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Studies on Environmental Geochemistry of Heavy Metals in

Mangrove Wetland Sediments of Fujian Province

Abstract:

Jiulongjiang estuary mangrove wetland and Zhangjiang estuary mangrove wetland
of Fujian province are two of important natural reserves of mangrove in China. In recent
years, rapid economic growth and development in the region has led to excessive
release of heavy metal pollutants into the wetland. The accumulation of contaminants in
wetland sediments is likely to pose serious environmental problems in mangrove
ecosystem. In present study, sequential extraction procedures were used to reveal the
spatial distribution of total concentration and speciation of 7 heavy metals (Fe, Mn, Zn,
Pb, Cu, Ni and Cd) in these two mangrove wetlands. To discuss accumulation and
transition principle of metals in the sediments, the relationships between metal contents,
speciation and physical chemical properties of sediments were analyzed, and speciation
changes of Cd in mangrove (Kandelia candel(L.)) rhizosphere sediments were studied
by using rhizobox. Finally, the contents of AVS (Acid volatile sulfide) and SEM
(Simultaneously extracted metal) were measured to reveal their spatial distribution in
mangrove wetland, and the differences of AVS, SEM mole concentration were adopted
to evaluate the condition of metal pollution. The results were showed as follows and
hoped to can guideline the reserve and restoration of mangrove wetland.

1. Order of total metal concentrations was Fe> Mn >Zn >Pb >Cu >Ni >Cd in the
study areas. According to the standard quality of marine sediment in China, Zn, Pb, Cd
and Cu polluted the mangrove wetland of Jiulongjiang estuary, and Zn, Pb, and Cu
polluted the mangrove wetland of Zhangjiang estuary. The results showed that metal
speciation distribution was metal-specific and site-specific. Low percentage of metal
was found to bound to residual fraction, except Fe. The Fe-Mn oxide fraction (F3) was
dominant for all 7 metals in Jiulongjiang mangrove wetland, and the percentage was
73% (Pb) ,52% (Fe) ,51% (Mn) ,48% (Cu) ,35% (Zn) ,31% (Cd) , and 28%

(Ni) respectively. Both Fe-Mn oxide fraction and bound to organic matter-sulfide
fraction (F4) were important for these metals in mangrove wetland of Zhangjiang
estuary, and the percentages respectively were: Fe (F3: 41%; F4: 8%), Mn (F3: 35%;
F4: 25%), Zn (F3: 27%; F4: 32%), Pb (F3: 38%; F4: 33%), Cu (F3: 26%; F4:

v
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42%), Ni (F3: 41%; F4: 8%), Cd (F3: 23%; F4: 32%).

2. Different content and different speciation distribution were found at different
locations of mangrove wetlands. Forest sediments usually had higher metal contents
compared to sediments of forest edge and mudflat; meanwhile, higher percentage of
metals were found to bound to Fe-Mn oxides in the sediment of forest. Analysis
revealed that the difference of metal contents in forest sediments were resulted from
different fine particles content, organic matter content and pH value et al., the contents
of metal bound to Fe-Mn oxides were decided by the content of iron, manganese oxides,
both organic matter content and AVS value played an important role in metal contents of
bound to organic and sulfide.

3. With sediment depth increased, the total metal concentrations, the percentages of bound to
carbonate and bound to Fe-Mn oxides decreased, while those bound to residual fraction increased.
On the one hand, this prove the fact that more metal pollutants had discharged into mangrove
wetland in recent years, on the other hand, this indicated that the decrease of total metal content in
deeper sediment was mainly resulted from non-residual fraction decrease, and the accumulation and
enrichment of heavy metals in surface sediment is partly attribute to the transition of metal from
deeper sediment to surface sediment.

