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Table 1 Some background and properties of soils used
dFE pH oM CaCO; CEC Rk cd’ Pb’ KN P K
(g/kg) (g/kg) (cmol/kg) (g/kg) (pg/ke) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
HEJE 6.2 342 2 20.0 170 49.1 40.5 142 10. 6 134
Hew) t 7.6 26.0 30 14.8 158 94.0 21.7 175 68.0 216
HRRP 1 4.9 43.6 0 11.2 184 717.3 31.1 237 13.5 72

* HF-HNO;-HCIO, %

B 370 Pb (AW Po (NOs),, WS EE (LA
Pb 11D : 0~625 mgkg. FAMMEEEE 3 K. LK
TIEEERNES, 1 MG Pb ¥R, K
Z HMFFK RN 60%, JECE P, P4 1w 1 n
IKYERFS K& P 1 NG, TEaEh HH% 16 ki
By, WSS KBRGE (7~10 X)) , &4
FERE 4 Bk A IR 39808 S AR FEAE L) 70% HH ]
kR, K 45 Rk ORI AEENEY )
B 3. S0 SR B R KR 25 85 7K UEE, 80 °C
NBE 24 ho JETBAEAIAE S /N RUANER AR R A 1
UM, e N—IR TR A T 45

WA L, B LR 4 °C W)
A RN R A T e 2 REPE DI
1.3 LFEE

% A A3 U720 324 0.01 mol/L CaCl,
2 0.43 mol/L HNO; 3 F11 0.05 mol/L EDTA
(pH 7.0) ¥,
1.4 HEYHERISHEE

VRS (AU RE i T HNOs—HCIO4 (87/13, v/v)
WA, F—E M FHEFE P /E FOSS Tecator (2040)
WA BN HAKIERF YA (Varian 220FS)
AT AR PR RO (Varian 220Z) JI5E Pb K
&,

1.5 HIRAHLEENE

ZIH W A TRV R, W

KH MPN J7v5:P,

1.6 TIERMEYIIRES S

1.6.1  THMADRE IR Z AN %W
H e JAE T 50e it AT, KA BIOLOG ik, H
PAAAE DL SCHR[10]

1.6.2 Hdibririk  RHA 95 MLUBOGE KT
¥J{H (average well color development, AWCD) K&
IRTCEM R . AR AWCD =
[X(CrR)]1 /95, Hr, CiEBrn ML AL A,
R JEXT AL FEE . FH M S IR Th e 2 4F
P U o0 br -3 M Th BE 2 REME (36 2).

%2 ET BIOLOG £ i) & #1851
Table 2 BIOLOG based diversity indices

LREPEFRH Jii& At ik
Shannon #5%( PP , o Pi I i LRI OG5 M A PR AR
H'==-Y" piln pi
R L%
Shannon ¥4] i3t Shannon S5 H 448 = H S W RGO AL S H
InS
Gini #55 FH TSP R i TURB R B 1 D=1-3 (i) Pk
J%
Melntosh #54¢ ST RER R 2 Y2 (T B S O 42 A U= ni*) ni S5 § SRR O G
s
Mclntosh %59/ 1 McIntosh F540i 15045 th 174857 i . N-U Hot N ARG, S T R A A
N-NIs AL
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TIEPL SEWNEREVENTMN

TR B 25 5, 3 b LR P 5 et i3
AR RAE (£ 3) o SRR HAE I Pb WK
[ <407 mg/kg I, 5 CK ML T2 mEK,
H TS5 AR PR 24 NOJIE, AEARAVESE AR
A N =TS 7 P, Rk, mTRg
& N AR T H Ay m . AR CK AH
PTG 25 22 5 o TRV AMER L AEVR I Pb YK Ny

