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Assessment Bioavailability of Lead in Soils Based on
Diffusive Gradient in Thin-films Technique
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Abstract: There is no universally accepted approach for evaluating lead (Pb) bioavailability in soil. The
diffusive gradient in thin-films ( DGT) technique is a promising tool which has been used for evaluating
the bioavailability of heavy metals in water and sediment. The principle of DGT is based on Fick’ s first
law of diffusion. The ability of this technique to estimate Pb bioavailability in soils was compared with the
abilities of other traditional chemical extraction techniques ( soil solution, ethylene diamine tetraacetic
acid (EDTA) , acetic acid (HAc) , calcium chloride (CaCl,), and pseudo-total Pb methods) based on
a greenhouse experiment using Brassica chinensis grown in 15 soils from different provinces of China. In
addition, whether these methods were independent of soil properties were assessed. Correlations between
the plant and soil Pb concentrations measured with the traditional extraction techniques were dependent
on the pH value and organic carbon (OC) content, indicating that these methods were influenced by the
soil properties. The regression coefficients (R*) were increased when these prediction models, including
soil properties ( pH value and OC) though the stepwise multiple linear regressions compared with simple
linear regressions besides DGT method. In contrast, the DGT measurements were independent of the soil
properties and showed a higher correlation coefficient compared with that of the traditional techniques.
And the prediction model built by DGT (R* =0.97, p <0.01) showed a highest R>. Hence, the DGT
technique was better and should be preferable for assessing Pb biological effectiveness in different soil
types.
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Tab.1 Basic properties of selected soil
oc CaCO, CEC Jfitk KL Ak EaR i Pb ARJEfH
Y PRI pH fH B b/ B, EERWREE/ B ittt/ Jrigiidig Jrigiidig
(g'kg™)  (g-kg™')  (emol-kg™') % (g'kg™")  (gkg™)  (mgkg™')
A iNE] 4.90 9.00 0 10. 85 42.91 1.71 0.11 28.74
B WK 5.74 10. 14 0 21.34 24.96 2.14 0. 08 38. 46
C P 5.92 19. 87 0 11.10 27.52 1.97 0.26 42.51
D bANL] 6.01 6.78 0 8.70 36.51 1.76 0.18 34.75
E G 6.25 11.62 0 19. 08 16. 84 2.34 0.05 30. 17
F BRI 6.27 20.70 0 28.59 19.33 1.96 0.09 44.79
G & 6. 82 19. 05 0 31.11 30. 18 1. 84 0.19 44.73
H i) 7.90 9.56 35.60 22.37 26.01 1.20 0.17 37.40
I b 8.07 10. 32 27.50 16. 01 18.18 0.94 0.15 36. 12
J B 8. 12 11.27 15. 06 25.25 9.57 1. 19 0.19 40. 87
K 17y 8.24 13.44 25.15 16. 80 17.74 1. 10 0.15 38.58
L R 8.29 12.77 53.57 24.67 7.59 1. 60 0.16 39.75
M H 8.37 11. 18 38.51 11.23 6. 66 1. 67 0.13 36. 86
N IR 8.65 6.87 31.69 13.09 17. 11 0.92 0.16 36.02
0 S 8. 80 9.45 11.51 11. 61 10. 51 0.72 0.19 40. 80

T g UL pH BN T

HRLE Ph i, RIS/ 3R I B I AT IR
£ AT, 3t 2 mm JE IR TR, FHF @ AR AW
Pb &,
1.3 TEHPHHEPb WER X
1.3.1 DGT #HU%

DGT %8 A 4E A RTHAE AW (hEm L) ,
A bR ERE P R/ E ™ JeHs 50 g 3 2 mm B A X
TR SRR 0 K R R A R K
(MWHC) /) 60% 2514 48 h, S% 5 £ 8 +F 80%
MWHC (940 F 445 24 h il 3 S 300k B 2 1w
W, SR, FF DOT % B 28 i s A+ HER 1, 7
& DGT JEME S -3 70 73 42 ik, 7% DGT i 44 9 ] fift
MREECRHFFTE(20 £1)°C, U 24 h 5, N R EEHE
H Rl A DGT 268 FHZE IR KGRI DA BR 224 B AE
b S ORE R B O K R B R
1 mL 1 mol/L AR VLML 24 h, F B Ap, i I+
W53 S BE I e R R Y Ph i,
1.3.2 W — DR EUL

IR Ph MR BE AR AL SE 1Y B vE N E | 7E (R
W DGT 28 J5 K T 3 50 mL 2R LMl
B0 (5000 r/min, 15 min) PLERICE 0700 2 it
DA

