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Abstract: Application of fertilizers and pesticides or using waste water for irrigation can result in
an accumulation of heavy metals (HM) in cultivation areas. Under flooding condition of the paddy
soils, HM can be leached and result in a potential risk for groundwater. In this study, Hydrus — 1D
was applied to simulate the infiltration of Cu, Pb and Zn in paddy soils (in Huu Hoa, Dai Ang and
Ta Thanh Oai communes, Thanh Tri district, Hanoi) in the time span from 1 to 720 days.
Simulations were based on input data of the soils: texture, bulk density, Freundlich constants (K
and B), head pressure as 20 cm £ 10 cm and assummed concentrations of the HM in irrigated water
as 0.5 mmol Cu cm?, 0.1 mmol Pb cm™ and 0.75 mmol Zn cm™.

Leaching rates of the HM were observed to decrease in the order: Zn > Cu > Pb. Under
constant flooded conditions at a water table of 20 cm, Cu, Pb and Zn were estimated to reach 1 m
deep in the soil domain within 193, 312 and 450 days, respectively. At water layers of 10 and 30
cm, the leaching rate of HM increase or decrease 17%, respectively. Speciation experiments
revealed that Zn transport might be affected by the presence of Fe-, Al-oxides, while the factor
prohibiting the leaching rate of Cu was soil organic matter. Pb showed a strong dependence on
both Fe-, Al-oxides and organic matter. These results reinforce the necessity of using transport
models to improve predictions of HM transport and more efficient remediation of contaminated
aquifers. Uncertainties in modeling arise as several parameters in the simulation can be determined
only with significant errors. However, Hydrus-1D is a suitable tool for simulation of the transport
of HM in paddy soil.
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1. Introduction

The accumulation of HM e.g. Cu, Pb and
Zn in surface soils by application of fertilizers
and using domestic wastewater for irrigation
has been reported in many studies [1-3]. HM
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can be leached from the topsoil which results in
a contamination in the subsoil or groundwater
pollution. Recently, many numerical models
can be used to simulate the transport of
pollutants in general or the leaching of HM in
soil in particular. These are helpful tools to
generalize the fate or behavior of pollutants in
soils. There are a number of models coded to
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simulate the transport of pollutants from surface
layer into soils, e.g.Hydrus-1D, PADDY,
RICEWQ, DynA. Two models, PADDY and
RICEWQ, have been used to simulate the
concentration of organic pollutants in water and
sediment [4] and the dynamic and mobility of
pesticides in paddy [5].
hydrological parameters and meteorological
conditions e.g. rainfall and evaporation have not
been included as input data in these both
models [6]. Hydrus-1D model introduced by
Simtineket al. (1998) was used to simulate

soils However

infiltration and the one - dimensional transport
of solutes with various boundary conditions, so
that it might also be applied for flooded
condition [7]. This work applies Hydrus-1D
model to simulate the movement of Cu, Pb and
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Zn in the paddy soils in Thanh Tri, Hanoi as a
case study.

2. Materials and Methods

2.1. Materials

Simulation of the HM transport was
performed for three soil profiles at the
cultivation areas in Dai Ang Huu Hoa and Ta
Thanh Oai commune, Thanh Tri, Hanoi. For
each soil profile, samples were collected at the
depth of 0 = 25, 25 + 50, 50 = 75 and 75 = 100
cm, air - dried, homogenized and passed
through 2mm-sieve. Some physicochemical
properties of soil samples were presented in
Table 1.

Table 1. Some physicochemical properties of studied soil samples

Location | Depth pHxa co(l)llt\gn . FeO;  ALO; Texture(%) dg?;ﬁy
cm B %C % % Clay Silt Sand g/em’
0-25 6.11 2.60 5.99 15.49 233 61.3 15.4 1.34
Dai Ang 25-50 6.11 1.80 4.79 11.19 11.2 333 55.5 1.53
50-75 6.08 2.00 5.83 14.63 19.2 52.1 28.7 1.39
75-100 6.07 2.00 423 15.34 25.1 423 32.6 1.36
0-25 6.45 2.70 9.12 10.04 30.7 43.1 26.2 1.32
Huu Hoa 25-50 6.89 1.60 7.99 17.52 29.2 22.3 48.5 1.37
50-75 6.91 1.60 8.14 18.07 27.3 52.4 20.3 1.32
75 -100 6.63 1.30 7.83 17.68 29.5 422 28.3 1.33
0-25 6.89 2.53 543 17.52 25.2 51.1 23.7 1.34
Ta Thanh 25-50 7.12 1.45 9.26 18.82 20.6 353 44.1 1.43
Oai 50-175 7.08 1.03 6.55 22.94 25.7 50.8 23.5 1.34
75 -100 6.64 1.03 495 21.83 28.5 43.6 27.9 1.33

