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Screenmg and Evaluatlon of’ Me}h(_),ds for Determlnmg Avallable Lead (Pb). and

Cadmlum*( Cd) in Farmland. Soil ¥ 7 % s %

CHEN Ying'?, LIU Han-yi'?, LIU Nal® “JIANG Zhen -mao'?, WEI Shi- qiangl’z*

i
(1 90Hege of Resotirces and Environment, Southivest Unlvermty, Chongqmg 400715, China; 2. Chongqing Key Laboratory of
Agricultural Résofirces and Environment , Chongqing 400715 Ch.Hfa)

Abstraét ;/ The dL(,llmuld.thIl of heavy metals in crops is ldrgely dependent on the availability of heavy metals in soils. Due to the
dlfferencles of soil types and pollution characteristics, there is no widely recognized method for the determination of the bio-available
heavy metals in soils such as Pb and Cd. In order to screen and establish suitable methods, the extractable abilities of five extractants
(CaCl,, NH,OAc, HCl, EDTA, and DTPA) and Gradient Diffusion Film Technology (DGT) on four typical farmland soils with very
different properties in Chongqing ( acid purple soil, neutral purple soil, calcareous yellow soil and calcareous purple soil ) were
systematically compared. Simultaneously, pot experiments were carried out with Lolium perenne L. as an indicator plant to explore the
relationship between the extractable soil Pb and Cd and their accumulation in plants. The feasibility of the tested methods were
evaluated based on the extractability and co-relationships. The results showed that the extractability of the tested extractants for soil Pb
and Cd varied a lot. HCI showed highest extractability on Pb in acid purple soil and calcareous yellow soil, while EDTA did the best in
neutral purple soil and calcareous purple soil; HCl showed best extractability in all soils except calcareous purple soil, where EDTA
was the best. Considering the correlation between the extraction amount and uptake by plant, all the extraction methods could be
applied for the evaluation of the bioavailability of soils Pb and Cd except CaCl, for Pb due to its weak extractability for Pb for a specific
soil type. For the comparison of heavy bioavailability in different soil types, EDTA-extractable Pb and DGT-extractable Cd were
recommended due to their well co-relationships between exiractable amount in soil and uptake by plant ( Lolium perenne 1. ) as
indicated by the correlation coefficients of 0. 941 and 0. 919, respectively. HCI was relatively suitable as Cd extractant compared to
others if DGT method could not be used.

Key words : farmland soil; lead; cadmium; availability; Lolium perenne L.
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5 P il SRR e 1 02 5
S VTR 7, LD X ek - M s 5 B AR
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P 3 TP 4 Pl A A b+ 1 AL HE R
PR kS | M DL R K
4, B TR TR 3 KVLEE X A1 X L
iy DX A R XA R AR HBE)Z (0 ~20 em) . K+
HERBROR A XAE Y R, AR R IR AT 2 mm
15 2% FH . A - A B E R W36 1, AR B AL E
JEI S Tk U2 2% S0k [ 25 ], A itk 58 Pb AN
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Table 1  Characteristics of selected soils

s " AL B T A CEC Cd &1 Pb &4 I BT %

- P /g-kg™! /mgkg™! /mgekgT! /mgekg™! Jemol-kgT! /mgekg™!  /mg-kg! R Forkr FkL
kgt 6.04 29.42 205. 59 23.40 88.28 22.00 0.39 65.40 32.00  36.00 32.00
EgEt 7,30 31. 63 105. 91 24.26 233.22 24.71 0.40 66. 60 44.00 34.00  22.00
AR 7.67 19.01 67.28 24.93 193. 48 22.14 0.45 83. 00 20.00  44.00 36. 00
At 7,81 22.55 80.99 25.69 161. 04 23.00 0.42 99. 25 8.00 30. 00 62. 00

