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Sequ~nt.ial fractionation \.,.as applied to partition IH~avy metals in the agricultural soils and 
river- sed iment taken from Tuliern and Thanhtri districts of Hanoi cit.y. Although there was 
observed a considerable variation among the heavy rneLals ill tI le proportion of various fractions. 
Ph showed t.he similar percent.age of each fraction betwee n the agricultural soils and 
river-sediment, and the Fe-M.n oxides and residual fractioll s overwhehningly dominated over 
t.he other t.hree fractions. In t.he speciation of Cu, one agricultural soil which \vas supposed to 
be polluted , ... 'i th ell showed the relati vely high percent-age of the f'e- Mn oxides fracl..i.mL. In the 
river-sediment Cu was occupied n·it-h the orgal lic frad ion in arowld 70%. In Ni and Zn, the 
river-sediment. showed the high proportion of the exchangeable and carbonales fracl.iolls. TIIt:~ 

sum of both fractions was about 25 and 30')(, for :-Ji ;:Ind Zn, res~eclively , while it was quite 1m ... · in 
tJle agricultural soils. Mobility of heavy metals ill fl IP river- sediment was estimated to be in the 
seqUence of Ni, Zn >Cu>Pb. Bascd on its highcr mobi lity along with flle high total c.ontent. in 
the river- sediment , the firs t priority should be plru.:ed on 7.. n from the viewpoint of the control of 
heavy metal pollution. 

INTROD UCTION 

In recent years increased industrialization a nd population growth have led to 
progressively increasing fluxes of many heavy metals to soil and river in Hanoi city, 
Vietnam . In the previous paper (Ho and Egashira, 1999), the authors investigated the 
heavy metal status of the agricultural soils and river- sediment taken from Tuliem and 
Thanhtri d istricts of Hanoi city. Accumulation of severa l kinds of heavy metals was 
noticed in the river- sediment of the Kimnguu River, in contrast to the agricultural soils 
being in the normal range of the heavy metals examined, except for one upland soil 
cultivated for vegetables throughout the year in which e u pollution was suspposed. 

In most studies dealing with heavy metals, only total contents have been reported, to 
give an information concerning possible enrichment in soils. However, total content of 
heavy metals is not enough to estimate toxicity and mobility of them in soils and 
sediments. A knowledge of distribution of heavy metals among various forms or chemical 
forms of heavy metals associated with particulates is essential for estimating biological 
availability or phySicochemical reactivity of heavy metals in soils and sediments. Heavy 
metals may be complexed with organic compounds, adsorbed or occluded in carbonates 
or oxide minerals or in t.he structure of primary and secondary minerals (Hickey and 
Kittrick, 1984). 

The objective of the present study was to determine the chernieal partition of Cu, Ni, 
Pb, and Zn in the river- sediment in comparison with agricultural soils , both taken from 

499 



500 Ho Thi Lam Tra and K. Egashira 

Tuliem and Thanhtri districts of Hanoi city. Three soils and one river-sediment were 
selected for this purpose from the samples used in the previolls study (Ho and Egashira, 
1999). The samples were subjected to sequential fractionation and the heavy metals were 
partitioned into five operationally defmed fractions: exchangeable, bound to carbonates) 
bound to iron and manganese oxides, bound to organic maUer, and residual. 

MATERIALS AND METHODS 

1. Location and samples 
Samples selected for the present study are briefly described in Table 1. Sampling 

sites of soils and river-sediment and the river system in Tuliem and Thanhtri districts of 
Hanoi city were indicated in the previous paper (Ho and Egashiru, 1999). Three soil 
samples are as follows: sample No.1 is supposed to be polluted ,.,.ith eu; samples No.4 and 
No.6 are in the normal range of heavy metals and were selected as a representative of 
agricultural soils of Tuliem and Thanhtri districts, respectively. The river-sediment is a 
sample from the Kimnguu River and 'vas found to be highly accumulat.ed ,vit.h different. 
heavy metals. 

