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A bstract. R cusing dom estic  w astcw nter for irrigation and ap p ly in g  biosolids as a íertiliser in crop 
production a rc  com m on practiccs in pcri-urban arcas of V ietnam . This study  investigatcs thc cffects 
of using dom cstic w astcw ater in ficld cxpcrim cnts on riu v iso ls  soils in pcri-urban arcas of l ỉanoi 
and N am  Dinh cities. VVe com parcd  long-tcrm  (30-50 ycars) w astow ater-irrigatcd  ricc-dom inated 
íarm ing system s. U sing w astcw atcr for irrigation signiíicantly affcctcd pl 1, electrical conductivity  
(KC), exchangeablc K and  N a and  rcversc aqun rí$/rt-digestiblc (Rcv Aq Rcịị) coppcr (Cu), lcad (Pb) 
and zinc (Zn) in the investigatcd  arcas com pared \vith con troi plots irrigntcd using river w atcr. 
ĩh c rc  w crc no  signiíicant cffccts o f w astcw atcr irrigation on  thc NI I .NO.vextrnctablc íraction of 
cadm ium  (Cd) and o thcr tracc m ctals, but thc r.DTA-extractable íraction of C u# Pb and  Zn was 
signiíicantly  incrcascd.

Kci/ĩOữrds: SF. Asia; hcnvy m ctals; irrigation; p ad d y  soils; tracc elem onts

1. Introduction

Urbanisation and industrialisation are 
leading to production of a hugc volum e of 
eííluents in m any countries. Industrial, 
agricultural and dom estic cffluents such as 
biosolids and wastowater are either dum pcd 
on land or used for irrigation and íertilisation 
purposes, vvhich creates both opportunitics 
and problems [24].

* Corrosponding author. Tcl.: 84-4*5583306.
K-mail: khainm ểvnu.vn

The advantagos of reusing wastewater arc 
that it providcs a convcnient disposal of 
waste products and has the beneíicial aspects 
of adding valuable plant nutrients and 
organic m atter to soil. Purthcrmore, the reusc 
of wastow atcr for irrigation as a íertiliser 
source is a com m on and popular practice, 
cspocially in pcri-urban aroas. Wastowater is 
often the only source of watcr for irrigation. 
Evon in arcas vvhere wastewater is not the 
solc vvater source for agricultural irrigation, 
íarm crs still proíor using sewage for irrigation 
by rcason of its nutritivc valuc, vvhich ređuccs 
expcnditurc on chcmical ícrtilisers [10,17].
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Hovvever, as vvastes are products of 
hum an society, onhancod concentrations of 
potential toxic substances including traco 
metals are generally íound in waste\vater, 
which may limit the long-term usc of 
effluents for agricultural purposes due to the 
likclihood of phytotoxicity, hoalth and 
envừonm ental effects (1, 14]. Anothcr
problem of w astcw atcr disposal on 
agricultural land is tho potentially phytotoxic 
naturc of organic vvastes, mainly as a result of 
combination of íactors such as high salinity or 
excess of am m onium  ions, organic com pounds 
or low molccular weight íatty acids, vvhich 
e.g. may inhibit soed germ ination |6 , 10].

If the content of trace m ctals increascs 
above a ccrtain critical concentration due to 
theừ accumulation in soil, this can have 
negative environm ental effccts, which can 
includc negative effccts on soil biota and 
honce on microbial and íaunal activity [7ị. 
Furthermoro, tracc m etals can affect crop 
growth and quality, and thus pose risks for 
hum an health [2, 6, 12]. Thereíorc, thc risk of 
contamination by trace motals m ust bc 
considcred vvhon wastcvvater is applicđ and 
understanding of thc behaviour of mctals in 
thc soil is essential for assessing 
environinental risks of applying wastewater

in agro-ocosystems.
T he m ain objective (>f this papor was to 

quantiíy  thc cffects of reuse of vvastowatcr as 
nutricn t sources by: (i) invcstigatúig the 
effccts of long-term vvastcvvatcr ừrigation on 
soil pH , EC, organic carbon, total nitrogcn 
and trace metals (cadm ium  (Cd), copper (Cu)y 
lcad (Pb) and zinc (Zn)); (ii) invcstigating the 
cííects of application of w astcw atcr, 
espocially as rcgards tracc mctal 
accum ulation and solubility.