1.2 gt PN @ JC R AR IEE )1, 2 IRE K RIEERIR
1.2.1 {55 LR IR 4 JhE A M 3 TS g XU A P bm o (104T) ) (GB

F BN [RI BG4 Fh2EH0 4 3 Ph T Cd

15618-2018 ) , >R FHAMIRA NI R 1 5 1 e A



3496 EZN b}

L 42 %

L
&

FEPETT AR R AR X 3 A K R E 1T
FnAh IR 4 Ja X B ALFE (CK) . 3 4> Ph AR FRIRANAY
SN Pb &40k 200 . 400 F1 800 mg-kg ', iC N
Pb200 . Ph400 #1 Ph800; 3 > Cd ZbFEAMJE Cd ¥
SERAMN 1,2 F 4 mg-kg™',iE K Cdl, Cd2 FI
Cd4. ¥ I & & & T3 4L 7K F 4 51 LA
Ph(NO,), 1 Cd (NO,), WML A Ph F1 Cd
RWIT AR, RIRA AR T IKE 60% 1) H
(R /K i, 15 70 R 4 R 7 VG R KA W R R B 2
A AT R R (25 £3)°C ] T LR
fBREF% 90 d, ff -3 Ph F Cd 43 A 2950 I ik 5 %
PO )5 & FH. R B K- SR V6 T - R
fn P BT AE BEACI AE 4x Ph 5, £ R
AAS TE MR A4 Cd & &, LUE F A i
GBWO07404 ( GSS-4) F1 GBW07428 ( GSS-14) Hy 1 4%
FRIE ST A i, B A FRAE ' 3 A

(1.5 kg4 ™", BE IR 1) —4F Az BB 32 75 ( Lolium
perenne L. VR, R I Y S RE R 10 6 A
+, WG 25 B KA K A3 B i PR AR A [R] R K
Y 60 %, T 8 A R E AR T K o0 U TR R
B 2 B R f A A R R 8 B 1
A4 60 d J PR R SRS FiHh AR A
TR, 25 BT OK FE 43 R A ] b B
AOREIRE S DL 2 BR BN B T AE A B g U8 40
Yy, AR T, 3 5k i b b 3 N R AR )
(BEE) CRAREMR AR, HIPIHE R AE 105°C 2T 30 min
J&, T0°CHEZRHE , FRig & AL B TP B i, AR5 B g
FE43HT. AH P B R T HNO, 5 HCIO, 1R A )
(R 3: 1) AT I M, J IR s 4301t B2 A3
JE Pb &t A 8s 4 AAS MIAE Cd & i, SR s (ol
et BT B2 0P Pl AT C D1 B 1 2 S
WO, 3R 5 mg-L~" (Pb) FI 5'ng;L.3Lf("Cd_) b}

122 BAEH ARG o ARAIER (n = SR AT AT, A0 B ERAE 909% -
Ao LR BRI S PVC B 120% 2 AF A PTG R, RUALER AR 20
“&2 BEEPbMCIIBWEOERE - | <« < F
Table 2 iRe¢overy rate ‘of Pb7and"Cd determination in/Lolium p'L:.‘rennelL. F -
magw e S WEMEE MRS, JwbEeuer | maesmie 0 WERGEE  WMETEE ko
Pb Fi;’éi%' I /mg-1.7! /mg LAY J,,.-"" /_%! CABYtHE " [ gl 5 /ngeL! /%, -
WL A+ PR | 4.9 ~5.2 S22 T o8 A0ad || BetEEE L cd” L 47L5 ) 5.0 94 ~ 102
PR L PO [5.0~5.2 500 /0 100 104 ikt ado O 500 ~ 504 5.2 100 ~ 108/
LRAEEHE PO 4.8 ~5.3 si2 10964106 FRMEHE Gdo | 409 ~5.2 5.1 98 ~ 104
Vg po F5.1-5.6 43" Y02t 112 | wmEEa st cdd 48 ~5.3 5.1 96 ~ 106
g ‘ ,ﬂ s u‘": = -.__-I"l

"

1.2/3% (aCl,, NH,OAc, HCl, EDTA Fil DTPAHEHR
A b Ml Cd &R E

FRECGE 2 mm G319 5.00 g 4 3EHE S BT 100
ml B0 IR 110 19 K BN 50. 00 mLL 7Y
5 FREEBGARW, 5 LI 23518 0. 1 mol - L' 44
fB45 ( CaCl,) . 1 mol-L~" i iR % ( NH,OAc) . 0.1
mol - L "' #REZ (HC1) | 0. 05 mol-L ™' Z iU 2.8 —
FHES (EDTA) F1 0. 005 mol-L ™' 2K = i . 12
(DTPA), 25°CHH 5T, LA 200 r-min ™' 7E 7K F-
AEEIRGHLTIRY 2 h, 285163 000 r-min ™' Z5F T
B0 20 min, BRI 0.45 wm RIS IR,
JRF WA G BE AL E Ph & HE, f1 8 AAS
FE Cd Fi.
1.2.4 DGT-Cd F1 DGT-Pb A %A & gl sE

