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Effects of stabilization on soil heavy metal fractions and vegetable heavy metal content under amendment with
dredged river sediments

LI Xiang, LIU Yong-bing", CHENG Yan—jun, ZANG Zhen-yuan, LUO Nan, WANG Jia—jia

(Beijing Key Lab of Industrial Contamination and Remediation, Environmental Protection Research Institute of Light Industry, Beijing
100089, China)

Abstract: A field experiment was carried out to investigate the effects of stabilization on heavy metal fractions in soil and heavy metal con—
tent in four different vegetables under agricultural applications of dredged river sediments. Results showed that all stabilization treatments
reduced heavy metal content in vegetables by diminishing mobility and bioavailability of heavy metals in soils. Compared with the control,
Cd, Pb, Cu, Ni, and Zn in acid extractable fraction were apparently reduced in the treated soil, with the maximal reduction rates of 40.95%
for Cd, 83.87% for Pb, 67.22% for Cu, 65.32% for Ni, and 71.61% for Zn. The most effective treatment for soil Cd was LP(lime + calcium
magnesium phosphate fertilizer ), while the best for all other heavy metals was MP( calcium magnesium phosphate fertilizer ). The maximal
reduction of heavy metals in the edible parts of vegetables was 85.69% for Cd, 100.00% for Pb, 77.91% for Cu, 64.97% for Ni, and 70.93%
for Zn. The content of all heavy metals in the plants met the national food safety standards (GB 2762—2012). LP showed the most effective—
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ness to reduce Cd uptake by water spinach, whereas three treatments did not show difference in reducing heavy metal uptake by balsam pear,

bell pepper and carob. Bioaccumulation factors of water spinach for heavy metals were greater than those of bell pepper, bitter melon, and

carob. In conclusion, soil stabilization amendments could effectively control the heavy metal pollution caused by sediment applications, en—

suring the vegetable safety. In order to secure safe vegetable production, vegetables with different accumulation capacities should be selected

for planting in slightly polluted or stabilized farmland soil based on the species, concentrations and bioavailability of soil heavy metals.

Keywords: sediment utilization; soil heavy metal; stabilization; vegetable; accumulation
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Table 1 Basic physical and chemical properties of soil applied with sediment

pH TR AP ket RRg ket ABigket 2fi/g-ke B A /mg kg A/ mg-kg”! AL /mg- kg™
5.64 w+ 2337 1.29 0.87 14.82 115.62 111.16 76.39
2 ERARKEBREIEEEESE(ng-kg")
Table 2 Heavy metal content of soil applied with sediment(mg-kg™)
HeJEILR Cr Ni Cu Zn Cd Pb As Hg
VG e 71.33 33.78 47.25 98.25 0.67 40.11 11.22 0.20
CERA™ b = WABE B T s e YHI/T 332—2006 prdEfR{E 150 40 50 200 0.3 50 30 0.25

Tt e T A BRTEA /) ASEEREIEN A = R4 R FH
AR EEMENL T . A2 S A A R ZE I 25 003
(Ipomoea aquatica Forsk, 7= B Z& & 1E KA 7 BRA
w) ) KA R 2R E 4 e K A (Vigna unguiculata, 7
Bk a Al A BRA F] L M) G5 RO Rk
TS &k K (Balsam pear, 7 F 6 7 1 F R0 A
FRZSE] F 3R AU B ( Capsicum annuum L.
var. grossum, ;= H L ZE KR FABRAH]) .

