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Remediation Efficiency of Three Cropping Systems for Lead(Pb) Contaminated Agricultural Soils in Hilly Re—
gion of Minjiang River
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Abstract: Lead(Pb) pollutant has been considered as one of the most serious environmental problems worldwide. Including others, monocul—
ture in agriculture may be successful for metal phytoremediation in short—term(two to three years ), although significant yield reduction in
longer term applications. Intercropping and rotation systems might remedy this flaw by reasonably assigned. However, little information has
been available on the remediation efficiency of cropping systems by assigning intercropping and rotation systems for Pb contaminated agricul—
ture soil in field. Therefore, to understand the remediation efficiency of cropping systems for agricultural soils contaminated by mild to moder—
ate Pb metal, field experiments were conducted in hilly region of Minjiang River, southwest of China. Three typical cropping systems including
M1 :maize + sweet potato—chinese cabbage + spinach, M2:maize + ginger—stem mustard, and M3:rice were selected. The variations of Pb
metal in soil and the accumulation and transfer characteristics of Pb from soil to the crops were investigated. GRATS( Grey Relational Analysis
with Time Series) was used to evaluate comprehensive remediation efficiencies of three systems. The variation of Pb content in soils decreased
significantly then flat as“L” shapes in M1 and M2 (decreased to 10.65% and 13.91%, respectively ), and decreased significantly in M3 (de—
creased to 14.17% ). Accumulations of Pb metal in inedible parts of crops exceeded 1.10 to 33 times than that of edible parts of crops. Al-
though accumulations of Pb in edible parts were security in maize and rice, which exceeded 2.75 times than related standard limits in ginger.
Compared with others, sweet potato, cabbage, spinach, and stem mustard have contaminated seriously by Pb metal. The daily intake amount of
Pb per day for an adult through crop productions from three systems exceeded 4.23 times of corresponding permit maximum limit of standards

by WHO/FAO. But the risk of Pb content in crop productions for human body has reduced effectively, because of tolerance and cleanup
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mechanism of human body for Pb, machine processing measures before food, sweet potato, spinach and so on were used as pig feedstuff by

farmers, and diversification foods in daily and others. Based on the above—analysis results, significant remediation efficiency of three systems

were observed, and showed the order as M2>M1>M3 by GRATS.
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Table 1 Crop compositions and soil physic—chemical properties of three cropping systems

WA AT/

i FiERE pH

AL/ 25/ IKFRRS AR R/

g-em” g-kg g-kg mg-kg mg-kg™ mg-kg™
Ml EX+TENEFEGEEE 56 1.26 7.5 23.87 1.28 103.92 16.62 229.38
M2 EkoEEZEFNE 108 1.31 7.72 14.31 1.50 120.43 17.14 191.64
M3 KA 52 1.48 6.24 48.67 2.34 155.49 1.00 99.94
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Table 2 Sampling time and material

n SREERIH

WG ORE o2 H 20005 8 A 20094 11 A 2010 4 1]

M1 3 = = = =
RAEY & EP/N a% hEEGEEE

M2t b= = = =
(2] & X % ZERTTR

M3 i = = ® ®
RAEY & KRG & &

1.3 HEBILEFIER ST

HIERERBUREEE T BRRT, HIBRZeR, 3
2 mm fLAR I JE TG , R U 4k o BB 173, — 1
&, B — PR T 0.149 mm FLAZ I JE 5%, I LA
SBT3 P &, IS Pb S EAIE  FREX
0.300 0 g X T F-1kHE, KA HCI-HNO,-HF-HCIO,
TEATHAED, YEYRE SRS ST B B oRK (ZEAE
TRAK IR vpge T , B DAk B 22 i T TR /KR, SR 4Rt
BYTISrESAVEMIAR (2K i 5L, B A Y [
T RMES 7 105 CTAH10 min 5, FREE
85 CHEZHTE , HHEE 1 0.149 mm JE i . 23 BIFREL
PT RAEY) &2 BT 1.000 0 g TS, RA
1RA R (HNOs+HC10,=4+1 ) 1B 2 IH A TH AR,
1.4 REEHFFELRINEE

NS R SR A B B
i 3 YWOHATE R ST R EE S, TR R R IR 221
15%LAM o Pb itk A v Be 25 4 E Ak 4R
FRZA W) AR 7 i 4 AR (SN, BRE 245\ ¥ IR
4fi GR, SrHTiNER R AL E i SOLAAR KA R
WAL (M FR 31 650700 v1.26),
1.5 RS FITEMRE