The samples have neutral reaction with pH
values change from 6.07 to 7.12 (exchanged
with KCl 1M, 1/5 w/v). Determination of
organic matter (OM) by Walkley-Black method
showed that C (%) were 1.03 + 2.60. By
complexon method, Al,O; and Fe,O3
determined to be 11.19 + 22.94% and 4.23 +
9.26%, respectively. Results of XRD (PHILIPS
X-ray spectrometer PW2404) revealed that

illite, kaolinite and chlorite are major soil clays
in these samples.

2.2. Methods

2.2.1.  Determination
adsorption coefficient

of  Freundlich

The interaction between HM in liquid phase
and solid phase can be expressed in the
equation: O, = KxC/ (1)
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Where Qg denotes the amount of solute
sorbed under equilibrium conditions (mmol kg™);
C. is the concentration in the equilibrium
solution (mmol L™); Kr represents an affinity
constant (L mmol'? kg'); The regression P
provides the relative saturation of the
adsorption sites.

Freundlich constants (Kr and f) were
determined from HM adsorption experiments.
These experiments were conducted as follows:
2g sample was mixed with 20 mL solution in
concentration of 3 — 15 mmol L' for Cu and Zn;
4 — 18 mmol L' for Pb (ratio of 1:10) in a
centrifuge tube as described method elsewhere
[8-11]. The metal solutions were prepared from
nitrate salts. Solution — soil systems were
shaken for 2h, kept overnight and then
centrifuged at 3000 r.p.m. HM (Cu, Pb, Zn)
were determined by atomic absorption
spectroscopy (AAS) method (Perkin Elmer AA
800). Freundlich coefficient (Kr and P) were
calculated from the linear form of the
Freundlich equation (1).

2.2.2. Flow and transport modeling

Water flow and reactive transport of HM
was modeled using the finite-element model
Hydrus-1D which was introduced by Simiinek
et al. (1998) and since that time has been used
in more than hundred studies and is still further
developed. In Hydrus-1D, water flow is
described by the Richards equation. The
temporal change of solute concentration in the
liquid phase, ¢ (M L), and in the sorbed phase,
S (M M), is described with the convection—
dispersion equation:

s (ple) s
ot oo oX oX ) oX

In which: ¢ is HM concentration in solution
(M L), S the amount of adsorded HM (M M™),

6 (L’ L) denotes the volumetric water content,
p (M L?) the soil bulk density, D (L* T") the
dispersion coefficient for the liquid phase, (L T")
the volumetric water flux density, ¢ (T) time
and X (L) is the spatial dimension. The
correlation between HM concentration in the
liquid phase and HM amount adsorbed on the
solid phase is expressed in Freundlich equation.

The movement of HM was simulated for a
Im deep soil domain in the time span up to 720
days. The lower boundary condition was a
seepage face and the upper was a constant head
pressure (resulted by a water layer of 20 cm
built up on the field). Other soil
physicochemical properties (in Table 1 and
Table 2) are also used as input data for
simulation. The concentration values of Cu, Pb,
Zn were setup in corresponding to the actual
concentration of the wastewater used for
irrigation 0.5, 0.1 and 0.75 mmol cm>,
respectively. The simulation of Cu, Pb, Zn
concentration in the soil solution at different
observation nodes N1, N2, N3, N4 represented
for the depth of 25 cm, 50 cm, 75 ¢cm, 100 cm
respectively, and the different times T1, T2, T3,
T4 represented for 180, 360, 540, 720 days,
respectively.

