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Simulated Desorption Kinetics of Lead by the Dominant Plant Roots Released
Low Molecular Weight Organic Acids from the Water-Level-Fluctuating Zone in

the Three Gorges Reservoir

HE Yuan-jie', LIU Jiang', JIANG Tao"*** /HUANG Jing-jing' , CHENG Qing' , CHEN Hong'*"
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Abstract: Vegetations grow vigorously in the water-level-fluctuating zone ( WLFZ) of Three Gorges Reservoir (TGR) during the non-

flooded period. Low molecular weight organic acids (LMWOAs) excreted from the roots of these plants may active the heavy metals in
soil. In order to investigate the desorption kinetics of Pb in the vegetation covered soil of TGR, the LMWOAs released from Cynodon
dactylon and Echinochloa crusgalli roots, which are the dominant species in WLFZ, were analyzed both qualitatively and quantitatively.
Furthermore, single and mixed species of LMWOASs were also used in the simulation. The results showed that the variety and content of
LMWOAs secreted from Cynodon dactylon roots were larger and higher than those of Echinochloa crusgalli. Citric acid, malonic acid,
acetic acid and malic acid were the same LMWOAs released from the two types of plants. The contents of acetic acid were the highest
among all LMWOAs, which were 0. 765 and 0. 261 mmol-kg ~'in Cynodon dactylon and Echinochloa crusgalli roots, respectively. Citric
acid, malonic acid and acetic acid were the same LMWOAs detected from their rhizosphere soils. In the citric acid, malonic acid and
acetic acid desorption test, the desorption captivities of Pb were inhibited when the concentration of LMWOAs was lower than 1
mmol-L~". The desorption ability displayed a decreasing order of malonic acid > citric acid > acetic acid. However, the three
LMWOAs promoted the desorption of Pb in soil when their concentrations were higher than 1 mmol-L ™" respectively. The desorption
ability displayed a decreasing order of citric acid > malonic acid > acetic acid. During the entire process of desorption, 0-240 min was
the fast reaction stage, and the remaining time was the slow reaction stage. The pseudo-second order kinetics equation could fit best for
the kinetic process.
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PR R IS RN 10 ~ 20 mmol, A HET
A 1% ~4% ", TAEYARPE 5 IMWOAs 7 i
— A1 ~10 mmol . X—{RA> TR X +
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mmol-L ™' fif , LMWOAs #I il + 3 xF Cd 1 Pb 11 i
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1 Pb (%%, Evangelou %5 4§ 1 LMWOAs 7E 75
AL & JE A e 7R P R E AR, B LMWOAs
FEARI 55 15 AL TR 4 JE B, LT A 08 BT RN A 2
A% A T 4 I 10 A A k.

Hi(Pb) 2 —FP A B ICER, e E Wik E
R, SR R N 2 o At 5, s X LA ) 2 Ak
FA BV SR T T A BRSER, =K %
IR Ph Bk T DA AU S R R
TR R A v A 9 R R KR K R o
T =092 20 DX 9 1 Sk T DX A8 9 P VI A by o gl
W TSR im0 Rl KA AR S R
G RNk b A 25 R G0 RO AT R VA DS 9 B
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WAFAE I BIA R T ESE TR EDH
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H i, 6 =k JoE X7 P b DR A AR 2R 43
() LMWOAs 75 B RRP o pr e A 1890 il gy
e 43I 59 A WL X + e/ TR v 4 R Y
M AILTA AT RGATT, R, ASBIFGE 38 o SR 4R
Foft = 2 DX 9 D A, R K B 9k A B 5 88

Tk B R AR AR B R AR R S W
LMWOAs HYFhEANE 18, FEA LU0 SAE W) B 3008 Y
AT LR AR A AT HILIR 3 1) 0T 3 9% 75 £ 3 b g
Ph AT AR, LU R A5 1 75 A A AR R 20 s %o
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1 #RE5FE

1.1 FEACREE KL ga bk

B FE T 10 H W1k A & RJT HL R
(N31°11'26.0",E108°2721. 0") {74 X 0 ~20 cm 3
SR, RIS O S - A A K BRIk
A RRELRT, ARNA, T 2 mm FijE&H. H
pH {4 8.42 = 0.03, CEC & (16.71 = 0.31)
cmol -kg ™' AL (8.31 +0.39) g-kg ™", HYHIAJE
{54 (46.66 +3. 14) mg-kg .

