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Heavy metal fractionation studies in tidal sediment cores in
the clam farms from Tan Thanh commune, Go Cong dong
district, Tien Giang province, Vietnam

Nghién ciru vé ham lugng kim logi nding ton tai dudi cdc dang lién két trong mau 16i tram tich
bdi nudi nghéu xa Tan Thanh, huyén Go Cong dong, tinh Tién Giang, Viét Nam

NGUYEN, Mai Lan

Institute of the Geological Sciences, Vietnam Academy of Science and Technology, 84 Chua Lang Str., Dong Da, Hanoi, Vietham

This paper introduces the results from a study on the distribution of heavy metals in chemical fractions in tidal sediment
cores at four sample stations inside the baby clam breeding plain, inside the harvested clam breeding plain, and on the
frontier between the plains in the clam farms in Tan Thanh commune, Go Cong Dong district, Tien Giang province,
Vietnam. The partitioning of metals among the compartments of the sediment's solid phase was investigated indirectly
by selective sequential extraction of substances that are water-soluble, exchangeable, bound to carbonates, bound to
Mn oxides, bound to amorphous Fe oxides, bound to crystalline Fe oxides, associated with organics and residual. In case
of investigated heavy metals (HM), the concentrations of Zn and Hg exceeded the National Technical Regulation on
Sediment Quality QCVN 43:2012/BTNMT by 1.12 - 3.53 times and 26.58 - 171.96 times, respectively. The highest HMs
concentration was found in the oxidable fraction (more than 60%). The data demonstrates the important role of organic
matters in the oxidable condition at the surficial sediment layer. Besides the oxidable fraction, high HMs concentrations
were measured also in the residual fraction. The HMs content present in the solid residue also indicates the level of
contamination in the river system: the greater the percentage of HMs presentin the solid residue, the lesser the pollution
in the environment because this solid residue involves components that can not be remobilized. The HMs concentra-
tions depending on the depth of the sediment indicate that clam'’s digestive activity or the decomposition of tissue and
shell of clams possibly affects the content of HMs.

Bai bdo gidi thiéu cdc két qud nghién ciru vé sy phdn bo kim loai ndng dudi céc dang lién két khdc nhau trong cdc mau 16
tram tich tai cdc bdi nudi nghéu giong, bdi nudi nghéu sau khi dd thu hoach, va ranh gidi gicta cdc bdi nubi nghéu tai xd Tan
Thanh, huyén Go Cong Bong, tinh Tién Giang, Viét Nam. Cdc dang pha lién két bao gom: 1.pha hoa tan; 2. pha trao doi; 3.lién
két vdi cac bb ndt; 4. lién két véi Man gan 6 xit; 5. lién két véi sdt 6 xit vé dinh hinh; 6. lién két vdi sdt 6 xit dang tinh thé; 7. lién
két vdi thanh phan hitu co va; 8. Phdn bd rdn. Trong cdc kim logi ndng (KLN) dugc phan tich, ham luong Zn va Hg vuot qud
tiéu chudn cho phép QCVN 43:2012/BTNMT lan lugt tir 1,12 - 3,53 va 24,58 - 171,96 lan. Ham luong KLN ton tai nhiéu nhdt
dudi dang lién két vdi cdc thanh phan cé khd ndng 6 xi héa vdi ti Ié hon 60% chi ra vai tro cia thanh phén hitu co trong diéu
kién 6 xi héa tai I6p tram tich tang mdt. Sau cdc thanh phdn c6 khd ndng 6xi héa, cdc KLN hién dién trong phdn ba rdn nhiéu
hon trong cdc pha khdc. Sur ¢6 mdt cia KLN trong phan bd rdn chi ra mic do 6 nhiém cda hé thong séng: cang nhiéu phén
trdm KLN cé mdt trong phdn bd rdn, cang it 6 nhiém trong méi trudng bdi phdn bd rdn nay lién quan dén cdc thanh phan
khong thé bj rira tdch. Su phu thudc theo do sdu cda ham luong kim logi ndng dua ra khd ndng vé su énh hudng cda hoat
dong tiéu héa va qud trinh phdn hdy cda nghéu 1én ham luong kim logi ndng.
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1. Introduction

