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Fig.1 Surface sediment sampling areas and sample points of Lingshui,Xinying mangrove and seagrass wetlands
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1 0<1,,<1 Lightly
2 1<I,,<2 Relatively moderately
3 2<1,,<<3 Moderately
4 3<1,,<4 Relatively heavily
5 4<1,,<5 Heavily
6 I, =5 Severely
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Table 2 Classification of potential ecological risk

Az 25 AU 45 2% WA A 25 KUK R % TEAE A A5 XU 48 L
Ecological risk level E RI
Light <40 <150
Medium [40,80) [150,300)
Strong [80,160) [300,500)
Very strong [160,320) =500
Extremely strong =320 =500
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Fig. 2 Grain size composition of sediments in Lingshui, Xinying mangrove and seagrass wetlands
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Fig.3 Distribution of sediment types in Lingshui,Xinying mangrove and seagrass wetlands
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Fig. 4 Nutrient elements deposited in Lingshui, Xinying mangrove and seagrass wetlands
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Table 3 Content and spatial distribution of heavy metals in sediments of Lingshui, Xinying mangrove and seagrass wetlands

o= o 5 L 22
elements deviation of variation
Mangrove area in Lingshui 16 Cr 25.00 12.00 15.75 3.44 0.22
Cu 11.90 5.40 8.20 2.02 0.25
As 11. 40 4.60 7.29 1.58 0.22
Pb 14. 00 6. 00 8.54 2.07 0.24
Mangrove area in Xinying 19 Cr 27.00 12.00 16.11 3.33 0.21
Cu 12.70 5.00 7.78 1. 89 0.24
As 12. 00 5.30 7.26 1.57 0.22
Pb 13. 00 6. 00 8.11 1.63 0. 20
Seagrass areas in Lingshui 27 Cr 33.00 12.00 19.07 4.27 0.22
Cu 13. 00 6.30 8.21 1. 86 0.23
As 9.40 2.70 5.20 2.15 0.41
Pb 12. 00 6. 00 8.26 1.35 0.16
Seagrass areas in Xinying 9 Cr 26. 00 15. 00 18. 00 3.35 0.19
Cu 10. 50 5.90 8.17 1.62 0. 20
As 10. 70 6. 00 7.82 1.27 0.16
Pb 12. 00 6. 00 8.67 1. 87 0.22
Crimg/L) 21.80-23.20
[ 12.00-13.40 23.20-24.60

I 13.40-14.80 [ 24.60-26.00
[ 14.80-16.20 [ 26.00-27.40
[1620-17.60 [ 27.40-28 80
[0 17.60-19.00 [ 28.80-30.20
19.00-20.40 [N 30.20-31.60
20.40-21.80 [N 31.60-33.00

Cu/(mg/L) 8.73-9.27
I 5.00-5.53 9.27-9.80
B 5.53-6.07 [0 9.80-10.33
I 6.07-6.60 I 1033-10.87
0 6.60-7.13 [ 10.87-11.40
00 7.13-7.67 M 11.40-11.93
[0 767-820 M 11.93-1247
820-8.73 [ 12.47-13.00

As/(mg/L) 7.04-7.66
B 2.70-332 7.66-8.28
N 3.32-3.94 [ 8.28-8.90
I 3.94-4.56 I 8.90-9.52
[ 4.56-5.18 [ 9.52-10.14
-5.80 [ 10.14-10.76
15.80-6.42 [ 10.76-11.38
6.42-7.04 M 11.38-12.00

Pb/(mg/L) 9.73-10.27
I 6.00-6.53 10.27-10.80
B 6.53-6.07 [ 10.80-11.33
N 7.07-7.60 [ 11.33-11.87
0 7.60-8.13 W 11.87-12.40
8.13-867 M 12.40-12.93

1867-920 M 12.93-13.47

9.20-9.73 [ 13.47-14.00

0500 1000 m

(a) Cr distribution in Lingshui mangrove wetland, (b) Cr distribution in Xinying mangrove wetland, (¢) Cu distribution in
Lingshui mangrove wetland, (d) Cu distribution in Xinying mangrove wetland. (e) distribution of As in Lingshui mangrove wet-
land , () distribution of As in Xinying mangrove wetland, (g) Pb distribution in Lingshui mangrove wetland, (h) Pb distribution in
Xinying mangrove wetland.