1.2 R &

FaE s AR TR - 4 P —/ NX K
ot E R E PR S > T RSB R . 1
o = e 5 it BB A Y (2011 S4BT R, BE & LP
(A R+ESEEENE ) (SP ORI A +BE IR — 545 ) MP (55
BEWRAR )3t 3 ANFRUE A A BRTASHIURR 2 740 14 %o B Ak 2
SD . AN[FJ b HR A RS SR RPN AT & WL 3. AHIRIAb 2]
rME 4 N/ NXFEA R B SE, B /NX5E 4
m K 5 m, Y 20 m?, REF SIS [R5 S /N X
B 3 A EA 48 /NI, RN B IEK R
HFE BRI BOR MR BE Y A BUKOF- 64 T, AR R Ab 2R
(AR A B 2R T)

13 HmRESHH

B A SRR AL RSB IR A A/ X 5
G 1EA BBRFE R A F 1 kg, NE2AS mR S
B SRAE  F DU AR R T 40 O3, 38 NSRS R I bR
2 FLRAR T o TR B T AE | 25 OSSR AR I
B T EAZ AR A B B IR R

®3 REFAHFHEMAR (kg-m?)
Table 3 Types and rates of stabilizers(kg*m™)

Ib B AR FHEERRAE A BRR_EES
Treatments Lime FCMP Sepiolite Ca(H,PO,),
XA SD — — — —
Ab 3 LP 0.60 0.60 — —
Qb3 SP — — 0.60 0.60

Qb3 MP — 1.20 — —

(5] R 57 A At TR AR PR A A/ N DO T AR
X, R AL SR b 48 1>

g s ry ] B AR o FH A kK e, B aliK 5 52w
U, IR AR oK 43, IO 43 R B 500 g AR BEAILET L)
I, B4 bR A o FRELATSE 5.000 0 g, B T (= B E 3
B =AM, A S mLL 30%3: 4L Fl 20 mL HNO,
(BN LE) EAR, HNE 4 RIS ERR 11 %
W B/ NS IR <L, T H AR B 150 SCE A R
WG, AR AR IR, 4K E R E 50 mL, 1§
W BEAFERL TR 3 ANEAE R BE A F BR IR
TH i A 4 5 A 1CP-MS A6

IR TR SEMOR I ] 25 R AR L R M AE A
RAERARE, BASRFEX B 5 0 4, R4 0~20 em
BHEIZ LA DT 1 kg, 2570 58 L HER A5 #0070k
BATER > A AN AR A, BN 1SR
X, MR AR T AR 48 . SREEM L AR T T A
JBE ik 100 HJe Je i , B IR &) J5 BOAE St B A8 M br 4
P o L AER AL TE JF SR ARSI 7k 5 SCHR(S , 241 —
B MR I )R SR A ICP-MS i, [+
b 4w R M A A Y ] A AL S
Ja B R A 5, 35 A A A A T S DA 2,
AR SCEF X R H 15 YA b rh iy 4 J8 64T BCR
BESARPGEIE 00, R S et e A Ak 3 5 L
S IBICR LSBT, 3B L h H 4R
A RARIBGE: | AT IR IS A AL S AR A SR IBURK
F ICP-MS M 43 )& 3% 5
1.4 HiEabE

B SN B4 w1 R R BO T A

HHEZEBCF (Bioconcentration Factor )= 3¢ A
TR EEE &R/ TR E SR 5

52 K I8 SR ] Excel 2010 355 4b 31, 3 22 5
IBM SPSS Statistics 20.0 #X i/ 17 One—way ANOVA
ARy 22 S 2 8 A (LSD) 73t .
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Figure 1 Distribution of heavy metal fractions in contaminated soils

before and after stabilization
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HIE SR AN K R IEAR R BTE g - e
TR LA IR PR Y 4 Fhgh e b i) 8 43 )8 &
BALTX IR SR, H A2 T GB18406.1—2001 F
GB 2762—2012 HAHSCPRMEL, Rt S Te FI IS 1
KHEFE IS, BRI IE S 4w bR R
B, PRUEFIME B SR B i 2 2k

23 BEMNEECEEEFHINER

ARG 4 PGSR R e (AL L I E 4R
M E R RBULER 5. 25 03X LRV E 4/ P 3 s 4k
FREOR/NBUF R Cd>Ni>Cu>Zn>Ph ;i JIO6 LA 43 )&
-1 B 4 R B/ MBIy CusNi>Cd>Zn>Ph. #ifi -4
XU EE 42 @ P34 s 4 R B/ Ml Cd>Cu>Ni>
Zn>Pb; K G A TURP L 48 1T840 8 4 R A/ M
4 Cu>Zn>Ni>Cd>Ph; £ 702 (S 4 R B/ N7
A Cd>Cu>Ni>Zn>Pb, AT UL, Cd .Cu Ni Zn 5 M
T E SR AT, B TR ESITER . P
WA I\ 55675 B g s i al AR, 8 TIRE 4
LR, XHTFZHREZE 8T,