Vietnam ranks the third after China and India in the aqua-
culture industry and has been growing strongly since 2003.
With a coastline of more than 3,200 km long with over
3,000 islands, a wealth of natural inland water bodies (lakes
and rivers) and seasonally flooded grounds, since 2000,
the fisheries sector is an important contributor to the
economy of Vietnam and fisheries are identified as a key

economic growth sector by the Vietnamese Government
(MOFI, 2006Seventy percent of coastal aquaculture pro-
duction of Vietnam occurs in the southern area, in the Me-
kong River Delta (MOFI, 2006). With over 700 km of coast-
line, the coastal aquaculture of the Mekong River Delta has
been well known for the farming of marine shrimps and
mollusks. However, in the past few years, the phenomenon
of widespread mass clam deaths had occurred in this Delta
(Zing (2013), Nhan Dan (2011), Bao Moi (2013), Nong
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Nghiep (2010). Following an initial inspection by the provin-
cial fisheries department, salinity and temperature at the
clam farms are believed to be meeting standards, so envi-
ronmental pollution was suspected to be the cause.

As a complex and dynamic aquatic environment (Morris et
al. 1995), the estuarine and coastal environment is affected
by anthropogenic input pollutants. Among the pollutants
getting into these environments, heavy metals (HMs) are
some of the major indicators to assess the environmental
pollution. Most of the HMs cannot be biologically or chem-
ically degraded. They may be accumulated locally or be
transported over long distances. The majority of HMs is
persistent and can accumulate in sediments or are prone
to bioaccumulate (Salomons and Forstner, 1984). Heavy
metal accumulation in sediment can have an effect on the
ecosystem due to its easy entering to the food chain and
bioaccumulation (Beijer and Jernelov, 1986). Especially bi-
valve mollusks as clams use sediment as a food source;
therefore, they could accumulate HMs in their tissue. As a
result, the assessment of heavy metal contamination in
surficial sediment plays an important role in environmental
quality control because of their toxic, non - degradable
ability and their bioaccumulation (Vollenweider et al,
1996).

Chemical speciation can be defined as the identification
and quantification of the different chemical species, forms
or phases present in the sediment as well as in other
environments. However, the determination of specific
chemical species is difficult and often hardly possible
(Loska and Wiechula, 2002). HMs are associated with sedi-
ments in different ways, and the association determines
their mobility and availability (Ahumuda et al., 1999). Water
soluble and exchangeable forms are considered readily
mobile and available to fauna and flora, while metals incor-
porated in the crystalline lattice of sediments appear rela-
tively inactive. The other forms like carbonate-bound, oc-
clusion in Fe, Mn and Al oxides, or complexes with OM and
Fe-Mn oxides have been found to be the most important
components, which influence the media to long-term
effect and availability (lyengar et al., 1981). The potential of
bioaccumulation of metals can be evaluated by studying
the sediments and also by assessing the possible toxicity
or risk of environmental pollution due to the presence of
HMs in sediments. Different types of association between
metals and the sediments can be understood in detail by
sequential extraction techniques. Conceptually, the solid
materials can be partitioned into a specific fraction, which
can be extracted selectively by using appropriate reagents.
The use of sequential extraction, although more time con-
suming, furnishes detailed information about the origin,
mode of occurrence, biological and physicochemical avail-
ability, mobilization and transport of metals. Leleyter and
Probst (1999) developed a new seven-step procedure to
determine the speciation of various trace elements, which
is an improvement of the methodology developed by
Teisser et al. (1979) and Schuman (1985).

The aim of the present study is to investigate different
chemical forms of HMs in sediments and to assess their
association and bioavailability in the river.

