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Distribution characteristics and potential ecological risk of heavy
metals in the seawater and sediment of Tieshan Port, Beibu Gulf

QU Liang' ™ TAN Haitao' LIU Tao® ZHANG Wenlong'
(1. CNOOC (China) Limited, Beijing, 100010, China; 2. CNOOC Research Institute Co., Ltd., Beijing, 100028, China)

Abstract Distribution of heavy metals copper (Cu), lead (Pb), zinc (Zn), chromium (Cr), Arsenic
(As) and mercury (Hg) in the seawater and sediments of Tieshan Port, Beibu Gulf were investigated
based on data from two surveys carried out in November 2010 and March 2021. The results showed
that the heavy metals had an even vertical distributions in seawater, but showed seasonal differences
on horizontal distribution. In spring, high concentration of As were detected at the northeast areas,
while high concentrations of the other heavy metals were observed at the southwest areas. In autumn,
the concentration values of Cu, Zn, Cr, As and Hg were highest at the nearshore areas and gradually
decreased from near-shore to offshore area, while Pb showed a discrete distribution. Similarly,
distributions of heavy metals in sediment also indicated distinct seasonal differences. In spring, high
concentrations of Cu, Pb, Zn and Cr in sediment were generally distributed at the southwestern areas,
and As and Hg were highly concentrated at central and eastern area, respectively. In autumn, As was

discretely distributed, while other heavy metals were mainly distributed at the southwest areas and
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showed an increasing tendency of concentrations from near-shore to offshore areas. Single factor
index analysis and potential ecological risk analysis of heavy metals indicate that Hg and Pb should
be listed as the priority contaminant metals in this investigated area. Correlation analysis showed that
total organic carbon (TOC) and sediment grain size were the major controlling factors for the
variations of heavy metal distribution.

Keywords heavy metals, seawater, sediment, Beibu Gulf, ecological risk.
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Table 1 Methods of analysis
e FL)m VIR IWIRES G
Type Heavy metals Method Standard
K JEF Ot GB17378.4—2007
& HLEHN & 55 B TR BT HY/T147.1—2013
. B RS S i T A T HY/T147.1—2013
ik B LA A B TR HY/T147.1—2013
% HUEHN & 55 B TR BT HY/T147.1—2013
if MU G55 B TR B R HY/T147.1—2013
K TGV T OO BE 1 HY/T147.2—2013
B GG RE 1 GB17378.5—2007
it} KGN TR B GB17378.5—2007
. ! KIS WA GB17378.5—2007
L)
B TCIIAFE T WM G R GB17378.5—2007
fi I GB17378.5—2007
ALK TR IR A1 A R GB17378.5—2007
LRE Hoki: GB12763.8—2007
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Table 2 Toxicity response coefficient and background reference values of heavy metals
HE4JEICE/(ug'g") Heavy metal
Hg Cu Pb Cd Zn As

T} 10 5 5 40 1 10
C,(10°) 0.093 12.91 31.1 0.430 70.2 15
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2 25 E 54718 (Results and discussion)

2.1 MKE LR FE

JEAT VKR S B AR I 45 RN 3R 3 R, ER S, ARKIE(ER . 10m ZRKE)WES
J& Y AE 4y ) R s 4, 1.563. 1.785. 1.642 pg-L'; 4%, 0.370, 0.353., 0.675 pg-L'; £, 3.499, 2.152.,
3.072 pg'L7; 4%, 0342, 0.334, 0314 pg-L™'; Ffi, 1.904, 1.996, 2.010 pg-L™'; K, 0.0272, 0.0254,
0.0268 pug L. TERKZ=, ARl K B Y 3 46 J& ~F- Y8 5300 R - 4, 1.996. 1.53. 1.973 pg-L'; 4, 0.545. 0.516.
0.525 pg'L'; #F, 3.924. 3.16. 2.768 pg-L'; #%, 0.692, 0.782, 0.607 pg-L™'; fifi, 1.778. 1.788. 1.948 ng-L™";
5K, 0.0241., 0.0256. 0.0256 pg-L .
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Table 3 Concentrations of heavy metals in seawater(ug-L™")

ZT KB Bl il h B i fiif P
Season Depth Value Cu Pb Zn Cr As Hg
m S 0.71—4.32  0.07—0.87 0.86—11.75 0.2—0.54 1.44—2.42 0.017—0.037
=
FHE 1.563 0.370 3.499 0.342 1.904 0.0272
. J 0.78—3.74 0.11—0.6 1.65—3.63 0.24—0.41 1.65—2.45 0.016—0.037
H 10 m
A 1.785 0.353 2.152 0.334 1.996 0.0254
. S 0.99—4.4 0.16—1.12 1.22—10.8 0.23—0.38 1.65—2.68 0.016—0.035
)=
FEH 1.642 0.675 3.072 0314 2.010 0.0268
m S 0.49—432  0.15—2.37 0.97—16.09 0.11—1.91 1.26—2.38 0.008—0.045
=
FHIE 1.996 0.545 3.924 0.692 1.778 0.0241
e 0.88—3.62  0.08—1.46 0.93—12.44 0.11—4.75 1.08—2.5 0.01—0.046
b7 &= 10 m
A 1.53 0.516 3.16 0.782 1.788 0.0256
S 0.92—3.76  0.18—0.87 0.77—8.37 0.19—1.8 1.51—2.7 0.014—0.047
K2
FIE 1.973 0.525 2.768 0.607 1.948 0.0256
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SE . TETE B L, 6 FVEE G 59 0 A AR A AR R], 2 BRS040, ToW] 2R AL

