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Abstract: Problem statement: In Vietnam, rice cultivation plays an importantleon national
economic development and food security. Howevere mproduction is facing many problems
associated with rapid industrialization and urbatian in the country. Resultant emissions of solid
and liquid wastes are often untreated and discladgectly to agricultural land. These practiceséha
potential impacts on the environment and humantteAlpproach: The research was carried out
within the frame of the collaborative research ecbj“Towards the mitigation of environment and
public health risks due to heavy metal contamimatioirrigated rice-based systems of Vietnam” in
2006-2010. The study was implemented in the LamoTdiatrict, Phu Tho province with the aim to
assess the effects of wastewater and other cord¢ionirsources on the environment and public health.
Results: Surface water and soil in the field showed sighsignificant contamination by wastewater
from the industrial zones. Bio-indicators (DO, COBOQD5) in the surface water were also strongly
affected by waste. Paddy fields around the indaistones had an elevated risk of heavy metal
contamination (Cu, Zn, As, Cd and Pb), with concaiins exceeding Viethamese Maximum
Acceptable Concentrations (MACs) for Cu, Zn, Cd &id Soil contamination with heavy metals was
resulting in elevated concentrations in rice graithere consumption of locally-produced food was
high, exposure of individuals to heavy metals couldsent a public health risk. The partial Hazard
Quotient (HQ; a ratio derived from comparing estiedaexposure to heavy metals, i.e., Cd, (with
toxicologically-derived, safe’ daily doses) for eiand vegetables (water spinach) and the integrated
Hazard Quotient of rice and vegetables (HQi) wassistently greater in areas with soil contamination
than in the reference area using Red River wateirfigation. The HQi for Cd was particularly high
for children below the age of 13 and it was slightligher for females than for males. While
toxicologically-derived ‘safe’ daily dosesevery conservative to account for inherent uncetyain
their derivation, this issue should be raised wittamers and policy makers.
Conclusion/Recommendations. Due to unrestricted discharge of industrial watte, soil and water
environment has been contaminated, which is demadadtby accumulation of heavy metals in surface
soils. This may in some circumstances pose a aighublic health. Policies should be developed that
enable authorities to mitigate negative environaentpacts of industry and empowers communities to
nurture a safer environment whilst maintainingebenomic benefits of development.

Key words: Environmental pollution, health risk, paddy ricagricultural land, food frequency,
surface water, industrial waste water, red rivétagdéood production, rice production

INTRODUCTION total population of Vietnam, in 2003). Agriculturine
primary industry, is a significant proportion ofeth
The Red River Delta is comprised of 11 provinceseconomy in the Red River Delta with 1.2 M h used fo
and cities, covering on an area of 1479416 h. (406% food production, which corresponds to 14% of the
the country) with apopulation of 17648700 (22%he t agricultural land area in Vietham. In 1999, food
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production in the Red River Delta was reported asontamination tends to be applied directly to the
being 6.1Mt (18% of food production in Vietnam. The agricultural land.
economy of the Red River Delta is also reliant on s
called “trade villages” whose populations are imeadl ~ Methods: Soil survey and sampling was carried out
in various cottage industries producing goods forduring harvesting time in Spring 2007. Transectsewe
market (furniture, clothes, ceramics) as well asestablished in representative fields known to be
recycling materials such as metal scrap for salarger ~ inflienced by  various potential sources  of
industry. The Red River Delta has the largest dgndi  contamination. Paired soil (0-20 cm depth) and rice
trade villages in Vietnam (472 reported in 2004)t b samples were tak_en at fixed points along _each drans
there are also some more large scale industri@gon (0 = 15). Each soil sample was a composite of 5t¥ s
Rice production is the dominant primary industry. S8mples mixed to a bulk sample. Non wastewater

However, rice production is facing many problemse d affected soils (reference) were also sampled for
to rapid industrialization,  urbanization and comparison (n = 15). Associated rice samples (Oryza

modernization in rural areas. In recent times, evastSativer L; n = 30) comprised a composite made up of

disposal has been relatively un-restricted leading grain samples taken randoml_y from 15-20 rice hiIIs._
significant environmental pollution. For example, Vegetable samples (water spinach, Impomoea aquatic

thousands of trade villages release huge volumes of N = 10) were taken in the fields around the camen
water and solid wastes, as well as air emissionshe where they were known to be affected by wastewater