2. Materials and methods

2.1 Sampling site

The Tan Thanh commune of Go Cong Dong district, Tien
Giang province is located in the Mekong Delta region of Vi-
etnam where famous clam farms are situated. The area se-
lected for this study is between the Den Do hamlet and Tan
Thanh resort (Figure 1) with a water area of about 2,000
hectares (ha) used for clam aquaculture. The elevation of
this tidal area is from 0.6 to - 6.0 m. The core sediments
were collected using a gravity type sediment corer of a Tm
length of polycarbonate tube. Our research focuses on the
0.4 m above of core-length. The sampling stations include:
P8 (10°17'20"N, 106°46'58"E) and P10 (10°16'53"N,
106°46'44"E) inside the baby clam breeding plain; P9
(10°17'06"N, 106°46'52"E) inside the harvested clam
breeding plain; P11 (10°16'38"N, 106°46'28"E) on the fron-
tier between the plains (Figure 1). All samples were col-
lected in April, during the dry season.
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Figure 1 - Location of the sample stations in the research re-
gion - Tan Thanh, Go Cong Dong, Tien Giang

2.2 Sampling and analysis

This study focuses on the surficial sediment (0 - 60 cm) in
a tidal wetland in the estuary Tieu, Tan Thanh, Go Cong
Dong, Tien Giang, which is the sediment layer reflecting the
historical pollution (Salomons and Forstner, 1984; Forst-
ner, 1989). This layer is also the living environment of
clams, which can grow, digest and die at the depth of 20
cm. For this reason, the sediment cores were cut after col-
lection in three slices: from 0 to 20 cm, 20 to 40 cm, and
40 to 60 cm of depth. The samples were stored in freeze
room at 4 C. At position Tan Thanh P11 (TT - P11), the core
has just two slices (from 0 to 40 cm) because the third one
was damaged after cutting.

To measure the total HMs concentration in every slice, the
sediment sample was digested following the method of Jar-
vis et al. (1992) by using acid mixture HF/HCIO,4 and then
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HNO; before being analysed by Inductively Coupled
Plasma Spectrometer (ICP-MS, Ultramass-700) in the la-
boratory of the Institute of Geological Sciences (Vietnam
Academy of Science and Technology).

Table 1. Selective sequential extraction (SSE) procedure
NO
F1

Extractant
deionized water

Fraction
Water soluble

F2  Exchangeable T™ Mg(NOs),

F3 Boundto carbonate 1M NaCOOCH;

F4 BoundtoMn-0O 0,TM NH,OH.HCI

F5 Bound to 0,2M (NH4)2CZO4.H20 +0,2M
amorphous Fe-O H,C,04.H,0

F6 Bound to 0.2M (NH4)2CZO4.H20 +0,2M
crystalline Fe-O H,C5,04. H,O + 0,1M CgHgOg

F7  Oxidizable 0.02M HNO3 + 30% H,0,
or bound to organic  then 5ml 3.2M NH4,COOCH; +
matter 15ml H,O

F8 Residues H,O pure

The partitioning of metals among the compartments of the
sediment solid phase was investigated indirectly by selec-
tive sequential extractions (SSE), as described in Table 1.
The SSE was performed with 1 g of ground sediment in 50
ml polypropylene centrifugation tubes to minimize losses
of material. All extractions were performed in duplicate on
three replications of each treatment. In each extraction se-
ries, a standard sample was introduced to follow the re-
producibility of the procedure. After each extraction step,
the tubes were centrifuged at 5200 rpm for 20 min. The
supernatants were then filtered through 0.45 pm mem-
branes (Sartorius), whereas the residues were washed with
10 ml of ultra-pure water, centrifuged again, and then the
supernatants were pooled. The leachates (extract and rins-
ing) were stored in polypropylene bottles or glass vials at
4°C until chemical analysis. The residues were dried at
40°C prior to the next extraction step. Blanks without a
sediment sample were used on each extraction step to de-
termine the purity and quality of the procedure. The chem-
ical forms were labelled according to the targeted geo-
chemical compartments during each extraction step: F1 -
water soluble (WAT), F2 - exchangeable (EXCH), F3 - bound
to carbonates (CAR), F4 - bound to Mn oxides (MNOX), F5 -

