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INTRODUCTION

The chemical composition of bottom sediments
(BS) of rivers is an important characteristic of the geo�
ecological and geochemical conditions of water bodies
and their drainage areas, and the corresponding data
form an indispensable information resource for plan�
ning and implementing nature protection programs
and measures for integrated use of territories, includ�
ing for agriculture. This issue becomes especially
important in the densely populated regions of Asia,
i.e., in the Mekong R. basin, including territories
belonging to China, Myanmar, Thailand, Laos, Cam�
bodia, and Vietnam. The basin of this river,
795000 km2 in area, is divided into the upper and
lower parts. The lower reaches of the Mekong R. (the
territories of Laos, Thailand, Cambodia, and Viet�
nam) alone, with an area of 606000 km2 have a popu�
lation of about 53 million [13, 14].

Obviously, the concentration of population as high
as that, along with the industrial and agricultural
potential cannot but have an effect on the state of the
river’s BS, which, involved in the agrogeochemical
and water management cycles, affect the socioeco�
nomic conditions of the entire region and, especially,
Mekong Delta (Fig. 1).

Of particular interest is the microelement compo�
sition of BS, which characterizes the degree of BS pol�
lution and its sanitary–toxicological properties. The
objective of this study is to identify the regularities in
the evolution of microelement composition of BS in

the left part of Mekong Delta during low�water sea�
sons.

METHODS OF STUDY

In accordance with classification of deltas [2], the
Mekong nearshore area is classified as open pro�
truded; and the mouth area, as multibranch with a
delta, which has mostly formed under the effect of
tides and waves. The Mekong Delta proper, with its
complex structure, is represented by two sets of
branches—Tienzang and Khauzang. The Khauzang
set is represented by three large branches; and the
Tienzang set, by six branches, the largest of which—
Khamluong Branch—is the focus of this study. In Jan�
uary 2013, 12 BS samples were taken along a segment
of this branch 75 km long (the samples were taken by
Fung Tkhai Zyong and researchers from Dongtkhap
University, Tsaolan City, Socialist Republic of Viet�
nam). In the same period, four BS samples were taken
from arms of the Khamluong Branch and four sam�
ples, from other branches in the Mekong R. delta
(Fig. 2; Table 1).

BS samples were taken with the use of a basal probe
from the top layer ~0.2 m in thickness, BS stratifica�
tion remaining undisturbed, in watercourse segments
with a depth of up to 10 m: in the branches of Kham�
luong, Koch’en, and Kyadai, within 10–50 m from the
left and right banks (the width of those watercourses
during flood�free period is >1 km on the average and
~3 km at the mouth; water depth reaches 12–15 m); in
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arms of the branch of Khamluong, the samples were
taken within 5–10 m from the bank. Parallel to that,
river water samples were taken from a layer 0.3–0.4 m
from the surface.

BS samples were placed in specially prepared ves�
sels and delivered into the laboratory of Dongtkhap
University, where they were dried at 25°C and disinte�
grated to a fraction with particle diameter of up to
0.5 mm. Acid extracts from BS were analyzed to deter�
mine the concentrations of Zn, Cu, Pb, Cd, As, and
Hg by atomic�absorption method. In aqueous extracts
from BS, the values of pH were determined by poten�
tiometric method and specific electric conductivity, by

conductometric method. The same methods were
used to determine the respective characteristics of sur�
face waters, samples of which were pre�filtered with
the use of a paper filter with pore diameter of 1.5 µm.

RESULTS AND DISCUSSION

The examined BS samples from arms and branches
of the Mekong Delta showed the following mean con�
centrations, mg/kg: 96.9 for Zn, 33.4 for Cu, 3.8 for
Pb, 1.1 for Cd, 5.9 for As, and 0.10 for Hg. This is gen�
erally comparable (considering the determination
errors) with the characteristics for some similar water
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Fig. 1. Study area 1 in the lower reaches of the Mekong R.
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objects in Southeastern and Northern Eurasia [1, 5,
10, 11, 17]; however, when comparing this, one should
take into account water runoff volume, water regime
phase, the distance from the sampling section to the
delta coastline, and the anthropogenic load (Table 2).
To substantiate this thesis, we will consider in more
detail the mechanism of the influence of the factors
listed above on the concentrations of microelements
in BS.