2.1

125 ~ 625 mg/kg JElfl N5 CK ML C R 2ER, 1k
LT PR35 Ph v G BT e

2.2 1E Pb iISEXERFEWILRI RN

2,21 HXPbWSE MK 1A%, 3 Rhobig
KILHAH R, RO 138 Pb WAL IR,
TR L Ph A RS, CEUIERN,
MY T 4 I i S SR A (S YRR
IRKRKAR, BARRI TS PR RO, AR &
iﬂjg[ll*ﬂ]c

3 LIEPb SEMERMEMAEMENTIM (g/f, S
Table 3 The effect of added Pb on aboveground part biobass of Brassica chinensis L.

3N Pb WE (mg/kg) Vet GRS hiai
0 (CKD 2.81c 62.01a 37.12a

125 7.02ab 62.88a 31.34a

281 8.13a 66.53a 41.8a

407 9.53a 67.43a 44.08a

532 4.51bc 58.31a 45.67a

625 1.85¢ 58.70a 41.75a

E: BEMEKEN P<0.05.

100 1 - TEAHF AR BEMRFE T, 52 b3 Pb & & A
| A wwE g 3 PPN Hy e SEYERD > T ERYE > W 1.
£ A FHER RO MR 1 pH B, HOEHE R, 1Mk
s Ll BB/, pH IOTHE £ 51 40 Pb WS 111
& 5 WO R, DUBCE A R BT
;;i s | g 3 2.2.2 MYRS DI E A B
fr ~ X7 ¥ Pb (Q-Pb) & (FH) 5 0.05 mol/L

0 $ 9« & T 7 ‘ EDTA #£H{# Pb (EDTA-Pb). 0.43 mol/L HNO; 2
0 2000400600 800) (45 Pb (HNO;-Pb) Fil 0.01 mol/L CaCl, $2HZ Pb
ASEEIP B (melke) (CaCL-Pb) 4P 5IfEME, HFIE 2 (a~c). WK,
1 H3Rit LE Pb AR5 LR Pb BEXR CaCl,-Pb 5 Q-Pb 5 55 & K b K dls i B0 73 B
e i oty (1 20), 7 HNOs-Pb 1 EDTA-Pb &5 Q-Pb ¥
KA B B o sk (Kl2a # 2b).
100 100 - 100 [
O Mg+ . O Mg+ . O R .
e 50 A ixgﬁﬂf . e] St oA ixmﬁ . o TST A WL .
2 owl” LEST . . B g | o MER %E‘o o | & T .
§ 25 | : ... o . § ,s | ,. .: ® ) § 2| .. ..: IS c
o 2 "onuo‘g 0_63"8 @‘2‘ . . - ° .
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Fig. 2 The relationship between shoot Pb of Brassica chinensis L. and (a) 0.43 mol/L HNO;-extractable Pb,
or (b) 0.05 mol/L EDTA-extractabl Pb, or (c) 0.01 mol/L CaCl, extractable-Pb
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Nt Bk 9 HEIRHEATAIOCHE AT, diRER WRAED W TBEREAMESE S RS LIRS
B, Q-Pb 5 HNO;-Pb Al EDTA-Pb Z [AIAHCPER.  TEMEREAAE R MR R R, Wimiyn
#(r=0.88~0.91, P<0.01,n=18), {H5 CaCl,-Pb 3~ RAEYIITEE 7 lic ok B 4K 13875 ek & R AN [+]
AHOCHEZE, JCHEMER - (r=028,n=18), KM  1EVIFIIIBWCRET o /0BT, & Al
0.43 mol/L HNO; Al 0.05 mol/L EDTA #2H(A& Pb BT A 1:3%, 0.43 mol/L HNO; 2t # Pb Al 0.05
RE W I Mo 45 /R 75 S0 138 Pb (WM, 1 0.01  mol/L EDTA #2HUA Pb AR LT M Fs /< 75 52 M L 5
mol/L CaCl, A Pb FRRACR R g5 Pb i, WX 6 AT & E, 450
2.2.3 LIEPy ELE-HRRGETNIER R K4