3 PGS — A0 B B At FH = 52 550) 43 1) oy 2
B 445 0. 05 mol/L 4 EDTA 0. 01 mol/L ffJ CaCl,
F10. 11 mol/L /9 HAc, #/E L 38 WEDTA, FRE £
2.0 g T 50 mL 2.0, LA 20 mL 0. 05 mol/L
(1) EDTA B 453% 2 h, 038> . @HAc, FRE 14

0.5 ¢ T 50 mL &L H, A 20 mL 0. 11 mol/L 1Y
HAc, #7816 h, i3> . @ CaCl, , FREL+3£ 2.0 g
F 50 mL B0, A 20 mL 0.01 mol/L )
CaCl, , ¥%¥% 3 h, i ug™ . FrA R4 Ph & &8
o SR WA G R THI E
1.4 Zitoth
DGT 4 Pb itk b2
Cpor = MAg/(DAL) (1)
K Coer——DGT IEMZE K P i e, mg/kg
M——IZFERFE Y P (1) REUF &L, ue
Ag—Y BUZHEE  cm
D—P HZ Pb BOP RS, em®/s
A——DGT W [ & 1 BT, em®
t——DGT ZHEHF] s
iz ] Excel 2003 #E1 74540 73t Fn L R 251, 2R
H SPSS 23. 0 Bk HE1T 2 55 13 P4 HT Fll Pearson
FHOCAE AT

2 ER5HMH

2.1 SMEPbI/NAREMERFM

At b et o AR b 25 AR K, o pH {HYE [
4,90 ~8. 80, PHFS 1~ 5 # i Joi 5t JAE J)X Wk BV L hy
8.70 ~ 31. 11 cmol/kg, OC i & Lyl hy 6.78 ~
20. 70 g/kg , BRFRES i &t HLYE IR 0 ~53. 57 ¢/kg, Kl
TR BN 6.66% ~42.91% . B 1(KEHh
AN ] 4 B4 A 3R] 1 AR [R] /NG FRER R TE 0. 05 7K
VR ERARE  RFEVNG FEEFRIRAE 0. 05 KR
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Fig.1  Comparison of plant biomass in 15 different soils

2 E)AT LA 15 g b3 AR N
SEAEYREEIE A 35. 66 ¢, Hodp CK . T1 A1 T2 Ab
BT B AR Wit 4y 3l 36.37 .36.28 34.33 g, 5
CK M, % Ph (ALER T1 AT T2 2 18] f 4= 9y i A
p <0.05 KT A W35 225, W TEX P Fl Pb 4k
FEIKS- T AN /N 3 00 A K 3 il 2 1) £ s o]
Y.
2.2 NEXRPbHEEE

HIP 2 AT LUE Y ZET A 15 B -8 h /e SR
FF-E4 Ph i HEM 0. 291 mg/kg, CK ., T1, T2 4b
PRGNSR RS Ph o GV 0 o 0. 025 ~
0.181 mg/kg (F ¥ {4 0.103 mg/kg), 0.208 ~
0.416 mg/kg (V¥ {H 0.304 mg/kg) Al 0.404 ~

0.7

e/ (mg kg ')

s -lﬁl‘hr.,

,,
N o T T O T
k\\\\\\\\\\\\l\\\V =

T RASSARSRESESY

0. 571 mg/kg(FH41{HE 0. 466 mg/kg) ,3 Ak B[] Lt
B, T2 AR BN 3R P iR HULAE p <0.05 KT &
FET T, T BN SE P i A p <0. 05 7K
TR BERT CK, MM (A ~ G) Fidtt +
BE(H ~0) R4y /hE 3¢ Pb & H o il
0.326.0. 260 mg/kg, iX 7] fig J& B A8 M -3 b Ph
M AEYIA R R PE H 1AL, 3% C F.G P8
/INFAZE P B FE43 1M 0. 297 0. 265 0. 267 mg/ kg, ik
FILT M3 (A ~ G) /NASE Pb i LT3
{H(0. 326 mg/kg) ,iX Al fig /2 fH FixX 3 FhiR 1k 1 e rh
[ OC JFit e (435000 19. 87 20.70 19, 05 me/kg) ,
By A3t w8 4w e, NI REAR 1T Pb 78 1235
H A A Rk

Ock BT @712

NSNS SSH =

B2 15 AR 5 /NSRS Ph BRI
Fig.2  Pb uptake by plants grown in 15 different soil

2.3 MAEXHPhEESTER P AENHEXME
FH DGT ¥, i W ¥  EDTA ¥ HAc %,
CaCl, 72 A4 43 B s (9 /N 28 v Ph o i HL A
148 Pb T L Z (Bl OC R QN 3 iR, EDTA
HAc ,CaCl, J7 35 2 43 Pb i & L3 Bl 4000l o
8.7 ~87.94 mg/kg (V-1 44. 61 mg/kg) .0.47 ~
27.05 mg/kg (“FH4{H 10.06 mg/kg) .0.50 ~8.78 mg/kg
(F-¥IME 4. 06 mg/kg) , YiB] EDTA %} +3 Pb HA
ORI ERE ST, HIKJE HAc, 55 /& CaCl,