4 FPEESERT Cd .Cu 1 Ni 9B B BE ST RN R 23
ST IRSK B M, X Zn W& ERE T RN R
2R ST TSR F A>T, X Pb & 4ERE IR
IN RS 3RS T RS K S M . I 0L, 3%
FM 203 A& 40 %t Cd . Cu NiZn . Pb % & 4
AE IR TSR BE S Ml & R 417, ZESE bR
B4 TR, AP 0 F 4 T ¥ YAk F R AR i g
T S FhR A Rk R B 4 R SRR T = Y

R4 FAREFALETARGERFEEENSE(ng-kg)

Table 4 Heavy metal content in different vegetables under different stabilization treatments(mg-kg™)

7Zn Cd Pb

FiSERIZE Varieties AbFH Treatment Ni

IR SD 0.911 2+0.001 Oa
LP 0.898 5+0.002 2a

sp 0.792 2+0.000 9a

MP 0.905 7+0.002 Oa

IR SD 0.097 8+0.002 5a
LP 0.068 4+0.005 4hc

sp 0.080 2+0.001 2b

MP 0.061 1+0.003 7b

Fili ¥ SD 0.234 2+0.007 8a
LP 0.215 8+0.010 Oa

Sp 0.227 6+0.013 8a

MP 0.152 3+0.009 7b

K I SD 0.554 7+0.031 4a
LP 0.348 3+0.024 Ob

Sp 0.242 0£0.012 8hc

MP 0.194 3£0.018 Oc

(b A5 Je g BR 5 ) (GB 2762—2012)

HAH AR ERR (E

ARy & A Tt TN F B AR )

(GB 18406.1—2001)

1.268 7+0.000 4a
0.280 2+0.006 Oc
0.487 7+0.004 4b
0.640 3+0.000 8b
0.926 6+0.018 7a
0.792 0£0.013 1a
0.532 7+0.007 9b
0.544 1+0.009 8b
1.206 9+0.018 7a
0.771 4+0.010 Ob
0.707 8+0.014 6b
0.489 8+0.008 5c
0.960 6+0.031 1a
0.641 5+0.030 Ob
0.585 9+0.027 1b
0.611 4+0.018 5b

2.257 0+0.005 9a
0.790 7+0.008 4c
0.656 1+0.004 7¢
1.169 3+0.003 8b
0.345 7+0.020 Oa
0.241 7+0.009 8b
0.267 9+0.016 8b
0.211 4£0.002 7b
0.685 1+0.017 8a
0.537 3+0.012 5b
0.525 2+0.009 6b
0.326 1+0.011 4c¢
1.338 2+0.029 8a
1.036 2+0.037 la
0.672 7+0.025 6b
0.595 6+0.017 7b

0.057 3+£0.001 5a
0.008 2+0.000 4¢
0.020 2+0.000 8b
0.017 3+0.000 4b
0.003 4+0.000 7a
0.002 2+0.000 5a
0.002 5+0.000 1a
0.002 1+0.000 7a
0.017 4+0.003 3a
0.013 8+0.001 6b
0.013 6+0.002 1b
0.010 6+0.001 1c
0.004 9+0.000 7a
0.002 7+0.000 4b
0.001 0+0.000 Ob
0.001 7+0.000 Ob
0.2(IM 35 3)

0.05(BRM-Eii k)

0.05

0.072 8+0.000 2a
0.000 0+0.000 Ob
0.000 0+0.000 Ob
0.000 0+0.000 Ob
0.022 4£0.005 7a
0.012 9+0.001 2b
0.010 9+0.002 1b
0.009 3+0.000 7b
0.016 7£0.002 1a
0.006 4+0.001 1b
0.014 7£0.000 9a
0.001 7+0.000 1b
0.025 6+0.002 1a
0.000 5+0.000 Oc
0.000 4+0.000 Oc
0.002 4+0.000 Ob
0.3(3R )