2. M aterials and m ethods

2.7. Locatiou of thc rcscarch arcas

Soil sam ples wcro collccted from peri- 
urban  arcas in tvvo provinces of Vietnam, 
including Hanoi, N am  Dinh (Table 1). Tho 
sam pled arcas are locatod in dclta and 
low land areas vvith a tropical m onsoon 
climate. The annual rainíall is 1500-2000 mm, 
and m orc than 50% of thc rainíall is 
concentrated during Junc to August. The 
m ean m onthly tem porature varies betvveen 17 
and 29"c, with tho w arm cst pcriod from Junc 
to A ugust and the coldest during  Decombor 
and January.

Table 1. D cscription of w astcw atcr (full-scale case s tud ics) in cxperim ents on Pluvisols in 
pcri-urban  arcas o f H anoi and N am  D inh citics, V ictnani

No. Location Soil irrigatcd  by Posỉtion N am c C rop A pplication Sam pling  tim c

1 Ilano i
Fluvisols W astcw atcr N: 20°57.52' 

K: 105°49.68'
T rcatm en t Ricc Since 1960s Junc 2004

River w ntcr N: 20°58.12' 
E: 105°48.15’

C en tra l Rice Junc 2004

2 N am  Dinh
Fluvisols W astcw atcr N: 20°44.93’ 

E: 106°20.98'
T reatm ent Rice Sincc 1980s Junc 2004

Rivcr w atcr N: 20°43.43' 
E: 106o20.68’

Con troi Rice Junc 2004
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2.2. Wastaoatcr irrigation in pcri-urban agriailtural 
production systems

The sevvage ừ rigation study arcas are 
located ừi urban  rcgions dovvnstream from 
Hanoi City and Nam  Dinh City. Tho soil 
typcs arc Eutric Fluvisol at tho Hanoi site, 
and Hum i-Endogleyic Fluvisol (Eutric) at tho 
Nam Dinh sito according to tho World 
Rcíorcnce Baso for Soil Resources. The soils 
are íertile and suitable for grow ing crops. 
Rice has been the  m ain crop in these areas, 
but therc is a tendency of changing from rice 
to vegotable production due to incrcasing 
dcm and from the innor City markots of Hanoi 
and Nam Dinh. At tho Hanoi site, sevvage 
watcr has been usod for irrigation since thc 
1960s. Bocause of vvater scarcity, agricultural 
land has boen irrigated by sevvage from Kim 
Nguu River, w hich runs thrọugh tho urban 
arca to rural agricultural land [8, 9]. At the 
Nam Dinh site, irrigation using vvastevvater 
started in thc 1980s as a rosult of increasing 
urbanisation. Tho sowagc m ainly comprises 
domcstic w ater but also includes vvastovvater 
and dischargcs from  industrial activities in 
the urban areas |4, 20]. In Nam Dinh, the soil 
samples vvere takcn in the íields vvhore the 
DANIDA-IWMI project on vvastevvater reuse 
in agriculturc in Vietnam was carried out [20].

2.3. Soil sampling stratcgy and sainplc prcparation

For assessment of the impact of wastovvater, 
soil samples w erc takcn from the topsoil (0-20 
cm) of all study sitcs in pcri-urban arcas of 
Hanoi (n=4) and N am  Dinh (n=8) using a soil 
auger. At cvery sam pling point, 3 to 5 sub- 
samplos w crc takon from approxim ately 250 
m 2 and mixed to obtain a bulk samplc. Non- 
vvastewater irrigatcd soils ("natural" river 
irrigation) w ere also sam plcd for com parison 
(n=4 for Hanoi, and  n=8 for Nam Dinh).