Vol. Time Temp. pH

10ml 30 min 20°C

10ml 2h 20°C 5 with HNOs

10ml 5h 20°C 4.5 with CH3COOH

10ml 30 min 20°C 3.5 with HNO3

10ml 4h 20°C 3 with HNO3

(in dark)

10ml 30 min 80°C 2.3 with NO3
(in dark)

3ml 5h 85°C 2 with HNO3

8ml

20ml 30 min 85°C 2 with HNO3

10ml

bound to amorphous Fe oxides (FEOX1), F6 - bound to
crystalline Fe oxides (FEOX2), F7 - associated with organics
(OM) and F8 - residual (RES). Each element in the different
fractions was expressed as micrograms extracted per
gram of soil and as a percentage of the total amount of
metal extracted after the seven steps. The elements were
analysed by ICP-MS.

3. Results and discussion

3.1 Total HMs contents

The results of total HMs content of every slice (TT-Px-1: 0 -
20 cm, TT-Px-2: 20 - 40 cm, and TT-Px-3: 40 - 60 cm) at 4
sample stations (P8 and P10: inside the baby clam breed-
ing plain; P9: inside the harvested clam breeding plain; P11:
on the frontier between the plains) are given in Table 2.
These results are compared with the National Technical
Regulation on Sediment Quality of Vietnam (QCVN
43:2012.BTNMT). This standard is the same with the stand-
ard given by Canadian sediment quality guidelines for the
protection of aquatic life (CCME, 2003).

Table 2. HMs distribution in slices of sediment cores in the clam plains

Name Cr Zn
TT-P8-1 70.65 448.76
TT-P8-2 62.39 620.40
TT-P8-3 144.75 958.71
TT-P9-1 57.55 463.08
TT-P9-2 66.10 439.20
TT-P9-3 116.83 305.79
TT-P10-1 67.52 374.75
TT-P10-2 79.20 534.62
TT-P10-3 87.91 568.31
TT-P11-1 62.30 381.22
TT-P11-2 63.23 423.68
QCVN 43:2012/BTNMT 160.00 271.00

As Cd Hg Pb
15.24 215 40.63 62.93
35.99 5.95 34.87 77.18
93.71 .2.00 17.21 103.76
17.64 4.74 53.03 117.29
13.27 3.05 120.37 61.45
39.12 3.56 71.06 93.52
13.70 1.80 86.76 60.74
29.26 2.52 61.49 83.83
19.46 3.18 40.07 47.37
16.70 4.25 42.79 47.67
27.26 2.79 36.82 43.22
41.60 4.20 0.70 112.00
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Note: TT-PX-1: 0 - 20 cm, TT-PX-2: 20 - 40 cm, and TT-PX-3: 40 - 60 cm; BDL: below detection limit

We have seen that contents of Cr, As, Cd and Pb were un-
der the standard QCVN 43:2012/BTNMT, except at the
depth 40 - 60 cm at TT-P8 where As concentration was ex-
ceeded 2.25 times. The concentrations of Zn were also
found 1.12 - 3.53 times higher than the standard. They in-
creased with depth at TT-P8, TT-P10, TT-P-11 and de-
creased with depth at TT-P9. Another HM, Hg, its concen-
tration in the samples was 24.58 - 171.96 times higher than
the standard and decreased with depth at TT-P8, TT-P10

Table 3. Co concentrations in the chemical fractions (per cent)

Sample  TT- TT- TT- TT- TT-

P8-1 P8-2 P8-3 P9-1 P9-2
F1 BDL BDL BDL BDL BDL
F2 0.02 0.02 0.01 0.05 0.03
F3 3.17 1.44 0.79 5.79 5.86
F4 0.08 0.05 0.03 0.16 0.16
F5 2.84 1.55 0.81 3.88 3.81
Fé 0.61 0.61 035 0.86 0.58
F7 87.4 91.87 91.63 83.09 83.16
F8 5.88 4.45 6.39 6.17 6.39

and TT-P-11. The increase or decrease in Zn and Hg con-
centrations may be influenced by the activities of clams liv-
ing in sediment.

