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i E . EEEY B8R (Diffusive gradients in thin—films, DGT ) & —F R AL PR RAE A E 41, B 20 tH42 90 AR ik
HE PSR, — EH LA ESZ SR AN B A IR B ERESELRE, BiTRSS &M DT ZNAFKIET&BE T
BRI o 43 1SR P I 2545 548 ( chelex 100 ) FEk HE AR 545 648 (sodium polyacrylate,PAAS)H) DGT % B, %774 2 H 1 3E A S
Pb 4T T BBVHNE o IR RR Y, FiFhe B4R PGS Pb &S BRI i Ph & RE 2R B EARR
R, B PAAS-DGT 32 B X% A RES Pb (IR EAE /1 B 58 . Aive + 4 pH. PHE 7384 it (CEC) A P (OM ) il -+ 3 50k 4H 7%,
LI AERE N, 3B 2 I0E T, BESL T8 AR, ZICGT R, WIFh 4 540 0 DGT £ Bt g iy B AR AL W] 5
B, LR A E BB RS 4700 0.87.0.89.0.96 F1 0.95, H 45 RA & T 0 1 3A RS Pb & &1 pH.CEC YL A LT H
LFRTHER, PG REFRFE SR DCT 3¢ B REE LT P 5k M +-3E Pb BWAEYA S, B T DCT £HAR K FFEH
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Assessment of Lead Bioavailability by Diffusive Gradients in Thin Films (DGT ) in Mulberry Fields of
Guangxi Huanjiang River Basin, China

SONG Ning-ning, WANG Fang-1i/TANG Shi-rong, WANG Rui-gang, DINGYong—zhen, LIAN Fei

(Centre for Research in Ecotoxicology and Environmental Remediation, Agro—Environmental Protection Institute, Ministry of Agriculture,
Tianjin 300191, China)

Abstract:; Diffusive gradients in thin—films(DGT) is one of the most promising in situ sampling techniques for trace metal in—situ accumula—
tion since its invention in the mid—1990s. DGT with solid form binding phases has been widely used as an in—situ sampler for trace metals in
waters, sediments and soils. However, the developed liquid binding phase has been only used in the analysis of trace metals in the waters. In
this study, the bioavaliability of lead in the rhizosphere soils of mulberry were accumulated and measured by different binding phases DGT
devices( chelex100-DGT and PAAS-DGT). Simple linear regression analysis between concentrations of Pb in leaves and DGT measured Pb
showed good fit, and Pb concentrations accumulated by PAAS-DGT were higher than chelex100-DGT. Multivariate analysis showed that the
regression models established by the two binding phase DGT were reliable, and the adjusted coefficients were 0.87, 0.89, 0.96 and 0.95, re—
spectively. Predicted results from these models incorporated the main factors affecting available Pb in soils, such as pH, cation exchanged ca—
pacity(CEC), soil organic matter(OM ) and texture. Results showed that both DGT devices could predict the potential runoff of Pb from soil
and the accumulation of Pb in leaves of mulberry, which expanded the applicable range of DGT technique.
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TEESBAEVAUSTERNER-EEK
M IR GBI 5T B PR, ST AR SR & J R Sk i A
EY #8E RS R (DGT) /& Bill Davison fl5k R4}
TEARBEARR, ZEARTT LLH TR IEDTRY =
&R FEYAA RO LA K 4 T8 DA TR AE 2 W AH A4 R T0E =
—NEEHEY, DCT MEZ BT HIEFRPES
BEE, MHEETEESEAE T EE AN SIS
N, MTIAIA RO E B AR P ELSRBAEA RS
B, anSRAR Y 6 R BRSO 2 B 4 R I\ 4 )
YR BOIFRIAE R, T DGT FA AT AR
RAEYX H I E SRR, Zhao SFCF] FHERYH 18
T - HEAT R S, PR R ER I BB A
% Cu {5YLRRZMR , K 3L DGT 42X Cu M +-3EVE WA
B Cu B 15 M AE 5 47 b B AE 7 %5 Cu AR K o
Song FFM3R A NH,NO; $2 B .EDTA $2 B0, T3 W
TEER EEBEFERESHIES S A
DGT $ R 5 Elsholtzia splendens F1 Silene vulgaris
1 30 PR [RS8 - rp AR KX Cu ISR 250
ZERBUIEYIARNE Cu ¥k EER DCT $2EA A RS
Cu FYAERME B35 0 TH 5 3% Cu SR (EDTA $2
O B | 3D B R B IR R ARSCHE o Tian
S5O AR SR AR KRS B AR PR 148, i R4 Rl Ak 22 A
75 B0 DGT $EAR 34 -4 Cd.Cu.Pb il Zn 9 3
&7, ZR K DCT /MW ES R & & SHYRE
JR YR IR B B T HAR BB S o 7 vk, BB
DGT £ ARBEW 1 FH T EF SIS -

