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30T /N AR KRB 2R B 8 75 e RO SRR o 45 R R 32 495 e i) W] R A8/ A 3 32 3
BHE, HEAK(L, L) JHTER(C, (C) BATK + &M% (L, C, L, C,) AL BRI SR T o G i 2 F AR, (2
F RN AR AR AR YR B IR 1 ~2 4 (p <0.05) o 3 Bl RFFIAHLL, 7EAH IR Cr W& EZALBR R, 15 1
IRXF AR5 T B AT RS 4 MO RO BRI, 15 CKOAA LG, A 205 % 1 3 B PR IR 22 0. 086 mg kg ™', R i %
77.36% o ARRIPHTRM] /N SN SR 2 AR AR A 5 it 5 A RS B R B B A IE AR SE (p <
0.01) , -4 pH 5 LA WS & i Z RIS TG (p <0.05) , B AR 15 9L L3, m] A4 e + HERY pH,
DAV - SR B AR A 28, (0 G A S ) XU Dt s

ES 40
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Table 1 Physical and chemical properties of test soil

fat? £ B 44

. pH »
Soil TN(g kg ™)

T
Alkalized N(mg kg™') Available P(mg kg™') Available K(mg kg™') Organic matter(g kg™') (mgkg™")

AR AL Cr

B 7.20 0. 836 65.75 26.70

112.4 17.19 37.98

S AWAN S BRItk =T U DR

i Cr 2GR T (3 4t) K, Cr, O,

A B0 SRR (RI A K, R T 1
W TAHRAT) , ToaE R ARG Ve (CREETT ST,
WAL ) A K + 1SR
1.2 Kigit

TR A AR, A AT 3 R, KT
IR AN IR (0 25 em AR 30 em) , BEAE %G
15 kg HE4JE Cr U4k K, Cr, O, 2 2l A +
g, HIEIE 4 A Cr kAR .0(Cr, ) (100(Cry ) |
200( Cr,) \300 (Cr;)mg kg_l AT 2

TR BT 1475 G KT BT ik 2] 1 - 5830 45
i, AT S IRE 2,

*x2 TEMBRELRE(GB15618-1995)
Table 2 Standard for soil environmental quality (GB15618-1995)

&3l —% -t =%

Level First level Second level Third level
pH HART = 6.5~7.5 >6.5
Natural background
Cr(mg kg™") <90 <200 <300
T — bR AR X SRR RS, AR AR SO R R B IR

I (R BRI 5 b o DR B el A 7, A A AR G R 7Y R o
18 s = Gbrifl  RBEAAO A PRI 4 1 5 A2 1 38 1 SHE Note:
First class:the limit values to protect regional natural ecology and main-
tain the natural background of soil environment quality ; Second class : the
limit values to protect agricultural production and human health; Third
class: the critical values to protect agricultural and forestry production

and the normal growth of plants

2 JH] e A IR S0 T35 e it e R

(D) AEFTIREA LI Co ¥R BEN , i 4 A K
WEALFE0(L,) (1(L,) 1.5(L,) 2(Ly) g kg_lj:’
HALHE L 3 R,

(2) TEPT B L Cr R EETR , #F 4 ANTEE
RIRBEEALFE:0(C,) 2(C)) 4(C,) 8(Cy)g kg_]j:,
AL 3 R

(3) FEfric A L4 Co WREER , 3 4 1 K
+IEPE R EAEFE. 0 x 0 (LyCy) 1 x2 (L, C,) .
1.5 x4(L,C,y) .2 x8(LyCy) g kg™ +, KA ¥ 47

3,

FRAEFLAE YN I3 43 0 55 2R, AWl B P £ 40
WA NO.15 g kg™ 4 . P,0,0.15 g kg 7' 4 K,0 0.2
g kg™ o W HE MRS B R AR A S, A
FEH A B oK A B8 K S R KRR
Y 60% fody P4l 2 J8 . 2 JA SRR A /NS
Fh= 20 ki, [ )5 RRALER 10 Bk g BI], +1E0E
FE AR T B 45 K B 1Y 60% , H-47 45 1E # 1Y H ot
MG,

