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TOM TAT
KIM LOAI NANG TRONG PAT NGAP LUT O MIEN TRUNG VIET NAM

Pé danh gid tac déng méi truong do lii lut gdy ra doi véi ruéng hia, chin kim logi ning (4s, Cd, Co,
Cr, Cu, Fe, Mn, Pb, Zn) dd duwoc phan tich trén cho mdu ddt tréng Wa & Thanh Héa va Hué, Viét Nam.
trude va sau khi lii lut. Cdc kim logi ndng trong dat degc xir Iy chiét tach bang hé vi séng trong binh
kin, va sau dé dwoc xdc dinh bang thiét bi khoi phé plasma lién két cam img (ICP-MS). Nong dé ciia
bay (Cu, Pb, Zn, Cr, Co, Cd va As) trong sé chin kim loai ndng dwoc phan tich trong dat trong lia sau
khi ngdp \ut déu giam so véi trde khi ngdp lut 6 tat cd cac mau & Thanh Hoa va Hué; cé thé la do su
rika gidi cde nguyén 16 nay tir dat vao nuée. Tuy nhién, viéc giam nong do Fe va Mn trong ddt lia sau
khi ngdp lut c6 thé la do cac phan iing oxy héa khir va sw khie Mn (111 [ IV) thanh Mn (11) va Fe (111)
thanh Fe (II) . Nhin chung, mirc phat hién ciia 9 kim logi ndng trong dat trong hia trong nghién civu nay
thap hon gid tri quy dinh dwgc ban hanh boi Quy chudn ky thudt quoc gia vé giéi han cho phép ciia kim
loai ndng trong dat va huéng dan chdt lirong méi truong ciia Canada vé bao vé doi song thity sinh,
diéu do cho thdy rang khéng cé nguy co tiém an vé kim loai ndng déi véi méi trieong nuée trong khu
viee nghién curu.

Tir khoa: kim logi nang, dat, nuée lut.

1. INTRODUCTION adsorption and chelation of heavy metals by
Rice farming is one of the main forms of organic matter depends on the redox conditions
agricultural cultivation in Hue and Thanh Hoa and pH, which is similar to the adsorption of
province in central Viet Nam [5]. Every iron oxide and manganese oxide. The changes
summer, storms with heavy rainfall leads to in the redox conditions lead to the
flooding of the area with water levels of up to decomposition of organic matters and therefore
2 meters [5]. Floodwater contains suspended cause the dissolution of dissolved organic
solids, heavy metals and organic compounds matter and heavy metals [4, 5].

(e.g. surfactants and organic acids) that effect Ten heavy metals (As, Cu, Cd, Cr, Co, Pb, Zn,
on the desorption of organic pollutants, Fe, Mn, Al) were detected in floodwater in
especially pesiticides, and heavy metals in the paddy field in Hue and Thanh Hoa in our
soil [1]. When paddy fields are flooded, heavy previous study [6], with total concentration
metals [1], nutrients and pesticide were ranged from 0.1 to 3170 ug L™ The results
released from the soil into the water [2, 3], demonstrated that floodwater was contaminated by
resulting the changes of soil quality. The heavy metals released from soil.
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According to our knowledge, there is little
research that has been carried out on heavy
metals in flooded paddy soils in Vietnam,
especially in central area of Vietham.
Therefore, the aim of this study is to: (1)
clarify the contamination status for heavy
metals in the paddy soils before and after
flooding, and (2) initial study the potential
risks of detected heavy metals in paddy soils to
aquatic environment.

2. EXPERIMENTAL

2.1. Chemicals and materials

Sample collection: Surface soil samples before
flooding were collected in the paddy field in
June and July, 2012 in Thanh Hoa and Hue,
respectively, and the samples were collected in
September and November, 2012, respectively
after flooding. Cultivation characteristics,
weather conditions, flooding during sampling
were presented in our previous study [6]. A
total of 28 paddy soil samples were collected
in both locations, surface soil (0-15 cm) was
sampled using a stainless steel shovel. Samples
were transported to a laboratory in boxes
packed with ice and kept at -20°C until
analysis.

2.2. Analysis

Soil samples were dried until no further weight
loss occurred, and then passed through a 2 mm
stainless steel sieve and pulverized in an agate
mortar. About 0.25g dry soil was digested
using a closed vessel microwave assisted
system (Anton Paar GmbH, Multiwave 3000)
according to the USEPA 3052 method
(USEPA, 1996). After digestion, the digested
sample was fixed at a volume of 50ml with
reagent water (Milli Q Integral). Heavy metals
in the soil samples were determined by an
inductively coupled plasma mass spectrometry
(ICP-MS)  (Agilent ~ 7500CX,  Agilent
Technologies, UK). Polyatomic interferences
were removed with an octopole reaction
system (ORS) pressurized with He or Ha.
Quality controls were performed by blank
analysis and the analysis of a soil certified
reference material for trace metals (National
Institute of Standards and Technology - NIST
2711). Montana Soil (NIST 2711) were
included in every digestion. The recovery of
the heavy metals As, Cd, Co, Cr, Cu, Fe, Mn,
Pb, Zn were within 85-108% of the certified
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values. Results of blank sample showed that
there is no contamination by the targets during
extraction and analysis procedure.