0. 1(BRM-3E; 3R )

0.2

T R R — BRI R AR R /NG R 3878 25 57 8. 25 (P<0.05) 5 BU{H “0.00007 78 2 Ak BT A 5008 AR 46t B, 265 K38 20 i 49 Cr As il Hg

F AT A R, HORS
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Table 5 Bioconcentration factors of heavy metals in different vegetables
H 4 JE Metals B PPK Varieties X HEZH SD RbPRZH LP AP SP AbhFHZH MP

Pb 20 0.004 9+0.001 8a
R 0.000 7+0.000 Ob

Tl ¥ 0.000 2:0.000 Ob

K S 0.000 0+0.000 Ob

Cd 2 0.116 8+0.002 5a
R 0.005 4+0.000 7c

Tl ¥ 0.028 6+0.001 1b

K G 0.000 9+0.000 Oc

Zn 2 0.019 8+0.002 8a
L 0.006 0£0.000 7b

i ¥ 0.015 5+0.002 1a

K G 0.006 2+0.000 2b

Cu 2 0.058 4+0.005 0a
R 0.021 6+0.001 4b

il ¥ 0.024 5+0.002 7b

K G 0.006 10.000 4c

Ni 233 0.034 2+0.003 4a
R 0.008 0+0.000 9¢

Tl ¥ 0.013 2+0.001 Ob

K S 0.003 4+0.000 Oc

0.000 2+0.000 Oa
0.000 5+0.000 Oa
0.000 5+0.000 Oa
0.000 0+0.000 Oa
0.035 7+0.001 5a
0.005 4+0.000 4b
0.030 5+0.001 Oa
0.002 9+0.000 2b
0.014 4+0.001 Oa
0.005 0£0.000 1b
0.006 7+0.000 3b
0.011 0+0.001 5a
0.011 4+0.001 2a
0.018 3+0.001 Oa
0.016 6+0.001 Oa
0.012 7+0.000 Oa
0.036 8+0.002 9a
0.008 5+0.000 8¢
0.021 0+0.001 9b
0.003 5+0.000 8¢

0.001 2+0.000 1a
0.000 4+0.000 Oa
0.000 3+0.000 Oa
0.000 2+0.000 Oa
0.050 5+0.002 4a
0.005 9+0.000 7¢
0.028 6+0.0020 b
0.003 3+0.000 2¢
0.015 8+0.000 9a
0.004 9+0.000 5b
0.007 7+0.000 2b
0.005 1+0.000 2b
0.012 6+0.001 Oa
0.012 1+0.000 7a
0.016 9+0.001 2a
0.005 6+0.000 1b
0.038 5+0.002 5a
0.005 3+0.000 2b
0.009 6+0.000 9b
0.003 2+0.000 3b

0.002 5+0.000 4a
0.000 5+0.000 Ob
0.000 2+0.000 Ob
0.000 0+0.000 Ob
0.060 6+0.003 8a
0.005 1+0.000 2¢
0.027 1+0.001 5b
0.004 1+0.000 1c
0.049 1+0.002 9a
0.004 9+0.000 2¢
0.013 4+0.001 5b
0.012 9+0.002 1b
0.030 2+0.002 1a
0.018 3+0.001 8b
0.023 3+0.001 lab
0.012 0+0.000 9¢
0.038 3+0.003 Oa
0.009 1+0.000 9¢
0.012 7+0.001 Sb
0.003 3+0.000 1c

T R A — TR I RPUAR [RNG 5B 22 5 8.3 (P<0.05).