TE/NFERAAS 60 d JF IR, I /I =24 13
FRLER 8, Cr & 5 e - 58 pH, HIEAAE Cr
Gl
1.3 MES
L3.1 48 pH e 3 pH R LHEKE
P pH M vk, BARSEES )y 2 ROk [121]
1.3.2  HHEAZCS Crfgie' ™™ it ageh
ANFEZEER Cr KA BRI B3 51
H,0.1 mol L™ NH, Ac #F47 % £z 5L, 42 BUGR 5 +
HERE S A Lok 50 1. I AR O R R SR A R
Cr /KR Cr A2 4038 Cr i, Cr YU E R
GB7466-87 Hh i i R P A8 A — — et — 73060t

.
1.3.3 /MESRTEMME RGN AR

G3 R ZERR = EB 48, Se F SRR vk LBl £
PR 7K Uk v, FH R K 480 /N (1 3% 2 1H K
Syo BT 105C &5 30 min, 7 75°C FHEF
ZlEE RGRE,
1.3.4 JNFSERN Cr il KeHET iR AR
ANEWRTENLRY B, 5L 0.5 mm i 5 5 EF H 50k
S TR A PR AT A5 o RS B FR BRUAL B IS ) B
1.000 0 g 247 (5852 0.000 1 g) T =fakit, /i
VAR Ve B R T i 28 G (5 T VS TR R, % AL 100 ml
A 2, SR F U T W43 D' e B 3 T
Cr &8,
L4 HiESH

BEL: Excel AR I AE B, I SPSS # 43
781t 53 o
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£3 AEBRFLEN % pH AR Cr SBHHIM
Table 3 Effects of different soil amendments on soil pH and Cr availability
Qb3 Cr, Cr, Cr, Cr,
Treatment pH AR pH B pH R pH R
L, 6.91a 0. 380a 6.97a 1. 64a 7.09a 3.84a 7. 14c¢ 18.95a
L, 7.22a 0.313a 7.29a 1.04a 7.43a 3.44a 7. 46¢ 14.72a
L, 7.40a 0.253a 7.57ab 0. 874a 7.61 1. 68a 7.74c¢ 10. 59a
L, 7.51b 0.227a 7.65ab 0. 489a 7.75b 1.46a 7.82¢ 7.08a
C, 6.91a 0. 380a 6.97a 1.64a 7.09a 3.84a 7. 14a 18.95a
C, 6.90a 0.264a 6.97a 0. 960ab 7.08a 2.46ab 7.02a 11. 28ab
C, 6.78a 0. 148ab 6.98a 0. 490b 7.25a 1.21ab 7.25a 7.79b
C, 7. 14a 0. 086b 7.06a 0.271b 7.02a 0.949b 7.20a 3.86¢
L,C, 6.91a 0. 380a 6.97ab 1.64a 7.09ab 3.84a 7. 14ab 18.95a
L,C, 7.30a 0. 286a 7.34ab 1. 16ab 7. 40ab 2.6la 7.52ab 12. 82ab
L,C, 7.45a 0. 205ab 7.48ab 0. 497bc 7. 58ab 1. 44b 7. 68ab 5.65b
L,C, 7.52a 0.137b 7.57ab 0.401¢ 7.71ab 0. 802b 7.81ab 4.25¢

TE: 25 RO R — B R AU R A ) A, NS P RER R R R 22 52 B3 (p <0.05) , KEFRERIR 2R W EF (p <0.01), FIH Note:

Multiple comparisons were done of the same amendment between different dosage. Different lowercase letters indicate significant difference at p <0. 05 lev-

el, and different uppercase letters significant difference at p <0. 05 level. The same below

2 4iRHihe

2.1 AEMRA Cri5tiE pH. BHES Cr &
ENZEI

IR AT B A A RS Cr vk B G T
w5, 4 pH A TR A 3 5 R A i
FEER—3, XEM T Cr( VD) A LR AT A A
M DS A et R R S T R R — o HT L, AT £
5 pH JHE