&4 ENIMNEEKE SRR (ug L)

Table 4 Concentrations of heavy metals in the seawater of various sea areas(ug-L™")

5321 il HE B % i XK 230k
Area Cu Pb Zn Cr As Hg Reference
AR L EFRZ P HE 1.563 0.370 3.499 0.342 1.904 0.0272
AR L2210 m2F-H4(E 1.785 0.353 2.152 0.334 1.996 0.0254 A5
LR L BRI )= E 1.642 0.675 3.072 0.314 2.010 0.0268
EFE R LR R 2P HE 1.996 0.545 3.924 0.692 1.778 0.0241
JEERE IR T 10 m 3 {E 1.53 0.516 3.16 0.782 1.788 0.0256 A5
JEFBLER LU KRR 34 E 1.973 0.525 2.768 0.607 1.948 0.0256
UREREZE 1.01—3.40 0.38—3.21 7.57—22.13 — 2.01—3.51  0.03—0.05  “RiKHI, 2016
S RZ 9.39—39.37 0.062—3.69 17.36—31.86 3—5.89 2.35—5.89 0.010—0.060 %<3, 20152
By I 3T 1.76—4.79 0.59—2.75 16.9—249 0.55—1.72 0.72—2.49 0.012—0.088  fiJ#£3%, 20145
BRIV AR 22 1.1 4 0.2 0.68 0.036 TR, 201512

JUPEIL 5.06 0.70 12.5 238 0.61 0.048 ZEMESE, 201811
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Zidk 4
T, & HE B § if R S35 30k
Area Cu Pb Zn Cr As Hg Reference
ESARES 11.17 2328 54 — 6.12 0.047 BAAEARAE, 202204
Bl 3.380—4.7800.680—0.9403.820—7.500  — — 0.012—0.026 ZEPRAE, 20182
ArabianGulf, Saudi Arabia — 0—0.002 28.22—34.170.78—0.5121.07—24.61 0.84—1.13 Mahboob et al., 20227
Persian Gulf, Iran 0.251 0.011 0.251 0.116 1.41 — Jafarabadi et al., 2017
Northeastern Mediterranean Sea 1.731 — 18.876 0.211 2.001 — Ciftci et al, 20212
Red Sea, Egypt 1.07 2.52 5.78 1.65 — — Masoud et al., 2019
South Australian, Southern Ocean  (0.9—64.2 0.4—55 14—67 0.35—1.32 32—82 — Chakraborty et al., 20145
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Fig.2 Distributions of heavy metals in the surface seawater of investigated areas
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Y 21.609 pg-g'; 5 42.681 ng-g s #% 31.057 ug-g s i 7.482 ug-g'; K 0.0199 pg-g . 7EFKZE, 6 FhH 4 )8
SEYIAE S50 N s i 8.717 pgeg 'y A% 21.517 pg-g s AF 49.387 ug-g s #% 44.596 pg-g s i 1.600 pg-gs K
0.0169 pg-g ' ARRIHE SN Z AT A A g5 RAH L (% 6), B, BE. B SRR BERAIR, i A4k
W EE AR I, 3 W12 BT RR ) b A 5 Wk B R AR , HLTTCRR M T R0 A Btz R IZ 0T 8 4
JE& R BEBR A A AE 2 22 e oh, HOR 4R 5 1 2210 25 RO 1B 35 (Man-Whitney £555, P>0.1) (£ 5). 5
PN DAY LA, AR R £ g Sl O RR ) o 4 i Ak o s (1 (5% 6.
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Table 5 Concentrations of heavy metals in seawater (pg-g™")

et Bl il HE B % i R
Season Value Cu Pb Zn Cr As Hg
=g Fien| 53—212 30.2—30.2 24.8—75.8 4.9—79.3 1.58—10.6 0.005—0.026
FIME 9.933 21.609 42.681 31.057 7.482 0.0199
" L H 2-213 1.9—38.5 6.8—103 19—72.2 0.34—2.44 0.0035—0.029
P 8.717 21.517 49.387 44.596 1.600 0.0169

Fo [EHNIMEHRITHY ESREE (ng-g")