The physicochemical characteristics of soil
such as cation exchange capacity (CEC), pH,
organic carbon content (OC), nitrogen (TN),
density, sand, silt and clay also determined for
soil samples in Thanh Hoa and Hue.

3. RESULTS AND DISCUSSION

3.1. Physisco-chemical properties of paddy
soil

Selected physicochemical characteristics of the
soil samples are shown in Table 1. The result
shown that no change about the physisco-
chemical properties of soil in Thanh Hoa and
Hue before and after flooding. Soil texture in
Thanh Hoa is clay loam and in Hue is silt clay
loan.

Concentration of nine heavy metals in paddy soil
at the two study sites in Thanh Hoa and Hue
before and after flooding was presented Fig.1

3.2. Elemental content in paddy soil
Average concentration of arsenic in soil were
0.09 mg kg-1 d.w. and 0.06 mg kg-1 d.w. in
Thanh Hoa before and after flooding,
respectively, and 0.13 and 0.06 mg kg-1 d.w.
in Hue before and after flooding. These values
were below limitation value regulated by
National technical regulation on the allowable
limits of heavy metals in the soils (15 mg kg-1
d.w.) [7] and Canadian environmental quality
guidelines for protection of aquatic life (12 mg
kg-1d.w.) [7].

Table 1. The physisco-chemical properties of

soil in Thanh Hoa and Hue

N| Parameter Unit | Thanh [Hue
Hoa

1 pH_KCI - 4.44 4.24

2 CEC medLl oo | 118

00g
3 Organic carbon % 291 185
content

4| Total nitrogen % 0.254 | 0.211

5| Sand (2-0.02) % 21.3 6.86

6 [Silt (0.02-0.002)| % 49.6 65.1

7| Clay (< 0.002) % 28.9 28.1

8 Texture ) Clay | Siltclay
loam loam




These concentrations were also below arsenic
concentrations of (9.11-18.7 mg kg' d.w.)
observed in agricultural soils in Hanoi [8]. The
results indicated that the paddy soil in Thanh
Hoa and Hue has not been polluted with
arsenic. Cadmium concentration in soil was
less than 0.58 mg kg d.w. and 0.35 mg kg
d.w. in Thanh Hoa before and after flooding,
respectively. Concentration of cadmium in Hue
before and after flooding

was below 0.52 mg kg d.w. and 0.14 mg kg
d.w., respectively. The concentration of
cadmium in the soil in Thanh Hoa and Hue
were lower than limitation value regulated by
National technical regulation on the allowable
limits of heavy metals in the soils (1.5 mg kg
dw.) [7] and lower than regulation value
issued by CCME (1.4 mg kg* d.w.) [7]. The
detected levels of Cd in this study was similar
to those observed in Hanoi’s peri-urban
agricultural soils (0.33-0.67 mg kg* d.w.) [8].
Overall, the investigated paddy soils in this
study were not polluted with cadmium.
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Fig.1. Concentration of nine heavy metals in
paddy soil in Thanh Hoa and Hue before and
after flooding

Chromium in paddy soil in Thanh Hoa before

and after flooding were 59.3-76.6 mg kg* d.w.

and 53.5-67.3 mgkg™ d.w., respectively, and

concentration in Hue were 58.6-75.2 mg kg
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d.w. and 60.6-72.3 mg kg* d.w., respectively.
These levels were nearly 3 times lower than
the regulated values issued by the National
technical regulation on the allowable limits of
heavy metals in the soils (150 mg kg d.w.)
[7], while it was close to the limitation value
issued by CCME (64 mg kg d.w) [7].
Average concentration of copper in soil were
2.69 mg kg* d.w. and 2.46 mg kg? d.w. in
Thanh Hoa before and after flooding,
respectively, and 4.13 mg kg* d.w. and 2.41
mg kg d.w. Hue, respectively. These levels
were lower than the regulated values issued by
National technical regulation on the allowable
limits of heavy metals in the soils (100 mg kg
d.w.) [7], and the guidelines issued by The
Canadian Council of Ministers of the
Environment (63 mg kg! dw) [7]. The
detected concentration of copper in this study
is about 20 times lower than those found in
peri-urban Hanoi agricultural soils (48.1 mg
kgtd.w.) [8].