H12¢ 3 R ZEAH A Cr BT B L3 b 4
FRESIN 3G, -3 pH 208 T 5, 1 30 850
Cr (& BB Wi AL, XET M TAKES T+
ey pH, #1755 4 8 AR £k sk S Sk e i e
ok T T A REN . 4238 pH £ Cr, Cr,
AP A U B R Ly ), 5 0 BEAH H A Sl 3 s T
0.6.0.66 HLNT, 25 3% (p <0.05) ; Cr b HL R,
AT RIRER Ly Ly I 1358 pH 55068 BERE FE 23 301 2
T0.6.0.68 ~Hf7, 2455 1 3 (p <0.05) ;1M 7 Cry
WP, A KA B RNE A B2 S, RHEA R
A Cr 78 Lyf1 AL BRI 430 B#AIG R X BE 19 59. 76 %
29.78% 37.93% F137. 36% , 3% F- 5L 2 Ky 13 pH
FhiE, BEAK Cr A i 2, 2 fi Cr T8 A SR AR B DT
E Yk R B AL

A Cr kb3RR3 pH Y7840 5 4 KA B

[) , TP Tt A S 133 pHL | 52 e 1 T 8 3 1 22
S, 0 HL &P A At A A A B AR 1 pH A #a # 3X
AT RE A R R O 1 e i A = T R A ML
i, i IR O 5 AP MR B AR AT DL 2]
Gzoh HIEEW pH MVE] . 76 CoTR PR PRI, 145
BRI Cr 439 BEAK Ry X AR 22.63% ,16.53% |
24.71% 1 20.35% , 5 %F FEAH Hb At B 3 25 5% (p <
0.05) . FHLLERIN T, ZEAHIF] Cr WAL, 36 Pk Ak
XFREAR TS e 3P A RS Cr IRUR AT 5 CK A
b, A RS Cr i R E 0. 086 mg kg ™', PR &
77.36% . % F& PR R TG P B 5K 26 i AR AT AR
SR (1) W [ BE 7, 3225 A 50 AR R e 13 TR
SIRABNET (1) 3% ¢ Al BP0 BT e
P 4/ 5 (2) 36 P o A AT LSR5+ 598 HILAR
A i, A 8 [ 4R A E A .

AN Cr b 3EF pH BB fL BEE A K + 15 Mk
VS0 A S TG K, X 5 A KX 38 pH 1Y 52
SR, A A A KB E, Cr Cr, Cr, b HT,
& AT X REAR L, A K + 36 P 5 B in A% 148
pH AT i 2, H 5 23 (0 B L, A 7E i 3
PEZER(p <0.05) , £ ALHE K pH 53 7. 81, 4428
FIXTIREE R 1 0. 67 M HLf, A[F Cr AR, A K
+ TG B Ly G B, - AT 850 Cr 43 | B AIG
Fyxf BB 36.07% 24. 42% 20. 88% Fi1 22.44% , 5
XTREAH L ik 3 i 22 % (p <0.05) o f AT
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UL ANTR] Cr AN, A B FN 9 P o () B A5 it AT e

R A RS Cr Ff, BRAR Cr (2R P06 M | D2

Cr XHHPIEE .

2.2 AEBRFAX CririB T IMAEEKRKEEFTH
=2

ANTR) B R 70 Ah 6T /0N 25 i S R AR R T
(RS2 LR 1 ~ & 3 s,

HI 1l 1 AT, Cr 35 JerKkOoF R e, 67N SR A2
KfaFk R, MRV B A K il AF B F/NA SR
AR Cr b BER Ly (L, A BV B2 A0 B0 5 X6 FRAH L/
ISR T T 14 e 25, S X HR AR 3 1. 89 £5 I
161 £ (p <0.05) , H =5 v B A7 B¢ A i AR 17T X6 /)N
ISR AR R I IHIVE . A KW Ly B,
ANESEH T E RN, SRR 2R S B A

