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Abstract: The surface sediments in northern South China Sea shelf (SCSS) carry the information of
provenances of heavy metal elements and their environmental effects, potential ecological risks and
their relationships with human activities. Thirty surface sedimentary samples were collected from the
27 sites in the northern SCSS during the 2016 summer survey. These samples are characterized by
sand, silt, silty clay and clay with particles in size ranging from 0. 77® to 6. 28 ® (average value of
3.43®). The heavy metal elements of Cu, Zn, As, Cd, Pb and V are higher than those in the upper
crust and show the significant enrichment along the coastal areas of the Moyang River-Eastern Hainan
and the Han River estuary. Zn, V, Cr,Ni, Pb, Cu and Cd contents increase with the amount of Al, Sc
and the values of particle size, indicating their similar continental provenance of the weathering materi-
als. Such a pattern is mainly controlled by both transportations from the Pearl River, Han River and

Moyang River and coastwise current in the northern SCSS, with rare human interference. However,
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element As shows poor correlation with the particle size of the surface sediments, suggesting signifi-

cant human interference and potential environmental pollution.

Key words: heavy metal elemental contents; surface sediments; input of continental provenance; the

northern South China Sea shelf
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Fig. 1  Geographical map of the northern South China Sea shelf showing sampling sites for 2016 summer survey
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Fig. 2 Triangle classification diagram (FOLK et al. , 1970

for the surface sediments of the northern South China Sea shelf
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Table 1 ~ Granularity and heavy metal elemental contents for the surface sediments from the northern South China Sea shelf
REES TR Mo/ wmerke )
Cr Ni Cu Zn As Cd Pb A Sc
A02 > 1.0 6.3 2.4 1.2 8.1 4.2 0.01 4.3 6.0 0.9
A02 12 1.0 6.3 2.4 1.2 8.1 4.2 0.01 4.3 6.0 0.9
A03 i 1.6 11.7 4.7 1.4 10.9 4.5 0.01 7.6 10.0 0.8
A04 > 2.6 37.4  15.3 5.1 49. 4 4.1 0. 04 16.5 42.0 5.2
A05 ik 3.4 41.5  18.8 6.7 53.9 2.7 0. 06 13.0 54.9 7.1
BO1 it I 4.1 50.3  20.3 12.1 74.1 4.9 0.12 30.2 63.9 9.3
BOI-1 W it 4.1 60.8  26.6  15.2 94. 8 10.7 - 42.2 75.0 11.5
BO7 e 5.9 57.7  30.9  13.3 87.9 4.6 0. 14 17.0 94. 8 9.2
€02 > 2.5 27.9  14.9 4.4 39.2 2.7 0.03 17. 1 30. 1 4.3
€03 w 2.9 36.7 14.2 5.0 50.6 3.1 0.05 14.5 40. 8 5.8
D02-1 TR 6.3 65.2 28.0 12.1 86.3 7.2 - 30. 2 78.3 11.8
D03-1 0 A 3.2 68.6  33.7 11.2 80. 7 5.3 - 23.3 75. 8 11.7
D06-1 b 3.2 39.6  18.3  18.2 78. 8 4.2 - 15.0 38.3 6.1
DO8-1 b Bt 3.9 44.2  23.6 10. 8 62.7 2.8 - 14.6 52.2 8.0
EO1 [l 3.0 26.9  11.2 7.5 50. 4 3.7 0.05 17.8 37.1 4.5
E02 it i 3.5 36.7 16.5 9.1 67.2 3.2 0.07 22.5 50. 3 6.4
E03 e 6.0 52,4 23.6 11.0 87.0 3.2 0.1 19.9 68. 0 8.9
E03-1 W IR 4.5 65.5  32.4  12.4 89.9 6.1 - 27.3 78. 1 12.3
E08-1 BTt 3.6 39.9  27.2 9.9 74.5 8.9 - 13.8 55.1 7.6
FO1 7SI 5.7 81.0  38.1 42.1 163.0 14.8 0.23 43.8 135.0 11.4
F02 b 3.2 37.2  15.5 7.5 60. 5 3.3 0. 08 18.6 43.0 5.7
FO3 Wi 1.9 22.0  18.7 4.7 29.8 2.4 0. 05 12.0 27.3 4.0
F06-1 i 2.2 22.0  30.3 9.1 39.0 14.0 - 12.4 29. 4 3.9
FO7-1 [l 4.2 46.2  30.0  11.3 74. 4 3.5 - 12.0 57.1 9.1
G04 [l 2.6 28.7 13.9 5.4 34.9 2.0 0. 04 13.8 33.7 5.3
G05-1 b 2.9 44.0  24.8 6.1 49.0 3.8 - 14.3 38.9 6.6
HO1 w 1.3 17.8 7.6 1.2 6.6 6.5 - 8.8 7.1 1.0
HO2 ik 3.5 45.3  19.1  12.7 61.5 5.4 0.07 24.7 58.1 7.8
HO4 e 5.2 45.3  20.5  12.6 62.7 6.1 0.07 25.9 60. 9 8.4
101 W 0.8 6.0 1.7 1.2 4.7 4.1 0.01 9.7 7.8 1.1
102 5 B 4.4 22.2 9.1 7.5 28.9 2.8 0. 04 15.7 29.6 4.0
1) =7 FREHEE .