FRELET 2 mm G 9 + 48R 30. 00 ¢ THEFRH,
ISR K H Al RE KR 60% 19258 F /K, 4K 5 min,
R E IR (25°C ) W17 24 h, AR5 BRI 4l 7K
it + 18 3 fe K ) 3K 6, P 48 b, R HERH A]
FBDCHE T EE K. R KO s 588
AT B B BRGT (%) I DGT % & N i 7
HI ERER ) 15 LS DT 3 & 25 7257

Fefh , RSN 0 4 398 15 28 O 9 IR KR b R
DGT $ B AR BCA D i L B Tk A 48 48
P T2 3 AR AS. DOT %¢ B 7R IR 458 T HE 24
h 5, B ROy, I 258 oK e O R T 4
O T, B [ BB, A B0 4 b (OE Y 1 T
), MA 1.8 mL 1 mol-L~" HNO, , ¥ EH2HL 24 h,
YR [T i 4R RO 28 3% HNO, B B IFfdi i 1CP-
MS AT  $% ALOHE HIERE b E SR A Y)
AR AR R,
[ LS A E SRR (M)

M =c,(Viyo, + V) /f (1)
KF,e, I 1 mol-L~" HNO, & 4 & ¥ &
(g L") 5 Vigo, WIRIBEE S AR 1 mol-L~" HNO,
VAR v, R IEE AR ICH 0.2 mL; oA
Fh 4@ IR 7, Cd 24 0. 938 ,Pb A 0. 955.

DCT BHEHEL B FE(Chep) -
Coer = MAg/DAt (2)

A, b DCT BB il B W H] (s),A A DGT %
(B B R, A =3. 14 em®, Ag NP BZEE
(0.08 cm) ,D AER)ZHESEE Y BERE, 25C
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T Cd 5 6.38 x10 *cm®-s™", Pb N 8.41 x 10°°
cm’es”'.
1.3 HdlEibrg

ARE B 12 ] Excel 2007 F1 SPSS 18. 0 #E47

57047, 38 Origin 8. 0 PEAT2A.
2 ZRE5HH

2.1 A[FEZER e OR[E Ph Al Cd 15 Je e B R
7 B AR A5 R

4 B R AS JeK o T B R 13 A
P W26 3. DR AT AT Rk 25 e 4 v B 1
AP Bl P B Y B II H ,  6r BR E 0E Ok
1.98% ~21.48% ; A KPR 52 A0, Bl Pb &
I A P E R RS D 21, 12% ~27.53% 5 R
PRS- b B N 5 kD i, DL P F il
400 mg-kg WA R AR AL, Ph
HHEIAF] 800 mg-kg ' B, igiﬂ"i%ﬁi%%{1
SRR 55. 15% . Bt 4 BT ], (04 45 5 % 6o 1
W Ph 2 B SE R KRR R 45 ) TR
Z 25355 P 0. 05 WG B E KT, Hfh 3 Fhe

23 (FRkdranmzsnekmry) © | o 7

4 1 B R gy S AT R (2 S
225 Ph X S Bk S A0 5 A Rk 1 5
MFF AR 54— 30, IR 48 6+ 1 B -3 Ph
R A By R 2 2 R R S P
HEIAF] 400 mg-kg ™' LA _E R Bk 0 I8 2 JE] ) 22
SIE B E AT

b Cd 7, 78 TPk 48 0 4 v A B b 1 3
9y R 5 I Cl 5 Sk 5 1T, b
Y % BRI R Sl 36. 49% ~ 44. 94% , Xof BB 3 HE )
KRN T7E A REREE T, ANV I Cd
WEAR T ot 138 (2 0 i, b v L B B 4G, 24 Cd
FrEHLE 2 mg-kg I, B B Hh 1 A 4 ik Sy 3
HE) 63. 14 %, {4 = 38 XF Bk 2> 36. 85%, #ifil T H:
A R RS 5 48 e - v SR B B A
ik FVBR 5 RSN Cd 5k A0S A 97 A5 A1 5
IR TE 2 5 2 SR 2R 76 R P A
Cel 2 10 P o ) 2 B0 3 B RS2 KX P
A1 Ca BT 2E W] .9 5 I T g P
R Ph Al CA %S85 B -k ) B (B
BN, 4 T gy