Shoot dry weight

AR HE A B ) 35. 62% (18.31% H1 11.94% (p <
0.05), Cry b3, A KW EE R L, /MASEAK
HIW LGS AHARAR /N, A ZEIET, X 0] RE A
AR (1) B EE Cr XN AR EEM A
B2 83 AR FE Cr kR Cry ~ Cr, (0 ~
100 mg kg ™) JE I N, B Cr W E B340, /I 1 3%
by 350 R R T EE X AR R, K 18 BH A i R
P Cr X/ A KRR THRSEER- . 24 Cr kg
K3 Cr, ~ Cry (100 ~300 mg kg ™" ) i, AE AR 9 4 K
Z R, LT IR A b 3 R R BRI, Ft
AL, H4EE Cr ¥R Bl 100 mg kg™ AR AT RE /N
K% Cr TEERIG AW E . X 5XBILSE" R E
ERAM—E (2) FWWRIEAIK (2 g k™) FIT W
Cr —&AEH W/ NASAER ™ EREE,
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Fig. 1 Effect of lime on dry weights of root and shoot of pakchoi in Cr contaminated soil
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Fig. 2 Effect of activated carbon on dry weights of root and shoot of pakchoi in Cr contaminated soil

H1 & 2 AP0, BR Cr, R FRAL, HA Cr ZL R, 3%
PRGBS /)N 3 3 A9 52 ) 55 00 IR 1
W25 3 (p <0.05) o Cry Cr, CrAbBEF, i1
BMAASE Sy Cy I,y B3R H A B ok, 7050k
X AL B 1. 42 4% 157 A% (1. 63 5. Cry b2
IR PR BRI A Dy Cy i, bk B iR
K, okt HEARBREY 1. 37 A, 5% BEAH FE 22 57 AN I

Fo WA, TSR A P AE Cr i g
SR BEAE S I R R AR
BAE U Crig e LI b IS E = ACR AW
o KRR R 2 X LAl R, 2 PR R
FSR TRV R R TEA KR E/NERE T
o, X B UL P B Cr 35 G Y Bl R AL
RELF T
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Fig. 3 Effect of lime + activated carbon on dry weights of root and shoot of pakchoi in Cr contaminated soil

i 3 AT 0, AN fR] Cr 03, /N e i BB T
TR T J X Bl A B+ 35 M o it o ) 35 e
HEOMUGREAR . BRAE Cry /bR, A K + 36 M it
5y D O B NS 5l ot e i 6y NI LR = P
TRy 1.66 1%, 2257 W% (p <0.05) o CrohbBET, £
TR+ TEPE AR BE A L, Co B, /N I SEAR T 8 fe
KBS EX IR 137 f5, 2R B2 (p <0.05) ; H
i Cr ZFER /N S - 3T J RN SR AR+
WIEA K + TEPE IR B Ry L, C, B ih B e ok, 22
i E (p <0.05), Al Cr bFT A K + TP
WA Ly G/ st |3 AR R T /)y,
A3 5 2 % BRI 70.23% 1 64.30% . 48.19% Fi

85.57% 49.27% F129. 54% , 5%} WAH L 22 5 B &
(p <0.05) , AT U v v B2 A7 K+ 35 4 2 1) it A/
HSRAE KA IHIE
P13 FEL 2 XL A] A B, 2840 K + T 1 ke
RE/NESRTEW BT 2EER S RGN
ST E, Ul I I PR VR R R RCR AR +
WERAE A R4, DL RS vT LUE A K.,
TE PR AT K+ T e = R R R R I P R R
At
2.3 BRFMNMAFXKRBESE Cr BRI
AR R AR BEXT Cr b8 R /N SRR Y Cr 75
I AN 4 s

*4 AEABRFLENEFEER CrNEE

Table 4 Concentrations of Cr in pakchoi in different treatments (mg kg™")