SRAE LG W) N 00 28 # [ Cynodon dactylon
(L.) Pers. ]. B E [ Echinochloa crusgalli (L.)
Beauv. ]. K12 [ 04 M0 2 fiL AR R 5 LR LY £
— IR, BREVE L E R EAEMR A L1 ~2 mm
JEA 5 A B R R 5 ) R ZE AR E A AR PR
+ F R TE B B RS B IR TR 4°C VKA b
{%ﬁ:m].

BIXA IR WITBER . N R, LR, %R,
IRMR  WATR . BEHR (LA TR e AL Tl )
1R o A i ).

1.2 SRk
1.2.1 HHERHR

P A A R R 500 mg-kg 'Y BRI AN A
[Ph(NO, ), ByoK T, Hil B Y AL A e 5 7KoR
20% finZk#AL 30 d, AT )52 60 mm G, 2 FH. S5
HAE R (480,18 £5.16) mg-kg ™'

1.2.2  FEYARER AR R 50 W LMWOASs [H2 I

(DY R WA ILER ™ KBRS
T AR 20056 T R K b, 7 25 B ok gk, 48
Je 43 BIBEEL 5 MRAE A R B A — S0 ) A AR
FRAEREA 200 mL A8 4K () HERR | SR 5 7E G B
3000 Ix, J&EER 25°C | WEE R 98% A 1H I 45 F5 46
PSR 12 h, IREERT IR N 2 ~ 3 7% 0. 05% A H
P LA i A= W 1 By, B 5 50 i B AR R 40 I v T
JEHE 25 & AU 4R & 10 mLL,0.45 wm 3 B I8
-20C FRfFEEH.

(2) WP P A HLER > BUS o MRPRE 1
FEOE T, A 10 mL 4K, 7% 60 min J5, LI



602 AN 5%

Bt 2% 38 &

5000 remin "' B FE B E L S min, 11 0.45 wm JE R
J&, —20°C FERAEA .

TR EE S8 S R AR T T
1.2.3 LMWOAs Byl 5E

i B LC-20A B /5 0 A (35 73 BT A3, e
SPD-20A ZEAMGIN &% , (435 4T ; Inertsil ODS-SP (A3
FE(250 mm x4.6 mm; 5 wm) ALK 25°C , i shHd
K 22% f B BE-KH, PO, ¥ (0.01 mol-L~", I
H,PO, V5735 pH }2.6) ; HEEER H 20 pl; L5M&
P K 210 nm; FHE N 0.5 mLemin ", 3K &
A LRI T I
1.2.4 LMWOAs XJ 34T (%) gk 5l ) 2 50 06

) 2 HRAE — e R IX 5 55 B iR # 80% ~ 100% ,
e R R TR YR Al ) R T R, B2 O SR R
P8I SR IR M AR AR B ARG £ AT LR Mk
JEHAT LMWOAs fi# e -4 rh Pb 13l J1 258, 5
TR AT &5 0.01, 0.1, 1, 10 F120 mmol-L™'
5 AR TRR TS 05 12430 R ) SF AR AR PR+
JIr IR R FE ) 1A%, 3 A5 5 A%, BRI g Bt
FET 100 mL 2RO 43 IS R R 58 R ik
FEEABLIR A 10 mL, 5 5t L% B4 0.01 mol <L~ 11
NaNO,. #&¥% 10, 30, 60, 120, 240 360 480, 600
720, 1440712 880 min &, B0, 2 U8 FIE W I A
25 mL AR ELR. /il EXTIE S EHMESE X
JEREIN LMWOAs, 5 PR fE; 25 EL %
T, BT SRR 2 880 min/5 EE iR
AR SCERIRE 3 ANEE. A AR TR

BEPIE I Ph i
1.2.5 BdEndr

ARSI K05 K FH Excel 2007 . SPSS 17, Origin
8. 1 HAT AT Ab B,

2 ZR5iFi8
2.1 JEE YR R WY LMWOAs A9 R4

s

FHER 1 A UL 38 R I Y 1 20 S AR R R 1Y)
IKEE SE 5, M AR AR R o W SRR DU 6 A
LMWOAs, 73 3R . N R, IR, 2. T
TR R, K R | R | IR EEAL
2, S 0. 765 . 0. 478 0. 199 mmol-kg ™', /i
ST R A B LR 5 Y 95. 319% 5 FRLHIAR 2 4 i
PGl i 4 F LMWOAs, NN 2 . ¥R . &
R SRR, Hoh R AT R O R B MLIR, &
S h 0. 261 mmol-kg_1 F10.075 mmol-kg_1 i
FOAR RTINS A LR 7 1Y 86. 82% .

