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Abstract Taking Futian Mangrove National Nature Reserve as the study area, sediments cores (0—50 cm) were
sampled among three kinds of habitat, including fish pond, Avicennia marina forest and mudflat. The spatial
distribution features of physicochemical properties and heavy metals in sediment cores were analyzed. The
potential ecological risk index of heavy metals was calculated and analyzed. Analysis of physicochemical
properties revealed that pH value followed the order: mudflat>Avicennia marina forest>fish pond; electrical
conductivity, salinity, and total organic carbon (TOC) followed the order: Avicennia marina forest>mudflat>fish
pond. The metal concentrations in sediments decreased in the following order: Zn (103.45-214.14 pg/g), Cu
(70.92-133.50 pg/g), Pb (54.90-84.65 ng/g), Cd (6.57-7.25 pg/g). The concentrations of Zn, Cu and Pb followed
the order: Avicennia marina forest>mudflat>fish pond and the concentrations of Cd followed the order: Avicennia
marina forest~mudflat>fish pond. The lowest level was located at fish pond (P<0.05). The concentrations of Zn
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and Cu were extremely different (P<0.05) among different vertical depths. Only the concentration of Cu was

significantly affected by the interaction effect of sites and depths (P<0.05). Bivariate correlations results indicated
that TOC had a significantly positive correlation with Pb in the fish pond (P<0.05), and the correlation of different
kinds of heavy metals were complicated in Avicennia marina forest and mudflat. Different kinds of heavy metals

had a significantly positive correlation in the fish pond (P<0.05), indicating that the source of 4 species of heavy

metals might be same. In addition, the average contents of Cd, Cu, Zn, and Pb in all sediments of the Futian

Mangrove Nature Reserve exceeded the first class of criteria GB 18668-2002. The single potential ecological risk
of heavy metals followed the order: Cd>Cu>Pb>Zn and Avicennia marina forest>mudflat>fish pond. The integra-

ted potential ecological risks at sampling sites reached high risk level completely, mainly due to Cd contamina-

tion, followed by Cu.

Key words Shenzhen Bay; fish pond; mangrove; sediment; heavy metal; ecological risk
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Fig. 1 Map of the study area and sampling sites in the mangrove wetland of the Shenzhen Bay
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Fig. 2 Physicochemical properties of sediments in three habitats in Futian mangrove of Shenzhen Bay
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Table 2 Two-way ANOVA of site, depth, and their interactions on physicochemical properties
of sediments in three habitats in Futian mangrove of Shenzhen Bay

P 3 A EE df ST B pH EINE MR
FEH 2 427275 167.232" 114.634™" 120.189™
R 4 10.936™" 5.005" 0.524 0.534
FEHL x IR 8 12.809™" 1718 1.073 1.154

i #* P<0.01, *** P<0.001, ns P>0.05.
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Fig. 3  Vertical distribution of various heavy metals in three kinds of habitat sediments of Futian mangrove in Shenzhen Bay
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Table 3 Two-way ANOVA of effects of site, depth, and their interactions on heavy metal concentrations of
sediments in different kinds of habitats in Futian mangrove of Shenzhen Bay

e H 1B df Zn Pb Cu cd
At 2 194.704™" 69.069™" 163.775™" 10.406™"
R 4 4.323" 1.123 3.435 1.063
FEHL x VR 8 2.249 1.220 2.735 0.668

% P<0.05, ** P<0.01, *** P<0.001, ns P>0.05.

F 4 RYGELOHPIT 0 E M BT MR IN Y E S E & 2 (mg/kg)
Table 4 Heavy metal concentrations in sediment of mangrove forest in Shenzhen Bay
and other typical mangrove forests in China and abroad (mg/kg)