Cr, Cr, Cr, Cr3
ps:il
Treatment i HeH it e aE He it e
In the leaf In the root In the leaf In the root In the leaf In the root In the leaf In the root
Ly 0.397a 0.851a 0.915a 1. 607a 2.258a 3.495a 9.261a 13.37a
L, 0.351b 0.745a 0. 805a 1.435a 1.728a 2.847a 7.435aA 11. 86aA
L, 0.318a 0. 648a 0.725a 1.071a 1.513a 2.217a 6.300a 9.699a
Ly 0.292a 0. 586a 0. 679ab 0. 857ab 1.370ab 1.977ab — —
Co 0.397a 0.851a 0.915a 1.607a 2.258a 3.495a 9.261a 13.37a
(o8 0.355a 0.721a 0. 870a 1. 285a 1.742a 2.524b 6.641a 10. 51a
C, 0.296a 0. 628a 0. 608ab 0. 880ab 1.237a 1. 832a 4. 648a 8. 676a
Cs 0.217b 0.529b 0. 598ab 0. 663aA 1.070a 1. 446a 3.085A 6.52aA
Ly Gy 0.397a 0.851a 0.915a 1. 607a 2.258a 3.495a 9.261a 13.37a
L, C 0.334a 0.751b 0.815a 1.342h 1.718a 2.716b 7.562a 10. 06b
L,C, 0. 302a 0. 656a 0. 664a 0.920a 1.247a 2.282a 6.158a 9.732a
L;Cy 0.262b 0.610a 0.651b 0.797a 1.231b 1. 810a — —

H—RKH/NASE, FIA Note: — No pakchoi growing. The same below

H1% 4 Al 1, G 4 Cr W 38 T, /N 3¢
HERFIARES Cr 5 25 T, 3T R ( G Xof 1

AbBR) IR S Y 23,3 A AR R f K AE (G X AL
HIRF| 2 Y 291 ff (p <0.01) , 2571 i 3 .
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Crob B R Ly A KU BT, /N RS Cr & REREAIR
NZEEH Y 88.41% (p <0.05) , 722 5 2%, 1M Jim 4k 25
FEAK (HRR AR AL 22 RN B3 . Cry \Cr, b P,
A1 R FH 22 8 2 K T /D P e i AR AR S Cr 57
RN & (L A KRBT ) 43 00 B 2 % B
74.21% 60. 67% 1 65.46% .56.47% (p <0.05) .
Cry WbBEF it A7 IR BEAR T /N 13 3B FTAR B Cr
i, ARG S5 X A 25 SR B3, Ly A KR
Bf I Cr 5 58 Ry X BEE 68. 029% AR Cr B %)
1R 76. 80%

Cro bR TG PEAR FH 82 G B, /N 1S3
HEHB Cr 5 547 3 b 25 FI Y 54.66% 67.39% , 2%
S35 (p <0.05) , HoAtl A P55 % AR AR L 22 50K G
%o Cr b3 TEMEARUEE R C, 0 Gy, /N 3Rt
W Cr & it fp 2 0k 2D, 430 A X IR 66. 50% Al
65.36% (p <0.05) . Cr,ZbFfF,/NEZEIHS Cr &
2 i 5 P i U B A AN B3 (EL R B 3 P e R

FIXE B HTE L Cry AbBER 36 Mk it FH A5 % A
AHEL 8 2B T /N SR Cr B i, Co i Pk e vk J3E
/NS Cr B i 5 B b2 Sl 3, B X
MR 33.32% (p <0.01)

Cry \Cry \Cr, ZbFRF K + 376 M o it FH 3 i 25
FEAR T /NSt &8 Cr & d, Fe IR & (L G iR
T B 2 X RR Y 66.00% .71. 15% F1 54.52% (p <
0.05) ;1fi/NFA SRR &S Cr & 7E L, C, B> & A
K T Je 9870 A8 A AN W 2 A A 3 dt 4 il e A %of
W 71. 67% 49.59% 51.79% F172. 78% .

&4 TR, AR R AL, 3k
Cr 75 W] A, I T o ™ il 22 4 o i T
4R ) (GB18406. 1-2001) 14 [ K brivi ( <0.5
mg kg ™), BLHAR RN Cr 5 5 3 — 2 ik B
BOR s AR Cr Wk BE IS YLK 4d M sl RS /D
SRR Cr (98 dne b X — 25 1 B = e )5
o TGP B Cr 75 Y 4 0 2l R SO Bt o

&5 1 pH RARZ Cr S/hARRY Cr BEHEX R

Table 5 Correlation coefficients of soil pH with Cr availability and Cr uptake of pakchoi

