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Fig. 1 Sampling locations
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Table 1 Comparison of test value and standard value of heavy metal contents

Cu Pb Zn Cd Cr As Hg

MEE  AEXE WM MR EME/ MDY DEfE AR WM M DEME/ ARxE e HAXE
(ngg™) W% (ngg) W2E% (ugg") W% (ngg) MWZE% (nge) W2E% (ugg’) W% (ugg™") WiZE%

Gi}j%%m (31.0+4.0) ng/g  (25.0+4.0) ug/g  (87.0:2.0)pg/g  (0.20£0.04) ng/g  (86.0+4.0) pg/g  (10.3+1.4) pg/g  (0.048+0.012) pg/g
20094F 30.8 0.6 24.4 2.4 88.4 1.6 0.19 5.0 87.7 2.0 10.20 1.0 0.051 6.2
20104F 315 1.6 252 0.8 87.5 0.6 0.21 5.0 86.4 0.5 10.46 1.6 0.049 2.1
20114F 315 1.6 25.1 0.4 86.4 0.7 0.17 15.0 88.1 2.4 1034 04 0.043 104
20124F 28.9 6.8 23.3 6.8 86.8 0.2 0.19 5.0 85.5 0.6 10.18 12 0.050 4.2
20134F 31.4 13 24 4.0 88.6 1.8 0.19 5.0 87.7 2.0 1057 26 0.043 104
20144 313 1.0 25.6 2.4 88.5 1.7 0.22 10.0 87.7 2.0 1067 3.6 0.054 125
20154 29.9 3.5 24.8 0.8 87.4 0.5 0.17 15.0 83.0 3.5 10.15 15 0042 125
20164F 29.9 35 24.7 1.2 90.1 3.6 0.20 0 85.6 0.5 1076 4.5 0.051 6.2
20174 29.8 3.9 24.9 0.4 86.7 0.3 0.19 5.0 86.5 0.6 11.08 7.6 0.054 125
o th R 0.5 1.0 6.0 0.04 2.0 0.06 0.002
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Table 2 The toxicity coefficient of heavy metals"*

Cu Pb Zn Cd Cr As Hg
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i T Hakanson™! £ H} (19 A= 25 RURS: $5 505 o A 46
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Zn F As 3t 8 B, T ASHF SR % 1E PCB, F 24X H
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P& 1 £5 G VAR XU 5 BUMH RIS R AT 98 L 07, g
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Table 3 Pollution level classification of potential

ecological risk index

E w@%mm% RIGTE Q%Z%E@S
r A SRR B 390 MU EE 3%
E,'<40 fi% RI<130 fi%
40<E,'<80 H 130<RI<260 CR
80<E,'’<160 B 260<RI<520 B
160< E,'<320 =1 RI=520 =]
E,'=320 R
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3 TAYHEEZRNEEE
AR 2009 470 75 1) 7k 24 B B 3 v 30 3R )3 DL
TR B HE HEAT RO G 150 B, B8 HoE el o LR iE
E S AV IR SR N i R 2 T N S
5 R B Z [ 0 R A b, IR AT KBS AHETS A
Mg, Z NRIE S, IRy h E 4R & EA
HARPE, MR 4 nl A, LI 2009 AE R4 JR TR o i
Al B8 08 2 DX SR (A T b R TR e R
FE; 5 2009-2017 4 8 4 & 1) 24P & (R 5 M
o, 0 S A AR T 245 M, X Wkl 1A
SCA BT 5 RE 8 A R VG VD ik % B B 3 v Bl g
Py SR CRIAE T A SR AR IR L )
WG o AT R T R I, I E 1 R
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A7, B S AR B AR bR o 22 345, A5 45
RULF 4. HAT, W84 0 8 1R )2 TURY s 4
Wy B e SR L, 8T [ P ARGE ) B PR TR
Vg R L, AT LA T BT 5 X 38 3 2 OB Hh TS e
W SAEAKT. & 40H, K ELE &R ARRE
X T S A B35 25 5, 7K 2% 5 R g TR Wy vh
&) O R ST AR T R R AL X TR AL XY,
100 FE M B 22 X 4 R A i 10.5%~51.9%, X5
AR BATE S50 BB 9T 4518 — 3K, 76 rE VP AL R 2 DT R
Yirp, T4 Cu. Zn, Cr 451 & & e (IR 2 H B0 AE 7h
DR B