DGT ¥, +HEIE Wi % . EDTA ¥ HAc % CaCl,
PR RIELEIEM /N SR T Ph AR WA R I e
BASAHIA], 21 ml 09 43 07 1 2 e R R 4300 o0
0.97.0.92.0.88.0.80.0.78.0. 72, I 7 %01, 4% 7
BB /N SEXT Ph B A A R IUT B KB/
DGT i HHEVAWE EDTA ¥ | HAc ¥ CaCl it 4
ik,

2.4 /IMEXEE Pb TR
Wz A Zonge ke, 5P (pH {E, OC
Prig CEC i CaCO, it K -5 i E bk &
FEALES &) A3 Ph & A A A i, /N SR
1) Pb & 1 ok RS 15, XF A ) 4 B8 5 7 % (DGT
% RV WL CEDTA 75 HAc 7% | CaCl, 75 1 42 i
2o MW L3 b F ik TP 2otk A, 15
PR P AL WL 3L 2 (C, A/NFE P B L,
CDGT \CS()I \CEDTA N CHAc N CCaClz N CToml ﬁ%IJ%%ZT\‘ DGT z£ N
+ W EDTA ¥5 HAc ¥ CaCl, 1 14 )
FEM) 48 P i L, €. S 3 pH A, € 35
AHLRETER L), AT LR ), 255 75 1 AL v o
MR I, 55T 6 B oAy s 4R U - A 2GS Ph
JITRA R 1) Z2 O 0] A AR AR ) 5 I 2 A 3 T ) O¢
#, H Pb fE R AE YA ROE S 3R Ph &
HEIEME, W5 3 pH [HA OC &A%,
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Fig.3 Relationships between plant and soil Pb concentrations

®2 BEEZESETEUERIERFINTNTIE(n=45)

Tab.2 Prediction equations calculated by stepwise multiple linear regressions (n =45)

Ty R? P
Cpam =0. 156 Cpyi1 = 0. 066 0.97 <0.01
Cam =0.1617C, —0.013Cy+ -0.005C +0. 114 0.94 <0.01
Cplunl =0.086 5Cgppy —0.013Cy+ —0.003C +0.072 0.90 <0.01
Cp]am =0.1134Cy,, -0.014Cy . —0.004C +0. 136 0.85 <0.01
Can =0. 136 1C¢,p, =0.017Cy . =0.006C, +0. 149 0.83 <0.01
Cplan =0.002 6Cy,, —0.034Cy; . ~0.005C +0. 350 0.78 <0.05

Hp <0.05 FREFLE ,p<0.01 FREEWEE, TR,
2 3 RN 3 A 7 s R IO A S Ph
i pH EHF OC & & 7E mIHJr #h 5/NH 38 Pb &
OO R M W E M2 S i R, nTLUE T, -
e pH {H A1 OC 5 4 I 35 5% W 1 HE VR W 1% | EDTA
¥ HAc 2 | CaCl BE 1424 125 (HJ2 XS DGT 5% A
WELW , LRE K, 5 LM 45 R A,

B2 T A I A Y D E R AL R R B /MK
9 :DGT ¥ | T WML (EDTA ¥ HAc ¥ | CaCl,
W AREYE . DGT 12 i # A i 990 00 A5 2 ke 5 2R 4K
WAL 5 Fh AL 58 53 B 7 6 08, HAS 2 LAk
PR 500 —Fh BN /N 3% P AR W0 R Y
BARTTE

®3 EAFTERERYHBZERE(p)

Tab.3 Significant difference tests between factors in linear regression models (p)

DGT #: AW EDTA ¥ HCI ¥ CaCl, % e iers
T4 Pb i L <0.01 <0.01 <0.01 <0.01 <0.01 <0.05
+ 35 pH {4 <0.01 <0.01 <0.01 <0.01 <0.01
+3E oC sk <0.05 <0.01 <0.01 <0.01 <0.01
3 i FEOKEEE AT ACH S ik IR 8 45 A 5 5 11 CaCl, &

JURh BRI EDTA (1435 H g 1 fcii ,
U HAc, CaCl, R $2AE 1555 , HoJEL A AT E 2 EDTA
JE—MEGRAYAE L YRR G0, RES R U R I
SEAFKEE W] RS TS FAPLE S
HAc Je—FRMESR IO, 32 25 Ui 4 R P 5 4