R Tt H -3 pH ARG Cr R Cr £ 5 MR Cr 5 &
Modifiers Item Soil pH Soil available Cr Content of Cr in the leaf Content of Cr in the root
IR 44 pH Soil pH 1 -0.543* -0.537" -0.541"
Lime F ARG Cr 1 0.939 ** 0.934 **
Soil availableCr
T 44 pH Soil pH 1 -0.620" -0.647** -0.649**
Activated F ARG Cr 1 0.991 ** 0.965**
carbon Soil available Cr
IR + 15 AR + 42 pH Soil pH 1 -0.089 -0.042 -0.051
Lime-activated + AR Cr 1 0.931** 0.915**

carbon Soil availableCr

Hex M xR RREE(p<0.05) AR E(p<0.01) 4K Note: * and = = indicates significant difference at 0. 05 and 0. 01

levels, respectively

2.4 +EPpHRAWE Cr €S /MAXRRY Cr

M1 5 AL, 38 pH 5 R ARG Cr SR 2
S MG, 3 532 ok ™ B AR s 4h
R—E Yl W A R R % R 08 E < SR A i R
AR — AR . RHERO R MR s i, A RS
Cr A3 RAEa H, 0 LA 2 Cr J2 m] LAY
HAEWSIEZS, BT ATE Cr 5 4y 358 rp, mT DAY
KA pH, TR/ L5 Cr BRI S, (T
[ A I A% B8 RS BBl / 1N o /N 3 S Ce 5 B FIAR
i Cr &5 R A RS Cr SR B 2 3% 10 IE A

S, UL 3 Cr 5 X/ 2R AR FIAR AR Cr M
e UETE

3 45 i

e Cy(8 g kg ") T PR R AL BRI}, + 34 307 Cr
A3 B AR R X BRI 22.63% | 16.53% | 24. 1% Fil
20.35% , 5% HEAH L 2 B 3 22 55 (p <0.05) . A4
TR TSI B AT IR+ 3 P R X = i R R A LK
5 AEAHIE] Cr e PEAREE T, 15 P R X FAR T Y - 49
ARG Cr RGBT, 5 CK A LG, A8 Cr & it
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AR ZE 0.086 mg kg ™', FEIR ik 77.36% . A1k, = Fif
R TR RRARR TS e I AT RS Cr ISR R - 16 P
"> AR+ > AR, S EA S E SR AE T
ek BRI AE SRR, S FIE T X R A )

AR 1 HE— 2 W TR /N 1 3 A4 A A (40

MR e R i A B g (SOD) (i
ALY (POD ) Flid S8 1k U (CAT) 3% 1R L e N
R (MDA) SR AR LA ) J5 1 2R Uk A SSE T
FURIE R E Cr X H = A 1 F AR b 2 s i Cr
RIEREE K ( >2 g kg™ ') —RAE IS B, I
HAUB AT o

2 % X o
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EFFECTS OF LIME AND ACTIVATED CARBON ON REMEDYING CHROMIUM
CONTAMINATED SOIL

21

Yang Lin'  Chen Zhiming' Liu Yuanpeng' Wang Yujun"
(1 Resource and Environmental College, Shandong Agricultural University, Tai’an, Shandong 271018 ,China)
(2 Key Laboratory of Agricultural Environment in Universilies of Shandong ( Shandong Agricultural University) , Tai’an,Shandong 271018 ,China)

Abstract Effects of soil amendments, including lime, activated carbon and lime-activated carbon, remedying Cr
contaminated soil were studied and compared in a pot experiment growing pakchoi. Results show that the vegetable was
chronically affected by Cr added into the soil, but this adverse effect could be counteracted by applying soil amendments,
As a result, fresh weight of the plant increased. The addition of the soil amendments also significantly reduced Cr availa-
bility in the soil. Comparison revealed that among the three soil amendments, activated carbon was the best in the soil as
compared with the use of other two. Therefore, activated carbon is highly recommended as a soil amendment remedying Cr
contaminated soils.

Key words Pakchoi( Brassica chinensis) ;Cr contaminated soil ; Modifiers ; Amendment