majority of circumstances, these wastes are applie@nd Where they were not. Only the edible portiothef
directly to agricultural land without any form of vegetables was retained for analyses. Rice and

treatment. This has impacts on the environment anyégetable samples were initially rinsed in tap wate
implications for public health. In many developing washed with distilled water, air dried in the shatien

countries, there is a growing awareness of thengiale  ©0Ven dried at 60-65°C. _

for food production systems to become contaminated Surface water samples (n = 7 from contaminated
with heavy metals through rapid industrializationda and n= 5 from reference site) were taken from the
urbanization. There is, however, very little eviden canals into which wastewater from factories is
that heavy metal contamination, e.g., of soils,ewand  discharged; but also from paddy fields where
food crops, is a generic problem in South East Asia  wastewater was used for irrigation. As reference,

In this study we investigated potential links surface water was sampled in fields irrigated vitéd
between the discharge of wastewater and th@iver water. Each water sample was taken in a 500
contamination of the food chain. To achieve this,mL plastic bottle. Dissolved Oxygen (DO), pH and
samples of soils and food crops (rice and vegesable EC were determined on arrival to the lab. Water
were taken from agricultural land at a specificdgtu samples were kept in the freezer (-2°C) no longant
community and analyzed for heavy metals.2 days prior to analyses of bio-indicators; Chetnica
Questionnaire tools were used to estimateOxygen Demand (COD) and Biological Oxygen
consumption of various foods and hence estimat®emand during decomposition occurring over a 5-day
exposure to heavy metals. period (BOD5), (Eatomet al., 1995).

Methods for soil extractions and analyses: pH, EC,
Organic Carbon (OC), ammonium acetate extractable
cations (N&, K*, C&*, Mg®) and CEC in soil and EC
and pH in water was carried out according to the
Australian laboratory hand book, (Rayment and
eHigginson, 1992). Cd, Zn, Cu, Pb and As in soil aver
digested by reverse aqua regia extraction (3 ENO
HCI; Stevenset al., 2003). BOD5, DO and COD in
water were determined following the guideline of
material deposited by the Red River. Viethamese standards (TCVN 6001-1995; TCVN 7325-

According to Ministry of Natural Resources and 2004). Rice grain (unpolished) and vegetables weste
Environment (MONRE, 2006) there are 15 industriaidigested with concentrated (10+5 mL) HiNar 135°C
factories in Lam Thao commune and thousands ofl7h using digestion block). Metal concentratiorerev
industrial factories around Phu Tho province witle t determined by inductively coupled plasma mass
potential to produce undesirable wastes. Wastewatepectrometry (ICP-MS, Perkin Elmer ELAN 6100)
from processes that are potential sources ofStevenst al., 2003).
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MATERIALSAND METHODS

Study site: The study site is located in Thach Son
commune, Lam Thao district, Red River Delta, Narthe
Vietnam. There are a phosphate fertilizer factowgl a
chemical company in the vicinity. Thach Son commun
has 155 ha agricultural land for rice-rice, 15 barfce-
rice-vegetable and 60 ha for perennial crops. Dile &
the area are alluvial soils (Eutric Fluvisols) feanin



Am. J. Environ. &ci., 8 (1): 71-78, 2012

Food frequency questionnaire: daily food pHuo values in the wastewater irrigated soils ranged
consumption for each person in the study populggion from 5.0-7.6 (mean 6.7) and 5.6-8.0 (mean 7.2),
= 126 in the contaminated area and n = 122 in th&espectively and in the reference soils the

reference area) was obtained by direct individuaOrresponding pH values were 4.7-7.9 (mean 6.8) and
) y 4.1-7.7 (mean 6.2) (Table 2). Variability of soitganic

Interview W'th. each person in each _famlly._The .bOdyCarbon (OC) content measurements in top soil sanple
weight and height was measured during _the Interview was large and the concentrations were higher in the
The exposure Related Dose Estimating MOdelNastewater irrigated soils than in the referenciés,so

(Erdem) for Assessing Human Exposure and Dose wWag 7.3 5o, oC (mean 2.2) in the wastewater irrigated

used to calculate the Average Daily Dose (ADD, Mg and 0.5-2.5% OC (mean 1.6) in the referends s
kg—d) for each study participant for Cd (g.g. (Table 2).