According to [2–4], the water objects under exam�
ination lie within the penetration zone of tides (up to
400 km) and reverse currents (110 km), which has a
considerable effect on the hydrochemical regime of
the delta and determines the penetration of brackish
water over 40–50 km from the delta coastline (up to
70 km in some cases). Clearly, the latter value depends
on the water regime in the mouth area and varies over
both a many�year period and an individual hydrologi�
cal year. In a simplified form, this dependence can be
written as [2]:

 (1)

where Sx is the mean water salinity at distance x from
the initial section; Sm and Sr are the mean salinities of
sea and river water, respectively; kS is a constant, which
characterizes the attenuation of flow velocity during
sea and river water mixing; h0 is flow depth at x = 0.
Note that the concentration of dissolved salts M in
river water is commonly inversely proportional to
water discharge Q:

( )
0

exp ,x m m r s
xS S S S k
h

⎛ ⎞
= − − −⎜ ⎟

⎝ ⎠

(2)

here, М0 is the concentration of dissolved salts in a
conventionally equilibrium state of the water–organic
matter–rocks system, which can be conventionally
assumed background; Q0 is water discharge corre�
sponding to М0, kM, and kQ (specific rates of variation
of the total dissolved salts and water discharge) [8, 9].
Therefore, the relationship (1), other conditions being
the same, will better agree with observation data at
water discharges Q ≈ Q0, as was the case during studies
with sampling in early January after the end of the
moist period with an average duration from May to
October [12, 13]. Accordingly, the obtained data can
be used as the first approximation to characterize the
mean concentration of the microelements in question
in BS of the Mekong Delta.

Analysis of observational data showed equation (1)
to be applicable to the Khamluong Branch. In partic�
ular, the mean values of specific water electric conduc�
tance χw at a distance of x from a convectional section
located at a distance L from the delta coastline can be
described by the relationship:

(3)

where χm is the specific electric conductance of seawa�
ter, estimated at 974.5 mS/cm in accordance with the
polynomial dependence between the specific electric
conductance and salinity [6]; the specific electric con�
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ductance of river water χr was derived from the obser�
vation data for the upper section 75 km from the delta
coastline (Table 1), and h0 was evaluated at 4.5 m based
on observation data with materials [15] taken into
account; the values of kχ and L were chosen to maxi�
mize the squared correlation relationship R2 between
the measured and calculated values of specific con�
ductance.

In this case, we have R2 = 0.79 at kχ =–0.0124 and
L = 82 km, which allows the variable L to be inter�
preted as the distance of maximal manifestation of
river water salinization in January 2013, though water
salinity at the moment of sampling changed most
abruptly in the reach 35–42 km from the delta coast�

line, and an appreciable change was recorded 65–
75 km from it (Fig. 3); this facts approximately corre�
spond to data in [3].

The relationship between specific electric conduc�
tance and water salinity (or the concentration of dis�
solved ions) is generally nonlinear, in particular, loga�
rithmic. Therefore, the values of logarithms of con�
centrations of some substances can change linearly
with the distance from delta coastline, as, for example,
was the case for pH (Fig. 4).

The value of pH is an important characteristic of
interaction in the water–rock system. In particular, an
increase in pH is associated with the degree of water
saturation with low�solubility compounds of metals

Table 1. Physicochemical and hydrochemical characteristics of water and aqueous extracts from BS in the Mekong R. delta

on January 1–9, 2013 (A, δA are the arithmetic mean and its determination error;  σ is standard deviation; N
is sample size)