3.2 HMs in Selective Sequential Extraction

3.2.1 Cobalt (Co)

The Co concentrations in the fractions at 4 sample stations
are shown in Table 3.

P9-3 P10-1 P10-2 P10-3 P11-1 P11-2
BDL BDL BDL BDL BDL BDL
0.01 0.05 0.02 0.02 0.05 0.02
2.73 591 3.96 1.75 3.59 2.47
0.10 0.19 0.12 0.06 0.14 0.08
233 4.01 3.19 1.42 3.41 2.37
0.65 0.79 0.78 0.41 0.75 0.69
89.65 82.56 87.04 91.19 85.55 88.65
4.54 6.49 4.89 5.15 6.52 572

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

The average distribution of Co in different chemical frac-
tions by SSE procedure shows the following distribution
(Table 3): F1 <F2 <F4 <F6 < F5 <F3 < F8 < F7. The highest
concentration was found in F7 (oxidable fraction). The data
more than 82% (82.5 - 91.9%) shows an important role of
organic matters in the oxidable condition at the surficial
sediment layer. At this concentration, Co was a potential
resource for the coastal estuary environment.

We found that the Co bound to carbonate (F3) decrease by
the depth. The highest Co concentration/amount in the
sedimentlayer 0 - 20 cm may due to the presence of clams.
The Co amount accumulated in the carbonate shells after
decomposition will be eventually released back into the en-
vironment. This Co amount has also the most ability to eas-
ily exchange with the environment and penetrate into the
ecosystem.

In the F5 fraction, the Co concentration decreases also by
the depth. This is in agreement with the results of
Klinkhammer (1980) and Kumar and Edward (2009). The
distribution of Co depends on the reduction-oxidation in
the iron oxide phase. But in F7, the Co concentration in-
creases by depth, which is related to the reduction of oxy-
gen content by the depth of the sediment layers.

In the residue (F8), the distribution of Co is not clearly dif-
ferent at various depths. The amount of metal in this resi-
due is difficult to separate from sediment, so the ability to
enter the ecosystem is very low.

3.2.2 Zinc (Zn)

The Zn extractant in the fraction in Table 4 shows that the
main distribution is in F7 and F8 with a rate of more than
97% of the total Zn content of all fractions. Accordingly, the
distribution of Zn in the fractions increase as following: F1
<F2<F4<F3<F6<F5<F8<F7.

As we have known, Zn from the external environment en-
ters the estuary area by some sources including
wastewater (Boxall et al., 2000). The high content of Zn-
containing organic matter present in this wastewater
would lead to an increase in Zn concentration in the sedi-
ment. In addition, the Zn content present in the solid resi-
due also indicates the level of Zn contamination in the river
system: the greater the percentage of HMs present in the
solid residue, the lesser the pollution in the environment
because this solid residue involves components that can-
not be remobilized.