Aíter air drym g at room tcmperaturo, thc 
soil samplos vvere ground and sievod to 
removc particlos > 2 mm, and then stored in 
plastic bags. The soil samplos wcrc brought to 
Swedon (SLU) for analysis.

2.4. Soil analysis

Total N (Ntot) and total organic carbon 
(TOC) vvas detormincd on íinoly ground 
samplcs on a LECO CHN analyser (Lcco 
CHN*CHN 932 analyser). Prior to the 
analyses, tho samplos worc trcatcd by 4M 
HC1 (1:1 soil:solution ratio) for dissolution of 
carbonates. The soil EC and pH vvere 
m oasurcd in deionisod H:0  (1:5 soil:solution 
ratio), and pHcaci: vvas doterminod aftcr 
addition of 0.5M CaCl; [18]. Tho soil samplcs 
wcru cxtractod with IM  NHjNOj for 2 hours 
(1:2,5 soil:so!ution ratio) to quantiíy thc 
exchangoablo and spociíically adsorbod 
íraction of trace m ctals (i.c. Cd, Cu, Pb, Zn) 
|3|. Potentially bioavailable metals wcro 
extracted vvith 0.025 M (Na):EDTA (1:10 
soilisolution ratio) for 1.5 h |19|. The reversc 
acịua rcgia (3:1 HNO.;:HCl ratio)-digestible 
ừaction (Rcv Aij Rcg) of C d; Cu, Pb and Zn 
was extracted using a m ethod dcscribcd by 
Stcvens et al. [18]. Aíter contriíugation, 
íiltration and dilution (if neccssary) metal 
concentrations vvere determ ined by 
inductivcly couplcd plasma-mass spoctrometry 
(ICP-MS, Perkin Elmer ELAN 6100).

2.5. VVatcr sampling and ĩoatcr analysis

In Nam  Dinh and Hanoi, vvater samples 
were colloctcd in sum m er 2004 from the Red 
Rivèr and w astew ater channcls, which wcre 
the irrigation sourcos at the study sites. The 
pH and EC in these vvatcr samples vvere 
dcterm ined directly after sampling. 
Polyethylene bottles that had been pre-
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w ashed with acid and distilled water and 
dricd wero used, and aíter sampling, a few 
drops of concentratcd HC1 vvere added prior 
to chemical analysis.

VVater sam ples vvcre analysed for thcừ 
total concentrations of Ca, Cd, Cu, K, Mg, N, 
p, Pb and Zn. O ne aliquot of the samples vvas 
digested with boiling concentrated H NO3 
beíore determ ination of the total conccntration 
of K by ílame spectrom otry; Ca, Mg and Na, 
by atomic adsorption spcctrophotom etry 
(AAS, Perkin Elm er 300); Cd, Cu, Pb and Zn 
by ICP-MS, and  total p by H N O 3 digestion 
followod by detcrm ination of PO4-P with the 
ascorbic acid m ethod [5]. Total N vvas 
quantiíied as described elsevvhere [9Ị.

2.6. Statistical analysis

Data from tho experim ents wero analyscd 
using the G eneral Lincar Modcl (GLM) 
procedure of M initab Software version 14. 
Treatm ent m eans which shovvòti signiíicant 
differenccs at the probability level of p<0.05 
w ere com parcd using Tukey's pairwise 
comparison procedure. The sourco of irrigation 
w ater w ithin sites (vvastcvvater and river 
vvater) was usod as a íactor in the model. Tho 
statistical m odel used vvas ]/,j = ụ  + a, + c ,j, 

w here ụ  is the m ean  value for all treatm ent, a, 
the diíícrent betwcon m ean valuo-' of 
treatm cnt i w ith ovorall mean, and e,j is the 
random  error.