PEERERIGR, HARER T SS S )R 1 0 sk
PRI RIZ A Z2 S0 2 [l SRR T, 514 G i 4 B
JTEF L, DGT SR FEME T —FhBE 47 P-4l P 42
YIARER T, BAR A — AR BGA AR A
I R WP O 12 AR H A (B - — E 1Y
AR, W EDTA PUHSRESRE B0 , vl A HLE
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Z A4 AT 20 R 3 pH (B Al 1
W Ph R s, PR, SR XA B Bl
Hext pb HAT SR hER ), A WFSE R, A5 &
N Ph SRS R pH HE AR 1
OC Fra L & A Y% Ph A, IR OC 7] LA
N b 9 4 W B AE AR b R AR AE
W™ R, P 7E pH {EAT OC & 58 s Y
T A RE AR, ISR, W pH A
OC i (CEC &5 RS + & o GES2 I Ph 76 1 4%
R AEIA RS R RBOT A e
JE A SRR 4 AR A AP s e R R EAT
ALFEHE YW EE 45 IR 1 30 ) 2F ek A DRt R
TSR AEHECRA D AR R, 1550 HE
T Ph A WA AR 32 4 pH {E /1 OC &
TR EOR, ek PR R A BN 5 RE I R
W 4R R I S R B e R
K, HABTRY A5G R 2, DRI, sk Se A5 458 gl
EFAR TR0 T 48 04 YA ket i 44+
SEVE RS0 % e R | LLRT A AIF Tt A 2D B 4
R ZInlE A4 R W, AR TN Ph AR A R
PERT, DGT AR FAEG R FE U vk, HoAR A2 + 4
HALPEF R W, TIAN %517 58 i 22 o0 mH 287, 13
H DCT FARALE T — L8 20N 1 5% 1 5 42 3 7 1+ 4
AR RO R 2R, U pH (L .CEC &/ . 0C & it
%, H DGT i AR IJLFAZ H AP R 52, K
T AR ST B R (Cd) WA R &
W, DCT HRLR G 1 v i b 3 A 24038 Cd &
S RZ , AT 0 O R LT N 327 - HEME Y
SN, DGT e b U8 AR 37 3RS 0 R B R 28 %,
DGT {3 5 1<t A2 AN BE AT LIS & S0 3 v T
Hh Y T A S T R B ROBE - SRR DRI L 4
VR P I R B 000 2, T LA e R o ) i 1) T
& Ja E R YU B HOR 2000, SR 22 44
(e ERp AN

AW R I, SN 48 L, DGT £ 1T

39 G 8 R, SONG 250 R F s 1R
BPREL EDTA £ Z % G 28 20 B 7 s Al
DGT $ RWF 5T Elsholizia splendens F Silene vulgaris
FE 30 F N [RI 2 AY - 398 v A St 4 I A 14 5 38k, A
FERI, DCT $EHU A RS & = SR PR P 14
i AR AR T 4 ik (EDTA 3% |+ 3R
TR TR, TIAN 451 B 58 K A8 K HAR B +
3R A S MO HAC $2 3L, CaCl, $2 BUMT DGT
BRI REAR R 4 AR A A s
i AR, DT M E MR bs LR &R ity
KR 4 O B AR DG LU R A Y
5 R DT Jr ik G Ge i Ak 2 05 T 5 ) P 2R
VL AR PR - Cd (194 WA St R AT B o
RO, DCT IEHALGe A F 7 1 58 5 g il 30000 7 )
Cd (REIA R . ZHAO 255 YERRIN 18 Rk A
T 4 438 L IS T 4 Ja o o S AR K TG 21 i A
KA, & BLAE VR 4 2R W0 A 30 -, DGT Jy ik
ORI WO R A R B TR S O
NOLAN %" HI ] DGT % /N& W () Zn . Cd F1 Pb
(AR AT R HEAT T PP, 25 5 R W DGT 35 AT LA
TR LF I Zn (Cd F1 Ph 7EAE Y A BN, 1T
WF5E BARNT Ph A A RCHEA BTG (H2 -4
& J@ A=A RE - R SRR Rl 2R A R i /1N
FI SR R 3R T R i S 22—, 5 HoAl A g
Pb W SRR IEA BT 22 5 /N SRR A R 1
FERE S R H IR A AR AR b ST, R UL AR A
FAEBE/ NS R FE X G, F 9% 45 S 2 A B i 58
FHE.

DGT Z it AR B AR, 5 DGT By &
JREEA AT, DGT H AR F 8 Iy 2= [ 3, % 18 T o
RS PR A Y 8O, DCT £ AR
SEMA RS EA A AR P ESE,
AL 0 5 30 )N - 48 [ AH B A R ) I A R Y
U R T G A AT BORR S B T - e
VR ) A SR MR EE T B, DT AR A - RS A e
TR IR, XA S RSB T EA RN
WA R 2R T Z 8% 19, DGT A AR S A5 4
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