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Trle study was undertaken to pxamillP plTpC\s oj amelldment. of agricultural soil with 
rivf;r-scdimcnt on the yield amI heavy meUJ.1 concentration of crops cultivated in it. Scliimenl 
,vas colh:ctl'ci from tlip river in Lhe industrialized and densely-populat.ed area of Hanoi city and 
added to agricultural soil ai, nle rat.es of 0, 10, 20, :30, 10 and 50';',), fuUmvpd b}' Lhorollgh mixing. 
White cabbage and bppj WPl'e clllLivated in pots at Hanoi Agricultural I lnivprsi1 y. After harvest 
edible parts (leaf for whitt' cabbagp <ill(] IUO\' ror bCL'l) uf buLl! crops '..verT weighed. The yipld 
was highest at the soil \vith 301)10 addition oJ the spdiIllPnl for both crops. The tot~ll 

concentration of heavy metals was higher for white cabbage than fur l)(,p\. and ,vas noL parallel 
\\ith the percentage of sediment in the soil. ConcPII1.ralions of (\1 and Pb in white cabbage and 
Cd in heet ,,'ere over t.he VidllCtIll sLandard for lnaxinmm permissible heavy metal concent.ra.tion 
in vegetables. 

INTRODUCTION 

In the urbanized or industrialized area, application of sediment becomes concern [or 
environment as \vell as [or crop gnnvth. The agricultural usc of sediment provides 
cnvironnwntal and economical benefits through reuse of essential and organic matter 
contained in this mat.erial (Smith, 1994). Upon land application, however, sediment has 
led to tIll' accuIImlatjon of heavy met.als in particular Cd, Cu, Pb and Zn in IIlany 
agricultural soils. Sediment-borne trace clements may accumulate in plant. tissue to 
cause crop injuries or to be harmful to consumers of the harvested crops (Chang et aL, 
1987). In addition, agricultural applieatiOll of sediment. can be problematic because o[ the 
addition of harmful components such as pathogenic organics and chemical pollutant.s (van 
den Ilerg, 1993), 

In the Red River delta area, farmers have used sL'diment of rivers and canals as 
organic amendment or fertilizer to keep soil [ertilit~y. But, industrialization and 
urbanization urc rapidly processing in and arollnd Hanoi city. Tn the previous study, the 
authors (Ho and Egashira, 1990b) found that the sediments from rivers flowing thc 
industrialized and densely-populated arca of Hanoi city were more or less st.rongly 
pnlllltcd wit.h various heavy metals. In the present st.udy, effects of amendment. of 
agricultural soil with the sediment on the yield and heavy metal concentration of crops 
were invest.igated. 
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MATERIALS AND METHODS 

1. Soil and sediment samples 
Soil and sediment samples used in the study were taken in January, 1999, and 

air-dried before mixing. Soil sample was taken at the farm of Hanoi Agricultural 
University, located in Gialam district of Hanoi city, Vietnam. The soil is neutral alluvium 
by Vietnam soil classification and Eutric Fluvisol by F AOfUNESCO soil classification. Soil 
was collected from the surface 20 em at the vegetable field. Sediment samples were 
collected at two sites of the Tolich River: one site is Congrnoc in Thanhxuan prefecture 
and the other is Kirngiang in Thanhtri district (refer to the previous paper eHa and 
Egashira, 1999a) for the map and river system of Hanoi city). They \vere mixed in an 
equal amount on the oven-dry basis. The sediment was then mixed with the soil and the 
proportion of the sediment in the soil-sediment mixture was 0, 10, 20, :10, 40 and 50%. 

2. Pot experiment 
"VItl1ite cabbage and beet were used ill the study and ,vere cultivated in pots inside an 

area enclosed by netting at lIanoi Agricultural University. The experimental design 
consisted of (2 X 6 X 5 or 4) factorial (2 crops, 6 mixing-rates, and 5 (white cabbage) or 4 
(beet) replications) for total 60 and 48po1s. A pot (20cm in diameter and 40cm in 
height) was filled ,"vit.h 6 kg (oven-dry basis) of soil or soil-sediment mixture. Pot 
experiment was carried out in the spring season of 1999. One seedling of \vhite cabbage 
wa.'> transplanted in each pot on Januar~)l 20 and harvested on 1Iarch 12. Two seeds of 
beet were seeded in each pot on January 20 and grmvIl until l'vlarch 16 before harvest. 
Amounts of fertilizer per pot were as follows: O.15g of N as urea, 0.:34g of P~O: as super 
phosphate and 0.27 g of KcO as muriate of potash. Half doses were basal-dressed before 
transplant.ing or seeding and the remaining half was top-dressed after one month from 
transplanting or seeding. Tap water was irrigated every t",",o days \vith amount.s of 
500-600 mL per pot. After harvest edible parts of white cabbage (leaf) and beet (root.) 
were collected and \veight of the fresh matter \ova." measured. 