DGT AR —RAAEA R ERER (LEE
ZZRR)MEEE chelex 100 A A W B 571 el £
ERITRNEYARS, B ERFA DRI 5%E7
Xof 4 H I B AU R A5 2219, 15456 A ) chelex 100~
DGCT AR LA THIR IR HESRENEY
BRAESAERARE , TP R N E KRS LB
ZFEYIN E 4R I T S T B RCRT Y E
1 RTE R RIS G5 RE 1 H BE , WS G55 AH i (o FH ok
Ho Y RGN [ AR5 AH Hh Rl I A B B A b R 2D IR L
R ESEEEH S ESY B B8 A, —
B4R T DCT 3B MR ARG 2 E Y, BSS S
FHE DGT BRWE SN, EEZRATEREM
YK &8 BT BRI, 24 E NS ERA
RS S HBARN AT BT ESEEYA
BRI ST I HRIE

F R R P (Moraceae) F J& (Morus L.) i £ 4F
A T BUNEAREHEAR . RMRARIERRI H 8™

Y, EEARRMAEFATIRH RZIAMKNE
M. ARTHEES BT X BHIYHE BRI
H5Ye, AT ZHRMUZ R E LB REN,
I KHEAH T HE-ZSREMRETELBEYA
B BRI RT F S  BE  BARUE AN T 20, AR
FEXN T PN IRAS EAT SC B B AR A, 3R
chelex100 A [E {425 A48 F1 3 T4 4 BR 41 (PAAS) i
RZEGHHI) DCT HAR M E LB IS 1 Pb Y
WA, A AT 5 (40 pH.OM
CEC. clay ) {952 , 37 Z 70 B A TOAR RS | Ry oF
FEEEE Pb BTEME SRR A TR

1 #EFn7E

1.1 SEIeH

I ERN R TT , EE SR YR
BT AR X BR S R AT BEATLIBURE , A 2BKENL R SE
(GPS)sE L, WE PRI AL B 18 A~ s 4T AR
o FMR B A RPN —FR RN, TEREFRMT
e R , PHR R Y AN AR PR 1

P REMRER HIEXNT G 2 mm 7, B, %
Mo WEAF-EYEABRMERAESRESE,
TS AR A=), LR ES
J& 48R IR I A (M HNOs HF F1 30% H,0, &
R 7:2:1) , IHEA ZHM, BB ARNR LS TH
Pt AR HE, F 2% #r HNO, ¥ R FF i 1
ABRBRT, ER R BB ST, ICP-MS il
%E Pb )& &,

R (4 ML) A (5~8 A7) 535
SREERE T (R 482, F B R/K T8 43 st LA 22 ot
YRS BT EFEY, BRHEE KPS,
SRIG FIURARIR T, S S AREMAS . FEATE 105 C 4%
# 20 min, 70 C HEZE{EE , Brarad 100 Hifi, RAM
BeiEfRAL (3£E CEM A H],Mars:240/50) JH4k (¥
HNO; 5 30% H,0, {&FH A 7:1),ICP-MS(ZE [H Agi-
lent 2], 7500a)M%E Pb & & . ALK E i
DL AR EY) 5T (GBWO07603 GSV-2) 2y A 42 il A
TR
1.2 EWFG#E
1.2.1 FE&LE4E4H chelex100-DGT F AR FRE A Y
HRAS Pb

