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Effects of Chemical Stabilization on Soil Cd Fractions and Water Spinach Cd Contents After Amendment with

Dredged River Sediments

LI Xiang', LIU Yong—bing", CHENG Yan—jun', LUO Nan', ZANG Zhen—yuan', WU Jun?, HONG Wen-liang?, SHEN Lai—xin’
(1.Environmental Protection Research Institute of Light Industry, Beijing 100089, China; 2.Haikou City Major Land Arrangement Project
Leading Group, Haikou 570312, China; 3.Beijing Institute of Water, Beijing 100048, China )

Abstract: In situ stabilization is a low—cost, simple—operation and fast—effectiveness technique for remediating heavy metals—contaminated
soils. In this study, a field trial was carried out to investigate the stabilization effects of three different amendment treatments(lime + calcium
magnesium phosphate fertilizer, sepiolite +calcium dihydrogen phosphate, and calcium magnesium phosphate fertilizer alone) on soil Cd
forms and bioavailability. The effectiveness of the treatments was evaluated by soil Cd fractions and Cd contents in water spinach. Results
showed that amendments changed Cd fractions in treated soil. Compared with the control, the maximum reduction of acid extractable Cd
fraction was 54.43%, while the increase percentages were as high as 81.90% for reducible fraction, 107.43% for oxidizable fraction, and
74.15% for residual fraction. Water spinach Cd contents were 38.61% to 85.69% lower in the stabilization treatments than in control, meet—
ing the safety requirements for non—pollution vegetables. For all Cd levels, the reducing effect of stabilizers on water spinach Cd content was
lime+calcium magnesium phosphate fertilizer>calcium magnesium phosphate fertilizer>sepiolite+calcium dihydrogen phosphate, which was
consistent with acid extractable Cd in soil. In conclusion, soil amendments could effectively control the Cd pollution caused by sediment ap—
plications, ensuring the food safety of water spinach produce.
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Table 2 Contents of heavy metals in soils amended with

sediments(mg-kg™)

W Ct Ni Cu Zn Cd Pb As Hg

kel 28.55 16.43 3585 3398 033 13.59 1.05 0.06

thYRREE 4525 2122 41.89 6124 047 2815 458 0.17

EVREE 7133 3078 47.25 9825 0.67 40.11 1122 024
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Table 1 Basic physical and chemical properties of soil amended with sediments

e pH e AHL/g kg %/gkg!  Bgrket  P/grke B /mg kgt B/ mg kg HUK B /mg-kg!
filkHeE 5.59 i+ 22.08 1.23 0.87 13.18 98.94 95.83 76.39
hEE 5.64 Wt 20.58 1.17 0.69 14.27 83.55 111.16 74.93
EukE 528 bt 23.37 1.29 0.82 14.82 115.62 94.33 70.68
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Figure 1 Distribution of Cd fractions in contaminated soils
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Table 3 Types and rates of soil stabilizers(kg*m™)

T Ab3 FEYS FHEEREAL HEEAT R — AU
Cd content Treatment Lime Fused calcium—magnesium phosphate Sepiolite Calcium dihydrogen phosphate

A 3sD — — — —

3LP 0.30 0.30 — —

3Sp — — 0.30 0.30

3MPpP — 0.60 — —
iz 48D — — — —

4LP 0.45 0.45 — —

4Sp — — 0.45 0.45

4MP — 0.90 — —
T 55D — — — —

S5LP 0.60 0.60 — —

5Sp — — 0.60 0.60

SMP — 1.20




F O R AR R TR ATG 13 Cd A B 03 Cd S BRI 285

SRR . FREUSIIZ 5.000 0 g, B T E I EES IS =M
A, A5 mL 30%:1d % AL A A 20 mL HNOs (342
g 45 JRCE 0 N B 4 R B RS BRI 1 O
NIRRT 150 RN ERIATE T,
HARRHI 2=, A AKESR 2 50 mL, f50, & 10
AFERRE | AEE R ES AR MR
Cd 20 H ] ICP-MS #:.,

2 HR5iTie

2.1 AEREF4LE LI Cd BEE

WFFE A BCR U S %R e WAS 2 fl Ak B
i) 13 Cd OURMIE S, SRS E SR
SRR BRI P R R B R GEa RE
FANZ LA VR e A T )8 | DU IR £h
AR G R 5 W IR )5S U e B B G s 12 2
SR A EE S RS A E s
TOEAYYIEE AT AR LA 2.