Site no. Water object, distance 
from delta coastline

Water 
temperature, 

°C

pH Specific water conductance, 
mS/cm

water BS water BS

1 Khamluon R.,

75 km 30.2 6.96 6.59 1.99 0.31

2 70 km 29.3 7.13 6.87 2.47 1.11

3 64.5 km 32.6 7.22 7.44 6.13 2.87

4 57.2 km 29.6 7.35 7.04 7.72 0.92

5 44.5 km 28.9 7.44 7.23 18.19 2.22

6 41.6 km 29.2 7.54 7.34 27.90 4.31

7 35 km 28.6 7.61 7.57 107.10 4.36

8 28 km 28.4 7.71 7.63 164.50 4.35

9 20.5 km 29.0 7.75 7.62 169.30 4.70

10 15.2 km 29.6 8.01 7.80 189.40 4.96

11 9.2 km 29.3 8.12 7.88 202.70 4.94

12 4.2 km 28.7 8.15 7.98 209.20 5.57

13 Khamluon R. Branch 

Song Ben Tre, 44 km 31.5 6.79 6.25 2.54 0.36

14  Song Ba Tri, 10.6 km 30.3 8.04 7.17 106.10 4.33

15 Song Vam Nuok Trong, 49.4 km 32.4 7.07 6.66 8.56 0.69

16 Song Rach Sau, 16 km 29.5 7.97 7.09 150.70 3.29

17 Koch'en R. 

68.5 km 31.2 7.16 6.77 10.35 0.48

18 5.5 km 29.4 8.22 8.08 216.80 5.45

19 Kyadai R.

59.4 km 30.6 6.70 6.37 2.70 0.57

20 7 km 28.9 8.04 7.93 193.20 5.09

A 29.9 7.55 7.26 89.88 3.04

δA 0.3 0.11 0.12 19.61 0.44

,A Nδ = σ
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with humic acids, as well as carbonate and clay miner�
als, resulting in the removal from solution of some sub�
stances, accompanied by coprecipitation and sorption
on particles of suspended sediments and deposits [6, 7,
11]. These effects contribute to an increase in the con�
centrations of some chemical elements in BS, depend�
ing on the ratio of the rates of sediment roiling and
accumulation, microbiological processes, and the
presence in the medium of organic acids, interaction
with which is accompanied by the formation of stable
organic–mineral complexes (in suspended and/or
colloidal form) or, conversely, low�solubility com�
pounds with metals. This mechanism is supposed to
determine the character of spatial distribution of the
examined microelements in BS in the Mekong Delta
(Table 2).

In particular, a statistically significant decrease was
established in Pb concentrations in BS of the Khamlu�
ong Branch with approaching the delta coastline (the
square of the correlation relationship for the equation
relating Pb and distance x: R2 = 0.54, the critical value
being 0.36), with some scatter of values due to varia�
tions of flow characteristics and the conditions of
interaction in the water–rock–organic matter⎯gas
system, including changes in the particle�size and
chemical compositions of BS, flow velocities, concen�
trations of dissolved gases, water temperature, etc.
(Fig. 5).

The assumptions made above are indirectly con�
firmed by the results of correlation analysis of the
obtained data (Table 3), which suggest that a tentative
estimate and forecast of changes in the concentrations
of Pb, Cd, Cu, As, and Hg in BS in the Mekong Delta
can be based on river water pH with regularities in the
variations of physicochemical characteristics of the
water body taken into account [12, 16].

CONCLUSIONS

The mean concentrations of Zn, Cu, Pb, Cd, As,
and Hg in water and BS in the Mekong Delta during
dry season of 2013 were obtained in this study. The
spatial distribution of BS chemical composition
showed a tendency toward an increase in the concen�
trations of the examined microelements with
approaching the delta coastline. The mechanism of
this change is supposedly associated with the release of
low�solubility compounds from water and the sorption
of microelements on the particles of suspended and
deposited sediments during river and sea water mixing.
The values of water pH can serve as an indicator of
hydrochemical conditions in the delta, which can be
used for the tentative assessment of the actual and
anticipated concentrations of microelements in BS
along the Mekong branches and within a year, as well
as in the planning of water management and agricul�
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tural measures, in particular, agrochemical works in
the delta.
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Translated by G. Krichevets

Table 3. Statistically significant coefficients between physicochemical and geochemical characteristics of water and BS

in the Mekong Delta (coefficients of correlation r under the condition that  N is sample size (N = 20); sub�

scripts s and w denote BS and water samples, respectively)

Characteristic pHw χw Zns Cus Pbs Cds Ass Hgs pHs χs

pHw 1.00 – – – – – – – – –

χw 0.91 1.00 – – – – – – – –

Zns – – 1.00 – – – – – – –

Cus 0.47 0.50 0.44 1.00 – – – – – –

Pbs 0.78 0.68 0.42 0.53 1.00 – – – – –

Cds 0.52 0.45 0.43 0.49 0.60 1.00 – – – –

Ass 0.58 0.68 – 0.50 0.57 0.55 1.00 – – –

Hgs 0.43 0.64 – – – – 0.72 1.00 – –

pHs 0.88 0.85 – – 0.67 0.54 0.71 0.62 1.00 –

χs 0.92 0.89 – 0.50 0.71 0.41 0.66 0.59 0.93 1.00
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