F4 TIEFREENSPO 5EXEM LI Pb 58 (TE) MXARERL
Table 4 The correlation functions between shoot Pb of Brassica Chinensis L. and 0.43 mol/L HNO; or 0.05 mol/L EDTA-extractable Pb in soils

g 0.43 mol/L HNO; i[42IXA Pb 0.05 mol/L EDTA [ 421tZs Pb
JiE R’ Tt R’
Gy Corp=0.012C,1" 0.87 Corop=0.00121C," 7" 0.87
e Cerop=0.0196C, 0.75 Corop=0.027C, ~ 3.677 0.80
:5( N j:
Rl Corop=0.0131C.>% 0.84 Curop=0.0019C,'** 0.80

W Conpr COFRIHEPFI LI Po WSE (mg/kg).

MK 4 TT51, 6 NTREBBIF AR T P 8 2.2.4  JEFUG R I RAEY) S BRI
TR, HEREERT Pb 5T Pb A WIS R LAY RS Ny
5K Pb & HON HAAM RSN, HABR AR A G BB AR TR bR T S e (1
(Corop=Ksp Cooil"s Corop FHHMITESIRIKIE, Coon 1 FUREE UMD VOV 3 5 Bl 2 LIE T
TIEPERERE, K, MEIERED, RYGHE NG 22 i SR ARAE . AR bR A
B rh S T R WS R e R B K, BEE RN R IZERRER S P il SRV S AN R 1
BEro BB AT S YR BRI P M B, 3K m] DR 3R P 1l (2L
LR R A KAV S AR S A (K A M B, RS T HIZR 5 R, DA e XU A [ 5 g it b
HABHFF & R0 5946, L3 pH ABOR, B R o L i Sk B e e A T3 TR 15 1
IBRE Ky B, PG IR AR /) TR

#*5 HTEHEXDPolIEREMLTIEEME P IIERE (mgke)

Table 5 Calculated critical concentration of active Pb in soils from critical limits in crops

13 Pb & i N FET N A R # ST RPN BETE K b ©
0.43 mol/L HNO; $2H( & Herb + 60 477 29
B 306 7143 102
e 1 486 11681 160
0.05 mol/L EDTA #2254 Wb+ 147 936 77
B 358 5321 210
MER 1 511 5852 218

a: ZILCHR[18]; b: ZILICHR[19-20]; o *HE A& TAERRHE (GB15201-94): Pb 24 0.2 mg/kg (), #H kT HEIN1% 90% M-S K5,

iz HKIT =M MHX 13 0.43 mol/L HNO; 7] 0.67,n=28). iXH., Chn 4 0.43 mol/L HNO; $£H{
RIS Pb 55 Pb (HF-HNO;-HCIO,) WAk &&JEWE (mg/kg), Cu A HF-HNO;-HCIO, iH
¥ Chn =0.384 Cy +0.374 Csopr - 10.126 (Roy” = fREJERIKSE (mg/kg), SOM iy 34 WL & &
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(g/kg)!™, WL R S P (R 6).

#6 TIEZ PbIEFIRE (mgke)

Table 6 Calculated critical concentration of total Pb in soils

e e SN ETEFE HTRY
RS S bRE BEME
Herb 140 59 1226
TR 790 292 13902
e L 1266 418 30422

HIR 6 T4, 3 Fh LA IG S8 Pb 255 1RK,
R =7 pH H M, WD -5 7%
B pH AHZEZY 1 ANEALAL, HARPE FUEEAAL (&
D, (B2 Pb In FHE & e td L1 7 ~ 25 %,
XA KT = M T3 P IREE bR UE
Hilsz, ATLAHEELL 0.5 AN pH AN HHEHEAT R4 o
2.2.5 Pb V5 duxf BRI W& 3
AL, AR R R YE AR LA P S, LI
(RIS A A B R b (G 5RERR € AL BESE), (HAR
AR, IX A RESS 138 pH {E Wk, H3EXT Pb
IR B A R AT Ko
2.2.6 TEHAEYREDIRRZ RN A
TR EWROEE (AWCD) Bifi I 1] (1 A8 Ak a3t
Bl 4 Jii7s. W0 P Ja, e A% BIOLOG
AR R T R A T — e R (AR A, A i
EEFRINF AR Pb B A OC, RILH CK H5i5 4L 45811
AWCD E R BE SR ) (G K T, Wi Pb
WEE<625 mg/kg B, H AWCD {HIAZRI =T CK
AbEE, (HANHA G