3. Chemical analyses 
Air-dried soil and sediment samples were ground to pass through a 1-mm sieve. 

Edible parts of white cabbage and beet were rinsed \\-ith tap \vater and then deionized 
waLer, oven-dried at 65°C and pulverized to pass through a l-Imn sievp. After 
pretreat.ment, soil, sediment and plant. samples ,vere brought to Japan by air. All 
chemical analyses \,,"cre clone at Kyushu Cniversity. The pH of soil anc! sediment was 
measured in the suspension having a soil:watcr ratio of 1:2.5. Total carbon "!,vas 
det.ermined by t.he dry combustion method. Total nitrogen 'vas det.ermined b:y the 
Kjeldahl method. Cation exchange capacity (CEe) \vas determined by t.he method 
proposed by Muramoto el oL (1992). One gram of soil and sediment ,vas digE.'sted by the 
HF-HNO:,-HCIO. acid treatment to determine rhe total concentration of heavy.' metals 
(Committee of Soil Standard Methods for Analyses and Measurements. 1986; 110 and 
Egashira, 1999a). One gram of plant was dissolved in lOmL of cone. H:-.JOl1 boiled until 
dryness, added vvit.h 10 mL of 30% Hl)~, evaporatf~d until dr:l11css, and finally dissolved in 
12 .. 5 mL of 25% HNO, \vhile heat.ed, folIo-wed by dilution to 50 mL. Concentration of heav:y 
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metals in soil, sediment and plant was determined using AAS. Determination was made in 
duplicate and the relative deviation of the duplicate values was usually less than 5%. 

RESULTS AND DISCUSSION 

Chemical properties of soil and sediment 
Chemical properties of soil and sediment used in the present study are given in Table 

1. The soil and sediment were in a slightly alkaline condition \\"1.th pH values of 7.5-7.6. 
Total C and 1\ contents of the soil were 13.6 and 1.37 glkg, respectively, with a CIN ratio of 
9.9. The sediment showed the contents of total C and N higher than the soil. The higher 
total C and N contents of the sediment is an indication of usage as organic amendment or 
fertilizer to agricultural field. The C/N ratio of the sediment was 18.4. The CEC was 
around 10 cmole + )/kg for both soil and sediment. 

Table 1. Characterizat.ion of soil and sedilnent used in the study. 

pH Total Total CEC Tot.al heavy metal concentration 
carbon nitrogen (mg/kg) 

(g/kg) (g/J.:g) (crnolC + )/'kg) Cd Cr Cu Ni Pb ZIl ._---------_. 

Soil 7.()G l:Uj 1.37 9.:J 0.33 90 42 40 32 93 
Sediment 7.50 52.0 2.82 11.2 9JJ4 164 68 59 58 392 

. _ ...• _-_._ .. _--

Concentration of heavy metals in soil, sediment, and soil amended with sediment 
Concentrations of total Cd, Cr, Cu, Ni, Pb and Zn of the soil and Lhe sediment are 

given in Table 1. Total heavy metal concentrations of the soil amended \\oith sediment 
vvere calculated from the concentrations in the soil and sediment and the sediment 
percentage in the mixt.ure and shmvn in Table 2. Background levels (BUL) of heav:y 
metais in agriculturai soils of Tuiiem and Thanhtri districts of Hanoi city (Ro and 
Egashira, 1999a) and the maximum permissible levels to crop gro1A1h (I\.·1PLCG), quoted 
from St.eve (1994), are also shO\vn in Table 2. The soil of t.he present study \vas taken 
from a vegetable field of the farm of Hanoi Agricultural Universit.y, located in Gialam 
district. Gial1.1rn district is situated on the left side of the Red River, differcnt from central 
Hanoi and Tuliem and Thanht.ri districts vvhich arc on the right side of the Red River 
(refer t.o t.he map of Hanoi cit.y of the previou~ paper (Ho and Egashira, 1999a)). Total 
concentrations of Cd, Cr, Cu, Ni, Pb and Zn of the present soil from Gialam distlict \vere 
all "vithin BG f.J estimated for agricultural soils of Tuliem and Thanhtri districts. 