K% R ZUOR Y E 48 & 80X — 88 Rl
5 HAE Y AR A G, 1% X0k I 2R OB
TR S DURRR AR W R B DR, LT A Rl R R T 4
gy, B AR, AN, BURR A A RLEE R HIL T
XU B 4 A A A R e U, AR )2
(TR AR E R BILG B5 2, K 2% 8 Ji 320 ¥ BT AR
KR, Horwb B 2 53 Bt 53 BT 98%, M i
R 2 o A3 BCEE AN T 1% 20092017 4R TR
B A EAT 0.06%~ 0.77%, ZAEFEIME K 0.27%.
X R B TS K BORR A LA R K A AL
B BRI RRAE, A L T AR DT B BN R
TR, R 5 4 T IR AR R
32 MBRYELERERFERTK

H1 32 5 AT LA, VH T oK % 8 B 3 g 30 2 2 U
YR & JE o IR, 2009-2017 4 4 R ARk
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Table 4 Background values of heavy metals contents in the surface sediments of Yongxing Island and its surrounding

sea area ( unit: pg/g )

A Zn cd Pb Cu Cr As Hg
FfmmEL 6 6 6 6 6 6 6
R ERGEn 9.1~15.5 KA ~0.04  59~92 07~1.1 48~73 0.78~1.51 0.006~0.009
AR 11.0 0.03 8.1 0.9 6.5 1.02 0.008
HARbRER 24 0.01 12 0.1 1.0 0.29 0.001
TS 11.0 0.03 8.1 0.9 6.5 1.02 0.008
TR 8.5~13.4 0.02~0.04 6.9~93 0.7~1.0 54~75 0.73~132 0.006~0.009
VR X TR 1 S 54.4 0.18 15.6 743 39.3 9.71 0.020
T E AR S 65 0.065 20 15 60 7.7 0.025
FAEI LR X U (i) 16.9 0.79 23.0 9.0 255 - -
IR X U S (Y 149.0 0.21 22.4 54.1 69.3 7.24 0.089

TE: —RERTE .
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Table 5 Contents of heavy metals in the surface sediments of Yongxing Island and its surrounding sea area from 2009 to 2017 ( unit: pg/g )