J El P, . - - s
= 1 Table 3 _«Growth_of 'Lo.lihm perenne L. in different types of soils o= 2
oy PTVERAURD AR R LEAECEEY SN G | L (B P/t

“KJ: /mg-kg=! QS " /mg-kg & Lg-dh! . =
” ; Cks 8.10£0.924 ) 43.02+3/50a CK | 8.10 0. 72a 43.02 +3.50ab
mr@%@i . Ph200 8.26%1. 13a L 41350 +3. 75ab Cdl 8.38 £1. 17a 41.35 +4.62b
. ' Pba0o 9.84 £ 104 40.39.4 17D Cd2 9.40 +1.28a 44.84 £5.16a
‘ Ph800 9.47 =1.61a 39.15 +5.37h Cd4 9.60 =0. 53a 41.84 +3.51b
; CK 7.81+1.43a 38.11 +4.50a CK 7.81 +1.43b 38.11 +4.50b
P Ph200 7.93 +0.75a 39.64 +3.73a Cdl 11.32 £0.47a 43.68 +4. 88a
- Ph400 8.27 £0.73a 39.91 +5. 19a cd2 10. 66 +0. 52a 43.37 +5. 66a
Ph300 7.40 = 1. 46a 37.86 +4.78a Cd4 10.80 +0. 81a 41.59 +6.29a
CK 8.90 +0. 86a 42.81 +3.92a CK 8.90 +0. 86a 42.81 +3.92a
T Ph200 7.02 =1.98a 37.77 +6. 24h cdl 7.72 0. 11ab 37.27 +6.31b
a Ph400 6.45 = 1. 00a 39.60 +5. 17ab cd2 5.62 0. 78¢ 38.48 +4.23h
Ph800 6.84 +0.07a 40.96 +5. 81ab Cd4 6.08 0. 82he 38.21 +6.49h
CK 7.76 £0. 87a 40. 12 +4. 74a CK 7.76 £0. 87a 40.12 +4. 74a
L5 Ph200 5.97 +1.69ab 40.31 £5.62a cdl 8.18 +1.72a 41.00 £5. 19a
Ph400 6.51 £0.21a 39.15 +4.43a cd2 7.51 0. 60a 41.02 +3.48a
Ph800 4.28 +0. 54b 38.95 +4.82a Cd4 7.43 +1.36a 38.60 +4. 96a

1) [fl =5 oA ]/ NG SRR R [l b - e A B TE 3 22 5, ARG PR A B F 2R (P <0.05)

2.2 BSEEXF Pb A Cd HUE4E

Bl 1 R AR 3R P Fl Cd 15 QL FRE T B
O IR A R BT Ph A Cd M E SN, HE
FH0Y (BCF) WL 4. EAJRITHE M L IEIAIAH,
DL M 1SR T SR 4 ) BB A T 22
5B (a) BN, SR BESE B EEX Ph 1 AR
RE TR RN AR PE L 6+ > B R 0+ > Pk R
ot > fOR MR, Hoth B3 Ph SN 53. 97
~114.78 . 12.96 ~119.95 , 15.66 ~98.71 F1 11. 41

~71.90 mg-kg ™' FHAME Ph it AN, SR AZ FL )
Hh 1B Ph & A 1 AR fh s At PR 4 2R AL 1 R [
M. MRS E - B, EAME Pb & 28T 400
mg-kg AT, B B[R Ph i B AR
KRR ARG Hoax 3 Fh -4 1 B w138 Ph
o AR G FEA AL, 7E LB Pb i 200 ~ 400
mg-kg "', ML EB P B SR, M Pb S E AT
400 mg-kg "B, Ph &P . B O T
XF Ph (1) AR BE i R T b b3S, LRI 5
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B 42 %

EEAAR R AL > SRR At > K
PEREE > v 20 o 4 M N ERE A P S A
129.54 ~ 1473.58, 90.53 ~ 715.22, 114.59 ~
544.76 F170. 70 ~568. 13 mg-kg~'. 24 #MJE Ph &
£ 200 ~800 mg-kg ~' I, R 1k 55 €0 £ Hp Y SR 2 R
T ERXT Pb (1 E S — B AV P K X

AR Ph 78N 5T 400 mg-kg ', Ph [f] B A B
Hiy b FR S AU D B 22 () Ph 5 4R HL R 3.
BREavE g 4h, HAy 3 Fh 4 e [ B3 SO R
AR S AHRL, JLHAESMIE P & F 400 mg-kg
B, & SRR AR, LA 55 4o+ 1 B3 RO TR
(SR Re T B AR

F4 BEEWNPbH CAMEERE
Table 4  Enrichment coefficients of Pb and Cd in Lolium perenne 1.