3. Results and discussions

3.1. Adsorption of heavy metal

The results of adsorption experiments
allowed to establish the Freundlich adsorption
isotherms representing the relationship between
the HM-adsorbed amount on the solid phase
(Qs) and the concentration of HM in the
equilibrium solutions (C.). By converting the
Freundlich equation to linear forms, Freundlich
constants were determined and used for
comparison of the adsorption capacity of HM
(Table 2).
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Table 2. Freundlich constant Krand B for heavy metal of the different soil layers

Location Depth Cu Pb Zn

(cm) Ky B Ky B Ky p
0-25 19.21 0.32 23.83 0.58 16.44 0.21
Dai Ang 25-50 18.16 0.29 21.29 0.59 13.14 0.24
50 —75 18.93 0.31 20.79 0.54 15.86 0.25
75— 100 18.02 0.33 20.15 0.60 16.19 0.31
0-25 23.69 0.45 24.08 0.69 17.03 0.34
HuuHoa 2530 20.54 0.42 22.07 0.65 16.64 0.32
5075 21.65 0.44 24.82 0.62 16.84 0.27
75— 100 22.62 0.39 21.89 0.59 16.78 0.33
0-25 20.14 0.40 24.70 0.60 16.90 0.39
TaThanh  25-50 20.10 0.38 24.50 0.63 17.40 0.39
Oai 5075 19.40 0.40 23.80 0.60 18.85 0.29
75— 100 19.40 0.39 22.70 0.61 17.83 0.30

The results showed that K¢ constant for Pb
was highest followed by Cu and Zn (Table 2).
The adsorption capacity of HM decreased in the
order: Pb > Cu > Zn. This inferred that it takes
longer time for Pb to transport from the surface
to 1m deep in the soil domain as compared to
Cu and Zn. The B< 1 for all samples and HM
suggested a decreasing energy of sorption with
increasing saturation of the exchange sites.

The Kg coefficient showed a high
dependence on soil properties. High K¢
coefficients were found for Cu in the soil
samples with large amount of organic matter,
and those for Zn in the samples with high total
amount of Al,O; and Fe,O;. This can be
explained that Cu was strongly absorbed by
organic matter while Zn was strongly
associated with Al-, Fe-oxides. Factors
affecting the adsorption capacity for Pb were
not be clarified in this work.

3.2. Simulation of heavy metal transport

The simulation shows that among the
elements under the investigation, Zn is
preferentially leached into the soil domain in

comparison with Cu and Pb (Figure 1-3). At all
observation nodes, Zn appears earliest. At the
bottom the the 1 m deep soil domain,
concentration of Pb*", Cu**and Zn*'increased
after 450, 312 and 193 days, respectively. This
can also be seen from the figures (1-3) that the
change of HM concentrations were along the
depth of the soil domain in which Zn and Cu
have broader curves as compared to Pb. Because
Pb was trapped in the upper soil layer, it would
have potential to contaminate the topsoil, while
Zn and Cu showed a higher potential to
contaminate groundwater.

Leaching rate of HM showed a strong
dependence on soil properties. The layer 0 + 50
cm with relatively high organic matter and clay
contents tends to accumulate HM and prohibits
leaching. Steep curves at N1 and N2 indicate a
low dispersity for HM, whereas the broader
curves of N3 and N4 suggest higher dispersities
for all HM at layers > 50 cm. This is agreement
with the findings from Nguyen et al. [8], Le et
al. (2000) [12] and Wang et al. (2003) [13]. In
these studies, Zn was reported to have a higher
mobility in comparison with Cu and Pb.
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Figure 1. Simulation of HM concentrations in the soil solution at different observation nodes
for Dai Ang soil profile.
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Figure 2. Simulation of HM concentrations in the soil solution at different observation nodes
for Huu Hoa soil profile.
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Figure 3. Simulation of HM concentrations in the soil solution at different observation nodes
for Ta Thanh Oai soil profile.
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3.3. Uncertainties in modeling

A change of surface water layer influences
the head pressure and can influence the
leaching rate of HM as a consequence. An
increase of the water table can accelerate HM
transport, whereas low leaching rate of HM can
be resulted due to a decrease of water layer.
With the water layer increased or decreased 10
cm, corresponding leaching rates of = 17%
were obtained.

The appearance of the preferential flows
(resulted by the presence of “soil cracks” e.g. in
dry season, activities of the soil fauna or root
growths) may have certain effects. The
preferential flow can accelerate the movement
of HM to the deeper layer. In addition, HM can
be absorbed on soil colloids, so that the
mobility of soil colloids (clay minerals) is a
factor accelerating the transport of sorbed ions
[[8]]. The decomposition of organic matter and
the decomposition of inorganic minerals are
likely to increase HM concentrations in soil
solution. In contrast, the formation and the
accumulation of organic matter can retain HM
and reduce the leaching rate and increase the
infiltration time of HM in soils.