WiH Zn cd Pb Cu Cr As Hg
20094F YU 9.1~15.5 FHiH~0.04  59~92 0.7~1.1 48~173 0.78~1.51  0.006~0.009
FEIE 11.0 0.03 8.1 0.9 6.5 1.02 0.008
S AREL 0.2 0.3 0.1 0.2 0.5 0.3 0.2
20104F L 9.5~142 A~ 0.11 104~329 06~25 Kk~ 93 1.64~333 0.010~ 0.020
FEIE 11.7 0.06 21.0 1.6 5.8 245 0.015
S AREL 0.2 0.6 0.5 0.4 0.5 0.3 0.3
20114F L K ~144  KiH~028 4.6~293  15~45 24~ 6.7 2.59~3.58 0.002~ 0.033
FEIE 10.6 0.16 15.7 2.5 43 3.06 0.008
S AREL 0.4 0.7 0.7 0.4 0.4 0.1 1.5
20124f L KR~ 1283 0.05~032  3.1~276  1.4~88 3.1~ 129  1.11~257 0.004~ 0.016
FEIE 33.7 0.12 12.1 4.1 6.5 1.87 0.007
B AREL 1.4 0.8 0.7 0.7 0.6 0.4 0.7
20134F L 16.6~ 25.5 0.12~ 044  3.5~80 1.0~538 3.6~40.0  2.06~ 10.32 0.008~ 0.015
FEIE 19.5 0.25 5.8 33 22,6 5.42 0.011
S AREL 0.2 0.6 0.3 0.5 0.7 0.6 0.3
20144 L KA~ 6.1 0.12~ 020 54~139 KKH~2.6 42~101  2.70~427 0.024~ 0.035
FEIE 23 0.15 8.9 1.6 6.7 3.62 0.030
S AREL 0.8 0.2 0.4 0.5 0.3 0.2 0.1
20154F L 229~293 Rk~ 0.15 32~248 1.6~35  Kfuilh~41 020~0.78 0.002~ 0.009
FEIE 26.1 0.08 13.8 23 1.5 0.42 0.004
B AREL 0.1 0.7 0.7 0.3 1.1 0.5 0.6
20164F L 10.1~ 35.6 0.04~0.07 23.7~524 0.8~3.6 ARA 2.88~4.55 0.015~ 0.020
FEIE 22.9 0.06 428 1.5 0.5 3.60 0.018
B AREL 0.6 0.2 0.3 0.8 0.0 0.2 0.1
20174F bR 62~109 Kk~ 006 149~386 05~12  FKiH~22 127~290 0.004~0.011
FEIE 8.5 0.03 26.1 0.9 0.8 1.89 0.008
S AREL 0.2 0.5 0.3 0.3 0.9 0.3 0.3
AR E KA~ 1283 RAGH~044  3.1~524 REGH~8.8 Rl ~40.0 020~10.32 0.002~0.035
ZARTHIE 16.2 0.11 17.1 2.1 6.1 2.59 0.012
CRFPEDUR B ) 55—t (™) 150.0 0.50 60.0 35.0 80.0 20.0 0.20
R Rt % 65 0.065 15 20 60 7.7 0.025
0.44 pug/g). Pb(3.1~52.4 pg/g). CuCRKiih ~8.8pg/g).  VIBM & J ik,

Cr( K ¥ H ~ 40.0 png/g) . As( 0.20~ 10.32 pg/g) .
Hg(0.002~0.035 pg/g). 5 i ¥ DL Y T & )( GB
18668-2002) &1 H 25 — S AR E(ELAH LE, PR T 18 ¥R UL
T 0T 55 — bR A, PR AR R B/ T 1,

FEZS [ 434 b, OB v o 4 s & i R
i 1] A0 T 1] R 1 i #, i Pb., Hg. Zn 1 Cd Y
AR X BT 7 b, B 2 BRI Pb,
Zn, Cr, As, Cu, Cd, Hg. Pb il % #{IA & #LA411) T
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Fig.2 Inter-annual variation of contents of Zn and Pb
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iR —B EANETESN RSN T, 1989-2013 4F 7K 2% 15
S J) 216 3 A 75 B 0 5 A S TR R, R SR AE 2012
AE =V AT S R R A W, (H B 2014 4F XA TR
2. Hid, Pb & EAE 2017 AR R REIR B 21T SH{EK
-, AT BE R R A G 2 R IR A R R M —— ok F YR
SRR RN Tl o P R A P 3 aod KA TR 0E AT
FEO, XS A G B — AT RECk B Tk % & b,
W 505 & TARVE ML A 5 —Jr L, AR KRR
IR TR, JE 30 Ry b L PN A N R 3 3l AT e s X
Hy= s, o, el a8 5 4 8 Pb (PE A ¢,
TEWFFE T P R W M G RIC R, 7EHT IR AE PR
g, Pb H IR B B 7 T ARV AR L SR AR BT
DUy rpes, 1 o 43 Ja i BT L IR A AR — A 218
R ST Po M EARRIE . RS AR | DUBE 3 A
AR LS A K 2% 5 JE i1 X8 PR B8 R AE S — 2D oY
RN
33 ESRBREBEASBEEITM