FREGT 2 mm FF KT+ 50.0 g, ASBRIAS
O EEEN 1.5 cm, BSITEB LK BRI L5
THEEKEED] 60% , %5V 48 h, R 5 FHIRE
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IR Sk A 3R K Bk F] 100% 5 24 h, {# 13
EENIR EERE YW . ¥ DCT 28 (DGT Research
Ltd., Lancaster, UK ) A 4K shye ) , /D800 14
RIZWHT DCT £ EME O (ML) ERE, HFE
RIS E A IR, BfR DGT 32 & Al 3%
ek B AT, 37 BIC it [ FI PR B . i 24 h 5,
HEH DGT 358 K a S MHE T 1.5 mL BL.OE A
1 mL 1 mol - # HNOs, H{R 45 & F 52 44 HNO, 133%
HCE 24 h BRI . BTS2 SCHR[13-14], WA
B0 PR AR T8 A ICP-MS HEATINE , 1%
BT A=A P ESBEAE YA RS EY,

M=C,( VHNO;"Vgel)/ﬁ (1)
KA :C. 2 1 mol-L HNO, I F E SRR E , ng-L;
Vino, R HLLE A AHAY 1 mol - L™ HNO; W AKRF ; Ve
NEESAEIR, — R 0.15 mL;f, a8 iIvei
T, —fh 0.8,

FIFHEA(2)1H5E DCT W EE R (F):

F=M/(t-A) (2)
e BN E], 554 HE () HAtmiR,A=
2.54 ecm?,

FIRABRR(3)HE DCT EENELBIKE :

Coer=FAg!D (3)

Ag AP HUZHEE(0.08 cm), 1B IRIEFE(0.014
em); D HEEE T EEBY BERL (B E-6,
cm2's’l)O
1.2.2 WALEEHH PAAS-DGT H AR HIEAYA
A Pb

W2 15 ecm RERN L EEE T, SRAETERE
TR 1.2.1 X+ AT, $5 IR Fan Z80FR A0 B3 HE
FH-BTRE A2 S AH DL S 3 DGT 328 % DGT
REBRRBEHALESD, BREAET B chelex100-
DGT, & 24 h 54 DGT R EHUE A5 DGT %
BNITAER(F 1% HNO, R ZiETE) & EB AR
BT, E5)5 F ICP-MS #HTillE, +HEPELRE
SRITEER .
1.3 &t

12 Fil Excel2007 SPSS16.0 it Fir 15 $i 4 k47 2% 78
551#r, 38 Origin8.0 #1742 K

2 GRESH

2.1 TIREBUMRFRART Pb WEE
SREE R GPS AL, W PRI, 735 7E
[ FI ) IR AR FH P 3 - S HCF AR P - 4

iho THEEFALPERTANZR 1 B, REM T HH M pH
JLE R 3.94~6.98; HHLE OM & EIEH 1.60%~
4.55% ; FAES F3c# & CEC [ 10.99~16.77 cmol -
kg™s - 3EIBORLZH B OA KERL 11.07%~25.66% | K3 AL
17.85%~51.58% 1> ki 34.28%~60.84%, +Eh4E
Pb Tl B 87.63~623.33 mg-kg”, HRIEES T
SR EARE(GB 15618—1995) , Kt i R F —Hhn it
(250 mg-kg™" )y 8 4, 4+ T HbrifE 5 = FAniE(500
mg-kg™ ) Z A 6 1, F T = HAnER 4 1

