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Abstract

The paper presents the contents of metals and organic in the surface sediments (5-10 cm) at the submerged
clam culture areas in Ben Tre province. The metal samples were digested by nitric acid 10% and analyzed
by ICP-MS method, total organic matters (HC) were determined by the burning method at 500°C. The
results showed that the content of Zn ranged from 22.4 to 48.1 ug/g, Cu: 3.3-25.1 ug/g, Pb: 7.3-27.8 ug/g,
As: 1.1-4.7 pg/g, Cd: 0.1-0.4 pg/g, Ni: 8.3-4.5 ug/g, Co: 7.3-11.9 ug/g, Cr: 5.8-15.3 pg/g, Fe: 0.8-1.74
Hg/g and organic: 1.2-8.4%. The contents of all elements in the sediment in the canals were much higher
than in the clam culture areas at the river mouths. The concentrations of metals in clam culture areas were
lower than threshold effect levels (TEL) according to Canadian standards.
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Tom tit

Bai bao trinh bay két qua phan tich ham lwong kim loai va hitu co cua I6p tram tich c6 d¢ sau tir 5-10 cm tai
cac ving nudi nghéu ban ngap nudc tinh Bén Tre. Mau kim loai duoc chiét bang dung dich HNO310% va
phan tich bang phwong phap ICP-MS, hitu co(HC) phén tich theo phwong phap dét & nhiét do 500°C. Két
qua phan tich cho thay ham lwong kim loai Zn dao dong tir 22,4-48,1 ug/g. Cu: 3,3-5,1 pg/g, Pb: 7,3-27,8
pa/g, As: 1,1-4,7 ug/g, Cd: 0,1-0,4 pg/g, Ni: 8,3-4,5 ug/g, Co: 7,3-11,9 ug/g , Cr: 5,8-15,3 pg/g, Fe: 0,8—
1,74 pg/g. Ham lugng hitu co sao dong tir: 1,2-8,4%. Ham luong cua tat ca céc yeu t6 khao séat trong tram
tich & trong kénh déu cao hon nhidu viing bai nudi nghéu phia ngoai cira séng. Chi sé tich tu dia chét lgeo <0
& tat ca cac tram. Ham lugng cac kim kim loai tai cac ving nudi nghéu déu thip hon ngudng anh huong
(TEL) theo tiéu chuan chit luong méi trueong tram tich Canada.

Tir khéa: Kim loai nang, hitu co tong sb, ICP-MS.

MO PAU

Véi dic tinh phuc tap, mdi truong cira
song va ven biéen rat dé bi anh hudng boi céc
nguon phat thai do con nguoi gay ra [1]. Su
tich tu cac kim loai ning trong tram tich c6 thé
gay anh huong khong tot dén doi séng cua cac
sinh vat thiy sinh va co thé gay anh huong
xau dén stc khoe cia con nguoi théng qua
chudi thie an do nhleu loai dong vat khong
Xuong song str dung tram tich nhu nguon thuc
an, vi thé co thé chiing 1 noi luu giir va tich tu
kim loai nang [2]. Trong khu vyc ctra sdng cac
kim loai nang thuong trai qua céc qué trinh két
taa, hap phu, ling dong va tai hoa tan [3].
Vige danh gia mirc do 6 nhiém kim loai trong
16p tram tich dong vai trd quan trong trong
viéc kiem soat 6 nhiém moi. Nghéu la doi
tuong nudi chinh tai cac vung ven bién va cira
song cua tinh Ben Tre, tuy nhién hién twong
nghéu chét van thuon xay ra. Dé hiéu o hon
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anh huong cua mot so kim loai va hiru co
trong tram tich den su phat trién cua nghéu ¢
vung nay ching t6i da tien hanh nghién ctu
nay. Bai bao la két qua khdo sat kim loai va
hiru co tai ba bai nudi nghéu lén nhat tai cac
huyén Binh Dai, Ba Tri, Thanh PhU tinh Ben
Tre vao thang 3 ndm 2012, thoi diém thuong
c6 hién nghéu chét hang loat trong nam.

