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Effects of River and Lake Sediments on Cultivated Soil DTPA—extractable Heavy Metals and Other Properties
ZHAO Ru-dong', HU Yi-lian', Ed Barrett—Lennard?, Neil Coles?, JIANG Can-lan®, WU Jia—ping*”
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Western Australia, Crawley, WA 6009, Australia; 3.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nan—
jing 210095, China; 4. Institute of Islands and Coastal Ecosystems, Zhejiang University, Hangzhou 310058, China )

Abstract: River sediment is rich in organic materials and could be used to amend cultivated soils. However, heavy metals in river sediment
may threaten soil health and subsequently crop performance following the river sediment applied to soils. This study investigated DTPA —ex—
tractable heavy metals in cultivated soils amended with river sediment in river network plain area, Southern China. Soil samples were collect—
ed from selected paddy fields and dry land where river sediment had been applied (200~300 t-hm™2), soils from fields without river sediment
application as controls. Soil pH decreased obviously ( the lowest value was 3.63 ), while soil available sulfur, electric conductivity, and DT-
PA—extractable heavy metals(Ni, Zn, As, Cr, Co, Cu, Hg and Sn) increased obviously after sediment applications. The highest values of
both soil available sulfur and electric conductivity were observed in dry land (1 667.74 mg-kg™ and 2 216.67 pS+cem™, respectively ). Sta—
tistical analysis ( Correlation analysis, cluster analysis and principal component analysis ) further showed that river sediment applications
caused the enhancement of soil heavy metals in the fields. The present results suggest that accelerated soil acidification and high DTPA—ex—
tractable heavy metals(e.g., Ni, Zn, As, Cr, Co, Cu, Hg and Sn) contribute to the poor crop—performance. Additionally, the salinity from riv—
er sediment might also affect crop performance.This study shows that environmental safety assessment must be conducted before river and
lake sediments can be applied into farming land.

Keywords: soil heavy metal; DTPA; sulfur; acidification
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Table 1 Soil basic properties of the treatments

I e f*ﬂﬁ_ﬁ: GLL HLGK Electric
Depth/em Treatments rganic ] Available ) pH C()nducll\’jlt)’/
matter/g-kg™ sulfur/mg-kg rS+em
0~15 PS 40.43cd 784.58¢  3.99b 1015.67cd
PCK 32.60abc 483.09ab  4.63e  909.00b
DS 46.40d 1397.33d  3.63a 1 809.33¢
DCK 30.64ab 513.24abe  5.25g 1 041.00d
15~25 PS 38.72bed 717.87bc  4.29¢  969.67c
PCK 32.18abc 34493a  449d  790.33a
DS 46.18d 1 667.74d 4.24c 2 216.67¢
DCK 27.30a 529.30abe  4.85f 1 122.67d

T - PS, it FI 8 147K H 5 PCK, SRt FHE P8 17K 5 DS, it F i 38
F 54 s DCK Rt R TR 4t o (RIS AR ] B 3R 28 5 AN 1 3 (P<
0.05), FlAl.

Note: PS,paddy field amended with river and lake sediments;PCK,
paddy field without river and lake sediments;DS,dry field amended with
river and lake sediments; DCK, dry field without river and lake sediments.
Those values followed by the same letters in each volume are not signifi-

cantly different(P<0.05). The same below.
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TR R T A H R SR
22 KEMBMTIEESESENT

FACPREE 4 )8 DTPA $RBGE ek 2. Mt
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Table 2 Soil heavy metal contents of the treatments

R Qb Co/ Cu/ Mn/ Ni/ Ph/ Zn/ As/ Cd/ Cr/ Hg/ Sn/

Depth/cm Treatments mg-kg”  mg-kg”  mg-kg'  mg-kg'  mgkg'  mgekg? pgekg! pgekg? pgckg? peckg?! pgrkg!
0~15 PS 1.01c 87.33¢c  41.10c  23333d  0.16a  54.13e  7.10d  2433a  4233¢c  0.23c 1.32ef
PCK 0.38b  30.33ab  30.77bc  68.33b  027bc  21.67c 143b  82.00b 733 0.16b 1.17¢f

DS 009  2133a  1120a  218.00d  0.36c 32.9d 1162  21.67a  2333b  0.16b 0.40b

DCK 0.05a  2500a  2290ab  15.67a  0.56d 14.4ab 136b  8133b  533a  0.15ab  037b

15~25 PS 0.8lc  47.00b  27.57bc  13133¢  020ab  32.03d  330c  9533b  17.67b  0.28d 1.38f