In the fraction F7, the Zn distribution increases by the
depth at position TT-P8, TT-P10 and TT-P11, and decrease
at the position TT-P9 where clams were harvested over two
months before sampling date.
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Table 4. Zn concentrations in the chemical fractions (per cent)

Sample TT- TT- TT- TT- TT-
name P8-1 P8-2 P8-3 P9-1 P9-2
F1 BDL BDL BDL BDL BDL
F2 0.01 BDL BDL 0.01 0.01
F3 0.19 0.10 0.09 0.21 0.25
F4 0.02 0.02 0.01 0.02 0.02
F5 0.70 0.43 0.23 0.62 0.45
F6 033 0.30 0.21 0.36 0.31
F7 74.41 8265 8616 7759 69.06
F8 2435 1649 1331 21.21 29.89

TT- TT- TT- TT- TT- TT-
P9-3  P10-1 P10-2 P10-3 P11-1 P11-2
0.01 BDL 0.01 0.01 BDL 0.01
0.01 0.01 0.01 0.01 0.01 0.01
0.53 0.25 0.17 0.12 0.21 0.21
0.04 0.02 0.02 0.02 0.02 0.02
1.03 0.81 0.63 0.43 0.77 0.66
0.64 0.43 0.32 0.28 0.37 0.38

67.29 7423 8185 81.59 7577  78.77
3044 2424  17.01 17.55 22.83 1994

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

3.2.3 Arsenic (As)

Table 5 shows the arsenic distribution in fractions following the depth at the sample position. The increasing arsenic
distribution in fractions is F2 < F1 < F4 < F3 < F6 < F5 < F7. The As concentrations in F8 are varying at different depths.

Table 5. As concentrations in the chemical fractions (per cent)

Sample TT- TT- TT- TT- TT-
name P8-1 P8-2 P8-3 P9-1 P9-2
F1 0.03 0.01 0.01 0.02 0.03
F2 0.01 0.01 BDL 0.01 0.01
F3 0.32 0.14 0.06 0.30 0.46
F4 0.07 0.03 0.01 0.05 0.07
F5 7.36 2.53 0.74 7.56 9.38
Fé 1.23 0.58 0.37 1.04 1.47
F7 90.97 8937 8451 8829 8856
F8 BDL 733  14.28 2.72 BDL

TT- TT- TT- TT- TT- TT-
P93  P10-1  P10-2 P103 P11-1  P11-2
0.01 003 002 002 002 001
0.01 008  0.01 0.02 BDL  BDL
017 050 024 035 030 0.8
002 006 003 005 006 003
217 1223 532 367 794 277
048 1.5 084 094 128 076

9461 8560 93.54 8693 9039 9624
253  BDL  BDL 801 BDL  BDL

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

The As content in fraction F7 is more than 84% of the total
content of all fractions, even up to 96.2% at TT-P11 at
depths of 20 - 40 cm. This shows a close association of As
with organic components in sediments. However, this
distribution is very unstable by the depth: it decreases at
position TT-P8, increases at position TT-P9 and position TT-
P11, increases in depth of 20 - 40 cm, and then decreases
at a depth of 40 - 60 cm for the sample at position TT-P10.

As shown in Table 5 for the arsenic content of F5 and F6,
As also formed a relatively stable affinity for iron oxides. In
particular, the association with amorphous Fe ranges from
0.74 to 12.2% depending on location and depth of
sampling. Bounding with crystalline Fe only accounts for a
very small proportion, 0.37 - 1.51%. In F5, As tends to
decrease by the depth at TT-P8, TT-P10 and TT-P11
positions, especially drastically reduced between the
first two layers. At TT-P9, however, the As content was
unstable, increasing in the second layer and decreasing
sharply in the third layer. Similarly, the As content in F6 also
tends to decrease with depth at TT-P8, TT-P10, and TT-P11
positions, and at TT-P9, As increases in the second layer

then decreases rapidly in the third layer. Particularly in F8,
at depth 0 - 20 cm at position TT-P8 and in the 20 - 40 cm
depth layer at position TT-P9, at 0 - 20 cm and 20 - 40 cm
layers of TT-P10 and 0 - 20 cm and 20 - 40 cm layers at
position TT-P11 we do not see the presence of As.