PHUONG PHAP NGHIEN CUU
Phuong phap thu miu trim tich

Mau duogc thu tai vi tri s€ bi ngap nudéc khi
thuy triéu 1én va kho (phoi bai) khi thuy tridu
Xuong thip va c6 nghéu dang nuéi. Str dung
ong nhya c6 duong kinh 5 cm chleu dai 20 cm
cam xu0ng tram tich dén ngap ong, nap kin hai
dau (Iay mau khi thuy trleu xudng). Bdo quan
mau bang d4 lanh cho dén khi dem vé phong
thi nghiém (hinh 1).
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Hinh 1. So db tram vi thu mau: Tram BD5 va TP18 nam trong kénh, cac tram con lai
tai cac bai nubi nghéu

Bang 1. M6 ta mau tram tich

STT _Ki hi¢u mau Dia danh Dic diém mau dat

1 BD2 B&i nghéu Binh Dali Dit cat min, mau xam den

2 BD3 Béi nghéu Binh Dai DAt cat min, mau xam den

3  BD5 Trong kénh Binh Dai D4t biin, mau nau sita

4 BD6 Béi nghéu Binh Dai DAt cat min, mau xam den

5 BDS8 Béi nghéu Binh Dai DAt cat, mau den pha hat tring

6 BD9 Béi nghéu Binh Dai Dét cat, mau den

7 BT11 Bi nghéu BaTri DAt cat min, mau xam

8 BT12 Béi nghéu BaTri Dét cat, mau den

9 TP15 B&i nghéu Thanh Phi DAt cat, mau den

10 TP16 B&i nghéu Thanh Phii DAt cat, mau xam tro

11 TP18 Trong kénh Thanh Phu DAt bun, mau nau sita

12 TP19 Bai nghéu Thanh Phi DAt cét, mau den pha hat tring
Phuong phap phan tich mau 5-10 cm, loai bé vo, xac nghéu néu c6. Mau sg
X Iy mau dugc say khé & nhiét @6 80°C trong 48 h,

Mau trim tich duoc day khoi 6ng, cit bo  nghién nho va giir trong binh hit am [4, 5].

I6p tram tich bé mat 0-5 cm, do Ia ving ban
ngap nudéc lop tram tich bé mat ludn bi tac
dong cua song va dong chay nén dé thay doi

Phan tich kim logi méu tram tich
Kim loai dugc phan tich bang phuong phap

méi khi tridu 18n xuéng, sau d6 14y lay Ip tw  khoi phod plasma cam tng (ICP-MS). Can 0,5 ¢
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mdi miu di xtr Iy cho vao binh thé tich 125 ml
da dugc lam sach sau dé cho 25 ml axit nitric
10%, ngam trong 24 h. Sau khi ngdm mau s&
dugc danh siéu am trong 15 phut, dinh muc lai
thanh 100 ml bang nuéc cat 2 lan. Lay mdi
mau 10 ml locqua gidy loc va dem di phén tich
trén may ICP-MS Agilent 7700 [6].

Xie 1y s6 ligu

Phan mém Excel duoc sir dung dé tinh toan
va xay dung db thi.

Chat lugng moi truong tram tich dugc danh
gia theo tiéu chuan Canada(TEL va PEL) két
hop véi tinh toan chi sb tich tu dia chat
Igeo(Index of Geoaccumulation - 1) [7].

=log G,
2\ 1,58,

Trong dé: C,. Ham lugng KLN trong mau
phan tich; B,: Gié tri nén cia KLN phan tich
trong 16p vo trai dat, 13 ham luong kim loai
nén dia hoa liy theo ham lwong trung trong vé
trai dat hoic vung khong bi nhiém ban kim
loai. Trong bai bdo nay str dung gia tri trung
binh trong dét [8].

Khi dénh gid 6 nhiém theo lg,, mic do 0
nhiém cac kim loai duoc chia ra lam 6 nhom:
Khong 6 nhiém (< 0); tir khéng 6 nhiém dén 6
nhiém trung binh (0-1); 6 nhiém trung binh (1-
2); tir 6 nhiém trung binh dén 6 nhiém nang (2—
3); & nhidm nang (3-4); 6 nhiém ning dén o6
nhi&m rat nang (4-5).