H P 1 AT, R Pb & 28 25 T,
£ 13 pH o8 3.94, 13 Pb B8 K 578.45 mg kg B,
M Pb E BRI, ZAH I A& 255
4 62.49 mg-kg™ F125.17 mg-kg™; 7E 1% pH K 6.98,
13 Pb B&E K 98.35 mg-kg” B, M) Pb & & iKF
AR, BR8-S &S 58 1032 mg kg

5.23 mg kg™
22 82t Pb 25 DCTRETEFRZPb Z 14
KX &

Fith Pb S ES HHEAME P S EZEIXR
nE 2 F1E 3 BT7s o chelex100-DGT F1 PAAS-DGT #2
B+ 304 Pb & B IEFE 4 518 10.21~121.61
pg-L7 f1 12.18~167.68 pg-L', PAAS Z56#) Pb &
B T chelex100 454 % Pb &, UiLH] PAAS-DGT
X Pb BYEEEURE /158 T chelex100-DGT,, X}3&i-H Pb
T &5 DGT $2HUHY Pb AU 2 0] % 7 M7 B AE ¢
AT, RN -

old leaves—Pb = 0.40 chelex100-DGT-Pb + 11.62
= PAAS-DGT-Pb+13.94

tender leaves —Pb = 0.16chelex100 -DGT -Pb +
6.11 =0.12 PAAS-DGT-Pb +7.12,

H 1 old leaves—Pb 11 tender leaves—Pb 4331 3%
g Pb S, EM R Pb A B 5 chelex100-
DGT 71 PAAS-DGT 2 i) Pb AR B ZAIAHRK
R4k 085 #0815 it Pb E B E
chelex100-DGT F11 PAAS-DGT 28U Pb AUES S &
Z AR R BT 5K 0.92 F10.86,

MAHE R ECEE ,PAAS-DGT F chelex100-DGT
R TEARS PO TEHSRTH PO TEER
ERRME
2.3 M3t Pb BRI R

iz Z Ju [l 5 43 M s 3R - 3 B AL 35 45 pH.
OM . CEC # clay X DGT 2B i) +3EH RS Pb & &
5 Pb S RZERRZEW, FFErZuhA
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Table 1 Selected soil characteristics
R pH OM/% CEC/cmol -kg™ LRI % J& Pb & &/mg-kg?!
A 4.21 3.92 16.17 20.89 18.27 60.84 354.14+4.33
B 4.46 3.81 15.27 17.72 38.31 53.97 257.88+2.78
C 5.46 2.74 15.49 18.97 26.90 54.13 195.36+1.34
D 5.08 2.23 13.88 17.17 25.93 55.90 274.33+3.21
E 3.98 4.55 16.48 24.10 32.76 43.14 623.33+5.67
F 5.86 2.84 12.01 19.93 23.17 56.90 115.31+2.59
G 6.62 1.70 11.86 14.14 51.58 34.28 103.32+1.59
H 6.86 1.96 11.58 12.97 48.35 50.36 87.63+1.24
I 6.98 1.99 10.99 11.07 47.54 41.39 98.35+2.14
J 5.24 2.70 14.13 17.67 43.64 38.69 107.02+4.32
K 5.32 2.40 13.78 16.41 49.53 34.06 121.69+2.67
L 5.52 2.04 13.28 15.07 46.10 38.83 198.52+1.69
M 6.12 1.60 11.46 13.52 32.38 54.10 267.32+4.39
N 3.94 2.82 16.77 20.52 40.53 57.45 578.45+6.71
0 4.38 2.54 15.99 16.41 23.69 59.90 340.12+1.33
P 4.35 3.69 14.32 20.41 26.36 53.23 259.33+0.98
Q 5.46 1.84 12.12 16.83 42.55 40.62 308.42+2.31
R 4.06 2.99 16.21 25.66 17.85 55.49 415.22+2.68
T KB, <0.002 mm; AP, 0.02~0.002 mm; 5, 0.02~0.2 mm,
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Figure 1 The accumulation of Pb by leaves of mulberry