SNRES N

SMEES

. P | EB iR P M 18 iR EB
AR P HRRH B P HRRN HRRN
CK 0.16 £0.01d 0.46 +0. 04d CK 9.96 +0.25a 21.89 +1.21a
I Ph200 0.26 +0.0l¢ 1.03 £0. 04¢ cdi 7.64 +0. 14b 21.59 +0. 66a
PH400 0.34 £0.01b 1.51£0.01b cd2 7.31 £0. 06¢ 16.41 £1.28b
Ph800 0.83 £0. 06a 2.06 0. 02a Cd4 6.90 £0.06d 21.60 £0. 52a
CK 0.24 £0. 00a 1.06 0. 06a CK 2.95 +0. 28¢ 16. 14 £ 1. 64
S— Ph200 0.20 £0. 00b 0.91 £0.02b cdi 3.41£0.24b 15,12 1-0‘."26?
PH400 0.13 £0.0lc 0.66 +0. 02¢ cd2 3.80+0.13ab " 16. 911! 16D
Ph800 0.12£0.01d . 0.68+0.0lc Cd4 4.22 £0.27a 19:42 £0. 86a
CK 0.13£0.03b | =11.15+0.01h CK 2.22 +0.41b 8. 08 +0.45b
S Ph200 0.18:20.01a Y 1.22+0.04a cdl g | 26840. 11a .,81':62};'1"{. 44
PH400 0.12%0.01b "} 0.74 0. 00c ca 12,05 £0.04b 10.76 0. 93a 4
P800 0.09 £0.00c| ¢ 0.64=0.01d far 1.95 +0, 05b 6760126
- ) (CK 0,16 & 0- 01 he: =y 1409°0. 00D LGk "2.95 £0-27b 10.50 £0.34h
S o ] JP200 0.21700 ade” .27 £0.04a Cdr 13.23£0.03a 13.40 +0. §3a',f-':'j
: = | 7 Ph400 0417,£0.015 7 /0.86 +0. 00c G2 2.530.09¢ 18.50 0. 73a &
S0 pgoo 0: 14 +0,00¢ 084 +0. 00¢ ‘cadl 2104 0. 02d 11707.2.0. 70b

1) J S e ek P 2 AN e 08255, (P <0.05)

ML (T, € BB 5N I

EUP S Sibor- N O e € E S o
AR RIR E YR SMIE TR I Cd 5 YL R BE A 18 in i
JLT- RPN, PR 55t £ v SR 22 Wb b b
TEBE RS T LAY 3 Fh M FE A R A
(PR RO AR BR D) e 59 , RIS ISR Cd B FoH -
RN ML R EB Cd AR A A O R ME A
25.98% F142.62% . *45ME Cd K F 1 mg-kg ' BT,
HoAy3 e b A v |30 4 Cd REJIARAL, i
I 1 mg-kg ™A, A MM RN B B4R A+
R R R AR R R B 5 T b T AR 2 4
U8 Cd >2 mg-kg ™" I, A BV v SR04 5 55 6+ h
(1) P T A A TE /NI I AR 2%

RS EA AL T ERAE A [A] 3 h X Ph A
Cd EHEMEN AR FEOH P A Cd B 4ERE(I
RO WP AFER R 2 7. s 4R RE 1 ok, B
KAERME 25 0 - iy SR A 7L Ph 5 4 & B0 AP U
Ph U N B3 I 3G K, 7RSS Ph % & A i KA
(800 mg-kg "), HiHh b AL T & A R AR,
I3 H1h 0. 83 F12.06; 1 Cd &4 ZBHFE Cd & &
BABE AT /N | A AT AN T R R