3.2.4 Cadmium (Cd)

The Cd distribution in the fractions is F1 <F4 <F2 <F6 = F5
= F3 <F8 <F7 (Table 6). Cd is mainly present in fraction F7,
more than 93.6% (93.6 - 98.6%) of total Cd content in
sediment. This demonstrates the close association of Cd
with the organic compounds present in the sediment.
However, in F8 this content is only from 1.18 to 5.56%, the
highest at the depth 0 - 20 cm at TT-P8 and TT-P10
positions. This amount of Cd is very difficult to separate
from sediment in order to get released into the
surrounding environment. With F7, Cd increases with
depth at TT-P8 and TT-P10 positions, gradually decreases
at TT-P9 but is almost unchanged at TT-P11. But in F8, the
Cd decreases at TT-P8 and TT-P10, increases at a depth of
20-40 cm at TT-P9 and is almost unchanged at TT-P11.
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Table 6. Cd concentrations in the chemical fractions (percent)

Sample TT-
name P8-1
F1 BDL
F2 0.02
F3 0.20
F4 0.02
F5 0.17
F6 0.17
F7 95.24
F8 418

TT-
p8-2
BDL
0.01
0.1
0.01
0.06
0.06
97.57
2.18

TT-
P8-3
BDL
0.01
0.10
BDL
0.05
0.03

98.64
1.17

TT-
P9-1
BDL
0.04
0.12
0.01
0.07
0.07
98.44
1.26

TT-
P9-2
BDL
0.02
0.16
0.01
0.27
0.10
97.13
2.30

TT-
P9-3
BDL
0.02
0.30
0.03
0.1
0.12
97.45
1.96

TT-
P10-1
BDL
0.04
0.39
0.01
0.23
0.19
93.57
5.56

TT-
P10-2
0.02
0.05
0.30
0.02
0.15
0.17
96.91
2.38

TT-
P10-3
0.01
0.03
0.21
0.01
0.15
0.15
97.87
1.57

P11-1
0.01
0.02
0.13
0.01
0.10
0.07

98.49
1.17

P11-2
BDL
0.04
0.27
BDL
0.19
0.18

98.23
1.07

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

3.2.5 Mercury (Hg)

As it can be observed in Table 7, there is no presence of
Hg in the exchangeable fraction F2 and the Mn oxides F4.

Table 7. Hg concentrations in the chemical fractions (percent)

Sample TT- TT- TT- TT- TT-
name P8-1 P8-2 P8-3 P9-1 P9-2
F1 0.02 0.01 0.00 0.01 0.01
F2 BDL BDL BDL BDL BDL
F3 0.20 0.24 0.37 0.18 0.09
F4 BDL BDL BDL BDL BDL
F5 0.25 0.25 0.47 0.24 0.11
F6 0.19 0.17 0.40 0.14 0.06
F7 88.71 81.72 70.38 83.55 88.02
F8 10.63 17.61 28.36 15.88 11.71

The distribution of Hg increases in the fractions as
following: F1<F6 <F3 <F5 <F8 <F7. Like other HMs, Hg is
predominantly present in the fraction F7, which accounts
for more than 70% of the total. The amount of Hg in F8 also
accounts for a relative proportion of 10.6 - 28.4%.

TT- TT- TT- TT- TT- TT-
P9-3 P10-1  P10-2  P10-3 P11 P11-2
001 001 002 001 001 007
BDL  BDL  BDL  BDL  BDL  BDL
017 034 060 127 015 019
BDL  BDL  BDL  BDL  BDL  BDL
017 019 019 025 030 028
011 008 010 015 014 0.8

8532 81.83 8330 7969 81.90 7758

1423 1754 1579 1864 1750 2175

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

3.2.6 Lead (Pb)

According to data shown in Table 8, Pb is completely
absent in the water-soluble fraction F1 and fraction F2 and
present with a negligible content in association with Mn

Table 8. Pb concentrations in the chemical fractions (percent)