3. Results

3.1. Irrigation watcr quality

Tho results of tho irrigation vvatcr analysis 
are presentod ừì Tablc 2. Tho pH and EC vvere 
signiíicantly highcr in thc vvastevvater comparcxi

with the river vvater. Tho \vastowator also had 
signiíicantly highcr conccntrations of 
nutricnts and traco mctals com parcd vvith the 
river water. This indicatcd that non-treatcd 
vvastcwater containod both nutrients that are 
of value for irrigation of crops in agricultural 
systems, and potontial toxic elem ents that can 
aííect soil production capacity and crop 
quality. A com parison botweon wastew aters 
in Hanoi and Nam  Dinh showed that the 
conccntrations in Hanoi vvastevvater w ere 
significar>tly higher for most elcm ents 
included in the study (i.c. Cd, Cu, K, Na, N,„„ 
P1o1/ Pb, Zn).

3.2. Effccts o f applying ĩoastaoater on soil pH and 
elcctrical conductivity

Applying w astew ater for irrigation 
signiíicantly increased soil pH (pHn20 and 
pHcan:) at both s tudy  sites (Hanoi and Nam 
Dinh) (Tablo 3), probably duc to wastcwator 
being m ore alkalino than rivcr vvater (Tablc 
2). The similar cííoct was obscrved for 
electrical conductivity, which \vas highcr in 
the vvastevvater troatm cnts than in the control 
(river).

3.3. Effccts of applying ĩvastaoatcr on soil organic 
carbon and total rtitroỊỊcn contcnts

Rcusc of vvastevvater for irrigation causod 
an ừicrease in total organic carbon (TOC) 
contcnt and total nitrogen (Nio,) in the soil at 
both study sites (Fig. 1). Tho soils that had 
reccived vvastevvater for irrigation had 1.68% 
TOC and 0.19% N|0I at the Hanoi site and 
2.67% TOC and 0.26% N,ci at the Nam Dinh 
site. The corresponding valucs for control 
samples werc 1.29% (TOC), 0.15% (Nuh) and 
1.85%, (TOC), 0.21% (N,ot) for Hanoi and Nam 
Dinh, respectivcly.
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Table 2. VVatcr quality  o f thc  Red Rivcr w atcr and w astew atcr uscd for irrigation in I Ianoi and  N am  Dinh. 
D ifferent lcttcrs (a, b) d cn o tc  signiíicant diffcrcnccs betw een sources of irrigation w atcr w ithin sitcs (P<0.05)

No Param oter Units
N am  Dinh I lanoi
Red River 
(n=4)

W astcw ater
(n=5)

Red River 
(n=4)

YVastexvater
(n=6)

1 pH 7.1“ 8.0b 6.9“ 7.9b
2 EC d s  m*1 0.20* 0.82b 0.21* 0.86b
3 Total n itrogen (N IO|) m g ư 4.1a 10.8b 3.9“ 19.2b
4 lo ta l p h o sp h o ru s (IV,) m g i ; 1 0.6a 2.0 0.5“ 4.4b
5 Potassium  (K) m g l / 1 3.1a 6.8b 4.1“ 12.8b
6 Sodium  (Nn) m g i ; 1 32.5a 85.5b 28.6“ 135.7b
7 Caỉcium  (Ca) m g l . '1 46.7 48.9 54.6 54.3
8 M agnesium  (Mg) m g I.-' 12.5 1 0 . 1 142 12.4
9 Lcad (Pb) ng I.-' 1 * 2 b 2 “ 3b
1 0 Zinc (Zn) ng L ' 32* 67b 24“ 236b
1 1 C op p er (Cu) M8 L-' 14* 42b 18* 82b
1 2 C adm ium  (Cd) L-' 0 .2 * 0.5b 0.5* 0.9b

Table 3. Electric conductiv ity  (KC, ỊiS cnV1), pl I, cxchangcablc Ca, M g, Na, K (IM  NI Ỉ4N O 3 extractablc; g k g '1) 
in topsoỉl (0 - 2 0  cm) sam ples from  cxperim cnts vvỉth rcuse of w astcw atcr. I)iffcrcnt lcttcrs den o te  signiíicant

diffcrenccs betw een treatm ents at thc sam c sitc (P<0.05)