B6 oK BT B LL MR b SO AR Ay vh H 4 ) 43 A R AE

Fig. 5 Distribution characteristics of heavy metals in sediments of Lingshui and Xinying mangrove wetlands
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. (b)

(@) NZ

Cr/(mg/L) 21.80-23.20
I 12.00-13.40 23.20-24.60
I 13.40-14.80 24.60-26.00

T 14.80-16.20 B 26.00-27.40
[16.20-17.60 W 27.40-28.80
[0117.60-19.00 [ 28.80-30.20
19.00-20.40 [ 30.20-31.60
20.40-21.80 I 31.60-33.00

(c) (d)
Cu/(mg/L) 9.21-9.69
I 5.90-6.37 9.69-10.16
N 6.37-6.85 10.16-10.63
e ? N 6.85-7.32 I 10.63-11.11
‘ O 732-7.79 M 11.11-11.58
[0 7.79-8.27 [ 11.58-12.05
827-8.74 [ 12.05-12.53
874-9.21 W 12 53-13.00
(e) (€]
As/(mg/L) 6.43-6.97
2 70-3.23 6.97-7.50
I 3.23-3.77 7.50-8.03
BN 3.77-430 [ 8.03-8.57
[ 430-4.83 [ 8.57-9.10
< ’ [483-537 [ 9.10-9.63
537-5.90 [ 9.63-10.17
. 5.90-6.43 [ 10.17-10.70
(2 RO
® o
‘ . ® Pb/(mg/L) 8.80-9.20
I 6.00-6.40 9.20-9.60
[ 6.40-6.80 9.60-10.00
X B 6.80-7.20 I 10.00-10.40
[ 7.20-7.60 [ 10.40-10.80
[007.60-8.00 [ 10.80-11.20
‘ 8.00-8.40 [ 11.20-11.60

0 1500 3000m
—

0 500 1000m 840-850 [ 11.60-12.00

(a) Cr distribution in Lingshui seagrass wetland, (b) Cr distribution in Xinying seagrass wetland, (¢) Cu distribution in Ling-

shui seagrass wetland, (d) Cu distribution in Xinying seagrass wetland, (e) distribution of As in Lingshui seagrass wetland,

(f) distribution of As in Xinying seagrass wetland.(g) Pb distribution in Lingshui seagrass wetland, (h) Pb distribution in Xiny-

ing seagrass wetland

6 Bk B v w0 st T AR v B <6 s o A R AT

Fig. 6 Distribution characteristics of heavy metals in sediments of Lingshui and Xinying seagrass wetlands
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0.5 [ Kl 8(a)F1 8(b) | fER AKIGEHIIRY T, E 4R
JLE Cr Ml Pb 58 B IEAHEE R (0. 8<<r<<1.0),Cu
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o Average
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(a) Lingshui mangrove wetland, (b) Xinying mangrove wetland, (¢) Lingshui seagrass wetland, (d) Xinying seagrass wetland.
B 7 Bk BT 8 20 bR 1 R b T AR vh 7 4 IR M SR AR R SR AR R

Fig. 7 Box plots of heavy metal land accumulation index in sediments of Lingshui,Xinying mangrove and seagrass wetlands
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TOC COD

0.14 | TN -0.57| TN D

0.19 [ 0.44 | TP 0.30 |-0.09| TP

-0.37|-0.32|-0.36 -0.26 | 0.51 |-0.10| TDS

0.36 | 0.20 | 0.08 -0.15| 0.45|0.06 [ 0.05 | Cr

-0.39(0.05 |-0.37 0.00 | 0.34 [0.06 | 0.38 | 0.56| Cu

-0.20| 0.15 | 0.06 -0.17/ 0.53 | 0.06 |0.26 [0.91 | 0.76 | As

0.36 | 0.09 |-0.29 0.00|0.34|0.15/0.11 {0.83 | 0.84 | 0.83 | Pb

-0.39(0.21 | 0.46 -0.22]0.10 |-0.19| 0.08 | 0.13 [-0.11| 0.12 -0.13 SAN

0.22 |-0.10|-0.71| 0.23 | 0.08 | 0.07 |-0.13| 0.33 |-0.63 |SILT -0.10/ 0.23 | 0.20 | 0.32 [-0.38 |-0.04 -0.24 |-0.10 |-0.51|SILT

0.39 |-0.11|-0.50|0.13 | 0.14 | 0.15 |-0.37| 0.65 |-0.70 0.29 |-0.34|-0.07 |-0.43| 0.33 | 0.14 | 0.18 | 0.22 |-0.25 |-0.71 |[CLAY]
(a) Lingshui mangrove wetland (b) Xinying mangrove wetland

COD COD

-0.04| TN -0.03| TN

0.170.22 | TP 055 0.12| TP .