2. Sequential fractionation of heavy metals 
Determination of speciation or distribution of Cu, Ni, Pb, and Zn in soil and 

river-sediment was made by the Tessier et al. (1979) sequential chemical extraction 
scheme (Fig. 1). One gram of sample was used and extractions were carried out directly 
in 50-mL polypropylene Nalgene centrifuge tubes to minimize losses of solid material. 
Residues were separated from the supernatant by 30min centrifugation at 10,000 min-l 
speed. The residue was washed with 8 mL of water followed by hand shaking and then 
follmved by 30 min centrifugation before the next extraction. Metal content of the five 
fractions in the filtered solution was determined by atomic absorption spect.rometry. 
Determination was made in duplicate and the relative deviation of the duplicate values 
was usuall.y less than 5%. Due to no contamination of 1.1n, low confent of total Cd in 
agricultural soils, and a close similarit.y of Cr with Ni (Ho and Egashira, 1999), these three 
metals \-vere not considered in the present study. 

Table 1. Brief dcscliption of agricultural soils and river--sedirne nt used in the study. 

Sample Location Land use Helativc land height Soil classification by 
No. District Commune (crop) in ~~~_region FAO/UNESCO 

Tuliem Taytuu Upland High Or\.hi- U rnbri - E utric 
(vegetables) Fluvisols 

4 Yf'nhoa Paddy Lowest (marshy) Epi~Stagni~El1tric 

(ricf'~rice ) Gleysols 

6 Thanhtri Thanhlict Paddy Middle ()rthi~Plinthi-Eutric 

(rice-rice) Fluvisols 

10 Tranphu River bed 



Sequential i"racNonalion of Hea-vy Metals 

S"pe"i""' 
EXCHANGEABLE (Fl) 

SAMPLE 
( 1.0 9) 

1
8 m.. 1 M MgCll(pH 7) 
at room temperat~e for 1 h 
with contWlUOUS agitation 

t 
Res" 1 

8 mL 1 M NaOAcIHOAC(pH 5) 
at room temperature for 4 h 
with continuous agitation 

,--- ---''-'''" 

super~atant ~ReSidU;o 2mL 0.4 M NH2.QHHC.I ., 

BO.JNO TO CARBONATES (FZ) 25')6 (\IN) acellc acid 
.. t96.::1:. 3°C for 6 h 
with occasional agitation 

Super~atant Residue 3 
, -8 ITt.. 30 % HzOl.{pH 2) 

BOUND TO IRON AND aocl 3 mL 2.02 M H~OJ 
MANGANESE OXIDES (F3) at 85 ... 3 C tor 5 

with occasiooal agitation 
-5 mL 3.2 M NH40Ac in 20 % 

(\1/\1) HN03 at room 
temperature tor 0.5 h 
with continuous agitiltiof'l 

5 t t Residue 4 
uperna r I Digest with a S: 1 

BOUND TO ORGANC f-mj:(tlre of I--IC1().4 -+- HF 
,r---':"='l. 

"ATTER (F4). • 
Supernatant Residue 5 

t 
RESIDUAL (F5) 

Fig. 1. Sequential fractiomU.ion scheme fOT the speciat ioH of llea\!y 
metals. 

RES ULTS 

Total heavy metal contents 
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Contents of total Cu, Ni, Pb, and 7..n for the agricul tural soils and river-sediment are 
reproduced in Table 2 (Ho and Egashira, 1999). Contents of the total heavy metals were 
regarded to be in the normal range for the agricultural soils, except for ell in sample No.1. 
In contrast, th e river- sediment of the Kimnguu River flowing through the area contained 
large amoull ts of ,"olal Zn ) Cu, Pb , and 1\i, and order of the conlent wa.,> Zn >Cu > Pb > Ni. 

Speciation of heavy metals 
Contents of sequentially fractionated heavy metals are given in Table;). Total of the 

contents of fivc fractions is expected to be equal to the total cont~nt listed in Table 2 
However, the former amounted only to 62- 82, 7&--97,72-89, and fi2--R3% of the latter for 
Cu, Ni, Pb, and Zn, respectively. A possible reason to be below 100% is underestimation 
of the content of t.he residual fraction due to the difference between procedures used for 



502 lIo Thi Lam Tm and K Egaslrira 

Table 2. Contents of total heavy metals in agricultural soils and 
river-sediment (n1g kg '). 

Sample eu Ni Pb Zn 
No 

73.2 33.G :3U) 114.5 
4 50.0 4:').f5 45.1 116.9 
(; 43.0 66.0 45.3 137.2 
10 258 145.5 157.S 1040 

(Oven dry basis) 

Table 3. Contents of sequentially fractionated heavy metals in agricultural soils 
and river-sediment (rng kg ). 

Samplf' 
Fraction ell Ni Pb Zn 

No. 