PCK 0.59b  2233a  29.93be  61.00b  020ab  19.30bc  0.60a  6533b  6.67a 0.18b 0.77¢

DS 0.55b  25.00a  30.33be  228.67d  022ab  46.03¢  639d  80.67b  3833c  0.34e 1.13de

DCK 0.12a 10.67a  35.83bc  7.00a 0.6d 11332 035a  8033b  2.67a 0.11a 0.13a
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Table 3 Correlation coefficients between the soil parameters (n=24)
Co Cu Mn Ni Pb Zn As Cd Cr Hg Sn
Cu 0.785%*
Mn 0.468* 0.397
Ni 0.479* 0.516%* -0.092
Pb —0.827**  —0.561** -0.150  -0.621%*
Zn 0.690%* 0.689%* 0.180 0.912%*  —0.684%*
As 0.096 0.267 -0.344 0.855%* -0.284 0.703%*
Cd -0.103 -0.359 0.152 —0.555%%* 0.196 -0.467*%  -0.701%**
Cr 0.584%* 0.621%* 0.176 0.927#*  -0.579%*  0.962%%* 0.725%* -0.491*
Hg 0.640%* 0.338 0.147 0.631%*  -0.660%*  0.721%%* 0.321 0.129 0.692%*
Sn 0.844%* 0.655%* 0.330 0.502%* —0.848**  0.660%* 0.121 0.056 0.552%* 0.726%*
Orgaﬁnﬂiner 0.288 0.265 —-0.243 0.867**  -0.507*  0.730%*%  0.847*%* -0.400 0.776%*  0.626%* 0.353
Gkl 0.019 -0.003 -0.313 0.768** -0.210 0.619%*  0.779%%* -0.266 0.692%*  0.571%%* 0.105
Available sulfur ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
L -0.352 -0.395 -0.169 0.360 0.280 0.204 0.454* -0.089 0.338 0.220 -0.328
Electric conductivity ’ ’ ’ ’ ’ ’ ’ ’ o ’ ’
pH -0.390 -0.365 0.202 —0.872%*  0.598**  —0.722%* —0.854%*  (0.642*%*  —0.696%* -0.380 -0.351

2 7E 0.05 7KV A G * 7E 0.01 /K-S AH G

Note : * means significant correlation between parameters at 0.05 level ; ** means significant correlation between parameters at 0.01 level.
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Figure 1 Dendrogram based on cluster analysis of soil heavy metals
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Table 4 Eigenvalues and variance of principal component analysis

J&TC R B L IR M5 S o 1T 3 A T i R -3 fr
(%% 5) 7~ :Co .Cu Ni.Zn As Cr Hg Fl Sn $J7F F 1§
o1 1o A BOR A s Zn As T Cr 72 F B0 2 oy
AR A AT s Hg 7E F 43 3 A A Bk dimr . — oo
FAEF RGBT (AEHE D) 8K, KB — F 40
YZITE MRy . S5 ESBITR ST ®HNY
M, A H 338 X BRI Zn As AT Cr 78 R 1
A2 oA R R BT, T NI AXAE F sy 1 A EeR
Zfir s Co .Cu A1 Sn HAEF AL 1 AEKEifr, 1M He
FEFRG 1R ERGY 3 AR E R [ —J0tR
FEVERT b RAT AR, AT AT 4T Zn  As  Cr F1 Hg
R TR, H A 27 oA PR 2 (CAnFREs BHEEHESE)

B
5 ur”—,l o

F FHIEME TR/ % TR A%
1 7.200 60.00 60.00 3 .I'TJ- -L/l’}
; o o o SRR B, AT LT R AT i
J(BLE PR S ) AN SRME ]t i ) 3 J8GimT i 75
x5 81 3 NERS(PC)HITE(n=12)
Table 5 Loading for first three principal components(n=12)
F 5 Co Cu Mn Ni Pb 7n As Cd Cr Hg Sn
1 0.903 0.727 0.904 0.938 -0.942 0.678 -0.718 0.382 0.572 0.680 0.910
2 —-0.045 0.192 0.223 0.186 0.057 0.693 0.660 -0.853 0.748 -0.397 -0.288
3 —-0.385 0.592 -0.164 0.230 0.185 0.090 0.079 0.335 0.272 0.554 -0.175
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