100 Osgipdhcs Onlidlss Brsis Ekissd
7z 7%

805 % B 4 4 %
§ H U B B H @B B B =lZ 7
ﬂjﬂﬂ H H B B 5 H H H B H H
T 60 | o [ e I H H B [ e I
2 === Ll H = H 1 =
%
2 40 =
2 L H
< 20H | [T i i

0 3SD 3LP 3SP3MP 4SD 4LP 4SP4MP 5SD SLP 5SP5MP

B AP

B 2 iERARRENEIELE Cd TRHEES ]
Figure 2 Distribution of Cd fractions in Cd—contaminated soils

before and after applying stabilizers
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Figure 3 Variation of soil pH values before and after

applying stabilizers
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Table 4 Heavy metal contents in water spinach under different stabilization treatments

Qb PR Cr/mg-kg™! Ni/mg-kg™! Cu/mg-kg™ Zn/mg-kg™ Cd/mg-kg™ Pb/mg-kg™ As/mg kg™ Hg/mg kg™
3SD 0.209 3:0.001 7aA 0703 6:0.003 7aA  4.140 0£0.001 8aA  4.503 9£0.001 9aA  0.050 5£0.001 1laA  0.160 310.005 6aA  0.000 0+0.000 0aA  0.002 620.000 8aA
3LP 0229 2+0.0053aA 0772 6£0.005 5aA  0.431 120.002 7bB  1.047 620.002 7bB  0.008 5£0.001 8B 0.000 0+0.000 ObB  0.000 0£0.000 0aA  0.006 2+0.000 7aA
3SP 0251 120006 9aA  0.756 9+0.004 6aA  0.361 7+0.000 7bB  0.983 4+0.002 [bB  0.031 0£0.000 SheB  0.000 0+0.000 0bB  0.000 0+0.000 0aA  0.001 9£0.000 2aA
3MP  0.220 2:0.002 3aA 0786 4+0.002 8aA 0448 4£0.002 8bB  0.821 6+0.001 4bB  0.017 5£0.000 6bAB  0.028 6+0.002 3bB  0.000 0£0.000 0aA ~ 0.006 1+0.000 9aA
4SD - 0073 3:0.003 4aA  0.722 7+0.001 8aA  1.37240.006 SaA  0.741 5£0.003 0aA  0.052 6£0.000 9aA  0.080 9+0.006 9aA  0.027 9£0.000 9bA  0.003 5+0.000 4aA
4LP  0.056 2£0.003 6aA  0.725 9:0.005 9aA  0.677 2£0.002 ShB  0.274 8+0.009 8bB  0.025 1£0.001 8bB  0.015 4£0.001 3aA  0.051 0+0.001 0abA  0.002 10.000 4ahA
4SP 0.107 2£0.003 9aA  0.843 0£0.001 2aA  0.593 3x0.003 2bB  0.407 0£0.004 1bB  0.032 2:0.001 6bB  0.050 9£0.002 8aA  0.048 820.003 9abA  0.002 620.000 9ahA
4MP  0.121 3£0.004 2bA  0.796 3£0.001 1aA  0.834 5:0.003 9bB  0.489 7£0.007 2bAB  0.029 2+0.000 7bB  0.145 4£0.001 8aA  0.075 2£0.006 9aA  0.001 3£0.000 ShA
5SD  0.287 4£0.003 6aA  0.792 2+0.000 9aA 1268 7+0.000 4aA  2.257 0£0.005 9aA  0.057 3£0.001 SaA  0.000 0+0.000 0aA  0.000 0+0.000 OaA  0.002 8+0.000 7aA
SLP 0233 620.001 7aA  0.898 5:0.002 2aA  0.280 2+0.006 0bB  0.790 7+0.008 4bB  0.008 2+0.000 4bB  0.000 0£0.000 0aA  0.000 0£0.000 0aA  0.001 6+0.000 4aA
5SP 0309 6£0.001 2aA  0.911 2+0.001 0aA  0.640 3+0.000 8abAB  1.169 3£0.003 8bAB  0.020 2+0.000 8bB  0.002 8£0.000 2aA  0.027 6£0.000 8aA  0.001 8+0.000 3aA
SMP  0.271 4£0.002 5aA  0.905 7£0.002 0aA 0487 7:0.004 4bAB  0.656 1£0.004 7b0B  0.017 3£0.000 4bB  0.000 0+0.000 0aA  0.000 0£0.000 0aA  0.001 70.000 7aA

FRAE 1 0.5 — — — 0.2 0.3 0.5 0.01

FRAH 2 05 - - - 0.05 02 05 0.1

T [ =2 /NG PR R R TE P=0.05 K- b 2257 B3 [l — 31
QPRI )(GB 2762—2012 ) AR CHRIERRAE ; FRAE 2 (A" i A Feit Ty

KREFHRAMFRZFRAE P=0.01 AF E2RFARRE . R 1 (R PTS

EFRIEU AR Y(GB 18406.1—2001 ) H kR ERR(H
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