Tinh toan hé sé tuong quan I (twong quan
pearson) [9] glua cac yéu to kim loai dé xéc
dinh ngudn géc phét thai theo cong thic:

Phin tich hiru co trong miu tram tich [4, 5]

Ham lugng hitu co trong tram tich duoc
phan tich bing phuong phap d6t ¢ nhiét do
500° boi 16 nung nhiét do cao Lindberrg/Blue
(1.100°C Box Furnace, models: BF51800
Series).
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Can mot khdi luong M, mau tram tich b:ing
can phan tich c6 do chinh cac 0,1 mg véi M,
trong khoang 10-20 o] tuy theo mau tram tich
bun hay cat. Mau sé goi kin bang glay nhom da
dugc xac dinh khdi lugngn sau d6 dot & 500°C
voi chuong trinh nhiét do: Gia nhiét 15°C/phat
toi 500°C, gitr tai nhiét do nay trong 4 h. Xac
dinh lai khoi lugng mau (Ms) sau khi dbt. Ham
lugng hitu co trong mau tram tich duoc tinh
theo cbng thuc:

%HC =(M, —M, )/M, x100

KET QUA VA THAO LUAN
Ham lugng kim loai tram tich

Phan bo cac yeu t6 kim loai tai cac vung
nuodi ngheu dugc thé hién trong hinh 2. Ttr db thi
cho thay cac tram trong cac kénh (BD5, TP6) c6
ham hmng cac yéu t kim loai cao hon nhiéu so
véi cac tram con lai tai bai nubi nghéu.
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Hinh 2. Phan bé cac yéu t6 kim loai tai cac
tram (truc tung bieu dien ham lugng pg/g,
truc hoanh ky hiéu cac tram)

Cu thé ham lugng téng Crom (Cr) trung
binh 1a 8,4 + 3,0 ng/g, dao dong tur 5,8-15,3



Ham lwong mét s6 kim loai ngng va hitu co

ng/g. Ham lugng Coban (Co) trung binh 9,3 +
1,3 pg/g, dao dong tur 7,3-11,9 pg/g, khong co
su khac biét nhiéu gitra cac tram. Ham lugng
Niken (Ni) trung binh 11,0 + 2,0 pg/g, dao
dong tur 8,3-14,5 pg/g. Ham lugng kém (Zn)
trung binh la 33,5 £ 7,8 pg/g, dao dong tur
22,4-48,1 pg/g. Ham lugng dong (Cu) trung
binh 12 8,3 + 7,2 Hg/g, dao dong tur 3,3-25,1
Hg/g. Tram TP18 c6 Zn = 48,1 pg/g, 16n nhat
toan ving khao sét, so véi phu sa & dong bang
song Ctru Long (36,2 ug/g) thi cao hon, nhung
lai thap hon gan mot nua so voi t phu sa o
dong bang séng Hong (86,7 ug/g) [10]. Ham
lugng Cu tai BD5 = 22,8 ug/g va TP18 = 21,8
Kg/g 16n hon rat nhiéu lan cac tram khac. Ham
lwgng Ni va Co chénh léch nhau khong lon
gitra cac tram.

Ham luwgng Cacmi (Cd) trung binh 1a 0,2 £
0,1 ug/g, dao dong tr 0,1-0,4 ug/g Ham luong
Cd c6 du khac biét nhiéu gitra cac tram, cao
nhit ¢ diém TP18 vé&i ham luong 0,4 pg/g.
Ham lwgng Chi (Pb) trung binh la 12,5 + 6,6

Hg/g, bién dong tir 7,3-27,8 pg/g. Ham luong
Asen (As) trung binh 2,1 + 1,1 pg/g, dao dong
tir 1,1-4,7 pg/g. Ham luong sat (Fe) trung binh
1,11% + 0,26%, dao dong tu 0,81-1,74%.
Gidng nhu Cu, ham lrong Pb tai BD5 va TP18
cao hon nhiéu lan céc tram khac. Cao & diém
BD5 cua kénh Binh bai véi ham luong 1,74%.
Tiép theo 1a diém TP18 cua kénh Thach Phi
V&1 ham lu:qng 1,47%. Céc diém con lai tuong
tu nhu cac kim loai khac khong chénh léch lén
vé ham luong, dao dong tr 0,81-1,19%.

Theo tiéu chuan Canada (bang 2) vé chat
lugng moéi truong tram tich, cac két qua nghlen
ctru hau nhu déu khong 6 tac dong co hai qua
10% dén moi truong tram tich trong khu vuc
béi ngheu Bén Tre. Chi ¢6 Cu, véi 2 miu &
BDS5 va TP18 c6 tac dong qua 10% d6i véi moi
truong tram tich, 2 mau nay nam trong kénh,
nén khong anh hudéng lon dén nghéu, nhung
cling 1a diéu dang dwoc chi tm. Céc gia tri
cling déu thap hon nhiéu giéi han an toan trong
tram tich theo tiéu chuan cua Viét Nam.