ARBFFEH) B AT T MAESC R H 8] A

T, 3% Pb SRR Pb 7E HIEFWEY RS
FIERS NS BC AAFAE , I HeA 3 AL Al e+
EE SR Pb IERREES) SMEWIAYEXT Pb AR REE S
RAEY) &S ) T I EHE 3 4 - TS Y84
BRI L Pb TS YRR, RIEMIFRERR
B FISR VAN Pb 7E T IEFIVEY) R GE il A4 FL Y
FHIE, R B EE N AE S AR W B A Pb
LR ARV 5 22, S a s TR
A R IR B SRBR S M S o

(1) 4338 B Jede 3™,

P=C/S;

P TS o RIS R EGC oh +
b5 ey i SIS, AT Y | BTEMT AR HESEL
X P<1B},FRTEHY) i £ EDRLEM; Y P>l
B, T TR B G

(2)RAVEY R B Z % (bio—accumulation factor )*:

BAF=M/C
K :BAF ARAEYA BN E R RZEGM HRIEY S
B 5 4 B SEIME 5 C O 3 s Y i SEINE

()= i b4 :

R=MIN
AR R B EEGM AR B RS E
SRYESINE ;N R e SR E TR & &
AP ERRME . 24 R<1 B, TR K™ i 424 R>1
B, RN R IR 2 B G

(4 NAE A= BB Pb & &2,

DI=MxW
K :DI HEEBHHBAR ;M AL HERGEE
HYS YL R SEINE s W o R S B IEFE R, LU
RE 55.9 kg MBAE N B H X AITHAES Y . B3840
o A 389.2.242 .77.5 g tHEP,

(5) B BF B IR BB SRHR T, IR SCER ST
BN NI E RO . AHE BRI/ IME
K BIER AHERRG AR FEIR LUK GRS
WHIRYE, SEFRX R BER K ORGP RS RE



F30BH 4 M

DI S 659

ENNCS Wik € Rl Y AR R S S
SRR T NP TT R R E)
AL BRI . — A, B Z LTI
ARBAR L, W PRHETT 5 2 18] B R BB o P2 B
SRIRBE BRI R T BT HER MM SR o I
%%ﬂf@a@a@ﬁ*ﬁﬂdfﬂ ERITT S5 X R e 5

IR o 7 B P B IR A SR IR AT R K IR BBk STk Y
%U?Eﬁa‘*ﬁﬂa_é& S (A B = 4= a] . — B T 2

L 31
& T(k=1,2, - ,q)FRmBtEIE3,S.(i=1,2, -+,
m)FRBIRITE,P(=1,2, ,n)FRIERFI
OWERBIVERE Xio
M G Gt G
e B
S ak:nl ak:n2 a/k:m
H 0 B kDB, B m PREFTEN
MIZE n M EtR R EAREUE
QO ERM T E Soo
MR R, BITSAME R ER AT BT , B
R RHIE T RP IR KIE:
So=m?x Wi (X2)
AR A A ISR, BITEARERR /NGB, B
R RHRE TR /IME
SO:miin i (#£3)
@ﬁjﬁ%%iéﬂ/ﬂso

TR B BRI ET T s J7 R A
BNBAAFGE A2, K7 kw2 R
BORBIRE . ABFITRI T REGE TR EES], %
PR TR DAL 7, 3 TR BUE AR A

Xy =/ max|ay;) (£ 4)
X F A BRI A

X =min[a;|/a;; (£5)
@HBEXBERBEG) -

mln mln 1So(j)-S:(j) | +pmaX max 1S6(j)-S:G) |
|S (])—S(])|+pmax max |SO(])—S(])|

mln mln Au(j )+pmax max AOL(])
AO,(] )+pmax max AO,(I )

KA () A S BF '3 S BONHESS j RN 22 5
min mjin A /N2 , TR TEE — B/ NEW)

&uj)=

(X6)

A E R AP R RN E, ,BEEijin AR —R

B/NE, Fon S BFE S BHIX N E R ZEF R
INZE; max max AR T K2E, & X5 " Fke/D

ZH:splp € (0, DI PR G, B SURHISS R4
SFEBUER KB IRMNRE, BEREABENZER
BEM, L p=0.5,

OHEIETE wiyo

AT R KB R B

wkij=§ki(i )/ Z §ki(f )

@ E BRI
y%%ﬁ% Sii E@ﬁﬂ*l;éﬁ%fg T

Twi= z Wi fkg(l)
@fr;%;ﬁﬁl‘ HIZRE RIKE Reo
RFZM’M (X9)

A, A I R EGIAEE, AP P BUHSE A,=1/3
(k=1,2,3),
L6 it Atk ik

A3 M1 B AHE - Microsoft Office Excel 2003 F1 SPSS
Statistics 17.0 for Windows, Z3EFF Leneve test 156
T ZEFRME. W FTIRMEFR ] LSD—test 5\ T—test 1
K B . AR UM, X R CF 7 AR B
B, B S AT AN R ST R ] Kruskal -Wallis |
Mann-Whitney . Games—Howell 465 3 4, .31
KN 0.05, HIEFVEYHESR Pb & EHL
TEHE, ChRREGES P BE S E R
ZFw.