'/

2SI SR G SR PR AR = SR RE T i i

Sent A I Al AR S AR DURRARTE 4w 15

JRURS: , B AR £ 24
3 %

(DX TR G B 45 Jm 4R B 5 G

FESUE e Ab B REAS 1 25 el /b I b 5 ) 19 55 TR

11,3

PGS S, Bk A i, ATIFER T =R

QYA TH AP AL, AT

;’éi*f%

etk
S E 30k :

[T XA, 45 F, XK, 55, T g

i R IR R

AR S/INAE M3
SR AL PR B75 Y L35 n] B AR
REKGAEGRIV LT, AT IRUESR S

B2 Tk

J5 8 B ORI Al TARE2A4R, 2015, 31(9) : 242-248.

et

IEREM A RNE . o, £ %F Cd 2 5E AL ACR i
PEAL A AT KR+, T TR LR B RCR IR
b B S EEREAL o

(2R FXF B4, 3 AP AS E FL Ak 21X RE 5 o )
B ST 45 TR IR A, b PR S 1) T S s P
BART X IR G 3R, HLs B dh s G Yy R ) A
(LA FEBR LA )R BIAR S R o, el 2
SO SR MR S 4 R i B 14 Ak B A7 IR+ B BRI 5 3 b
Qb P IR A RBURIIR: 2 A B < i MR AT A il 2 22
FAMEE,

(3)25. L3 A 280 & Jm 10 = SR R B R
TN AT A A . Cd Cu Ni \Zn 85 )\ 145
li) i e ) AT BB G0 #% , Ph AN ) e ks AEHL & IR 15

LIU Yong-bing, LI Xiang, LIU Yong—jie, et al. Construction method and
application effect on tillage layer soil by sediment in land consolidation
engineering|J]. Transactions of the Chinese Society of Agricultural En—
gineering, 2015, 31(9 ) :242-248.

RIXKIE, Bk, 4% 39, 45 MR A e PV T I R Ve 97 Ak L
K4 R 15 YN Al TRR =4, 2013, 29(3):213-224, 299.
LIU Yong-bing, JIA Bin, LI Xiang, et al. Characteristic of nutrients and
evaluation of heavy metal contamination on sediments among Xinpo
Pond, Nandu River in Hainan Province[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2013, 29(3):213-224,299.

[3] HLAT, XACES, XS, 5. iR IR Je 5 il 3R Az o 4 0%
ARG LU 5 RV e 0. L AR, 2015,
46(1):62-67.

ZHUO Zhi-qing, LIU Yong-bing, ZHAO Cong-ju, et al. Fractal dimen—
sion and characteristics of soil particle size in pond sediment and farm—

land soil : An example of Tangliu Pond at the lower reach of Nandu Riv—-



1284

KA IMERF 517 EIRRET .

er, Hainan Island[J]. Chinese Journal of Soil Science, 2015, 46(1):
62-67.

(4] XUmihH, e, X =, 3. AR R R G -3 Cd IR
HIBFSELT. &&ﬂfﬂﬂﬂﬂfﬁ 2013,32(9):1778-1785.
LIU Li-juan, DONG Yuan-hua, LIU Yun, et al. Effects of various a—
mendments on the fractions of cadmium in a polluted soil[J]. Journal of
A gro—Environment Science, 2013, 32(9).1778-1785.

(5] FAr /e B &, o )%, 5. EAJR TS Y + s A B0 s S 5 ik
JE]. I AR 244, 2009, 20(5) : 1214-1222.
WANG Li-qun, LUO Lei, MA Yi-bing, et al. In situ immobilization re—
mediation of heavy metals—contaminated soils: A review[J]. Chinese Jour—
nal of Applied Ecology, 2009, 20(5):1214-1222.
(6] 4 F, EXHEBE 8, % B RAX Cu Cd s LIEF SRS
AR FZAT]. o E PR R, 2012, 32(7) 1 1241-1249.
LI Ping, WANG Xing-xiang, LANG Man, et al. Effects of amendments
on the fraction transform of heavy metals in soil contaminated by copper
and cadmium[J]. China Environmental Science, 2012, 32(7):1241-
1249.

