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Abstract; The distribution, enrichment and migration characteristics of heavy metals in the mangroves of
Aegiceras corniculatum and Kandelia candel were studied by means of determining the contents of acid extractable
heavy metals in surface sediments and in different parts of each mangrove collected from the mangrove swamp in
Luoyang estuary of Quanzhou Bay. The main sources of heavy metals in the investigated mangroves were also
discussed preliminarily in this article. The contents of heavy metals in the surface sediments showed a sequence

of Fe >Mn >Zn >Pb > Cu > Cr > Ni > Co, in which the average contents of Cu and Pb were higher than the
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quality standard limit (level | ) for marine sediments. The contents of heavy metals in different parts of both
mangroves were in the accordant order of root > branch > leaf for Cu, leaf > root > branch for Ni and root > leaf >
branch for Fe, Mn, Cr, Zn, Pb and Co. The enrichment capability for Ni, Cr, Cu, Zn, Fe and Mn in both
mangroves was higher than that for Co and Pb. The enrichment capacity of Kandelia candel for Cu, Ni, Mn, Fe
and Co was higher than that of Aegiceras corniculatum, while relatively lower for Zn, Cr and Pb. But the two
kinds of the plants can not come up to the requirements of hyper-accumulators according to their accumulation
capacity for each element. For both plants, the enrichment capability for Ni was the highest, which concentrated
mainly in leaves. While the other elements mainly concentrated in roots. Except for Ni, the migration factors of
all other elements in both plants were lower than 1. The content of Cr in Aegiceras corniculatum and Cu, Zn and
Mn in Kandelia candel were mainly derived from the mangrove sediments, and there were different sources for
other elements that accumulated in different parts of two plants.

Key words; mangrove plant; heavy metal ; sediment; distribution; enrichment; Luoyang estuary in Quanzhou Bay
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Table 1  Contents of acid extractable heavy metals in surface
mangrove sediments
wy/(mg - kg™ ")
Cu Zn Ni Cr Mn Co Fe Pb

1% 82.0 45.0 10.17 20.53 1122 5.18 9558 53.52
2% 23.0 76.6 6.30 18.70 892.2  4.00 6911  58.90
3% 27.0 87.5 8.10 21.30 1215 3.80 7020  62.20
4% 136 42.0 10.09 20.38 1052 5.19 7846  41.05
5" 70.1 45.2 10.68 21.54 858.9  5.71 8278  39.35
1% 14.0 56.0 5.40 41.80 707.8  3.90 7531 151.4
2% 23.6 76.9 6.39 18.78 891.8  4.10 6913 58.83
3% 18.0 82.5 6.10 16.20 777.3  3.80 6793 53.70
4% 25.0 70.8 7.70 18.00 1058  3.90 6830 57.10
5% 71.0 44.9 10.92 21.94 858.1 5.31 8277  39.85

R 48.97 62.74 8.19 21.92  943.3  4.49 759  61.59

2.2 ZHPIARRBII S TR & R RE
PR LI R ) A [) BB A v 2% T 4 R G 3R 1Y 3%
HILE 2, K ICHRAE R — Y A [FER AL 5 A7
TEW] 2 22 5%, R AP OT R AEA (Rl A AR T o 25
INA AN BRI, IR LI A 25 4 H T
S B FE KRR —%: Fe > Mn > Cr > Zn > Cu
>Pb > Co; 1fii Ni TGz LA FREIA, 76 Tl LA AE )
R rb i) 25 B AN sy CBCFIAR vpF- 25 55 & 23 il or

2 RIS A R SRR & i

Table 2 Contents of heavy metals in different parts of mangroves

T Pb Fl Cu ZJ5) (HHAEPIAR Y rp 1 2 5
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wy/ (mg kgil)

$¥ )T.. 1# 2# 3# 4# 5# qui]{ﬁ
U D2 S S SN S S S SR SN S
Cu 10.9 6.20 83.8 6.15 7.50 343 6.80 3.15 42.6 7.05 3.80 67.7 2.65 575 58.3 6.71 528 51.3
Zn 9.70 12.9 106.3 13.6 22.8 50.4 16.3 24.4 58.9 9.35 40.5 44.3 6.30 16.2 154.1 11.0 23.4 82.8
i Ni 1.05 91.2 7.10 0.70 68.5 4.90 0.8 258 6.40 0.80 144 7.70 0.65 122.0 35.1 0.81 136 12.2
Cr 22.7 25.9 118.0 23.8 31.0 101.7 26.4 32.4 957 226 209 8.3 232 36.5 99.4 237 293 99.2
XE Mn 81.5 271 231.3 54.3 463 428.0 30.2 191 166  42.3 129 101 468 1274 2774 135 466 740
s Co 0.10 0.20 1.00 0.15 0.15 1.50 0.10 0.30 1.00 0.15 0.70 0.30 0.10 0.20 1.70 0.12 0.31 1.10
Fe 79.1 98.4 4745 190 305 7549 138 175 4809 126 203 1325 103 365 4667 127 229 4619
Ph 0.05 0.40 10.9 1.30 2.45 11.8 0.30 3.40 9.00 2.60 9.50 4.80 0.30 0.40 54.4 0.91 3.23 18.2
Cu 240 490 260 505 3.8 356 153 6.35 46.0 575 520 50.0 8.60 6.35 48.7 7.42 533 413
Zn 6.80 18.2 76.00 7.45 19.0 135.0 18.4 15.4 52.0 6.65 14.7 152.0 11.3 12.9 60.0 10.1 16.0 95.0
Ni 0.90 138 3.00 0.90 18 9.00 1.90 130 4.00 0.95 190 14.00 0.95 18.6 4.00 1.12 131 6.80
B oCr 234 263 89.0 23.4 23.6 8.0 26.0 257 8.0 231 262 101.0 22.5 23.0 85.0 23.7 25.0 89.6
i Mn 389 1328 1180 404 459  831.0 47.7 358 220 478 1103 1640 56.1 172 497 275 684 874
Co 0.15 0.15 0.40 0.15 0.30 1.00 0.10 0.25 1.00 0.10 0.30 3.00 0.20 0.20 1.00 0.14 0.24 1.28
Fe 122 118 38500 99.4 168 19500 123 176 8600 91.5 335 30500 223 388 6910 132 237 20802
Pb 0.15 1.80 33.0 0.05 2.05 17.00 1.55 0.20 9.00 0.35 2.65 59.0 0.55 1.60 11.0 0.53 1.66 25.8
— 238 — All rights reserved. http://www.ykcs.ac.cn