Exrhangaeble ND 1.0 1.0 N]) 

13nund t.o carbonates 1.4 Ll 1.0 4.5 
Hound to Fe-Mn oxides 25.1 11.2 13.;1 42.S 
Hound to organic matter 8.9 4.6 2.9 4.0 
Residual 18.8 14.5 10.2 36.3 

(37.8) (15.5) [13.7) ((j~.5) 

Exchangaeble NIl 0.9 1.3 N]) 

Bound to carbonates 0.2 1.2 1.9 0.4 

4 Kound to Vc-Vln oxides 9.:3 10.6 HlA 27.2 
Bound to organic maHer 8.8 40 2.9 4.5 
Residual 17.9 20.8 12.7 61.7 

(31.7) (28.0) (Hl.f)) [84.8) 

Exchangaeble Nfl 1.4 0.6 0.1 
BOlU1d to carbonates N]) l.5 1.3 4.1 

fi Round 10 re-Mfl oxides 4.4 16.4 19.2 27.3 
Bound to organic matter 4.4 5.9 3.1 6.1 
Residual 17.9 46.3 9.9 47.3 

(34.2) (40.8) (21.1) (99.6) 

Exchangaeble 6.2 11.1 0.7 46.6 
Bound to carbonates 9.1 2l.0 3.7 249 

10 
Bound to Fe-Mn oxides 15.2 65.6 72.2 485 
Bound to organic matter 164.6 no 6.5 41.6 
Residual 16.6 12.8 29.9 :36.2 

[(3) [34.8) [74.4) (218) 

(Oven-·dry basis) 

ND: not detect.ed. 
The valtH'S in the parenthesis are the content of the residual fraction calculated as the 
difference behvccn the total content listed in Table 2 and the lOlal of the contents of 
four fractions excluding the residual fraction. 
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Fig. 2. Percentages of eu, Ni, PL. and Zn associated ,,\-ith each of five sequential fractions for agricultural 
soils aILd river-sediment, in which the content of the residual fraction measured by the 
sequential fractionation illustrated in Fig. 1 was used as such. 
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Fig. 3. Percentages of Cu, Ni, Pb, and Zn associated with each of five sequential fractions for 
agri cultural soils and river-sediment, in which the content of the residual fra ction 
calculated as the difference between the total content and the total of the contents of 
four fractions excludin,lo( t.he residual fraction \V"cl.S used as such. 
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the measurement of the residual fra ction and the total content. In this context, the 
content of the residual fraction was calculated as the difference between the tot.al 
contents listed in Table 2 and thp totRI of the c:ontents of Jour fractions excluding the 
residual fraction and is shov,rn in the parenthesis of Table :-3. 

Percentages of heavy metals associated with each of five sequential fractions for 
agricultural soils and river-sediment were calculated using two values for the residua] 
fract.ion, and arc illustrated in Figs. 2 and 3. Percentages of each fraction were different 
between the two figures, but general tendency was found to be s imilar to each other. 
a) Copper 

Among the agricultural soils, samples Nu.4 and No.6 showed the highest proportion of 
the residual fraction, occupying 50- 63 and 67-80% of the total , respectively. The Fe- Mn 
oxides and organic fractions followed t.he residual fract ion and showed the similar 
pe rcentage to each other. The exchangeable fraction was not detected and the 
carbonates fraction account.ed for not detected to 0.4-0.6%. In comparison to samples 
No.4 and No.6, sample No.1 which is vu::;::;ihly polluted wit.h eu showed the significantly 
high proportion of the Fe-Mn oxides fraction. The exchangeable fraction was not 
detected and the carbonates fraction accounted for l.O-2 .6<)'Il. Copper added to soil may 
quickly move to the Fe- lv1n oxides fraction and slm .. vly change to the residual fraction . 

The river-sediment. collected from the Kirnngull River showed the quite high 
proportion of the fract.ion associated with organic matter. The organic fraction was in 
64-78%. The high proportion of lJle organic fraction can be partially ascribed to the high 
organic matter con t.e nt of the river- sediment (Ho and Egashira, 1999). In addition, 
organic compounds under the rerlllced condition may be more active to bind v..ith Cu. 
According to Tessier et al. (1980) Cu exhibited the highest stability constants for the 
most ligands of aJl t.he met.als considered. The high affinity of organic ligands makes ell 
more stable in the river bed, leading to the suppression of diffusion or dispersion of Cu. 
b) Lead 