(71 R SKBEL, 5K PF, 4. 3880 R L2 & Iy Bl Ak R el 1
R Ph . Cd[J]. FRESRRE, 2012, 33(10) :3569-3576.
TANG Min, ZHANG Jin-zhong, ZHANG Dan, et al. In situ immobiliza—
tion of Pb and Cd in orchard soil using soil ameliorants[J]. Environmen—
tal Science, 2012, 33(10) :3569-3576.

812 MK =, Xk A kKTis et 5 13+ Pb.Cd Hil Zn
BT R IBEFE]. SABEREE, 2014, 35(5) : 1946-1954.
LI Xiang, SONG Yun, LIU Yong-bing. Leaching behavior of Pb, Cd and
Zn from soil stabilized by lime stabilized sludge[J]. Environmental Sci—
ence, 2014, 35(5):1946-1954.

(9] Tk, RIE [, BEEIR, 45, KA N AR Ak 3% 250 SR i

I S HLERL)). AR SRR AR, 2011, 20(11) :1758-1763.

DING Yong-zhen, SONG Zheng—guo, TANG Shi-rong, et al. Mecha—
nism and effects of different amendments on cadmium uptake by water
spinach (Ipomoea aquatica Forsk. ) in field conditions[J]. Ecology and
Environment Sciences, 2011, 20(11):1758-1763.

[10] BRAHR, X S8, RN W, 5. A 0 is Y LI . B RS R
i J FEHLRIT]. AR B ARFEEIR, 2010, 46(3) - 346-350.
LIN Da-song, LIU Yao, XU Ying-ming, et al. Effects of sepiolite on the
immobilization of cadmium and zinc in soil[]J]. A cta Scientiarum Natu—
ralium Universitatis Pekinensis, 2010, 46(3) :346-350.

(11] BRp 2, 4 . B, 5. 6 A fb R %t 138 Pb Cd Cu Zn (1

PR Al SRR 2240, 2012, 31(7) :1330-1336.
CHEN Bing-rui, XU Chao, LU Gao—ming, et al. Effects of six kinds of
curing agents on lead, cadmium, copper, zinc stabilization in the tested
soil[J]. Journal of Agro—Environment Science, 2012, 31 (7):1330-
1336.

[12] £3ifif, & #, 5
Herhal 2 425
1098-1105.
WANG Li-qun, LUO Lei, MA Yi-bing, et al. Effects of different a—

S, 45 R A BEALRI RS SR AL X Cd 534
Cd EI/ SR, 2l FREE R} 2 244, 2009, 28(6)

mendments and incubation times on exchangeable cadmium in contam—

inated soils[J]. Journal of Agro—Environment Science, 2009, 28(6):

1098-1105.

[13] B2z, 4Rl £ AR, 5. RN LB G BENE XA - Bedmahis

YeJF LB AE 52 AN BFFE ()], SRR =244, 2011, 31(5): 1011
1018.
LIANG Xue-feng, XU Ying—ming, WANG Lin, et al. In-situ immobi—
lization of cadmium and lead in a contaminated agricultural field by
adding natural lays combined with phosphate fertilizer[]]. Acta Scien—
tiae Circumstantiae,2011,31(5):1011-1018.

(14] 55, Bl AR, 45 b 10 Wy IS0 48 2 TS Y s R G X

-+ SRR RIS A SE T[], SRR 254, 2014, 34(11) 12853~
2860.
HAN Jun, LIANG Xue—feng, XU Ying-ming, et al. In-situ remediation
of Cd—polluted paddy soil by clay minerals and their effects on nitrogen
phosphorus and enzymatic activities[J]. Acta Scientiae Circumstantiae,
2014, 34(11): :2853-2860.

[15] HaiE B, 50T 4%, SR BGTL. RGBSR ML BB SR B 42 Jm U R Y ' 4R
FEAET]. HuER 5 FRH5, 2006, 34(2):52-56.

SHI Ze—ming, NI Shi—jun, ZHANG Cheng—jiang. The characteristics of
heavy metal enrichment in representative vegetables in Chengdu[J].
Earth and Environment, 2006, 34(2) :52-56.