The sediment of t.he present. study \vas collected at t\VO sites of the Tolich River and 
mixed in an equal amount. Tota1 concentrations of Cr, Cu, Ni, Pb and 2n of the sediment 
\vere over BGL except for Ni but below MPLCG, and \vit.hin the concentrations reported 
for the sedimentB of the Tolich River \vhich "\-vere collected at the sites \\-'here one or more 
factories are located near (Ho and Egashira, 1999b). In contrast., the Cd concentration 
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Table 2. Calculated tot.al heavy metal concentrations of the soil amended with sediment. 

Sediment Towl heavy metal concentration (mg/kg) 
(%) Cd Cr eu Ki Pb Zn 

0 0.33 GO 40 42 :.3:2 DJ 
10 1.20 US 42 45 :Fi 123 
:20 2.07 105 44 47 :37 153 
30 2.84 11:] 46 50 4U 183 
40 :3.82 120 18 S.'3 43 21:3 
50 4.69 127 50 55 45 243 

BGL# 0.16-0.36 63-11;3 40-50 :34-6G ;12-45 88-1:)7 
MPLCG ## 3 400 ### 200 110 :300 4GO 
(at pH>7JJ) 

#- BGL: Backgl'OLll1d levels of heavy metals in agricultural soils of Tulielll and Thanhtri 
districts of Hanoi city, Vietnam (Ho and Egashira, 1 mlHa) 

## :'I-1PLC(;: lvlaxinllllll permissihle concentrations of potenrially toxic heav}.' metals in 
soil ",ith arable crops after applicat.ion of se\vage sludge, quoted from Steve (1994). 

#-It# This value is pruvisiullai 

exceeded MPLCG and was about the double of the highest concentration in the previous 
study (Ho and Egashira, 1999b). Among three rivers (Nhue, Tolich and Kimnguu) 
flo\ving central Hanoi and Tllliem and Thanhtri districts, sediment.s of the Kinmguu Hiver 
\vere fonnd t.o be most. severely polluted v,rit.h variolls heR\-'Y~ metals (Ho and Egashira, 
1999b). The sediment from the Kimnguu River should be used in the experiment, but. 
now it is difficult to collect large amounts of sediment from the Kimnguu River due to 
public control because of its severe pollution with organic chemicals as \vell as heav:y 
metals (Ho et aI., 1998). 

Concerning the concent.rat.ion of heavy metals in the soil amended \vith sediment. 
(Table 2), it was below BGL in all sets of the sediment addition for Cu, Ni and Ph The 
concentration of Cr \vas over BGL at 40 and 50% additions of the sediment but a little. 
The concentrat.ion of I';n \vas over BGL at. 20 through 50'% additions but considerabiy 
belCH'\' 1\11'LCO. For Cd, the concentration exceeded BGL at. 109+, addit.ion and became 
equal to MPLCG at 30% addit.ion, sugg(~sting that Cd is t.he most controlling or effective 
element to crop grmvth in the present study. 

Yield of white cabbage and beet 
Fresh \veight of edible parts of villlitc cabbage and beet is given in Table 3, as a 

function of the percentage of sediment in the sediment-amended soil. Statistical analysis 
of the :yield was performed by five and fonr fraction ANOVA follmvcd by Fisher's PLSD. 
The yield of white cabbage was 242.0, :J:39.(;, :JI4(;, :lmi.lI, 2R1.11 and 1~f).fig/pot for 0,10, 
20, ;30: 40 and 50 of the sedirnf'nt perrent.age. The corresponding values for beet \vere 
78.0, 100.7, 119.0, 120.2, 92.5 and 67.7 g/pol. The yield was highest in the soil amended 
with 30% of t.he sediment for both \:dIiLe cabbage and beet. Increasing yield of white 
cabbage and beet \vit.h incrcasinA addition of the sediment until 30% suggests that the 
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Table 3. Yield of edible pans of white cabbage and lippj as a fllm:j ion of t.he percentage of 
sediment in the sediment-anlended soil. 