0.19 |-0.03|-0.07| TDS 0.03 | 0.45|-0.19| TDS

-0.07/-0.01| 0.10 |-0.22| Cr H -0.67| 0.18 |-0.35| 0.23| Cr

-0.27/ 0.09 | 0.08 |-0.08| 0.46 | Cu -0.11/0.38 | 0.35]0.37 | 042 | Cu

—0.06| 0.19 |-0.40| 0.67 |-0.23|-0.08| As -0.56| 0.37 (-0.21| 0.18 | 0.92| 032 | As

-0.14 0.12| 0.19| 0.03 | 0.83 |0.58 |-0.06| Pb -0.47|0.03 |-0.03| 0.25 | 0.66 | 0.80 | 0.38 | Pb

-0.04|-0.07| 0.00 | 0.03 | 0.18 | 0.25|0.10 | 0.21 SAN 0.16 |-0.36|-0.23|-0.40|-0.28 |-0.46 |-0.34 |-0.23 SAN

0.02 | 0.15|-0.04|-0.09|-0.15|-0.24|-0.10|-0.20|-0.98 | SILT -0.64|-0.05|-0.46| 0.24 | 0.47 | 0.06 | 0.38 | 0.25 |-0.68| SILT

0.09 |-0.28| 0.05 |-0.16|-0.17|-0.32|-0.34|-0.32|-0.67| 0.59 CLAY 0.61]0.51|0.87(0.19 |-0.25| 0.49 |-0.07|-0.04|-0.37|-0.43|CLA

(c) Lingshui seagrass wetland (d) Xinying seagrass wetland
P8 7K T L £ bk A g B 3 AR ) v B 5 I 5 S e BT A R G A
Fig. 8 Correlation heat maps of heavy metals with physical and chemical properties in sediments of Lingshui, Xinying man-
grove and seagrasses wetlands
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Continued table

Table 4 Analysis results of principal components of heavy met-

RHE X Wik A b B Bo
als in sediments of Lingshui, Xinying mangrove and seagrass Sampling area Test igdéx Ipﬁjczlﬁ ﬂzpﬁ(%zﬁ
wetlands

B . - P prom nMy?Irllgrove areas in Xi- Cr 0.90 ~0.%6
K RE X 8 i § R =
Sa?niﬁﬁ'i‘n[:jzkrea '?ejitfﬂ—x ERIY EHRIY
pling PCl1 PC2 Cu 0. 86 0.32
Mangroye areas in Cr 0.89 ~0.19 As 0.95 —0.48
Lingshui
Pb 0.96 0.63
Cu 0.78 0.27
Variance contribution
As 0.79 0.56 rate (%) 61.86 22.41
Pb 0.77 -0.62 Accumulative contribu- 84,97
) o tion rate (%) .
Varlatiletecczr%r)lbunon 65.12 20.23 Seagrass areas in Ling-
<hui o - Cr 0.90 -0.06
Accumulative contribu- 85. 35
tion rate (%) ' Cu 0.75 0.18
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gk B E . — BT AU R B & RS T4
Continued table TR mEMEANR., KL IFN 20, oK B &L
RE X bk R b - Ko~ RGBT ES RN S E RN W . HE 2
Sampling arca Test index EPE&% IPE%? FIZR 5 AN, FLZE A W A0 A 28 KU o 2 Ak 2 KU 5

As ~0.25  0.96 G4 WL DT Y T E 4R TR Cr.Cu F1 Pb B

Pb 0.93  0.17 TE A 35 KR8 B /N T 40, J8 T 52 15U 25 U 55 9

Variar;Ziec?r;/zr;bution 57.46  24.70 B KL MR L LR 2 JB U R As I RMEH A

60. 96, fie/IME N 24. 60, F-¥I{EH Ky 39. 00, J& F i & 4=
25 AR 45 9 5 3B 0 21 W PR 1 0 AR b 4 TR e R
Scagrass arcas in Xi- o 091 0,38 As B KAE R 50.27, fie /MNE N 14,44, F B H R
e 28. Ad, J& T 45 A 2 XU 45 4 5 B /K T B3 b T AR