[16] £ X2, 0R[A, WA 3 A EY X EsmAE A Cu Zn 1) L3

Cu Zn W& S 5z ()] A R EIRE #2440, 2014, 33(2):250-
256.
WANG Yu-hong, LI Bao—tong, TANG Li-mei. Bioconcentration and
translocation of Cu and Zn by three crops grown in exogenous Cu and
Zn added soil[]]. Journal of Agro—Environment Science, 2014, 33(2) .
250-256.

[17] Song N H, Zhang S, Hong M, et al. Impact of dissolved organic matter
on bioavailability of chlorotoluron to wheat[J]. Environmental Pollu-
tion, 2010, 158(3):906-912.

[18] Wei J L, Lai H'Y, Chen Z S. Chelator effects on bioconcentration and
translocation of cadmium by hyperaccumulators, Tagetes patula and
Impatiens wallerianal]]. Ecotoxicology and Environmental Safety, 2012,
84(1):173-178.

[19] Hao X Z, Zhou D M, Huang D Q, et al. Heavy metal transfer from soil to
vegetable in Southern Jiangsu Province, China[J]. Pedosphere, 2009,
19(3):305-311.

[20] 5 JRUidk, VESRIK, 505, 55, FEWITT = 111 X 53 3 vh 7 4 g = AL RPAE
T AR KBS T[], Al FREE Rl %4, 2010, 29(8) : 1471-1476.
FANG Feng—man, WANG Lin-lin, XIE Hong—fang, et al. Enrichment
characteristic and health risk assessment of heavy metals in vegetables
in Sanshan District, Wuhu City, China[J]. Journal of A gro—Environment
Science, 2010, 29(8):1471-1476.

QU UK, FA8, M. Fradk) B ES R LR A S

I RHEL]. FREERFS, 2007, 28(6) : 1349-1354.
ZHENG Na, WANG Qi-chao, ZHENG Dong—mei. Transfer character—
istics of mercury, lead, cadmium, zinc and cuprum from soil to veg—
etable around zinc smelting plant[J]. Environmental Science, 2007, 28
(6):1349-1354.

2215k WF, 555, & 4k, S NASEXTEIE DR Co I Zn 1Y
LiEE[]]. R, 2011, 32(5) . 1482-1488.



BB RO AR AT 5T 4 IR LA Rk R 35 LA 1285

ZHANG Yan, CUI Xiao-yong, LUO Wei, et al. Bioconcentration and
translocation of Cu and Zn by Brassica sinensis L. planted in high Cu
and Zn contaminated pig manure—applied soils[J]. Environmental Sci—
ence, 2011, 32(5):1482-1488.

[23] Zurera—Cosano G, Moreno-Rojas R, Salmeron -Egea J, et al. Heavy
metal uptake from greenhouse border soils for edible vegetables [J].
Journal of the Science of Food and A griculture, 1989, 49.307-314.

2414 31, Xk, B EH, . RUE (AR R e FI T /S 13 Cd JE

AR 0 Cd F AR fOl IR R4 4R, 2015, 34(2)
282-287.
LI Xiang, LIU Yong—bing, CHENG Yan—jun, et al. Effects of chemical
stabilization on soil Cd fractions and water spinach Cd contents after
amendment with dredged river sediments[J]. Journal of A gro-Environ—
ment Science, 2015, 34(2):282-287.

251 % B Aaiidh, B L, % EEETERE RIS
VERE[T). B84k 2%, 2011, 30(1): 130-137.

ZHANG Hua, HE Pin—jing, LU Fan, et al. A review on the methods for
investigating heavy metal speciation in environmental chemistry[J].
Environmental Chemistry, 2011,30(1):130-137.

[26] & 13, @*H?@ BT DIEE SRS YT R
B[], A= ASFREE, 2007, 16(5):1551-1556.

LEI Mmg, LIAO Bo-han, QIN Pu—feng. Assessment of bioavailability
of heavy metal in contaminated soils with chemical fractionation[]]. E-
cology and Environment, 2007, 16(5):1551-1556.

[27] Rauret G, Lépez—Sanchez J F, Sahuquillo A, et al. Improvement of the
BCR three step sequential extraction procedure prior to the certifica—
tion of new sediment and soil reference materials[J]. Journal of Envi—
ronmental Monitoring, 1999, 1(1):57-61.