® 7 BT LIEGMEYIRE DR 2 AR R RO
e BT AW, BSI0 Pb K <625 mg/kg I,
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Fig. 3 Changes of nitrifying bacteria in soils polluted with Pb
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Table 7 Functional diversity indices of soil community

Ab ¥ Shannon f& % Shannon )57 J& Gini 5844 Mclntosh $5%( Mclntosh 4] )&
CK 4.125 0.931 0.981 7.181 0.969
A 4.255 0.943 0.984 9.042 0.975
D 4.227 0.935 0.984 8.662 0.973
E 4256 0.941 0.984 7.478 0.979
A5 N = ne =2 e T e ’
3 &Gk JE % Pb V5 RIS P Ok, LIRS L AT R

i AR, WS T RKRIL = A
3 R LR P R IR SRS

WZ LR, HYD

é%u:"b/t\;ﬁﬂ_lr:
(1) 0.43 mol/L HNO; F1 0.05 mol/L EDTA #2HX
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A Pb AR UMb R T S0 -3 P MR, 1M 0.01
mol/L CaCl, A Pb FR/RACR R

(2) Pb £ HIE-F R ARG i1 BN RS
PERT: DATFSENTRREDD, DA T A A e XU
FE ot i BAEARHERIAE ) 2 ME 0T 545 R 1K) P I 3¢
WA (R Pb 1h): BYERP L 140, 59 A
12263 mg/kg, FHEPE 790, 292 mg/kg Fl 13902
mg/kg, WEH] T 1266, 418 F1 30422 mg/kg.

(3) HFEVYe MR - Pb (125 ~ 625
mg/kg) X IR A S AN, V5 R
TR E R T (AWCD) MY 2
FEEFREC Y = TG s I
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Modeling Transfer and Partitioning of Pb in Soil-Crop
System and Its Effects on Soil Microbial Ecology

HU Ning-jing"*3, LUO Yong-ming"*?
(1 Soil and Environment Bioremediation Research Centre, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy
of Sciences), Nanjing 210008, China; 3 Graduate School of the Chinese Academy of Sciences, Beijing 100049, China )

Abstract: In the present research, the partition of Pb in soil-crop system and effects of soil Pb contamination on
microbial ecology of three different soils were investigated in greenhouse pot trial. The results showed that the metal
content in Brassica chinensis L. could be described by a nonlinear relationship with soil metal. Both 0.43 mol/L HNO;
and 0.05 mol/L EDTA extractable Pb in soil were significantly correlated with the content in Brassica chinensis L.
shoots. In contrast, Pb content in Brassica chinensis L. shoots had no significant correlation with 0.01 mol/L CaCl,
extractable Pb in soils. Considering the simplicity and low cost of 0.43 mol/L HNOj; or 0.05 mol/L. EDTA extraction,
the extraction solution could serve as an alternative method for assessment of phytoavailability of soil Pb to plants. Soil
Pb contamination had no effect on nitrifying bacteria and soil microbial diversity. Critical limit of Pb based on human
health risk, national food criterion or plant toxicity were 140, 59 and 12263 mg/kg for Fe-accumulic Gleyic Stagnic
Anthrosols, 790, 292 and 13902 mg/kg for Typic Gleyic Stagnic Anthrosols, 1266. 418 and 30422 mg/kg for Lithic
Ochri-Aquic Cambosols, respectively.

Key words:  Pb, Transfer, Crop securify, Critical limits of soil pollution, Soil microbiodiversity,

Phytoavailability