=
f

TR R B R RAE, 4300 9. 96 F121. 89, B Cd
RGN, B FAR R Cd Y g .
2.3 5 FifbZAEREGE & DGT #2HL Ph il Cd & &
PEIGAIXT 1 8 1 4 i PR IRE ) 5 5 2L e A
BE KK R R E Y, G HH T L E SR A
SR ) A TR 5 6 A N T 4 R A R v AR R
J1, IRl ) o 4 i ) S B i 5 - 4w A i A
AU AR e, B 2 RIE] 3 S AT [R] 26 B A 48 rp R ] 2
BOTEXE Ph A1 Cd B9 # R S -3 Pb AT Cd 4>
HLRIERL G KR, B CaCl,-Pb $2EUS AN, HiAl Ak
SEARBGRHREUAY Pb & i A2 1 4rh P 25y
AR A O, KK I R+ 4 vh 4 8 4 1 3
PTG . XA 4 Rl 2 BRI A BEELEE ) iE AT
LA, M 55 0 - RN K1 B8 v HCL-Ph 3R HUS &
T, TR 245 1+ HCI-Pb $2 B0 53k 28. 42% ~
30. 83%, {H HC1 H1XF 45 i 4% 2+ 1) Pb $EHOCR R
1% SR IHRAA 0. 70% ~6. 14% . LSS 5 4 45, 4
NZ EDTA XF 3 Ph (42 HEE Iy feim , 5P 55+
hZs R —3%. CaCl, Xf -3¢ Pb (L HRE MR, 76
FIEAN P AN P 800 mg-kg ™' I, AR B AL Ny
0.54% ~0.68% . % Cd Wi, 5 Fhfb 2 $E BRI 2 0L
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Fig. 1

) Cd S5 i od 2R E W EFEMHELR
(P<0.01) ,Jf H YA B A4 UK. HCL X R M 25
Bt P R R R Y Cd R ERE
s, Hobo R M (0 Cd YR BUR R ik 48. 77%
~52.57% . 5 i %0+ v EDTA X} Cd (932 HLURE T
B2 HA 4 Ak 2 PR IBGR B o,

AR A 4 () £ B BT 519 Pb Fl Cd 2 1Y
B TIEE S ESRNHERBIE S. B CaCl,-
PhiEl S &S TP 2 2B EMHE(P<
0.05) 4, Hidx 4 ¥y 20 WM (P <0.01) , 1

Accumulation of Pb and Cd in Lolium perenne L.

i EDTA-Pb 28U 5 3 Ph 2 (40 ¢ R B0A 3
0.986. 1 5 F{b2EHRBGRIXT Cd F3RHCER 5 4 Cd
A MR ER 2R R EAHOCOCR (P <0.01).

DGT HAR FEET A i ¥ BRI (Fick 25— &
B ES Y HUZ R Y B RS B T E L
e b A A RS S &, T DALY R R A
1% AR 25 SR 3R W 7E AR [F] 25 78 1+ 3 v Ph AT Cd
W B St Bl A 7 R B A B i3 n, B 5 H 4R
At A AR AR S | (ELAE AN ) #7839 i) 18 ff £
545w 4 R 4o BAR .

x5 AEXBETIFEZENSPb I CAdLES Pb 1 Cd £EMNHEL R

Table 5 Correlation coefficients between extractable and total Pb and Cd in different types of soils

JLE CaCl, NH, OAc HCl EDTA DTPA DGT
Pb 0.562 " 0.798 ** 0. 685 ** 0. 986 ** 0.984 ™ 0. 450
cd 0. 856 ** 0.987 ** 0.926 ** 0.961 ** 0. 965 ** 0.415

1) « RRFE 0. 05 A B EMK, w FRTE0.01 /K b WA, FIF
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Fig. 4 Correlation between Ph content in the aboveground tissue of Lolium perenne L. and extractable Pb in the same type of soil

6 EXEM AP CAdEESHBELBLERZIRIE P 1 Cd REMHEXRE

Table 6 Correlation coefficients between Pb and Cd content in the aboveground tissue