Distribution of Pb in the agricultural soils and river- sediment. followed entirely the 
same order: Fe-M.H oxides>residua1 > orgaJ lie >carbonates >exchallgeable. The fraction 
of fe-~'ln oxides occupied abuut 40-60')6 of the total Ph. The highest proport.iun of the 
fe-Mn oxides fraction was reporled uy Tessie r et a.t. (1980) , Ramos et al . (1994) and Ma 
and Rao (1997) for soils and sediments highly concentrated or polluted with heavy 
metals, although the percentage of the Fe- Mn uxides fraction anct the sequence following 
the Fe-Mn oxides fraction varied wjth soils and sediments. Lead added to soil or 
sediment may react selectively \\ith Fe-.Mn oxides and quickly move to the stable form. 
The sum of the exchangeable and carbonates fractions only represented 3--4 to 7- 9% of 
the lotal Pb, and rather lower for the river- sediment. Association of Ph ,,,;th Fe- Mn 
oxides in the river- sediment may prevent Pb from diffusion or djspersion to environment. 
c) Nickel 

Speciation of Ni was different bet v..'een agricultural soils and river-sediment . The 
order was residual > Fe-Mn oxides> organic> carbonates, exchangeable for th e 
agricultural soils and Fe-Mn oxides >carbonat.es >organic1 exchangeable, with variation 
of residual, for the river- sediment. 

The residual fraction accounted for 44-46 to 55--64% of the total Ni for agricultural 
soils while 10-24% for river-sediment, although Tessier et al. (1980) and Hickey and 
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Kittrick (1 084) report-t'd t.hat majority of Ni in soils allu ~edirnents highly cOllcelllra t.ed or 
polluf.ed "vitti heavy metals was in Llle residual fraetioll . The exchangeable and carbon­
at('>s frac tions were 8- D and 14-1 7%, res pectivelj-' , for the river-sedimen t. The higher 
proportion of the easily extractahle forms of ~ i is a charaeteristic of the river-sediment. 
Continuous addition of the rivcf-sedi Illenl t.o agricultural fiphlmay become a source of Ni 
poH uLion to crops growing Oil the tield. 
d) Zinc 

Because of a close relationship bc t\\'f~ t~ ll ZlI and Ni (TID and Egashira , 1999), 
speciation of Zn \vas sirnilar to Ihat of I'\i and eicarly different bf'J\veen agricultural suils 
and river- sediment.. Zinc in each fracti on generally follmved the foUmving order: residual 
> Fe- t\.·1n oxides> organic>carbonates>exchD. ngcabh:~ for the agricultural soils; Fe-Mn 
oxides >carbonates >exchangeable , organie: vvith variation of residual, for the river- sedi­
ment. AltllO ugh lhere was considerable variation .. \rj t.h soils ill the proportion to the total 
Zn in va ri ou!:> fractions, Zn was prirn Cl ri ly in the resid ua l or Fe-Mn oxides fracti on in 
agricultural soils. 

In thc river- sediment, t.he highest p roportion was obtained in Lhe Fe-Mn oxides 
fmet.ion , "ilh the residual fraction heing 4-2 1%. Tessier ef ILL . ( 1980), Kuo el at. (If)R:3) 
and Hickey and Kittrick (1 984 ) showed that ZII was primarily associa led " ilh Fe-~ln 
oxides in soBs and sediments highly eonct> lI t raled or polluted with heavy me ta ls. The 
exchangeable fraction \vas essentially noL detected in agricu ltural soils bu t. 4- G% for 
river-sedimcnt. The carbonat.es fraction was O.:3-O.u 1.0 4-5~lh and 24-29% for agricult.u ral 
soil s and rive- sediment., respec t.ively , The sum of the exchangeable and caroonate 
fractions amounted to as high as 28- 34% fur the river- sediment. The relatively high 
proportion of the easily extractable form s suggests the high mobility of Zn and a possible 
source of the river- sediment as Zn pollution to crops. 