Houghet al., 2004). Estimates of ADD were compared

to” safe dos€s published in the literature. Safe doses 9T ~ 5

are primarily derived from toxicological data and 8 T "y W

provide an estimation of daily dose (mg ) that will 7t C@OTE T4 =

not result in deleterious effects during a lifetirhethis 6T a s B

study, Reference Doses (RfD, mgid) published by Z 5357 = e

the USEPA (1997) were used as “safe doses”. The rat 4 wopd IIESE-—

of ADD to a safe dose is often termed the Hazard * T O =

Quotient (HQ) for a single substance and Hazaréxnd 21 +1

(HI) for multiple substances and/or exposure pagisva YT A e

Where a value of HQ for an individual exceeds unity o A—A———— e

their ADD has exceeded the safe dose. This indidht 1234567 8 9101112

potential for that individual to experience delietas EC and pH in surface water

health effects, resulting from the exposure of eomcat

some point during their lifetime (USEPA, 1989) Fig. 1: pH and conductivity in surface water sardgfe
RESULTS a gradient from the outlet (no 1) and further out

over the paddy fields (no 2-7) as compared to
Surface water as affected by contamination: Surface reference sites where Red River water is used
water samples were taken from the canal outlet lwhic for irrigation (no 8-12)

runs from the waste pond of Lam Thao phosphate

fertilizer and chemical factory and from other dania  Table 1: Bio-indicators in surface water

which wastewater drains to the Red River (Fig.The Thach son, lam thao (mg*).
Electrical Conductivity (EC) ranged from 0.2-3;@  Statistical
cmt in the wastewater canals and irrigated fieldsi9eX DO co DBODS

compared to 0.2-0.31S cm® in the reference field m::x gﬁ% gi%% %g%
irrigated by Red River water (Fig. 1). Average 5.29 26.61 430
The pH values of the surface water samples fram thStdev 1.90 16.11 1.56

i ; R CV% 36.00 60.50 36.20
contaminated area were in the range from 2.3-7¢a(m VN.Sta. A (9 = 5.00 <10.00 <400

6.8) (Fig. 1). In the reference area, the pH valoethe

surface water ranged from 6.8-9.0 (mean 7.7). . _ -
Bio-indicators in water: The content of DissolvedﬁTable z'osr(;';n?cnég’fsjn ?é;'?ﬂg;'Tﬁggducnv't&m' pH and

Oxygen (DO) ranged from 0.7 -7.2 mg O/L (mean 5.3 Wastewater irrigated soils

mg O/L) (Table 1).

*: Viethamese standard No. QCVN 08:2008/BTNMTa

; ; ; pH (1:5)
The _I_3|olog|cal _ Oxygen Demanql during Statistical EC(L5) e

decomposition occurring over a 5-day period (BOD5)index @S cntt) H.O KCl  OC (%)

- Min 0.127 5.64 5.02 1.69

ranged from 2.1-6.9 (mean 4.3 mg O/L). (Table 1). M 05ay o >0 300

: : . . Average 0.250 7.24 6.73 2.25

Soil ch_em|cal properties as affected k_)y d|fferent_ Stdev 0.093 061 0.65 0.44
contaminant sources: Measured chemical properties Reference soils

of the soil samples are presented in Table 2 amtleé3  min 0.094 4.68 412 0.47

Electrical Conductivity (EC) ranged from 0.13-0.38  Max 0.388 7.87 7.70 2.45

cm* for the wastewater irrigated soils and from 0.09-Average 0.178 6.77 6.21 1.62

0.39 uS cm® for the reference soils. The pil and  Stdev 0.090 1.24 129 0.68
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Table 3: Soil chemical properties in wastewaterigated and  Table 5: Heavy metals in unpolished (husked) ricowg in