Hip, cd Cu Zn Pb Z:7% ik

il 6.57 70.92 103.45 54.90 ARHHFFE
1 Hepk 7.25 133.50 214.14 84.65 ARHHFE
ek 7.24 108.72 195.52 75.05 ENIE
KA, HUs 2.60 78.50 79.20 240.00 [18]
MY, TR 0.80 113.00 55.30 159.00 (4]
HMWE, 7R 421 64.50 334.70 35.30 [23]
N, TP 0.25 40.91 104.01 111.62 [24]
RIEWS, G 0.62 19.62 44.84 20.76 [25]
RN, A 0.69 42.50 184.00 73.70 [26]
Kottuli, India 0.03 69.39 384.62 6.91 [27]
Sungai Puloh, Malaysia 0.90 46.90 78.80 1023.70 [28]
Newington, Australia — 71.30 229.90 121.90 [29]
Fadiouth, Senegal 0.00 3.50 2.40 5.40 [30]
Punta Portete, Costa Rica 7.30 8.40 34.50 14.70 [31]
Guanabara Bay, Brazil 1.32 98.60 483.00 160.80 [32]
Mazatlan Harbor, Mexico 3.20 36.00 263.50 51.50 [33]
Estero Salado, Ecuador 1.90 253.80 81.30 678.30 [34]

W R AR E,
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Table 5 Correlation coefficients between physicochemical properties and heavy metal concentrations of sediments in different

x5

RYEBLHH 3 FHESTRYBLERNESCEREMNEXESR

kinds of habitats in Futian mangrove of Shenzhen Bay

S izt pH TOC EhRE Zn Pb Cu
pH 1
TOC 0.177 1
e 0.058 0213 1
TG Zn -0.438 -0.319 -0.181 1
Pb -0.180 0.322 -0.180 0.052 1
Cu -0.251 0.017 -0.157 0.289 0.627* 1
cd -0.421 -0.078 -0.157 0.846% 0.035 -0.016
”””””””””” B L
TOC -0.178 1
HhEE -0.857** -0.001 1
[SEE BN Zn -0.480 -0.333 0.386 1
Pb 0.356 0.095 -0.460 -0.306 1
Cu -0.617%* 0.126 0.446 0.785%* -0.379 1
cd 0.389 -0.429 -0.301 -0.087 0.113 -0.537*
"""""""""""""" e
TOC -0.639* 1
HhEE -0.516* 0.782%% 1
113 Zn -0.113 0.255 0.129 1
Pb -0.637* 0.555% 0.409 0.779%* 1
Cu -0.063 0.113 0.039 0.982%* 0.739%* 1
cd 0.022 0.358 0.198 0.774%* 0.567* 0.692%

#: * P<0.05, ** P<0.01, ns P>0.05.

KB (B 75 B N 5 B Ml Cd>Cu>Pb>Zn, [l
B, 2% 4 Jm T R AW AE AR A KU HE B0AE 3 A A4
ok B MO GRS . L R AMORT
W 1) 25 5 T TE A2 25 KU 38 B (RD Y2 8 600 (35 1),
NI AR . A 6 R TR IS TEA S
MR BOR R, fyE . HEEARRDERETUR Y
Cd 75 Y B AT 1R 5 B T AE A B KU (E'>320, % 1);
Cu 76 FIH AR 10~20 em T N BA 5 R e A4 5
KU (80<E', <160, % 1), 1EJGHE 0~50 cm . it
B 0~10 cm Il 40~50 cm ¥ . F'H M 0~10 cm
F1 20~50 cm T BE Y3 5 B T A A S KU
(40<E'.<80, % 1), MTELYH 20~ 40 cm IRENEA
1 ¥ 76 4 25 KUK (E'<40) . Zn 1 Pb 7£ 3 Fh A= 3%
0~50 cm W 34 32 BN IR T 77 AR 5 XUKE (E ' <40) .

422

i FHET AR B SR P40 X T 4 R V5 e W I 25 3 1
T A 25 AU 8 Hh B A Bl R B 3G m 26 D8 48 1) i 3,
F-HIME R 6456.99, H A H B W 78 A S KU (RI>
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Cu IV 78 A= 28 KU PRUAS () A B R B 5, W 7
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Fig. 4 E',and RI in different kinds of habitat sediment of Futian mangrove in Shenzhen Bay

2) fuyE MR RE DR Y 4 AR
5 YL 0T 25 8 DA EUIRAK YKl Zn>Cu>Pb>Cd;
3MARIEYT 4 MESRETELES N EE
(P<0.001), H.r, fa¥EVIAY M ES R & & &K,
Zn Ml Cu & i TR BE AR Ak 25 55 0 3, Hor, (U Cu @
I A Hb R UR BE AR b R B 2 28 B AL
(P<0.05).
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