Sf:'diment __ Yip]~}_(.Il!.!"~:lL~~lat ler/pot) 
(%) "Vllite cabbage Beet 

0 242.0 (± f).R) R 7B.O (± 2.1) All 
10 ; .. nn.(i (±~ Ii.G) D 100.7 (::r::10.2) CIl 
20 ;j14Ji (±11.6) CIl 11l:l.0 (± :3.7) DE 
:30 ;"3D6.0 (± n.l) E 120.2 (±14.1) E 
40 281.0 l± 14.2) Be 92.5 ('::::'11.8) Be 
.so 1;35J; (± fl.H) A 67.7 (± 5.6) A 

The number in parentheses repre::;enls the ::;tandard deviat.ion of five and four replicaLions for 
wIIi!.e cabbage and beet, res!X;ctivc!y. 
Values \vit.h different. alphabets imlicale significanl difference (p<O.Ol) hehveen them. 
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sediment \vas utilized as a source of nutrients for crop production (Bouldin et al., 1985). 
Yield increase is probably due t.o increased available N from the sediment applicat.iufl 
(RappapI"ot. et al., 1988), indicating the fertilizer effect of the sediment. rich in organic 
matter. The yield of white cabbage and beet was decrea~ed by addilion of the sediment 
over :30()'() and \-vas lowest for the soil amended "With ;)0% of t.he sediment. Factors for the 
reduction of the crop yield by addit.ion of excess sediment. are not clear, but the following 
is can be considered: excess supply of N, harmful action of organic chemicals included in 
it and adverse effects of heaVJr metals. 

Concentration of heavy metals in white cabbage and beet 
While the sediment from the Tolich River w-as recognized as a fertilizer n~source, the 

potential for excessive uptake of heavy met.als continues to be an area of concern (Wolnik 
ct 01., 198;3). Total concentrations of heavy metals in edible parts of \",'hite cabbage and 
beet are shown in Table 4. The heav~y Ilwtals can be regarded as due to the metalupLake 
by plam.s, because the plants \vere grown inside an area enclosed by netting and irrigated 
by tap \vat.er, so that the metals in plants were all absorbed from the soil. Concentrations 
in the edible PaIt (leaf) of white cabbage raIlged from 0.12 to 0.27, 0.05 to 0.07, 0.6:3 to 
1.12, nm-detect.ed to 0.10, n.G2 to 1.0;3, and 9.1 to 1l.Smg/kg fresh matter for Cd, Cr, ell, 
Ni, PL, and Zn, re::lpect.ivel.y. The corresponding cOllcenLraLions for the edible part (root) 
of beet were nol-detected to ll.OG, 0.05, 0.42 to 0.62, nOl-detected, 0.28 to 0.46, and :3.3 
to 6.2 mg/kg fresh matter. In Cd, Cu, Pb and Zn, concent.rat.ions in the leaf of white 
cabbage were alwayt; higher than t.hose in the root of beet, similar to the result. of Boon 
and Soltanpour (1992). There was not found a close relationship between the metal 
concentrat.ions iII t.he edible part of a crop and the soil, like t.he report. of Kuboi et a.l. 

(1986). In addition, no difference in t.he heav:r met.al ronrpnt.ration of the edible part. 
bet"\vcen t.he soil and the soils amended lAit.h sediment. was observed, except. for Cd of 
\vhite cabbage and Cd and Zn of beet which shmved a tendency of accumulation in edible 
parts by arneIl(hnent. \vith sediment.. Tendency of accumulation of Cd can be ascribed to 
t.he high Cd concent.rat.ion in t.he sediment:. 
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Table 5 gives the absorption rate of heavy metals, calculated as (total amounts in crop 
X lOO/total amounts in soil), in edible parts of white cabbage and beet. The absorption 
rate tended to decrease with increasing addit ion of the sediment to the soil and was 

Table 4. Total heavy metal concentrations in edible part..!:i of \vhite cabbage and heet as a function of the 
pereentage of sediment in the sediment- amended !>oil. 