Sample TT- TT- TT- TT- TT-
name P8-1 P8-2 P8-3 P9-1 P9-2
F1 BDL BDL BDL BDL BDL
F2 BDL BDL BDL BDL BDL
F3 033 0.37 0.49 0.15 0.28
F4 BDL 0.01 BDL BDL BDL
F5 1.06 0.73 0.46 0.64 1.18
Fé 0.98 0.79 0.86 0.67 0.93
F7 8314  86.68 83.10 8993 8250
F8 1448 1143  15.08 8.61 15.10

oxides (F4). The distribution of Pb in fractions is as follows:
F3 <F6 = F5 <F8 <F7. Similar to other metals, Pb is also
found primarily in the oxidable fraction F7. In F8, Pb
accounted for 8.61 - 20.0%. At depths with F7, Pb increases
at 20 - 40 cm layer at TT-P8 and TT-P10, while it decreases
at the same layer at TT-P11 and TT-P9.

TT- TT- TT- TT- TT- TT-
P93  P10-1 P10-2 P103 P11-1  P11-2
BDL BDL  BDL  BDL  BDL  BDL
BDL  BDL  BDL  BDL  BDL  BDL
079 023 049 084 013  0.71
0.01 BDL  BDL 001 BDL  0.01
048 094 056 089 135  1.18
134 130 091 1.21 128 1.0

8813 8274 8868 77.03 8314 8124
925 1478 936 2003 141 1566

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

3.2.7 Chromium (Cr)

Cr concentration is distributed in the fractions of the
sediment sample in the following order: F1 <F3 <F5 <F6
<F8 <F7 and is completely absent in phase F2 and F4 with
all samples analyzed. More than 62% of Cr is concentrated

in fraction F7. This is the amount of Cr in the sediment
sample that is likely to be involved in oxidation reactions.
Cr content in F8 with a high ratio of 20.9 - 38.4% is hardly
separable from sediment materials to participate in the
environment. The rate of Cr present in the fraction F5 and
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F6 is quite low, accounting for less than 2% of the total Cr
content in sediment samples.

Table 9. Cr concentrations in the chemical fractions (percent)

Sample TT- TT- TT- TT- TT-
name P8-1 P8-2 P8-3 P9-1 P9-2
F1 BDL BDL BDL BDL BDL
F2 BDL BDL BDL BDL BDL
F3 0.59 0.56 0.29 0.76 0.63
F4 BDL BDL BDL BDL BDL
F5 1.40 1.62 0.74 1.90 1.57
F6 1.43 1.77 1.17 1.94 1.62
F7 5809 6298 6416 6821 70.01
F8 3849 3307 3364 2719  26.16

TT- TT- TT- TT- TT- TT-
P93  P10-1 P10-2 P103 P11-1  P11-2
BDL BDL  BDL  BDL  BDL  BDL
BDL  0.01 BDL  BDL  BDL  BDL
039 062 065 051 074  0.72
BDL BDL  BDL  BDL  BDL  BDL
096 155 123 125 157 148
106 164 146 136 1694 177

62.05 6346 7578 6915 7132  75.11

3553 3272 2088 2773 2467 2092

Note: TT-PX-1: depth 0 - 20 cm, TT-PX-2: depth 20 - 40 cm, TT-PX-3: depth 40 - 60 cm; BDL: below detection limit

4. Conclusions

The concentration of total HMs in sediment cores in
comparison with the standard QCVN 43:2012/BTNMT
shows a pollution with Zn and Hg whose concentrations
are 1.12 - 3.53 times and 24.6 - 171 times higher than the
standard. The average distribution pattern of HMs in dif-
ferent SSE fractions increases in the order of F1< F2< F4 <
F3 <F6 < F5 < F8 < F7. The highest concentration of heavy
metals was found in the oxidable and residual phases. The
data more than 60% shows that most of HMs seem to be
available for the biological activities in the oxidable condi-
tion at the surficial sediment layer. The heavy metal con-
centrations depending on the depth of sediment show
that clam’s digestive activity or the decomposition of tissue
and shell of clams possibly affects the content of heavy
metals.
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