Bang 2. Tiéu chuan danh gia anh huong kim loai dén méi truong tram tich (Pon vi: pg/g)

Tiéu chuén Canada vé chét luong

QCVN

STT ﬁ(i”.‘ trim tich bién 43:2017/BTNMT Vg khao sat
o TEL PEL Gidi han an toan Min Max Trung binh (n=12)
1 Cr 52,3 160 160 58 158 8,4
2 Ni 15,9 42,8 KQb 83 145 11,0
3 Cu 18,7 108 108 33 251 8,2
4 Zn 124 271 271 224 481 335
5 Cd 0,676 4,21 4,2 0,08 04 0,20
6 Pb 30,2 112 112 73 278 12,5
7 As 7,24 41,6 41,6 1,1 4,7 2,1

Ghi chl: TEL- Mtc tac dong c6 hai dén 10%; PEL- Mic tac dong c6 hai trén 10%; KQD: Khong

c6 quy dinh.

Bang 3. Chi sé tich tu dia hoa |y, tai cac vi tri trong viing nudi nghéu

Ki hiéu Cr Co Ni Cu Zn Cd Pb As
BD2 -3,66 -0,38 -2,88 -3,11 -1,90 -2,25 -1,43 2,17
BD3 -3,85 —-0,68 -3,12 -2,84 -1,84 -1,19 -1,50 -2,24
BD5 -2,73 -0,01 -2,37 -0,98 -1,21 -0,76 -0,04 -0,94
BD6 -3,83 -0,42 -2,81 -3,03 -1,56 -0,81 -1,55 2,17
BD8 -3,71 -0,28 -2,48 —2,68 -1,39 -2,32
BD9 —4,08 -0,48 -3,01 -3,77 -1,89 -2,39 -1,65 -2,49
BT11 -3,83 -0,32 2,77 -3,23 -1,83 -1,91 -1,41 -2,79
BT12 -3,99 -0,58 -2,97 -3,39 -1,69 -1,39 -1,96 -1,97
TP15 -4,18 -0,31 -2,88 -3,73 -1,84 -2,71 -1,41 -2,49
TP16 -3,99 -0,72 -3,18 -3,60 -2,23 -1,54 -1,70 -2,79
TP18 -2,86 -0,17 -2,48 -0,84 -1,13 -0,39 -0,10 -1,17
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Chi sb tich tu dia chat (Ige0)

Tinh toén chi 30 tich tu dia chét cho thay tat
ca cac gia trj chi s6 tich tu dia chat Ige0 déu co
gia tri am (bang 3). Tur cac gia tri nay co thé
cho rang moi trudng tram tich tai khu vuc dang
con rat tét phu hop véi viéc phét trién nudi
dong vat than mém nhat 12 nudi nghéu.

Hé sb twong quan pearson

Hé sb twong quan duoc thiét 1ap cho thay
mébi lién hé gitra cac ngudn phat thai khac nhau
cua cac KLN khéc nhau. Bang 4 1a két qua tinh
toan ma tran tuong gi&a cac nguyén to. Nhém
kim loai Cr. Cu, Pb c6 mdi fuong quan chat ché
Vvéi nhau cho thay ching cling nguon phat thai.
As c6 hé sb twong quan r rat thap, gan nhu
khong co, cho thay yeu t6 nay khong cd chung
nguon phat thai vai cac kim loai trong bang 4.

Bdng 4. Ma tran tuong quan ham luong kim loai trong cac mau tram tich
ving nudi nghéu Bén Tre

Cr Fe Co Ni Cu Zn Cd Pb As
Cr 1
Fe 0,78 1
Co 0,59 0,86 1
Ni 0,57 0,65 0,85 1
Cu 0,95 0,72 0,54 0,56 1
Zn 0,69 0,64 0,65 0,82 0,76 1
Cd 0,57 0,31 0,19 0,36 0,67 0,63 1
Pb 0,93 0,84 0,61 0,51 0,94 0,64 0,52 1
As 0,11 0,02 0,01 0,01 0,14 0,07 0,25 0,10 1