JLE S 2 Hih Cu i HUAH R BRI CI
VS5, MWER2WAT IR, miE e & 4
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Fig. 3 Contour of (a) grain—size; (b—i) As, Se¢, Cd, Cr, Pb, Cu, Ni and Zn

for the surface sediments from the northern South China Sea shelf

T ] P AN SRR o TR ESE X e K AT AR ) B 4 R R
H#HEMESQG (sediment quality guideline) b Z RV ONE]
TERE R A= W10 1 TEL (threshold effect level) 1 PEL
(probable effect level) ¢ A5 fE ' & L. ALK
P RAE R Z VIR S i &8 e R Y = i
TV YA PEL AR E, R R L FF 0T
YA PR A 7 A R 5 YV, Cuy Zn,
As. Pb, CrFlCd &R T TEL BYAE il sl S8 L
DR T% ., 9% . 87%. 871% . 17% M67% , JX
BT 2 T AR X 0 A 7 A AN R KN 1 T B
PEARA; Cr. NiflCd & & & T TEL{HfK T PEL bR
T 1 3l A8 7 b IK 23% . 63% F133% , %55 1998 4F:
XS Cr M Cd T BARTE U % W R e, X
So AP ER BHYT. (AN FOL 3l 45 ) RIS YT o 1
(W BO1), DML 2% ) i o i AR = A R
I35 7 4 T BE

WP RZNRYRESAE2EZS, FEET
LliEA AR KRS S A . 3R, X
B b7 BE YT A T RO 3 s RN s VT VR T A9 BO1
Wisi i Cu, Cr. Ni. As. Sc. PbFlZnIGZE & A
XP#E R, om R AR . LA 45 TR
RN N AT N - PN T FINE =9

LRI EERITE TR, 5U0RYk
B EEA X R (K 3afE 4) .m0 R A 420
W REEVE A Cu, Zn, As, Cd, PhATV &
BT R, ZEFIPh, Cd. AsEITLESRHE
T 4th 72 T B E B A X AR R g LR X2 R
B Y, X AR R Y T Y 4 Jm JT 3 AT RE DTk
TUFFERZVUY) . A&, PbIoR @ EXERF
I RIS H LR AR AR, RUIPhITER
EN R R R GOVE , ] g5 KUK %
YA, 1 As fil Cd & S AERZ DR h 3 fi A
[T Pb LR A UTFAS , 758 F I = - RV HF
B BHH 2B, AsTTRWEES MM
[ RS R 7V 3 1 =R (1R =/ (A= A
FRIE, R As I Cd J0 2 0900 B2 8500 3 45 4 AN 1]
., PIREfELEZ Rk T ARSI,

T DX SR 2 i SR P T R B BTk, R
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Table 2 Comparisons of heavy metal contents for the surface sediments from the northern South China Sea shelf and other oceans  mg/kg
TR S hR Cr Ni Cu Zn As Cd Pb A Sc
S— 39.6 19.7 9.6  58.7 5.2 0. 06 18.6  49.3 6.7
FieA L0~81.0  1.7~38.1 1.2~42.1 4.7~163 2.0~18.4 0.003~0.23 4.3~43.8 6.0~135 0.8~12.3
Hh E BRI 2 78. 4 - 46.8  143.1 22 0. 46 49.7 - -
SRS IRT N 69 29 19 70 - 0.08 28 - -
T E T 53.5 - 23.4 107 - 0.177 40.2 - -
Hp ] ST = A 17.4 22.3 14.8  54.8 8.1 0.03 12.5 - -
o [ i v 101 40.7 38.5  131.1 - 0.22 34.7 - -
o L AR 46.4 22.5 9.4 71.7 7.3 - 31.8 - -
4B H: Candarli ik 2 71. 1 100. 3 34.8 111 21 - 42.9 - -
E[1 & Bengal ¥ 75. 02 34.03 677.8  60.39 - 5.24 - - -
PUBEZF Cadiz VT 1 62.9 31 43.5 124 - 0.24 30.3 - -
i MSQ-1 80 - 35 150 20 0.5 60 - -
FoMsQ-2 150 - 100 350 65 1.5 130 - -
%‘5 TELAR#E B 52.3 15.9 18.7 124 7.2 0. 68 30.2 - -
w PELFRifE B> 160. 4 42.8 108.2 271 41.6 4.2 112.2 - -
vce 92 47 28 67 4.8 0. 09 17 14.0 97