Site EC 1 pÈ 1*1120 pl ỉ 2CaC12
Exchangeablo
K Na Ca Mg

I lano i
Con troi 62.80“ 6.45* 5.69a 0.06a 0.04a 0.89 0.19
VVastevvntcr 102.75b 6.70b 5.96b 0.16b 0.09b 1 . 0 0 0 . 2 2

N am  Dinh
C ontrol 78.25* 5.99* 5.42* 0.06* 0.04* 1.55 0.18
VVastevvator 179.38b 6.36b 5.71b 0 .1 2 b 0.170 1.60 0 . 2 1

1 p l ỉ  in H ịO , ratio soiỉ: loatcr -  ĩ: 5
2 pH  in 0.05 M  CnC.Ỉ2, ratìosoiỉ: soỉutioìì = 1:5
3 IM  N ỉ I4N O 3 extractable, ratio soil: solution = 1:2.5
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a T r e a t m e n t
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Fig. 1. Lffcct of w astew ater irrigation on soil chemical properties, total organic carbon (T O C  %), total nitrogen 
(Nịov %)• Different lcttcrs d cn o te  signiíicant diffcrcnccs betw ccn trea tm cnt and control at thc  sam e site  (P<0.05).
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3.4. EJfects ofapplying umstcĩvatcr on trace mctal 
conccntrations in soil

The concentrations of reverse aqua regia 
(Rev Aq ífcg)-digestible Cu, Pb and Zn in soils 
receiving vvastevvater vverc signiíicantly 
higher than those in soils receiving river 
vvater. Thcre w as no signiíicant differencc in 
Cd concentration (Rev Aq Rcg) bctvveen 
vvastcvvatcr ừrigated soils and control soils 
(Fig. 3). The potontially bioavailablc 
conccntrations of Cu, Pb and Zn (EDTA-
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extractable) in vvastevvater-treated soils vvere 
signiíicantly highcr than in control soils (no 
difference for Cd). The NH4N03-extractcd 
ÍTactions of Cd, Cu, Pb and Zn constituted 
only a small proportion of tho EDTA- 
extracted íractions. Hovvevcr, thcro was no 
signiíicant diffcrenco betvvcon treatcd soils 
and control soils in tho exchangeable 
(NH^NO.ị) íraction of thcso metals (Table 4). 
The reason of this m ight bo lovv 
concentrations in combination vvith a variation 
bctvveen thc rcplicates.
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Fig. 2. Effect of rcusc of w astew ater on rcversc nqua rcgia (Rev A q  Reg)-cxtractable Cđ, Cu, Pb and  /.n  (m g kg '1) 
conoentrations in soil. Diffcrcnt letters dcnotc significant differences bct woen trcatment and control at tho samc sitc (P<0.05).

Tabie 4. Effect of w astew ater application on 0.025 M EDTA (m g kg ' 1 dw ) and  IM  Nỉ Ỉ4N O 3 extractablc (m g kg 1 dvv) 
tracc mctals. Differcnt lottcrs denote signiíicant differcnccs bct\vccn trca tm cnt and contro! at thc sam c sitc (P<0.05)

Si te
EDTA-extractable NI l4NO_rCxtractable
C u Zn C d Pb Cu Z n  Cd Pb

H anoi
C ontrol
Treatm ent

8.21a 
9.53b

1.85* 0 .1 1 2 a 
2.9 7b 0.105a

7.18a 
8.89b

0.002 0.150 0.0059 
0.004 0.205 0.0076

0.004
0.007

N am  D in h
C ontrol 10.99a 1.63* 0 .1 2 0 b 11.10* 0.009 0 . 1 2 0  0.0093 0 . 0 1 1