2 RO

2.1 #ith+3Es Pb SENERERE

2009 4F 2 A , % 3 FhFliEA AR 3 Pb &
B 55 RK IR R (48.2643.17 )mg - kg™ (48.44+
3.36)mg-kg™.(61.95+0.91 )mg kg™, HEBEZHTHIE
2 FE AT X -4 Pb & B (E (36.41 mg-kg )
9 1.33.1.33.1.70 £, DAER L3RR E4nEGB
15618—1995 — AR HERR HI{E 115 (Pb<35 mg-kg™;
GB 15618—1995 — R briEfH B 4kRe + 3 B R T 5o fH
IR AE )™, 3 FiigiaX i 138 Pb /Y BLI0Y5 e ds 55043 B
1 1.38.1.38.1.77, DA BArHERRGIETTE (24 pH>
7.5 B}, Pb<<350 mg-kg™; 24 pH<6.5 Ait,Pb<250 mg-

(X7)

(8)



660 X

P IRYVL TP RR X 3 Al AR x4 (Ph) 15 5 -SRI 1B 52 3k

2011 %4 H

kg™;GB 15618—1995 — bR (2 SR N AR )
T3 RRAE )™, 3 R 38 Pb B RIS iR B
4 0.14.0.14,0.25, A I, 3 R =R 145 Pb
AT Ye R B0 1 E R E— R E, BT %
FRAE. UG-8 Pb & B, BA SR AR
BREEEW , BE S H S S RE, AE—af
FERFR R o WEREUE R HlHEE , 5 5 fR Byt —2
N,
22 3FmEELIEF P S ENTH

Bl 1% 3 A AR VER T, H8Ed Pb
TR, R 1R, 3 PP 3 Pb &
BB EMT B (P<0.05), BEIERIK K 10.65% |
13.91%.14.17% . FH&FR 1 FIZR 2 AT 50, BUEHAE AR
KIEYA M1 EXR+A (KRS KM, 48 ER
AR M2 ToR+AEZ(FEREAER, AR ERE
K H1) M3 KRE. M1 HPYEY RS (AT A K )/

FRE T .
B 200902 I
r 0200908 =
=R I ="
201001 =
50 —
[61.95

W
—_

17]

41.702.

[T

30

M2 M3

T & H 200902 SR 2009 4F 2 A, HARR A, BRFIRIREEE
, SR AR T RFRE 7 B (P<0.05), R FRFRER
ARBEP>0.05), T,

1 3 gt (M1 M2, M3) 1 55h Pb S BHIT

Figure 1 The variations of Pb content in the soils of three cropping
systems(M1,M2,and M3)
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Figure 2 The distribution pattern of Pb in the organs of crops
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Table 3 Pb content and BA F( bio—accumulation factor) in the crop organs
AAED) Fi/mg kg BAF BAF A&
Licd E- i T " E- i T E/FEE ez
X - 4.51+1.19 13.77+0.16  0.29+0.02 - 0.11 0.33 0.01 11.00 33.00
JKFE - 471048  5.60+043  0.28+0.02 - 0.09 0.11 0.01 9.00 11.00
il E it T il E s T i AR
FAR: 3 4.70+0.43  9.80+0.80  16.08+2.16 - 0.11 0.22 0.37 - 2.00 3.36
P 1.10+0.01  2.06+0.08  14.13+0.66 - 0.03 0.05 0.35 - 1.67 11.67
it S 0 T2 it S i e WE R
UNSE 9.45+0.35 - 8.41+0.05 - 0.22 - 0.20 - - 1.10
W 9.83+0.26 - 7.14+0.12 - 0.23 - 0.17 - - 1.35
ZRIFR 9.19:0.54 327021  3.38+0.29 - 0.22 0.08 0.08 - 2.75 2.75
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Table 4 The exceeded levels related standard limits of agricultural productions of three systems

BH#E ERTFH FEA PR ERPR hESR WM ERSTRE AR
Pb £ &/mg kg™ 0.29 0.28 4.70 1.10 841 7.14 327 338
FRHl{E/mg - kg P20 <04 <04 <04 <04 <03 <03 <03 <03
R 0.73 0.70 1175 2.75 28.03 23.80 10.90 11.27
R 0.06 0.06 0.94 0.22 1.68 143 0.65 0.68

T8 R N UABR I B R = B AR AES R B L GB 13078—2001 [k B FA: bRve S Bie & B BRE (Pb < 5 mg kg ) THE
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