Crop Sediment Total heavy metal concentrat ion (mg/kg fresh matter) 
(%) 

White 0 
cabbage 10 

20 
30 
40 
50 

Beet 0 
10 
20 
30 
40 
50 

MaximUm permissib le heavy 
metal concen t.ration in fresh 
vegetables ### 

# ND: Not detected. 
## NA: Not available . 

Cd Cr 

0.13 0.07 
0 .1 5 0.06 
0.12 0.05 
0.22 0.06 
0 .18 0 .06 
0 .27 0.05 

NO 0.05 
0.0 1 0.05 
ND 0.05 

0.06 0.05 
0.05 0.05 
0.02 0.05 

0.03 NA## 

eu Ni Pb Zn 

1.1 2 0. 10 1.03 11.5 
0 .79 0.U8 0.67 9.2 
0.63 :JD# 0.60 9.1 
0.75 ND 0.70 !U 
0.81 NO 0.71 9.9 
0 .78 NO 0.52 10.0 

0.41) NO 0.39 3.3 
0 .58 ND 0.37 5.9 
0 .42 NO 0.28 4.1 
O.f>O NO 0.46 4.~) 

0.62 NO 0.44 6.2 
OAf} NO 0.46 5.:'> 

2.0 3.0 0 .6 30.0 

### Standard in Viet nam, quoLed from Ministry of Agriculture and Rural Development, Vietnam (1996). 

Table 5. Absorption rat.e of heavy metals in edible parts of white cabbage and beet. 

Crop Sediment. Absorpt ion ratl'! (%) 
(%) Cd Cr eu N; Pb Zn 

White 0 1.59 0.003 0 .11 0.01 0 .13 0.50 
cabbage 10 0.71 0.003 0 .11 om (U I 0.42 

20 0.:30 O'()02 0.08 0(#) 0 .09 0.:]] 

30 0 .49 0.004 0.11 0 0 .12 0.3.3 

40 0.22 0.002 0.08 0 0.08 0.22 

50 lLl :l 0.00 1 n.n4 0 o.m 0.09 

Ueet 0 0 0.110 1 0.02 0 0.02 0.05 

10 0.0 1 0.001 0.02 0 0.02 0.08 

20 0 O.On l 0.02 U 0.02 0.05 
:30 0.04 ll.(H)! 0.02 () 0.02 0.05 

40 0 .02 11.001 0 .02 0 0 .02 0.04 

GO 0.0 1 0.00 1 0 .01 () 0.01 0.03 

# Not detected in plant. 
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higher for \\'hitc cabbage than for beet. It. "vas higher for Cd and Zn t.han for the other 
four met.als at. thc speci fi ed percentage of sediment. for Loth crops. This can be ascribed 
to the highest mobility of Cd in soil fo llO\vcd b,Y ?; n, which was estimated from the 
scquclltiai fractiona tion of hc al..'Y metal s in the sed iments colle<:Led from three rivers ill 
central Hanoi allJ Tul iem. and Thanhtri dis t ricts (Ho and Egashira, 1999b). 

In comparison of t.he heavy metal concenrration in the edible pa.rt of crops ",ith the 
maxim um permiss ible heavy nlf~t.a l coneen tration in fresh vegetables established by 
Ministry of Agriculture alld Rural Development, Vietnam (1 996) Crable 4) , it was revealed 
that Cd and Pb in white cabbage and Cd in beet exceeded the established permissible 
levels. In t his case I t. 1 H:~ Cd and Pb cOlH~entrations in white cabbage were ove r the 
permissible levels even in the soil v .. i thout sediment. If this is t:ruf'!, cultivation of white 
cabbage should be avoided in the Red River delta area. More critical experiments may be 
needed. 

CON CLUS rOI\S 

Yield of white ca bbage and beet was definitely affec ted by addition of the 
river- sediment, \vhich was collected from the Tolidl River, Hanoi, to the agricultural soil 
Lake ll at the farm of Hillioi Agricultura l University. The yie ld w'as highest at 30% addition 
of the sediment t.o the soil , in dicating the fer tilizer erfect of t.he sedime nt, and decreased 
dis tinctly by addition of the sediment over 30%. Effect of addit.ion of t.h e sediment on the 
total heavy metal concentration in crops V,Tas not clear, but. tendency of accumulation of 
Cd 'vas noticed. 
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