53 39 BB AEAE « SR8 BH LT R AR RO 2L R b o 8 R T R 1 204 5 i SR RFAIE 529 %
3 LRI AR AON B SR T # M E A R R
Table 3  Enrichment factors of heavy metals in different parts of mangroves

BE 0 1* o 3# 4* 5% ¥y fE ik

oA B oW R K o R # o R

O - S S S

Cu 0.13 0.08 1.02 0.23 0.28 1.29 0.26 0.12 1.6l
Zn 0.22 0.29 2.36 0.16 0.26 0.58 0.19 0.28 0.67
31.93 0.79
Cr L.11 1.26 575 1.12 1.46 4.77 1.24 1.52 4.49
Mn 0.07 0.24 0.21 0.04 0.38 0.35 0.02 0.16 0.14
Co 0.02 0.04 0.19 0.04 0.04 0.39 0.03 0.08 0.26
Fe 0.01 0.01 0.50 0.03 0.04 1.08 0.02 0.03 0.69
Pb 0.00 0.01 0.20 0.02 0.04 0.19 0.00 0.05 0.14

Ni 0.10 8.98 0.70 0.09 8.46 0.60 0.10

0.05 0.03 0.50 0.04 0.08 0.82 0.14 0.12 1.05 0.44
0.22 0.96 1.05 0.14 0.36 3.43 0.18 0.43 1.62 0.74
0.08 14.30 0.76 0.06 11.18 3.21 0.09 14.97 1.21 5.42
.11 1.03 3.99 1.06 1.67 4.53 1.13 1.39 4.71 2.41
0.04 0.12 0.10 0.55 1.48 3.23 0.15 0.48 0.8 0.48
0.03 0.13 0.06 0.02 0.04 0.32 0.03 0.07 0.25 0.11
0.02 0.03 0.17 0.01 0.04 5.64 0.02 0.03 1.61 0.5
0.06 0.23 0.12 0.01 0.01 1.36 0.02 0.07 0.40 0.16

Cu 0.17 0.36 1.8 0.22 0.17 1.53 0.8 0.35 2.54
Zn 0.12 0.33 1.36 0.10 0.25 1.76 0.22 0.19 0.63
21.37 0.66
# Cr 0.56 0.63 2.13 1.25 1.26 4.76 1.61 1.5 5.19
FiMn 0.55 1.88 1.67 0.45 0.52 0.93 0.06 0.46 0.28
Co 0.04 0.04 0.10 0.04 0.08 0.25 0.03 0.07 0.26
Fe 0.02 0.02 5.11 0.01 0.02 2.8 0.02 0.03 1.27
Ph 0.00 0.0 0.22 0.00 0.03 0.29 0.03 0.00 0.17

Ni 0.17 25.69 0.56 0.14 28.76 1.43 0.31

0.23 0.21 2.02 0.12 0.09 0.68 0.32 0.23 1.73 0.76
0.09 0.21 2.15 0.25 0.29 1.34 0.16 0.25 1.45 0.62
0.12 24.74 1.82 0.09 1.70 0.37 0.17 20.45 0.96 7.19
1.29 1.46 5.61 1.03 1.05 3.87 1.15 1.20 4.31 2.22
0.45 1.04 1.55 0.07 0.20 0.58 0.32 0.82 1.00 0.71
0.03 0.08 0.77 0.04 0.04 0.19 0.03 0.06 0.31 0.14
0.01 0.05 4.47 0.03 0.05 0.83 0.02 0.03 2.90 0.98
0.01 0.05 1.03 0.01 0.04 0.28 0.01 0.03 0.40 0.14

34 Ni > Cr>Fe >Cu >Mn >Zn >Pb =Co, B
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Table 4 Mean migration factors of heavy metals in different

species of mangroves

Cu Zn Ni Cr Mn Co Fe Pb

W4ER  0.09 0.28 11.2 0.30 0.63 0.28 0.05 0.18
Bar 0.13 0.17 19.3 0.28 0.78 0.19 0.01 0.06

i
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Table 5  Correlation coefficients for heavy metals between the contents

in mangroves and the acid extractable contents in sediments

FK 2B
Cu Zn Ni Cc Mn Co Fe Pb

B 0.17 0.93 0.23 0.22 -0.64 -0.20 -0.89 -0.36
HTEA i -0.30-0.03 0.01 0.29 -0.75 0.20 -0.42-0.26
B 0.75 -0.48 0.56 0.07 -0.68 -0.01 -0.28 -0.54
o 0.13 0.32 -0.26-0.28 0.42 0.86 0.91 -0.37
o m0.48 0.38 -0.74 0.33 0.02 -0.28 0.44 0.12
i 0.51 0.33 0.03 -0.08 0.53 -0.17 -0.21 0.26

@ n=5;r(0.1) =0.80, r(0.05) =0.88, r(0.01) =0.96,
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