reference soils in Lam Thao wastewater irrigated and reference soils in LamoT(rag
Exchangeable cations (meq/100 g soil) kg'l dry weight)
o " Wastewater irrigated soils
Wastewater irrigated soils Statistical
Statistical index Cu Zn As Cd Pb
index N& K* ce* Mg* CEC Min 0.93 9.46 0.07 0.01 011
Min 014 009 111 4.9 184 Max 4.23 28.20 0.65 0.78  0.64
Average 2.55 17.50 0.26 0.13  0.16
Max 034 023 158 8.2 23.2  gydey 1.01 434 018 023 013
Average 020 014 13.1 6.2 211 CV% _ 39.40 2490 7210 179.00 81.60
Stdev 0.07 0.04 1.2 1.0 1.3 ﬁ_eference soils 001 16.40 013 001 010
P In . . . . .
Reference soils Max 388 2330 047 009 022
Min 003 0.04 4.8 16 95 Average 235 1910  0.22 0.03 0.13
Max 022 022 15.0 3.7 20.4  Stdev 1.20 217 0.11 0.03 0.04
Average 012 011 10.6 3.7 16.3 CV% 51.20 11.40 47.30 111.00 27.40
Stdev 0.05 0.05 3.6 1.6 4.2
Table 6: Total Cd content in unpolished (huskedp rand water-
Table 4: Heavy metals in soil in wastewater irrgghtind reference spinach, (mg kg DW)
soils in Lam Thao (mg k_é soil) Food Situation Mean vs(alue (St)t Dev)
pr : Contamination 0.0580 (+0.027
Wastewater irrigated soils Rice Reference 0.0240 (+0.015)
s Water Contamination 0.0406 (+0.016)
Statistical index  Cu Zn As cd Pb Spinach Reference 0.0347 (+0.018)
Min 26.7 90.00  5.60 0.195 39.20
Max 2040 71360 52.30 1536  140.00 . . . .
Average 823 24480 19.60 0.624 7220 Accuml_JIatlon of heavy metals in gnpollshed rlcetkm
Stdev 471 17210 1120 0375 27.30 contamlnated soils terlds to pe higher than thaicen
CV% 57.3 70.30 57.40  60.100 37.90 grown in reference soils, particularly Cd (Table 5)
Reference soils ) . L .
Min 12.1 2750  2.60 0.093 17.600 Exposureto cadmium to populationsliving in Thach
Max 923  165.00 52.90 0.624  138.000 Son, Lam Thao: Heavy metals can be absorbed and
Average 3718090 1510 0254 51200 Zeoymulate in the body through the ingestion of
Stdev 23.9 36.90 15.30 0.158 37.800 taminated food. Ri d wat inach i
CV% 64.5 4570 10100  62.200 73.900 Contaminated food. Rice and water spinach are tia m
VN.stad (¥) 50.0 20.00 23.00 2.000 70.000 crops produced from local lands. Consumption o$¢he
Note *: VN standard No QCVN 03:2008/BTNMTb crops and levels of Cd that they contain were ueed

estimate the potential publish health risk to local

Exchangeable cations and the Cation Exchangghabitants. To obtain the absorbed daily dose @f C
Capacity (CEC) of the surface soils are presented iconcentrations of Cd in rice and water spinach was
Table 3. Alkaline cations (NaK") and earth alkaline  anaiy7ed. Total rice and water spinach consumption
cations (C&, Mg™) in soil samples from the as obtained from the food frequency questionnaire.

wastewater irrigated sites were mostly elevate . C )
compared to the reference sites. he Cd concentrations measured in rice field betang

The total cation Exchange Capacity (CEC) wado the household orgrown on plots gdjacent to _the
also higher in the wastewater irrigated soils whichhousehold was used in the calculations. Cadmium

can be linked to the higher organic carbon content. accumulation in husked rice and water spinach @ th
o ) households in reference area was significantly towe
Heavy metfal accumulation in the soil as affected  than in the contaminated area (Table 6). In order t
yvasftfewatgrbAccumulatmn ?f Q|ea4\1/y metals in the soil ggtimate risks to specific population sub-groupse(a
Is aftecte ywastew_ater( able 4). .agender, socio- economic status), self- reported
The concentrations of reverse aqua regi . . .
guesnonnawe data were used to link measured

extractable heavy metals (Cu, Zn, As, Cd and Pb . :
measured in the samples from the wastewate oncentrations of heavy metals to exposure viaamnt

irrigated  soils were significantly higher than With soils, the environment and through daily
concentrations measured in reference soils. consumption of rice and vegetables. Participantsewe

interviewed during a household survey. Interviewees
Heavy metal accumulation in rice as affected by  provided details of all the residents of their hefusid.
wastewater: The total concentrations of heavy metalsDuring the interview, participants identified fisldrom
(Cu, Zn, As, Cd and Pb) measured in unpolishedaice which food supplies, including rice were grown. \&fat
the study sites is shown in Table 5. spinach was sampled in the study villages.
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Table 7: Ingestion Rate per unit time (IR) in peojph thach son  Table 8: Average Daily Dose (ADD) in the thach smommune

