>Cd> As>Cu>Pb>Cr>>Zn, which was in
the category of low potential ecological risk, reflecting the excellent sediment ecological environment in the
study area. However,due to the influence of human activities, the overall pollution degree and potential risk
index of heavy metals in sediments in the inner bay were relatively higher, which should cause enough vigi-
lance.

Key words: heavy metals,sediment, potential ecological risk, Tieshangang Bay,Beibu Gulf
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