FIFH 4 1 0 8 AR 2 KU 48 500 % 45 i Ik &
U E AR WA AR S RS HEAT A (R 6)
HH 3% 6 A 1, 2009-2017 4F, i £ 3 5 & 43 J& Zn. Pb.
Cu. Cr Fll As WAE V- W 7L S S REE Y/ T
40, HRAE TS QPR AR R 43 (3R 3), B TR AR 3 XU
JKF . H 4 & Cd Al Hg 78 2009 4F 1 2017 4F i} 14 )&
TR A= 25 KUK K P, TAE 2010-2016 4F, Cd HL A P2
JE Z R W A S KR, He A KRS 25K M
T B VR AR AR KU



VI ARBE A VTV K % 8 BRI s T AR 0 ) 3 058 B T4

143

FT6 20092017 EXRMBHIEBERENRYELEEELESEERNKIER

Table 6 The risk index of potential ecological risk of heavy metals in the surface sediments of Yongxing Island and its surrounding sea

area from 2009 to 2017
E/
AEGy RI
Zn Cd Pb Cu Cr As Hg

2009 i/ ME 0.83 20.00 3.64 3.89 1.48 7.65 30.00 71.36
S5O ] 1.41 40.00 5.68 6.11 225 14.80 45.00 106.85
¥ 1.00 33.33 5.01 491 1.99 10.02 38.33 94.59
2010 f/ME 0.86 20.00 6.42 3.33 0.31 16.05 50.00 130.10
S5O ] 1.29 110.00 2031 13.89 2.86 32.65 100.00 266.41
V¥ 1.06 61.67 12.97 8.98 1.78 24.04 74.17 184.67
2011 f/ME 0.27 20.00 2.84 8.33 0.74 25.39 10.00 86.12
S5O ] 131 280.00 18.09 25.00 2.06 35.10 165.00 353.65
V¥ 0.96 160.00 9.67 13.98 133 29.97 4125 257.17
2012 f/ME 0.27 50.00 1.91 7.78 0.95 10.88 17.50 107.24
S5O ] 11.66 320.00 17.04 48.89 3.97 25.20 80.00 441.13
VY 3.07 123.33 7.48 22.59 2.01 18.33 33.33 210.15
2013 f/ME 1.51 120.00 2.16 5.56 1.11 20.20 40.00 264.70
S5O ] 2.32 440.00 4.94 32.22 12.31 101.18 75.00 549.72
VY 1.77 251.67 3.60 18.33 6.96 53.12 53.33 388.78
2014 f/ME 0.14 120.00 3.33 1.39 1.29 26.47 120.00 315.24
S5O ] 0.55 200.00 8.58 14.44 3.11 41.86 175.00 396.07
VY 0.21 151.67 5.50 9.12 2.05 35.47 148.33 352.36
2015 f/ME 2.08 20.00 1.98 8.89 0.15 1.96 10.00 51.56
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Evaluation on sediments quality around the Yongxing Island of Xisha

Xu Ge', Wang Dehong', Wang Shiwen', ShiJun', Yuan Chao', Han Liuyu'

(1. Haikou Marine Environmental Monitoring Center Station, State Oceanic Administration, Haikou 570311, China)

Abstract: Based on the investigations of surface sediments at six sampling stations of nine cruises carried out in the
sea around the Yongxing Island of Xisha from 2009 to 2017, the background values of seven heavy metals are de-
termined through the process of mathematical statistics, the contents and inter-annual variations of heavy metals are
analyzed, and the contents of the heavy metals are evaluated by means of single factor standard index and potential
ecological risk index. The results show that the background values of heavy metals in the sediments of the study
area are low, the average level of them meet the first class of marine sediment quality, and the quality of sediment is
excellent. The inter-annual variations of seven heavy metals in the sediments of the study area are slightly different
and generally significant and affected obviously by the development activities on the Yongxing Island. From 2009
to 2017, the contents of Zn, Cd, Cu, Cr, As and Hg are to increase first and then decrease, while the content of Pb is
to increase. The assessment by means of potential ecological risk index shows that the multi year average of poten-
tial ecological risk indexes are in the order of Cd, Hg, As, Cu, Pb, Cr, Zn, and Cd and Hg are the main potential eco-

logical risk factors of the study area.

Key words: Yongxing Island; sediment; heavy metals; background values; inter-annual variations; ecological risk
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