Hiru co tram tich

% HC

O Rk N WA U N ® ©
TR

BD2 BD3 BDS> BD6 BD8 BD9 BT11 BT12 TP1> TP16 TP18 TP19 TP20

Hinh 3. Ham luong hiru co (%HC) tai cac tram
trong cac vung nudi nghéu

Két qua phan tich hiru co trong tram tich
cho thiy ngoai hai tram & trong kénh BD5 c6
ham lugng hiru co 7,85% va TP8 la 8,43%, cac
khu vgc nudi nghéu c6 ham lugng hitu co
khéng cao (hinh 3), déu dudi 2%. Theo Hyland
et al., (2000) [11] tram tich c6 duéi 0,05% va
trén 3% chét cachon hitu co - Che SE lam giam
sy phong phu ciing nhu sinh khdi cua sinh vat
day mém, ham lugng cac Cy. trong khoang
0,18-1,75% s& khéng gay ra nhirng tac dong
tiéu cuc, vai gioi han 2% C;. dugc quy dinh
trong tiéu chuan caa Trung Qudc trong tram
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tich [12], c6 thé néi tram tich tai cac khu vuc
nay rat phd hop vai sy phat trién caa nghéu va
céc loai than mém khac.

Theo nghién ctu cta Nga et al., (2005)
[13], Tam et al., (1998) [14] cho thidy ham
luong chét hitu co trong riing ngap man thuong
cao va kha ning hap thu kim loai ting hon so
Véi cac vung khéc, chat hiru co ¢6 kha ning luu
giir tot cac kim loai. Mat khac, theo nghién ciru
ctia Cenci & Martin (2004) [15] thi vat chét lo
ling c6 kich ¢& min hon c6 kha nang gitr chat
cac kim loai nz_ing va lam chung Iéng dong tai
chd. Hau hét cac yéu to kim loai va hitu co tai 2
tram trong kénh TP18 va BD5 déu cao hon rat
nhiéu céc tram & bai nudi nghéu. So sanh cho
thiy ¢ su twong quan cao giira hitu co va kim
loai nang.

Tinh toan hé sb tuong quan giira kim loai
va hiru co cho két qua Pb ¢6 hé s6 tuong quan
r=0,981, Cu: r=0,975, Cr: r = 0,963, As: r =
0,927, Fe: r = 0,844, Co: r = 0,830, Zn: r =
781, Cd: r = 0,748, Ni: r = 0,630. Hinh 4 biéu
dién sy tuong quan gitta ham lugng hitu co
(%HC) va mo so kim loai. Co thé thay trong
khi cac kim loai Cu, Pb c6 méi twong quan rat
€ao vgi ham lugng hiru co thi ngugc lai Ni gan
nhu rét thap.



Ham lrong mét sé kim loai ngng va hizu co

Pb R?=0.9629 Cu

30 . 20

R?=0.9518
20 4 20
10 - > 10

0 T 0
0 5 10 0 5 10

2 - Cr 20 Ni

R?=0.9282

R?=0.3978

15 | * 15 N
4 10

54 5

0 T | 0 - T |

0 5 10 0 5 10
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(1g/g - truc hoanh)

KET LUAN

Ham luorng kim loai nang trong tram tich
tai cac bai nudi nghéu dugc khdo sat tai Ben
Tre déu c6 gia tri thip hon muc TEL va chi s6
tich tu dia chat lgeo < 0, va c6 ham lugng hiru
co nho hon 2% cho thay moi tru’orng tram tich
cac vung nay con rat tét, chua c6 hién tuong &
nhiém ban kim loai va hitu co, phu hop Vvéi
nudi trong thuy san.

Tram tich tai céc kénh phia trong kénh chay
ra bai nghéu déu c6 ham Iuong kim loai va htru
co cao hon nhiéu lan ngoai bdi nudi nghéu.
Ham kim loai Cu da vuot ngudng tac dong
10% (TEL) d6i c6i sinh vat trong tram tich,
trong khi ham luong hiru cao hon nhiéu muc
3% cho thay moi truong tram tich khong tét,
anh huong toi ndng suat nudi tai cac cac kénh
va ¢O6 nguy co tac dong sau tgi tram tich bai
nudi nghéu.

_ Dé dam bdo vung nudi nghéu an toan va
bén viing can kiém sodt duoc vigc xa thdi cac
tir cac ao nudi trong va cac hoat dong kinh té,
sinh hoat vao kénh rach chdy ra bai nudi nghéu.
Chung ta nén guan trac theo thoi gian Iop tram
tich tang mét trong cac kénh va bai nu6i nghéu
lién ké dé co thé dua ra canh bao kip thoi.