commune, lam thao district population
Average of g food consumption, (g dry w/day/pejson mg Cd kg* BW/day
Contaminant area Reference area L Contaminant area
(23 P2 1115 ({07 | e ————— Statistical
index Rice Water spi. Rice Water spi. index Rice Water spi.
n* 126 109.0 122.0 111.0 n* 126 109
Min 50 11.0 42.0 15.0 Min 7.42E-05 8.37E-06
Max 940 471.0 910.0 600.0 Max 2.33E-03 5.63E-04
Average 398 121.0 385.0 126.0 Ave. 6.92E-04 1.09E-04
St.Dev 178 93.2 181.8 98.7  St.Dev 4.94E-04 8.49E-05
n*: The number of interviewed people who ate rind water spinach ﬁs:}(irence area 122 111
the day before the interview Min 3.96E-05 5 88E-07
Max 1.70E-03 3.66E-04
i i i ve. 3.80E-04 1.01E-04
The concentration of Cd in rice and vegetable t Doy 3 49E-04 5 0AE05

were used to eStimate_the daily Intake Rate (IRQ:Of n*: The number of interviewed people who ate rind sater spinach
and the Hazard Quotient (HQ) (Table 7). Estimatedhe day before the interview.

values of the Average Daily Dose (ADD; mg k) of
each study participant are presented in Table 8hén
contaminated areas, consumption of rice ranges frorsatistical

Table 9: Hazard Quotient (HQ) in the THACH SON coonma
Contaminant area

50-940 g dry weight/person/day and 1-471 g dryindex HQ rice Water spinach

weight/person/day for water spinach (Table 7).Ha t ”M*in 125-?8 10(%’10

reference area, consumption of rice was estimased g, 1.99 0.56

being 42-910 g dry weight/person/day and 15-608yg d Ave. 0.61 0.11

weight/person/day for water spinach (Table 7). St.Dev 0.31 0.08

Based on the ingestion rate (Table 7), body Weigthleground area 126.00 111.00

and Cd concentration in rice and water spinachMin 0.03 0.01

samples; daily dose of intake of Cd by humans wa{/ax 0.76 0.37

. ) Ave. 0.36 0.10
calculated using Eq. 1: St Dev 0.14 0.08
n*: The number of interviewed people who ate rind apinach the
ADD = Cx IRx EFx ED 1) day before the interview.
WB x AT
Risk’ was expressed in terms of a Hazard Quotient

Where: (HQ) which was calculated by Eg. 2:

C = Contamination concentration in media (mg'g ADD

IR = Ingestion rate per unit time or event (kg day HQ=""0 (2

EF = Exposure frequency (days/year)

ED = Exposure duration (years) is the length ofetim \yhere, Reference dose (mgtday) RfD is defined
that a receptor is exposed via a specific exposurgs the maximum tolerable daily intake of a specific
pathway metal that will not cause a health risk. The Rfluea

BW = Body weight of receptor over the exposurefor Cd in food: 0.001mg kdday (USEPA, 1997). If
period (kg) ADD exceeds the RfD, HQ >1; this suggests them is

AT = Average time- the period over which exposure i probability of experiencing deleterious health omes
averaged (days) associated with Cd. If ADD is less than the RfD, HQ

<1: this suggests the probability of experiencing

Since this study involves non-carcinogens or nondeleterious heath outcomes associated with Cd is
cancer toxic risk, EF = 365days * AT = ED * 365 unlikely (USEPA, 1997). Food-specific partial HQ:s
(USEPA,1989; 1997). Results are presented in Table were estimated as being 0.10-1.99 (mean 0.61)ider r
The Average Da||y Dose (ADD, mg Rjgj) of Cd was and 001'056(mean 011) for ther SpinaCh (Tﬂb)le
estimated as the measured concentration of Cdein tHOT People living in the contaminated area. In the

; ference area, HQ values were estimated as being
food crop samples (expressed as fresh weigh N ' _
multiplied by the amount of that food ingested. t3.03-0.76 (mean 0.36) for rice and 0.01-0.37 (mean

Estimates of ADD for study participants from the 0.10) for water spinach. The integrated Hazard @ubt

HQi) is the summation of all food-specific HQs:
contaminated site were significantly elevated When( QD P Q

compared to equivalent measures at the referetee si HQi = HQiice + HQ\egq
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Fig. 2: Comparison of mean values of the hazard _
quotient index for rice by gender Fig. 5: Comparison of mean values of the hazard

guotient index for vegetables by age
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Fig. 3:Comparison of mean values of the hazard ] )
quotient index for rice by age group Fig. 6: Comparison of mean values of the integrated
hazard quotient index for rice, vegetable by gender
0251 oEGR. Site