Accumulative contribu-
tion rate (%) 82.17

Cu 0.75 0.59 TE4AEITTE As HrRME N 50. 27, & /ME R 14. 44,
A; VO i 27, 8108 T b e A U G B B
p 0.85 0.43

o MU R 8T % As RK (I 57, 22,
Varianee congbution 69,04 25.01 {8 32. 09, - 41. 83, J& T v 45/ 75 XL 46

Accurpulative contribu- 94. 05 g&c J:i@%%%?'ﬂ@%ﬂ( \%ﬁﬁﬁ*}ﬁdﬁﬂ‘(ﬁﬁﬁi&{ﬁ /E{
ton rete 00 Wy 4 8 0 3 AT A R AR AE W Cr

Cu Al Pb By A= 85 KU /I8 115 As B9 2R 25 AU K
2.6 MRYMESRETRENE

HARGMET e A FR -t B2 TR A
£S5 BAFRANMMEEERMTAYPESETRNATEEESNE RH(E)MESEEESKNEEL(RI) &It
Table 5 Single potential ecological risk index (E) and comprehensive potential ecological risk index (RI) of heavy metals in sedi-

ments of Lingshui, Xinying mangrove and seagrass wetlands

ORFEIX R E/RI AR oSN ] e/ME -1 {E P 25 AR 45 2
Sampling area Heavy metal Maximum Minimum Average Ecological risk level

Mangrove areas in Lingshui E Cr 2.20 1. 06 1.39 Light
Cu 7.71 3.50 5.31 Light

As 60. 96 24.60 39.00 Medium
Pb 2.87 1.23 1.75 Light
RI 73.33 34.95 47. 45 Light
Mangrove areas in Xinying E Cr 2.91 1. 06 1.62 Light
Cu 8.23 3.50 5.17 Light

As 50. 27 14. 44 28. 44 Medium
Pb 2.46 1.23 1. 66 Light
RI 59. 25 21.45 37.05 Light
Seagrass areas in Lingshui E Cr 2.91 1.06 1.68 Light
Cu 8.42 4.08 5.32 Light

As 50. 27 14. 44 27.81 Medium
Pb 2.46 1.23 1. 69 Light
RI 59. 25 21.45 36. 50 Light
Seagrass areas in Xinying E Cr 2.29 1.32 1.59 Light
Cu 6. 80 3.82 5.29 Light

As 57. 22 32.09 41. 83 Medium
Pb 2.46 1.23 1.78 Light

RI 68. 77 40.11 50. 48 Light
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Spatial Distribution and Pollution Characteristics of Heavy Met-
als in Surface Sediments of Lingshui, Xinying Mangrove and
Seagrass Wetlands

FU Kaizhe, LONG Jungiao” " ,CHEN Zeheng, DING Weipin, HUANG Zanhui
(Haikou Marine Geological Survey Center,China Geological Survey, Haikou, Hainan,571127,China)

Abstract : In order to study the risk status of the two typical ecosystems of Lingshui and Xinying in Hainan Is-
land,70 groups of sediment samples from mangrove and seagrass wetlands in the study area were collected
for physical and chemical analysis. The characteristics of heavy metal pollution were analyzed and evaluated
by mathematical statistics methods such as difference analysis, geo-accumulation index analysis, ecological
risk analysis,correlation analysis and principal component analysis,and the heavy metal content and pollution
characteristics of surface sediments in different types of wetlands were studied. The results showed that the
geo-accumulation index of As was significantly higher than that of Cr,Cu and Pb in the sediments of man-
grove and seagrass wetlands in the study area, which was moderately polluted and had moderate ecological
risk, while the ecological risk of Cr,Cu and Pb was small. Cr,Cu,As and Pb in Lingshui and Xinying man-
grove sediments have similar sources,that was, mainly from the natural environment,followed by human ac-
tivities. The excess of As was related to human activities such as large-scale fish and shrimp aquaculture and
dock parking around the study area.

Key words: coastal wetland;surface sediment;heavy metals;spatial distribution;pollution assessment
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