Average concentration of copper in soil were
2.69 mg kg! d.w. and 2.46 mg kg?! d.w. in
Thanh Hoa before and after flooding,
respectively, and 4.13 mg kg dw. and 2.41
mg kg d.w. Hue, respectively. These levels
were lower than the regulated values issued by
National technical regulation on the allowable
limits of heavy metals in the soils (100 mg kg
d.w.) [7], and the guidelines issued by The
Canadian Council of Ministers of the
Environment (63 mg kg?! dw) [7]. The
detected concentration of copper in this study
is about 20 times lower than those found in
peri-urban Hanoi agricultural soils (48.1 mg
kg d.w.) [8] Lead concentrations were 44.3-
69.6 mg kg* d.w. and 35.1-57.4 mg kg* d.w.
in Thanh Hoa before and after flooding,
respectively, and 61.6-78.1 mg kg* d.w. and
58.2-72.2 mg kg* d.w. in Hue, respectively.
These values were close to the regulated value
issued by the National technical regulation on
the allowable limits of heavy metals in the
soils (70 mg kg?' d.w.) [7] and lower than
regulation value issued by CCME (70 mg kg
d.w.) [7]. Detected concentration of lead in this



study were close to those in peri-urban Hanoi
agricultural soils (32.5-67.4 mg kg d.w.) [8].
Zinc concentrations in soil were 39.7-60.8 mg
kg!d.w. and 33.6-50.1 mg kg* d.w. in Thanh
Hoa before and after flooding, respectively,
and 78.3-94.6 mg kg d.w. and 71.9-85.6 mg
kg! d.w. in Hue, respectively. These values
were lower than the regulated value issued by
the National technical regulation on the
allowable limits of heavy metals in the soils
(200 mg kg?* d.w.) [7] and lower than
regulation value issued by CCME (200 mg kg*
d.w.) [7]. The concentration of zinc in this
study was lower than those detected in the
agricultural soils in Hanoi 90.8- 189 mg kg*
d.w. [8].

Accordingly, concentration of detected heavy
metals in the present study was lower than
limitation values issued by QCVN 03 [9],
Probable Effect Level (PEL) issued by CCME
[7] and in peri-urban Hanoi agricultural soils
[8]. This result demonstrated that there is no
potential risk of heavy metals on paddy soils
and no restriction exists towards their use [10].
The average concentration of heavy metal in
the paddy soils before flooding in Hue was
higher than those in Thanh Hoa. The
concentration of 7 heavy metals (Cu, Pb, Zn,
Cr, Co, Cd and As) in the flooded soil sample
decreases compared to before floods in all
samples in Thanh Hoa and Hue. This due to
the release of these elements from the soil into
the water. Thisis in accordance with our
previous study, in which the concentration of
these elements in floodwater after the flooding
were higher than those before flooding [8].

The average concentrations of ion were 175
g/kg and 148 g/kg in Thanh Hoa before and
after flooding, respectively, and 271 g/kg d.w.
and 241 g/kg d.w. in Hue, respectively. The
average concentrations of manganese were
141mg/kg and 110 mg/kg in Thanh Hoa before
and after flooding, respectively, and 160 mg/kg
d.w. and 140 mg/kg d.w. for Hue before and
after flooding. The average concentrations of
Fe and Mn in the paddy soil after flooding
were lower than those before flooding in both
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locations (Fig.1), perhaps due to the redox
reactions occurred while flooding and the
reduction of Mn(I1I/1V) to Mn(lIl), Fe(lll) to
Fe(ll), which results in increasing the
dissolution of Fe(ll ) - and Mn(lll/ 1V)-
hydroxides in water and decreasing in the soil
[10, 12-14]. Arsenic concentration decreased in
Thanh Hoa and Hue after flooding (Fig.1),
probably due to the reduction potential
becomes sufficiently low when the soil was
flooded. As(V) was reduced to As(lll), which
in turn has a lower sorption affinity to soil
particles [11] resulting in partial release to the
water and their concentration in soil decreased
after flooding. The similar observation was
seen in water where arsenic concentration in
the water after flooding was higher than those
before flooding [6].

4. CONCLUSION

In this study, concentration of nine heavy
metals detected in the paddy soils was
generally lower than regulation threshold
values issued by the National technical
regulation on the allowable limits of heavy
metals in the soils [7] and Canadian
environmental quality guidelines for protection
of aquatic life [7], implying no potential risks
of heavy metals to the aquatic environment and
there is no restriction exists towards their use.
The data obtained in this study provides the
overview on status the sources of heavy metals
in paddy soils before and after flooding in
Vietnam.
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