T reatm ent 12.65b 1.75b 0.126b 15.32b 0.006 0.180 0.0125 0.038
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4. D iscussion

Analyses of soil sam plcs collected to 
assoss the im pacts of sewagc irrigation on the 
irrigated agricultural soils of peri-urban areas 
of Hanoi and N am  Dinh cities show ed that 
reuso of m unicipal vvastevvater for irrigation 
had signiíicantly incrcased both TOC and Nioi 
in soils. This íinding is in agreem ont vvith 
previous studies w here wastevvatcr irrigation 
had becn show n to increase soil organic c 
and N [15]. Hovvover, a potential h a /a rd  to 
peri-urban crop production vvas revealcd duc 
to the accum ulation of trace m etals in 
íigricultural soils irrigatod vvith sovvagc.

Municipal vvastevvater contains a variety 
of inorganic substances from dom estic and 
industrial sources, including a num bor of 
potontially toxic elcm cnts such as arsenic 
(As), cadm ium  (Cd), chrom ium  (Cr), coppcr 
(Cu), mercury (Hg), load (Pb), zinc (Zn), ctc. 
Ị16). According to  tho annual report on the 
environm ental status of Viotnam m ade by 
VEPA Ị22|, íhesc potential toxic elem ents are 
commonly presont in domostic vvastevvater of 
many cities in Vietnam. Even if potontial toxic 
clcments in w astow ater are not prescnt in 
conccntrations likoly to dircctly aííect 
hum ans and thus liinit thcir agricultural use, 
thoy socm to be highcr than in natural river 
vvater, vvhich w ould contam inate tho 
agricultural soils in the long-term . As a rcsult, 
tho concentrations of tracc inotals (Cu, Pb and 
Zn) in thc vvastevvater-irrigated soils vvere 
signiíicantly highor than in control soils, 
indicating that the application of vvastevvater 
had cnrichcd the soil vvith trace metals. Liu ct 
al. (2005) studied tho impact of sevvago irrigation 
on trace metal contam ination in Beijing and 
reported that thc trace mctals vvcro enrichcd 
in thc soil duo to sevvage irrigation [11]. This

was also íound in earlicr publications about 
effccts of sowago irrigation on soils [13, 21].

The application of w astcw ater m the peri- 
urban sites of Hanoi and Nam Dữứi citics 
incrcased soil pH by approximately 0.3 units 
comparod with the non-wastcwator irrigatcd 
sites. Prcvious researches |8, 23] have 
indicated that tho vvastevvater applied for 
irrigation at Hanoi and Nam Dinh sitcs is in 
most cases ncutral to alkaline (Ó.5-8.5). The 
prcsont study also íound that the pH was 
signiíicantly highor for wastewator compared 
with natural river vvator (Table 2). In 
addition, the highor conccntration of cations 
such as Na and K in wastcw atcr lod to an 
incrcaso in EC and cxchangoablo Na and K in 
soils irrigatcd vvith vvastewatcr. The high pH 
of soils irrigatod with vvastevvater might 
reduce the mobility of thc trace metals 
accumulatod in these soils.

5. C onclusions

Reuse of w astew atcr as nutricnt sourcos 
has becomo common practico in Vietnam, 
espccially in peri-urban areas. The rcusc of 
thesc nutrionts had somo bcncíicial eííects on 
soil íertility, such as increased total organic 
carbon and nitrogen. This study íound that 
both organic carbon con ten t and total nitrogen 
vverc im proved (ừicreased) in soils treated 
vvith wastcwater. Hovvever, thesc bcncfits wcre 
lừnitod by tho presence of some potential toxic 
traco motals in wastewatcr. It vvas concluded 
that tho reuse of w astowatcr for ừrigation 
incrcascd soil pH, EC, TOC, Nloi and total 
concentration of Cu, Zn and Pb. The EDTA- 
extractable íraction of Cd, Cu and Zn was 
signiíicantly higher for wastcwatcr-irrigated 
soils.
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