B CONT. Site The HQ index for males who ate rice was 0.34 in
0.2 - the reference area and 0.58 in the contaminateal are
and for females it was 0.37 in the reference areh a
0.15 4 0.62 in the contaminated site. Males tended to wmes

i)

more food than females but have higher body weight
giving a lower HQ. HQ were 0.41-0.88 for children
below 13 years old, 0.36-0.56 for individuals 13-60
years old and 0.32-0.55 for individuals above 6Q.(B
and 4).
The HQ indexes were 0.089-0.091 in the reference
area and 0.107-0.111 in the contaminated area.
Comparison between age groups, for vegetable:
Fig. 4: Comparison of mean values of the hazardiQ indexes are significantly different between age
quotient index for vegetables by gender groups. HQ indexes were 0.127-0.163 for childreB <1
years old, 0.091-0.105 for individuals 13-60 yezdsand
HQi's index by age group was calculated by the0.068-0.077 for individuals above 60 years old (B)g
equation recommended by USEPA (1997). The integrated Hazard Quotient index (rice and
The integrated hazard quotient was classified byegetable, HQi) in Fig. 6 indicates that femaleseha
gender and age. Both males and females who ate rigdighty higher risk than males. There is a sigaific
had a hazard quotient below one in both studydifference in integrated harzard quotient indexueen
communities (Fig. 2). the reference and contaminated areas; 0.42 (mehek)
However, it was substantially higher in the 0.44 (females) for individuals in the referenceaaa@d
contaminated area and females are at a slightlyehig 0.68 (males) and 0.72 (females) for people in the
risk than males. contaminated area (Fig. 6).
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For children below 13 years old, the HQ is 0.50 inbe a lower risk group than those living in the
the reference area and 1.00 in the contaminatesl arecontaminated area.

For adults, the HQ is 0.38-0.44 in the referenaaar For HQi, children below the age of 13 have a
and 0.62-0.66 in the contaminated area (Fig. 6). higher index than adults, which is similar to tlesults
obtained in previous studies and evaluations by the
DISCUSSON USEPA.
On the way to the river, wastewater oftenspas CONCLUSION
through agricultural fields and also flows over fredd
during heavy rain. The wastewater is also usettigate The accumulation of heavy metals from industrial

crops in the dry season, particularly paddy fielillske waste has affected soil and water for a long time.
wastewater from the chemical and phosphate fetiliz People living in the contaminated area are at atgre
factory in the canal outlet is highly acid. risk for health issues than individuals in the refee
Measured values of Chemical Oxygen Demandirea. Females are at somewhat higher risk thansmale
(COD) displayed a very large range (10-61 mg, L @and individuals below 13 years old are at a mugihési
mean 27). The average measured vales of COD arféfk than adults. It is important that the commynit

BOD5 exceeded the acceptable level of the Vietnamedocal authorities and other communities in similar
standard level A (COD < 6 mgLand BOD < 4 mg Situations are educated so a safer environmentiean

LY. The majority of samples are lower than theMaintained in the future.

. - By the integrated hazard quotient, it was
Vietnam standard level & 6 mg L") (QCVN, 2008a). . : . )
Cation Exchangeable Capacity (CEC) in thé SOifsubstantlally h|gh¢r in _the cc_mtammated area and
Fmales are at a slightly higher risk than males.

suggested that there is a concentration gradien Children below the age of 13 had the highest

associated with distance from point sources Ofpotential health risk. No significant difference sxseen

contamination. , between individuals who were between 13 and 60syear
Accumulation of of Cu, Zn, As and Pb in the 54 and the group above 60 years old.

soil exceeded the accepted limitation of the

Vietnamese standards (QCVN, 2008b). Only ACKNOWLEDGMENT
concentrations of Cd were within Viethamese limits.

Mean concentrations of Cu, Zn and Pb measured in e would like to thank SAREC-SIDA for their

the reference soils were within the limits of the Strong financial Support in imp|ementing this stuw\!e
Vietnamese standard. These data indicate that paddyould also like to thank the local authorities,

soils adjacent to industrial areas are polluted bynanagers and farmers of the Thach Son commune,
heavy metals. In the unpolished rice, those mé¢sd [am Thao district.

to be higher than that in rice grown in referenoéss

particularly Cd. Other studying on heavy metal REFERENCES
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