of Lolium perenne L. and extractable Pb and Cd in the same type of soil

ER e T 3 CaCl, NH, OAc HCl EDTA DTPA DGT
R Ph 0.472 0.905 ** 0.915 ** 0.965 ** 0.952** 0. 804 **
Cd 0.995* 0.999 ** 1.000 ** 0.999 ** 1.000 ** 0.995 **
e Ph 0.518 0.936 ** 0.974 ** 0.986 ** 0.977 0.937 **
Cd 0.991 " 0.992* 0.995 ** 0.994 ** 0.994 ** 0.976 **
o Ph 0.263 0.878 0. 894 0.907* 0.888 0.827
cd 0.988 ** 0.987 ** 0.987 ** 0.987 ** 0.988 ** 0.962 **
R g Ph 0.729° 0.918 * 0.895 ** 0.986 ** 0.970 ** 0.962 **
cd 0.975 ** 0.975 ** 0.977 * 0.977 0.981 ** 0.981 **
2.4.2 AFZEEILSEPREZR Ph A Cd Fi 54 BRI AR 4 8 A7 SO LU B, B L7 1 A 1
PRI F BAHCR R BT E G 8RR Z b 22 5. 8 6 FIE 7
TEHE &R ARGEME D W2 RBIRE L JEXR RIS 3 ] B A2 B 3 Ph Al Cd B AR



3502 woom ® % 4 %
DGTRCAE it/pg L™ DGTHRICI & it /ug- L™
0 2 4 6 8 10 0 0.5 1.0 1.5
35 : X T ;
20+ : . .
30 F [ —— v L)
;-'.“JJ 25 ii” 15 F
g 2
= 20¢ =
& & 10
o b5 3
2 = CaCl, v EDTA B
0k s NH;OAc ¢ DTPA 5 st N
2 a HCI * DGT 2
3T 3 4R of i g6
[” 1 1 1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 25 0 0.5 1.0 1.5 2.0
LRI C A dib/mg kg™ LA Cd & fit/mg kg™
DGTHRCA & fit/pg L DGTHRICA & it /ug L
0.2 0.4 0.6 0.8 0.25 0.50 0.75 1.00 1.25
10 ; : ; ; 10 : : r .
. _ 8t
2 2
n_h =11
£ 6F E 5t
o =
41 41
3 4l 3 4l
3 =
4 4
® 2 ® 2F
T Atk e . Las SR
o . ; . . i . i o L ; . PR . . . i
0 02 04 06 08 1.0 12 14 16 0 02 04 06 08 1.0 12 14 16 18 i
LR A & i mg ke ™! {E2AARCd & fib/mg-ke ™!
S T B BEEm G AR SARER TR SRRE CEBNAXLR 7

i = f | iy . . f - L .
F].g 5 Correlation between Cd content in the aboveground tissue of Lolium perennelL. and extractable Cdin the same type of soil

iy A SO 2 BRI P A @ ST DTPA-P A, HIDERECH 0. 910, 5 BU 4 )

WA KB MG S ST (2 7) , B Rl |-
T PL BT A i CaCL,-Ph HEIRA SR B0 1L B A
KXKZ BT 5 NH,OAc-Pb HEHUS 5 B E ML (P
<0.05), 5 HCI-Pb $#2 B3, EDTA-Ph 2 B4
DTPA-Pb $2HUZSH DGT-Ph $2 HUAS #4712 4% W 3540 6
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Table 7 Correlation coefficients between Pb and Cd content in the aboveground tissue of Lolium perenne L.

and extractable Pb and Cd in different types of soils

T CaCl, NH, OAc HCl EDTA DTPA DGT
Pb 0.345 0.824" 0.742 " 0.941 ™ 0.910 ™ 0. 609 **
cd 0.803 ** 0.739 ™ 0. 860 ** 0.741 " 0.729 ** 0.919 *
3 it H—mmE P pH 5 E 4R A SR B UG
op

3.1 OR[A] - E2EA A RO AR Pb A Cd (520

NI S Y A 48 v PR A ) AR KA DA TR RO B
W25 Y 4 JE A IR R e A K
(R R 2 —. AL M o2 5 Wi 4 W
Wi G, LA pH S S2 AR 1R P9 Ph Al Cd F%i2 1)

KR FRPE L8 pH I, B 48 19 A Mk v, 14
HeIRAE S 2 A JCES AT AL, A2 HE 4 4 %
4 R R, A P R SR o P Y R R
£ Pb Ml Cd WA, T3 A0 = Fh 438 kg v Rl 1
4% pH 8, TR Pb A1 Cd 2@ 24

B BUTTE SR P DAV 16 Bk R 8 55 % A7 7, T it
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Fig. 6 Correlation between Pb content in the aboveground tissue of Lolium perenne L. and extractable Pb in different types of soils
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