BEA, ARRIATN

Leaves Pb=a+bX1+cX2+dX3+eX4+fX5

Hrr: X1 HPF DCT F BRI HIEA RS
Pb & & ,X2.X3.X4 1 X5 43 %) & pH.OM .CEC F1
clay;a.b.c.d.e Tl f G2 H SRR AIAHIR R

2 FPEHEAE RBRLRFRENE R FEA
HIRLEFEEE , HAE 4> 31k 0.87.0.89.0.96 1 0.95; F |
SRy EE T R A B B 2 A T 45 SR (F<0.001), T B
FrgmlamiRA SR B E ., FTLGE S, iy E a8
RUEATEERY , BEECIT AT St Pb TR RE T o

MFE 2 ATPAF H , chelex100-DGT I PAAS-DGT
I AE 3 () AR TR SA BB 5 A b T SR Xt Ph R e, HL
e I ZFA K. FFPAFRZESHHE DGT $2EUY
A Pb S EE SR Pb (&R EEMR
(P<0.01 8 P<0.001), H AWkt Pb &1
FEHF . TR RX B 2, pH B850 1 BN}
Pb W s & AT (P<0.05), OM 58 H X chelex100-
DGT Fl J i -1 e Pb B A i 25 52 i (P<0.05 ) , -3
KK clay £ & H X PAAS-DGT 7E S Hill A 7L A B
ZERM(P<0.05), it ik 2, CEC #E51
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Figure 2 The relationship between Pb concentrations in old leaves and labile Pb in soils
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Figure 3 The relationship between Pb concentrations in tender leaves and labile Pb in soils
R 2 ZITEEAFHNEM S Pb RUEIEX RE
Table 2 Cofficients obtained from multiple regressions for predicting leaf Pb concentrations
a b c d e f F R%
#nt X1=Coex 100 109.33* 0.319" -9.574* 0.489™ -2.667™ -0.434~ 23.66° 0.87
X1=Cppss 126.659" 0.210° -11.497° 1.694> -3.387™ -0.263~ 27.115° 0.89
[ X1=Coppiex 10 29.471* 0.137° —2.525¢ -1.5522 -0.722~ 0.308™ 83.927° 0.96
X1=Cppss 35.873" 0.083¢ -3.376 -1.027™ -0.939~ 0.398° 62.281° 0.95

¥ :ns A8 EHRE,°P<0.05,"P< 0.01,°P<0.001,

PR AR B 2R 3 AT BE S R A

Fir e 3 B R %
3 1ig

DGT AR — M REBARAF st iR 15 e et
MIHEART-B . X T&REARUE, DCT W EF AN TH
A GE M JT vk . S8 DCT R Praeil & a9
JEASBI DT A2, i B &R B 1 A Tobl
KA AREAINKSLE, FERSELER™
A AR AT, SRR T A A A
MR, IR ARSI &Y, TSR BUE N

R B AT R SR E . B, DGT EAR HAE 51
AT R E 2B A YA A E Y
A FAZS B UR B , B T 407t 2 B A 9 PO R A P B 4
J&%, Kovarikova S5 F DGT HAR$EHHE 7o mg BEHr
4 HLIX A 148 Cd.Cu 1 Ni, &3 DGT &£ AY Ik
JE b NaNO; ik 1~2 M EE %, {H2 DGT £tk
NaNO; HEE Y vl RIS E, Bk NaNo; 12
BRI REd B MM T T A S 28 MR B, S4Bl 4R
B4R o] BEAS 2 A T

W5 Hz F DGT FEARFREH e B9/ 24T LA
PEME 3 Pb (BRI, RARTRNAUSEER
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FHXF Pb WIKOHE SR, T A& DGT $&EAARES
WURAEY) TS RIR— 530 T HL, BR T 42 ERBE J151,
RIS SR R THA R AHEME, X2
AR RES Pb PN 5209 B B 2RI 7
. RN ESBEREN T EESBIEBMKRSI
HERUIE, FMR RS WE—ERE ERTFER
W PR E SR, N PRI R A%
MBEEAPRTIHIEES RS R, XUR DCT &
T S e Ph 1) 22 R o AARRER [ 2 34 i)
e BRI B B R A% Pb () BRE, X—
M AL T SRR Ph S B R AR T, A
%) DGT X —F W IMEE S . ATTEF 8@