DlSCl:SS ION 

From the viev.'Point of asscssrncnt. Lo lhe e m·ironme nt-a! impact. of soils and sediments 
polluted \vith heavy metals , speciatio ll o f heavy metal as well as it.s tot.al content is 
ne(;essary. Tot.al conteJlts of difff> rent. heavy metals of the agricultura l soils a nd 
river- sediment taken from Tuliem and Thanhtri districts of Hanoi city \'\'as assessed in the 
previous paper (110 and f;gashira, 1999) . [n tlie present. study, speciation of Cu, Ni, Ph, 
and Zn was assessed by the sequelltial eXLraction wi th distribution into five frac tions: 
exchangeable, bOllnd La carbonates, bound to Fe-MIt oxides, bound to organic matter , 
and residuaL In agricultural soils with a norrll ril range of the total heavy metal cont.ents, 
t.he highest proportion was observed in t.he residual or Fe- l'vln oxides fraction, depending 
on the heavy mptals. This indicat.es the in timate assoc:iation of heavy metals 'with clay 
particles or Fe-1-1n oxides, suggesting the existence of heavy metals as the stable form in 
agricll lr,ural soils, and is comparable \\r:ith the signifieant amI positive correlations bet\vcen 
total metal content and clay and/or free Fe~O~ contenLs observed for several heavy metals 
in the previous study (Ho and Egashira, I D99). The organic fraction was in the third 
posit ion, ranging from 4 to 24%. The carho nates fraction was less than 5% and t he 
exchangeable fraction \,yas essentially not detected. Initially adsorbed heavy metals are 
retained in the exc.hangeable fonn and may pass into more specific and stable forms \\ith 
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time (Beckett., 1880). 
In the river-sediment which \vas highly accumulated with different heavy metals, 

speciation of heavy metals was different. from t.hat of the agricultural soils and varied \vith 
heavy metals (Figs. 2 and 3). In case of eu, the highest fract.ion was the organic fract.ion 
\'iith a percentage of around 70%. The content of Cll pxtract.ed as the organic fraction 
was higher by about. 20--40 times for the river-sediment than for the agricultural soils, but 
the content of eu extracted as the residual fraction was the same bet.ween them Cfable 
3). This suggests that. Cu added to t.he river as industrial discharge vms deposit.ed and 
preferential}:).' reacted wit.h organic compounds, due t.o the high affinity of eu t.o organic 
ligands, in t.he river-sediment. Very small portions of Cu added existed as the exchange­
able, carbonates or Fe-Mn oxides forIlt. Dist.ribuLioIl of Pb into the five fractions was 
essentially the same between agricultural soils and river-sediment (Figs. 2 and 3). The 
cont.ents of each fraction, except for the exchangeable fraction, of the river-sediment \:vas 
higber by 2-4 t.imes than those of the agricultural soils (Table 3), indicating that Pb added 
as industrial discharge was distributed in a fixed proportion int.o different fractions. This 
suggests that. Ph has the highest affinit.y to solid particles in soils and sediments and 
quickly move to the ultimate distribution. 

Distribution of J\i and Zn in the river-sediment was similar to each other and dearly 
different from that. of the agricultural soils. In agricultural soils the proportion of the 
residual fraction \vas highest followed by the Fe-I\..fn oxides fraction, \~lhereas in the 
river-sediment the proportion of the Fe-Mn oxides fraction "vas highest followed by the 
carbonates fraction, and the residual fraction "vas 10-24 and 4-21 % for Ni and Zn, 
respectively (Figs. 2 and 3). The contents of both metals in the sequentially-fractionated 
residual fraction in the river-sediment "vere equal to or even below those in the 
agricultural soils (Table 3). The contents of the other four factions were always higher 
for the river-sediment than for the agricultural soils. Among the four fractions, increa.sing 
rate was ext.raordinarily high for t.he exchangeable and carbonates fractions. This 
indicates that considerable parts of Ni and Zn added <1..<'; industrial discharge exist in the 
easily extract.able and more mobile fonus in the river~sediment. From this viewpoint, Ni 
and Zn are more probable pollutants La agricultural soils and water. Its higher mobility 
along \vith the highest content in the river-sediment Cfable 2) suggests that the first. 
priority should be placed on the control of Zn in the industrialized and densely-populat.ed 
area of Tuliem and Than.htri district.s in Hanoi city. 

CONCLCSJONS 

Speciation or distribution into different fractions of Cu, Ni, and Zn in the 
river-sediment \vhich was highly concentrated or polluted with various heavy metals \vas 
different from that of agricultural soils having a normal range of the 1.01.<11 heavy mp.tal 
contents. Copper was mostly associated with the organie fraction but considerable parts 
of Ni and Zn existed in the exchangeable and carbonates fractions. Based on the higher 
mobility and the high t.otal cont.ent, Zn is the most. serious pollut.ant to agricultural soils 
and water in Tuliem and Thanhtri districts of Hanoi city. 
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