4. Results of simulation experiment demonstrated that most of the additional
cadmium was adsorbed onto the solid particles of the sediment. Exchangeable cadmium
increased in proportion to the increase of total metal concentration (from14.02% to
42.39%), whilst, bound to carbonate and residue fraction increased less compared to the
increase of total concentration, and the percent to total metal concentration decreased
with metal concentration increased. The percent of bound to Fe-Mn oxides increased
under 0-20ppm treatments, and then decreased with total metal concentration increasing;
while, the percent of bound to organic matter and sulfide fraction only increased at
Sppm treatment. The significant difference of Cd speciation distribution between the
rhizosphere and the other three sediment zones indicated root-induced changes of Cd
bioavailability in the rhizosphere. Exchangeable and carbonate bound Cd in the
rhizosphere sediments were lower than in the bulk sediments, whilst an increase in
Fe-Mn oxides bound and O.M-sulfide bound fractions occurred in the rhizosphere
sediment.

5. Spatial difference of AVS concentration was found in two mangrove wetlands.

Mudflat sediment had higher AVS concentration compared to forest and forest edge
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sediment, and AVS concentration in low inter tidal zone was higher than high inter tidal
zone. It showed that AVS concentration of mudflat sediment was decided by organic
matter content and dissolved salt content in sediment, while water content of sediment
play an important role in AVS concentration of forest surface sediment. The AVS
concentration in the surface layer is lower than that of the deeper sediment, with peak
values in the 15-30 cm horizon. No significant difference was found in SEM content
among different surface sediments, but the amount of SEM decreased with sediment
depth response to total metal decreasing. The acid extracted metal concentrations
differed considerably, increasing in the order of Cd<Ni<Pb, Cu<Zn.

6. The differences between the molar concentrations of SEM and AVS
([SEM]-[AVS]) were positive in all studied surface sediments of Jiulongjiang estuary
mangrove wetland, these confirmed the earlier suggestions that this study area may
suffer from increasing heavy metal pollution. While, in mangrove wetland of
Zhangjiang Estuary, only the sites located at upper reaches had positive difference, for

their low AVS values.

Keyword: Mangrove wetland; Sediment; Heavy metal; Speciation; Acid

volatile sulfide (AVS)
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Tablel.1 Heavy metal contents in sediments of some mangrove forests around world

(A= ExR (X)) 3 TEEE CEYEEE) ng kg

B Fe Mn Zn Cu Pb Ni Cd
Punta Mala Bay Panama 19 9827 295 105 56. 3 78.2 27.3 <10
Toro Pointa Panama 20 1885 294 19.9 4.9 38 82.4 6.6
Punta Portetea Costa Rica 20 3225 268 14.7 8.4 34.5 102 7.3
Cienaga Grandeb Colombia 21 15593 623 91 23.3 12.6 32.5 1.92
Queensland Australia 22 1056 103 23-56 1-12 36 9 0.6
Brisbane Australia 26 - - 98 22 67 - 0.8
Brisbane Australia 27 - - 40.8-144 3.1-34.1 7.7-84.7 2.4-57.6 0-2.0
Guaratuba Brazil 23 2464 - 24. 2 3.82 - - 0.6
Rio Casqueiro Brazil 23 2572 59.9 15. 4 - - 1.63
Guanabara Bay Brazil 24 - 71-273 26-610 18-80 20-130 6-12 -
Deep Bay region Hong Kong 18 - - 240 80 80 30 3.0
MaiPo Hong Kong 25 423 - 293 46 199 66 0.6
Georgia USA 33 6040-37700 - 18-88 2-17 - 5-24 1.5-2.4
Kumarakom India 37 77603 629 100 28 1217 - -
Quilon India 37 133818 881 1880 758 1888 - -
Veli India 37 123636 348 313 125 1346 - -
United Arabian United 28 - 28.8-169 4.6-22 5.3-29.4 13.2-49.8 14-109 3.1-6.9
EAp AL i 29 - 28.7 7.3 16.9 - 0. 39
UL Gigas 30 - 607 138 26. 6 101 - 0.12
i H IR 31, - 537 114 38.3 28.7 25 0.14
VTfA Hong Kong 34 - - 38 5 19.5 3.3
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