Table 6 Concentrations of heavy metals in sediments of different sea areas(ug-g™)

i il HE B % fif K E= BTN
Sea area Cu Pb Zn Cr As Hg Reference
I (FF) 53—212 302—302 248758  4.9—793 1.58—10.6 0.005—0.026 —
AT (k) 2—213  19-—385 6.8—103 19—722  0.34—2.440.0035—0.029 —
JBE VS 12.97—37.72 8.81—33.93 37.00—87.92 32.59—62.73 M, 2017°
ML 3.23—30.69 21.22—43.28 15.6—122.1 10.58—77.01 3.93—6.73 0.002—0.009 i, 20185
I s 30T 2237 22.44 65.07 37.78 9.08 0.07 T 45, 20221
T2 5 R T 3 15.62 26.71 66.33 59.54 11.20 0.037 B4, 20220
VI R 8.95 17.6 43.6 20.0 7.12 0.0359 P SCig 4, 202204
O RS ]R3 18.13 26.69 61.16 47.02 10.80 0.06 WA, 20200
Red Sea, Saudi Arabia  17.2—217.2 11.5—111.3 48.8—511.5  14.9—289 — — Alharbi et al., 2019
Bizerte coastal line, Tunisia 1.1 4.7 2.7 0.6 — — Aydi et al., 20227

Mid-Black Sea, Turkey ~ 7.99—16.66 6.32—33.05 13.9—43.8 361.9— 1084.85 3.6—5.95 0.03—0.22 Ozkog et al., 20228
Caspian Sea, Russia 8.3 4.19 17.1 — — — de Mora et al., 20045
South east coastal sea, India 1.81—25.66 0.79—18.62 1.07—66.93  2.68—60.02 — — Satheeswaran et al., 2019
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Fig.3 Distributions of heavy metals in sediment of investigated areas.
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Table 7 Correlation of heavy metals with environmental factors in sediment
B i P e il &
Cr As Hg Pb Cu Zn
TOC 0.613** 0.397** 0.867** 0.812%* 0.872%** 0.817**
% -0.163 0.094 0.372%* 0.072 -0.109 -0.112
b —0.561** —0.301** —0.737** —0.739%* —0.771%* —0.774%*
Wi 0.560%* 0.259 0.549%* 0.6517%* 0.742%* 0.740%*
#+ 0.576** 0.168 0.544%** 0.635%* 0.707** 0.737**
% —0.222 0.527** 0.702%** 0.753%** 0.844**
i 0.264 0.164 0.284 0.060
= el
K 0.793%* 0.723** 0.739**
it 0.805%* 0.876%*
il 0.923%*

#* R IRP<0.01.
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Table 8 Single factor index of heavy metals in the seawater and sediments

B FE O OKE Bl el A B % fift K
Sample Season Depth Value Cu Pb Zn Cr As Hg
e W 0.148—0.864  0.070—0.870  0.0430—0.0805  0.004—0.0108  0.072—0.109  0.32—1.00
Iz
I 0.313 0.371 0.175 0.00683 0.0952 0.545
) WHE 0.156—0.708  0.110—1.000  0.0535—0.182  0.0082—0.01  0.0825—0.123  0.320—0.740
HF%&  10m
FHIE 0.357 0.354 0.108 0.00667 0.0998 0.508
JWHE 0.172—0.880  0.160—1.120 0.060—0.540  0.00460—0.0100 0.0825—0.134  0.400—0.720
i
: FHE 0.328 0.675 0.154 0.00629 0.101 0.535
K
e JWHE 0.0980—0.864 0.120—2.370  0.0485—0.804  0.00220—0.0382 0.0610—0.122  0.160—0.900
Iz
I 0.399 0.545 0.196 0.0138 0.0889 0.483
WHE 0.176—0.724  0.0800—1.460  0.0465—0.463  0.00200—0.0950 0.0540—0.125  0.200—0.920
BZE 10m
FHIE 0.306 0.516 0.158 0.0156 0.0893 0.513
JWHE 0.184—0.752  0.180—0.870  0.0385—0.418  0.00380—0.0288 0.0440—0.114  0.280—0.940
i
FHIE 0.395 0.525 0.139 0.0121 0.0974 0.511
on WHE 0.151—0.606  0.0933—0.503  0.165—0.505  0.0612—0.991 0.0790—0.515  0.025—0.190
I 0.351 0.378 0.351 0.388 0.374 0.0992
DU
w WHE 0.0571—0.609 0.0317—0.642  0.0453—0.687  0.237—0.903  0.0170—0.121 0.0175—0.145
=+
A 0.249 0.359 0.329 0.557 0.0800 0.0846
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Table 9 The potential ecological risk indices of heavy metals in the sediments

" E/
S Bt - o : =
Season Value i i B i fi 7K
Cu Pb Zn Cr As Hg
- I 0.757—3.029 0.467—2.517 0.165—0.505 0.123—1.983 0.790—5.300 1—7.6
FHIE 1.753 1.891 0.351 0.776 3.741 3.971
- beAz| 0.314—3.043 0.158—3.208 0.045—0.687 0.475—1.805 0.170—1220  0.7—5.6
FHIME 1.374 1.793 0.329 1.115 0.800 3.385
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