1) TEL M PEL 73 548 T 1 S A= W) T 063 7 A B R S 14 1 53k 32 A0 DR TR 0 B e A g 7 R 20N B ORI S ek BE . 24
i <TELALS R BERS , FORARD LA AR A W800; 5 >PEL A2 BE U 3R AR AR M5 R00 W 4. MSQ-1 Fil-2 43

R — M b, =" RN
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Table 3 Correlation and significance among the heavy metal elements in surface sediments of the northern SCSS

Tt H Cr Ni Cu 7n As Cd Pb % Sc Mz/D
Cr 1.000  0.862"  0.756"  0.929"  0.368°  0.929"  0.800"  0.948"  0.966"  0.813"
Ni 1. 000 0.692°  0.830"  0.524"  0.921"  0.590"  0.838"  0.860°  0.683"
Cu 1. 000 0.902 0.6127  0.928"  0.759"  0.848"  0.669"  0.655"
Zn 1. 000 0.478"  0.967°  0.808"  0.958"  0.881"  0.805"
As 1. 000 0.660"  0.527"  0.449° 0.311 0.223
Cd 1. 000 0.864"  0.969"  0.883"  0.805"
Pb 1. 000 0.807°  0.779"  0.661"
% 1. 000 0.903"  0.845"
Sc 1. 000 0.821"

Mz/® 1. 000

D) HIHELEO. 052 B (BUR) s R HIGHESM BIAE 0. 0L AT0. 001 = E R 3 (BU) .

PRI HL 37 i A4 2 g 2 42 o 1 B 2 30 1 78 vh SR RLAR UL
BhE e, EBE AR ORENEE S % T
. L Al Sc 545 54 8 0 Wk 0 AE S 43
B ] DX 43 IR 2 32 N 20 2 52 ) 18 A 32 307 3 fili
JE 07 8 Py iz 45 B SRR g Ve X R
S JEICE A X L dr (B4), Zn, V. Cr.
Ni, Pb. CuflCd#ERE AR I m, Xk
ZHTEAE 95% M T FRAE N o 3X AW Cu. Ni. Cr.
V. Cd. Se. ZnZ[AMAHC R, Wif—03k
B IR 5 4 Jm oo R 5T [R) VR4 FURE RL A i 5 i AR
S, (B As 5Se. AILEXRZA R, K
U As B T REZ 2 T A RTE sh G52 . 3l 3 [R]
U8 4 8 JC 2R AR 5 R B0 B R BRI R,
A RBOR K, IR RE SRS . 2016 4R BT R
RIZVIBWRE S, O s - 80T 418 i K3
MK N Zn, V., Cr. Ni, Pb, Cu., Sc. As, Cd,
5 R KB MEKIRCH Cd. Cu. As. V. Zn,
Sc. Pb. Ni. Cr. 2012~20164E [R5 &4 )8 T Eh
Cu CEMIERAE )1 55, Ph Al Cr TR HE ) ek .
SR, As5 Al Sc Al Mz (A A IH B (&
4), BARRBEK, BT AsiEEARZIH
Yoo RN, RSB I5S, 2 AT,
S P TR LR TR S0 e P v S AUOCE N E &R
JLHK.

ZE L TR, bR R 4 JE T R v] e AT
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Table 4 Principal component analysis of heavy metal elements in the surface sediments from the northern South China Sea shelf
EWIY  RTT2I% Cr Ni Cu Zn As Cd Pb v Se
PCA1 86.7 0.97 0.94 0.95 0.99 0. 69 0.97 0.92 0.99 0.92
PCA2 8.83 -0.18 -0.21 0.28 -0.05 0.70 -0.01 0.10 0.09 -0.35
PCA3 2.28 0.02 0.18 -0.01 0.01 0.09 0.08 -0.37 0.10 -0.10

1) PCA1. PCA2FIPCA3 4 Hill48R £ 4T (PCA) 55—

FUPIRE & Cr. Niv Cu. VIUEFFE¥{E/NT LS
(FO6—1 [ Ni 1 HOL /) Cr M Ni bR 4N) , 1, F-¥{E /N
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A R A, AN TS A, AL E
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B ICRIEAF S S R IHA—, (HHL Sc Fl Al

SRR = Y

ML PESC R B, FB AR Ak DR 1 i VR 0 )i 0 i
AR ESR TR M EERE, 20
TAG CTHEVD ANV R O (52 B d2 . FO3, FO6-1 .,
HO1 11 AO3 15, Pb () EF {H }y 2. 46~8. 12, 3k 1 & )
BEBE, REHL CFHYEDTHIEEZETO R
IEBTG YLK ), AHTR BH VT - 4 S v — 26 K I PH
TL—wh VLU 7 — 2R 1% Cd F Ph & A5 7% B S 3¢
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