Loi cam on: Tap thé tac gia Xin cam on dé tai
“Nghién ciru xdc a"‘.in‘h nguyén nhan gay chet
nghéu, so huyet va de xuat cac gidi phap khac
phuc nham phét tl’len nghé nudi nghéu va so
huyét bén viing ¢ Ben Tre” da tao diéu kién
cho ching ti thu mau tram tich tai cac bai
nudi nghéu.

TAI LIEU THAM KHAO

[1] Morris, A. W., Allen, J. I., Howland, R.
J. M., and Wood, R. G., 1995. The
estuary plume zone: source or sink for
land-derived nutrient discharges?.
Estuarine, Coastal and Shelf Science,
40(4), 387-402.

[2] Sanchiz, C., M. Garcia-Carrascosa, A.,
and Pastor, A., 2000. Heavy Metal
Contents in  Soft-Bottom  Marine
Macrophytes and Sediments Along the
Mediterranean Coast of Spain. Marine
Ecology, 21(1), 1-16.

[3] Lé Thi Vinh, Pham Vin Thom, Nguyén
Hong Thu, Duong Trong Kiém, Pham
Hitu Tam, 1999. Ham luwong kim loai
nang trong vat lo ling va tram tich vinh
Binh Cang, Nha Trang. Tuyén tdp Nghién
ciru bién, vién Hdi dwong hoc.

[4] Heiri, O., Lotter, A. F., and Lemcke, G.,
2001. Loss on ignition as a method for
estimating organic and carbonate content
in  sediments:  reproducibility  and
comparability of results. Journal of
Paleolimnology, 25(1), 101-110.

[5] Dean, W. E., 1974. Determination of
carbonate and organic matter in calcareous
sediments and sedimentary rocks by loss
on ignition; comparison with other
methods.  Journal of  Sedimentary
Research, 44(1), 242—-248.

[6] Hungspreugs, M., Dharmvanij, S.,
Utoomprookpoom, W., and Windom, H.
L., 1991. A comparative study for the
trace metals fluxes of the Ban PaKong and
the Mae Klong river. In Thailand-10C
workshop report (No. 79, pp. 34-44).

[7] Muller, G, 1969. Index of
geoaccumulation in sediments of the
Rhine River. Geojournal, 2, 108-118.

[8] Mai Trong Nhuan, 2001. bia hoa moi
truong. Nxb. Pai hoc Quac gia Ha Néi.

[9] http://phantichspss.com/he-so-tuong-
guan-pearson-cach-thao-tac-phan-tich-
tuong-quan-trong-spss.html

[10] Tran Cong Téu, Tran Cong Khanh, 1998.
Hién trang moi truong dat & Viét Nam
théng qua viéc nghién ctu cac kim loai
nang. Tap chi Khoa hoc dat, 6 10.

157


http://phantichspss.com/he-so-tuong-quan-pearson-cach-thao-tac-phan-tich-tuong-quan-trong-spss.html
http://phantichspss.com/he-so-tuong-quan-pearson-cach-thao-tac-phan-tich-tuong-quan-trong-spss.html
http://phantichspss.com/he-so-tuong-quan-pearson-cach-thao-tac-phan-tich-tuong-quan-trong-spss.html

L& Trong Diing va nnk.

[11] Hyland, J., Karakassis, I., Magni, P.,
Petrov, A., and Shine, J., 2000. Summary
report; Results of initial planning meeting
of the United Nations Educational.
Scientific and Cultural Organization. 70 p.

[12] Lé Thi Vinh, Pham Hru Tam, 2016. Chat
lugng tram tich bé mat day ¢ vung bién
xung quanh quan dao Tho Chu, Kién
Giang. Tap chi Khoa hoc va Cong nghé
bién, 16(3), 235-243

[13] Nga, B. T., Tinh, H. Q., Tam, D. T,
Scheffer, M., and Roijackers, R., 2005.
Young mangrove stands produce a large

158

and high quality litter input to aquatic
systems.  Wetlands  Ecology  and
Management, 13(5), 569-576.

[14] Tam, N. F. Y., Wong, Y. S, Lan, C. Y.,
and Wang, L. N., 1998. Litter production
and decomposition in a subtropical
mangrove swamp receiving wastewater.
Journal of Experimental Marine Biology
and Ecology, 226(1), 1-18.

[15] Cenci, R. M., and Martin, J. M., 2004.
Concentration and fate of trace metals in
Mekong River Delta. Science of the total
Environment, 332(1-3), 167-182.