(2812 4, R EEH], BAAE, & GRS K 4R e E
FEALR[T]. 3R5E TREA4H, 2012, 6(10) : 3740-3746.

LI Hua, SIMA Jing—ke, LUO Qi-shi, et al. Stabilization of heavy metals
in hazardous waste incineration fly ash([J]. Chinese Journal of Environ—
mental Engineering, 2012, 6(10) :3740-3746.

291 F Ak, 1RNH, FMEILL, 45, @z@EﬁW&ibxﬁh%w YL 4

A AR 800 5 ML E ] Bitedle, 2012, 21(2):314~
320.
WANG Lin, XU Ying—ming, SUN Guo-hong, et al. Effect and mecha—
nism of immobilization of paddy soil contaminated by cadmium and
lead using sepiolite and phosphate[J]. Ecology and Environment Sci—
ences, 2012, 21(2):314-320.

[30] ML I, F U, 430 B, 5. MR X SRR A A s

|
<fir
<
[
=
©
iy

14

B He R 85
4726.
SUN Yue-bing, WANG Peng—chao, XU Ying-ming, et al. Immobiliza—

JT s AR )], SREER, 2014, 35(12) :4720-

tion remediation of Cd and Pb contaminated soil : Remediation potential
and soil environmental quality[J]. Environmental Science, 2014, 35
(12):4720-4726.

B FEH EE&)EE AT AR 0 Y5 =SS B E BAR
D] Abmt: A Ew P A= (AR5, 2009.

YANG Xiu-min. Clay minerals and biology combined remediation for
contaminated soil with heavy metals[D]. Beijing: China University of
Mining & Technology, 2009.

[32] JE AL, AR B BERR RS ST T 4 ) 15 e 1 AT T BRI (1), A28
274k, 2007, 27(7) :3043-3050.

ZHOU Shi-wei, XU Ming—gang. The progress in phodphate remedia—
tion of heavy metal—contaminated soils[J]. Acta Ecologica Sinica, 2007,
27(7):3043-3050.

[33] Brlels, £ 2R, BEM, 55 S EERAL FAEENE XS Cd Ph Zn i5 4 +

e B/ SRR RITR WU SR [T]. A A MO 25 4 (B SR
#hR), 2002, 31(1):109-112.
CHEN Xiao-ting, WANG Guo, LIANG Zhi—chao, et al. Effects of cal-
cium magnesium phosphate and silicon fertilizer on the growth and ele—
ment uptake of pakchoi in cadmium, lead and zinc contaminated soil[J].
Journal of Fujian Agriculture and Forestry University ( Natural Science
Edition ), 2002, 31(1):109-112.

[34] Azpiazu M N, Romero F, Diaz ] M. Metal distribution and interaction in
plant cultures on artificial soil[J]. Water, Air, and Sotl Pollution, 1986,
28(1/2):1-26.

[35] Liu H Y, Probsta A, Liao B H. Metal contamination of soils and crops
affected by the Chenzhou lead/zinc mine spill(Hunan, China)[J]. Sei—
ence of the Total Environment, 2005, 339(1-3):153-166.

[36] EREZFH, PP, R0, 5. B4 RELIE-F LR ARG T ILH
L. BB RLE ST, 2008, 21(6): 187-192.

QIU Xi-yang, XU Zhong—jian, SHI Hong—wen, et al. The transfer and
distribution of heavy metals in soil-swamp cabbage systems[J]. Re—
search of Environmental Sciences, 2008,21(6):187-192.

371 HHHHE, 2 JC, PRiEAe, 5. BRI T B B A i A e DR R F 5T
[ el FREERLF 41, 2003, 22(3):289-292.

ZU Yan—qun, LI Yuan, CHEN Hai—yan, et al. Research on factors in—
fluencing concentrations of Pb, Cd, Cu and Zn in vegetables|]]. Journal

of A gro—Environment Science, 2003, 22(3):289-292.