I8 o 7K 85 A DU PG S AE P AR R 4 3 W 1)
LMWOAs #k, fi F MR AR PRt £ () LMWOAs 2835 1
PARBUR Wb AT T A N R FrER . &
% 3 Pl ALER , o rf 2Rk A LR, o T
AL & 1Y 88. 17% 3 BRUR B A T
4 PR, W IR, MR, LR, R, H
W TR FIFF G TR Ry E B HLIR, & 550k 0. 179
mmol kg ' F10. 035 mmol -kg ™", 5 il i i) B HL
PR 5 E 11 84. 92% .

®1 [FR, BE(TE)RESBYRERELHENEEE" /mmol -kg ™'

Table 1  Organic acid contents of Cynodon dactylon and Echinochloa crusgalli in their root (dry weight)

exudates and rhizospheric soil/mmol -kg ~

1

LELYE RS R [ Frigm 2 T SRR AR SR
FF AR 0.478 0. 045 0.199 0.765 0.015 0.011 / 1.513
L / 0. 042 0.075 0.261 / 0. 009 / 0. 387
T A IRARER £ / 0. 030 0.012 0.313 / / / 0.355
PR AR PR+ / 0.019 0.035 0.179 / 0.019 / 0.252

|DMVAE 7 ¥ S A

2.2 LMWOAs X} +-48rp Ph (1% ) 7127 i 28
P 1 ATAL 0 AR AR B = 20 1 3 R MLER
Oy TR FPRERR RN 2R, W e EGZ 3 e —
AU LAY Ph SEAT M. 4 TR
T Ph SRR BT, FLAR R A HLIR i s
BRI, HA PLRR R 2R A5 5Ol 1~ 5
FEAREERS MR S A LR o, A iR 3 A
TRFRVR EREEE  BRE 1 O T I5 4 0 AR AR PR 4 D 15

N R FrGTR . LRI 3 Fia MLER & &0 3k
0.003, 0.001 F10.03 mmol-L™"; #HFE 2 S Fril 15
AR & 51 3 485, H & /4301 0.009 , 0.003 Fil
0.09 mmol - L~"; BAJE 3 JJy frill 5 HLAR & & 19 S
i HE 0900 0,015, 0.005 #10. 15 mmol -L~".
G LR AR A A HLER X T 5 3 Ph 19 f#
Wzt Jy2 M2 b 18 1 s,

3 Fl LMWOAs MARFR 1 fif W sl 7727 th 26 i 3 gk
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S MR LMWOAs HILA G W B 7E + 392 26 i
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70 =7 1 mmol-L™" <> 10 mmol-L™! <+ 20 mmol-L™!
60 - 8,39__-"’__’_"___{}4 ;
s S0 b
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Fig. 1 Desorption kinetics curves of Pb in the soil of the WLFZ by LMWOAs

XFFIRRRIN 7, b A TR RV B 3 5 T V& i -
3 TP A i R A B 22 o A I i O 1 o o
ANH S, HOIAAR T X6 BE ) W, B0 Y 8 rh Ph
(1R B 38 v W), LA R R B 2 3 TN T 4 6 P A IR
SRS (HAE I VR AT 1 b AR 2R i +
HEXTET RO WL, BRIRER 1. IRIR 2. TRER 3 43 B AN
0.1 mmol- L™ () LA EL , TLAEH, 3 FRIERR 1)
W B 2477 1 0. 1 mmol - L™ Y B2 , Ui FH A IR B v A
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Fig. 2 Relation curves between the desorption rate of Pb and time
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Table 2 Fitting characteristics of desorption kinetic equation of Pb
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