K H R g e 25 Pb & BRI 11T
W R, R Pb JTTR & B REE HTA AR
RERIG 2B BT m i ES, FRETRE4 Pb
SRS AN Pb S RZEA BN BENHEIK
R, XEAMTHEE R B . ATTEFHH
RIERWEIUEY T REH T ESRW Pb 5 &
R EZERENZ —, SRR Pb 7EE R B
AR IETESR M R T 2 R R, 2
BRMERKEBmRE TEEZRBRIVIEP
Pb, X —#4> Pb RREB B DGT Pl , X %2
ABISE P AR R X T e Ph (4 T B 3 T
AR

Tian SFF] F Z 54347, KB DCT ARG ST
— 6 S TA R AR o] R PR R 2, 20 pH KV
AUYE ® BT RA R RS, Hrike
REY] DCT HAR LA TR W, 4
5T Z TR TR A, PiRPES-&AE R DGT il
B TEANES Pb & EARLS T 4% pH APLR
& \CEC., 58 i ith & A TRALFe AR A5 i) , HLASE 7R (]
HX AR, BLEH DGT HAR ] LIRS e 11
Pb AW . WA BFFEIAS DGT 0] LIPEANHR
Sy REY A AT R R (R AN R Rl b A S R
4t . Koster Z88IH %5 T DGT 3:#1 0.01 mol - L™ CaCl, &
WALBUEAE 28 TSNS Y 13 P X Zn A= ¥y a] F)
PERI &, A58 % BAE 13V P DGT B & RY Zn
BREEURES 0.01 mol - L™ CaCl, ¥ WAL BUE I £ /Y
In YREAREF MR, BF5EE &I DGT W15 Zn
A BSHE S WEMEREY T Zn (I ZHERA
ARG RIARSCNE B 5 P 2R F4E 2 H 3
Zn 1) R EN A KM

WM& &M ES R & ]m{ERE , PAAS-DGT £

B 3R RS Pb & &5 T chelex100-DGT, B
DA PAAS HZE-E M) DGT %5 B b L chelex100 Ay 4%
AHHE) DT R B A EBIFME G, SRR
IR AR TR RT LMY B 545 S M Z B 52
FHmERAERC 58 RETFE 8N E AN
B, RSEEH DOT BB T RS S HE
DU RS e T ALARER B = B9 RO, T B AN
T LW, B E ™, PAAS Z—FpGiEHCAL Pb 1
EHEA, S FEFERES, HHEEENE Fick 5
—PHUEE, RIBCR O 7E T & UK AR 18 2 G 30
TEY, PAAS-DGT 7EASB Y Frsc o s T 1 %oy +
e Pb IR, P T DGT HARRI N L

4 Zig

()X +3A R Pb & EIRHAE ST, PAAS-DGT
B EIRT chelex100-DGT,

(2)faf A AT R B, FIFP S5 A 4HY DGT $2HK
) LA Pb B SRR E 0 fn Pb &
B2 E A MERRBOR/NEE, S
BT AR R BB R T M

(3)ZTLGiit R, RS A4 DGT £R
P Aey g %) T A A 720 2 T E 114 (F<0.001 ), LR 3 1 g
ZE R4y 51K 0.87.0.89.0.96 1 0.95; [A] G474
REELAT ML T 2% Pb MR, H @A T 3 pH
B .CEC. G A/LJS A 4 38 o b S B AL 8 vt 3 2%
A Pb & EMEM,

(4)PAAS-DGT A LR FF HEA A Pb 5 &
I A2 , BRI T 35 FH 3 vh Pb (AR 5,
i/ T DGT HA RN VLR
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