4. Conclusion

Factors affecting the movement of HM
include: soil physical properties (texture, bulk
density), adsorption coefficients (Kr) and head
pressure caused by the water layer on the
surface of profile. The Kg coefficient showed a
high dependence on soil chemical properties.
The high K¢ coefficients were found for Cu in
the soil samples with large amount of organic
matter.Similarly, high Kg coefficients were
found for Zn in the samples with high total
amount of Al,O; and Fe,Os. Pb showed a strong
correlation with both organic matter and Al,O3
and Fe,O; oxides.

With a water layer of 20 cm, Pb*", Cu*" and
Zn*" reached the bottom of the soil domain after
450, 312 and 193 days, respectively. A change
of water layer can affect the transport of HM.
With a change of the water of £ 10 cm,
corresponding leaching rates of HM were +
17%. These results reinforce the necessity of
using transport models to improve predictions
of HM transport and more efficient remediation
of contaminates aquifers. On the other hand,
influence of parameter uncertainties and
modeling imponderability upon the simulation
results should also be considered in further
studies.
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Ung dung mo hinh Hydrus - 1D m6 phong sy dich chuyén cua
mot s6 kim loai ning trong dat laa huyén Thanh Tri,
Ha No1

Chu Anh Déoj’z, Khuong Minh Phlf()’l’lgl, Pham Vy Anh?,
Nguyén Ngoc Minh% Nguyén Manh Khai®

IVién Hoa hoc Cong nghiép Viét Nam, 2 Pham Ngii Lao, Hoan Kiém, I:Id Noi, Viéet Nam
’Khoa Moi truong, Truong Pai hoc Khoa hoc Tw nhién, DHOGHN, 334 Nguyén Tradi, Ha Noi, Viét Nam

Tém tit: St dung phan bon, thude bao vé thue vat hay dung nude thai dé tudi c6 thé dan dén su
tich lly cac kim loai nang (KLN) trong dat canh tac. Dudi diéu kién ngép nude (vi du: canh tac lba),
cac KLN co thé ton tai & dang ty do (ion) va 1a mot trong nhitg nguy co tiém 4n gy 6 nhiém nudc
ngam khi bi ria tréi. Nghién ctru nay tng dung mé hinh HYDRUS — 1D dé mé phong sy di chuyén
ctia Cu, Pb va Zn theo chiéu sau trong khoang thoi gian 720 ngay, va ap dung cho phau dién dét lua tai
x4 Hiru Hoa, Pai Ang va Ta Thanh Oai, huyén Thanh Tri, Ha N¢i. Dir liéu dau vao dé chay mo hinh
bao gdm: thanh phan co gidi, dung trong, hé sé hip phu dang nhiét Freundlich (Ky va B), ap suit thiy
tinh va néng d0 cac ion kim loai.

Két qua md phong voi phan mém Hydrus-1D cho thay, toc d6 di chuyén ciia kim loai ning giam
theo thr tu: Zn > Cu > Pb. Thoi gian dé Zn, Cu va Pb va di chuyén qua ting dat mat voi chidu sau 1m
1an luot 14 193, 312 va 450 ngay. Khi 16p nuéc trén bé mat ting thém hodic giam di 10 em, toc do di
chuyén s& tang hodc giam tuong u’ng 14 17%. Tdc d6 di chuyén cua Zn>* bi chi ph01 boi su co mat cua
cac oxit sat nhom, trong khi d6 Cu’" chiu tac dong cua thanh phan hitu co dat. lon sz bi hap phu
manh boi ca oxit sit nhém va chét hiru co. Két qua nghién ctru cho thiy nguy co tiém 4n 6 nhidm nude
ngam boi sy di chuyen ctia cac KLN tir 16p dat mat. Mot sd yéu td co the anh huong dén viéc danh gia
kha nang di chuyén cta kim loai ning trong diéu kién thyc nhu: ap suit thiy tinh, s hut thu cua cay
trong, dong chay wu thé, phan bon,... s& duoc dé cap dén trong cac nghién ciru tiép theo.

Twr khoa: Hydrus-1D, mo phong, di chuyén, kim loai nang, dét la.



