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Abstract: Phytoremediation has shown promising results in reducing the environmental risk of heavy metal polluted soil. This study is to opti-
mize the experimental conditions of phytoremediation of a heavy metal contaminated soil assisted by chelates of EDDS/rhamnolipid. A series
of pot experiments were carried out, and EDDS and Rhamnolipid were applied to the combined polluted soil to evaluate their effects on the
growth of ryegrass, uptake of Cu, Zn, Pb and Cd by ryegrass, and soil enzymatic activities. The results showed that rhamnolipid(1 g-kg™) sig—
nificantly decreased the biomass of ryegrass. EDDS had stronger ability in dissolving heavy metals from the soil than rhamnolipid. And the
Cu, Zn, Pb and Cd concentrations in soil solution and in the above—ground part of ryegrass increased in response to the simultaneous supply
of 1 g-kg™ rhamnolipid and 0.4 g-kg™ EDDS. Meanwhile, rhamnolipid and EDDS stimulated the activities of soil urease and dehydrogenase.
Thus, rhamnolipid and EDDS had great potential in remediation of the combined polluted soil, due to their easy biodegradation and relatively
low toxicity to the environment.
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Table 1 Physicochemical characteristics of the soils tested
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Table 2 Treatments of the greenhouse pot experiment
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RL AR 0.1 g-kg™

RM AR 0.5 g-kg -

RH AR 1 gkg' &

EL EDDS 0.1 g-kg” £

EM EDDS 0.2 g+kg™ +

EH EDDS 0.4 g-kg™ +
REL FLAHAR 0.1 g-kg™ £ EDDS 0.1 g-kg™ +
REM FAEHENg 0.5 g kg™ £ EDDS 0.2 g-kg" +
REH bl 1 gkg' - EDDS 0.4 g-kg" 1
1.3 #iEAbiE
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Figure 1 The effect of rhamnolopid and EDDS application on fresh
weight of above—ground part of ryegrass(g-pot™)

TE ) ORI ) 5 %) BRAF A 2 k2 5, AN I - Rk
7 [l G A7) A 3 ] & 2 2% 57 . For comparing the chelator treatments
with the control, bars marked with a(* )means significantly different(<0.05 ).
For comparing the same chelator treatments, the mean value followed by
different letters means significantly different (P<0.05). Error bars represent

+SE of (n=4).
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Table 3 Changes of metal concentration in soil solution with time

a6 HsF ] JLE CK RL RM RH EL EM EH REL REM REH
5d Cu 0.1+0.0 0.1+0.0 0.2+0.1 1.2+0.3 7.1+0.8 25.7+2.3  27.1%2.1 3.8+0.8 20.6+2.2  34.1£5.1
Zn 0.2+0.1 0.2+0.1 0.3+0.1 0.6 3.4+0.7 16.5+1.5  19.7+1.9 1.9+0.3 14.2+1.4  23.1+2.3
Ph 0.1+0.0 0.1+0.0 0.2+0.1 0.2+0.1 1.4£0.5 4.6+0.8 5.2£0.9 0.9+0.2 4.2+0.7 7.6x1.4
10d Cu 0.1+0.0 0.1+0.0 0.2+0.1 1.0£0.2 1.2£0.3 6.4+0.9 7.2£1.1 1.6+0.4 6.2x1.1 9.7£1.7
Zn 0.2+0.1 0.2+0.1 0.2+0.1 0.5£0.1 0.9+0.3 4.3+0.7 5.1+0.8 1.0+£0.2 4.1+0.9 5.9+1.0
Pb 0.1+0.0 0.1+0.0 0.2+0.1 0.2+0.1 0.5+0.1 1.9+0.5 2.2+04 0.6+0.1 2.1+0.6 3.1£0.9
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Figure 2 Effects of thamnolopid and EDDS application on the concentration of Cu(a ), Ph(b), Zn(¢) and Cd(d)

in the above—ground part of ryegrass
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Figure 4 Effects of rhamnolopid and EDDS application on soil

dehydrogenase activity

RS PSR T e A AR Y R Y
53R EE M [, G A 52 25 Ao DR RS2 it o v 4 HE B
ZERENE A EDDS S840 7 - R . SN S A Y
P, RS T JR i ) 2 M T BEAT LA B s — 7 T R
IR A EDDS #R AW i, RA TR 5 R
P, FZEHERE L EDDS FRAf AT LU Ak s IR 12
PACAEIRI T SR At 1% A B SR Rl A W A W
ST 2R 53— 7 T 4 R R A A L
SRS W A FH LA B el a5 S Y S Bl A= 0 A
2 A1) T AR SRR P i g I R R
M EDDS SHERIEMEGY, rENESY AL
b9 TR A R A AR e SR T 1 B, BT

T LI E S E X HIERE YRR R, T
TG

Alessia ZEP958 551 Jiti il EDDS i Ak A# 4 % Wi -+ 2
HAGJEHITT, KT ARG R B 3G m T A T
TS DB, FLTT R IR R 2 T A 28 5 0 IR
POt IR IR RRRYR, IR T R T R T
PEAETE T R34 . Kos S HAIER] Tt EDDS
BEINT A SRR IR A X - AR i R

3 i

(1) B it fin 5 9 B BRL 2 M R (RHD) S 5 1 A1
TR AR R, B N =5 v BE EDDS 4k
FE R0 B2 ERE R EDDS b R S B B A
R EEH, A RE YRR R E

(2)EDDS [t 5 2= b s B A 31 5 % il T Cu,
Zn .Pb Fl Cd JRETT, Bl i EDDS b3 faljita i
LR AT EDDS 78 8 hn T 48P CuZn
Ph k& [FITEIN 1 g kg™ BYBLZHENEFN 0.4 - kg™
(%) EDDS @ 1 1 RAZ FiHh &8 Cu Zn Pb Fl Cd
i, AR S EDDS fi it A w4 R 1Y &2
SN BB ER R T M AR ) AR A A

(37t v v B B A=W R L =i Wk B2 EDDS (2] it
T v B B 2SS A EDDS 7 5 B i T 4 1 R it
MBS BEEPE. MR A1 EDDS 76 + 36 5 [ figt
X PR KU 7N

SE

[1] Nalini P, Sharma C P. Effect of heavy metal Co™, Ni*and Cd** on growth
and metabolism of cabbage[J]. Plant Science, 2002, 163:753-758.

[2] Kulli B, Balmer M, Krebs R, et al. The influence of nitrilotriacetate on
heavy metal uptake of lettuce and ryegrass[J]. Journal of Environmental
Quality, 1999(28 ) : 1699-1705.

(3] W Fo i, TG, AETRAE. SRIETH M5 EDTA X 532t s2 ).
TP TR 5 AERER, 2004, 10:651-656.

CHEN Yu-cheng, DONG Shan—yan, XIONG Zhi—ting. Effect of surfac—
tants and EDTA on cadmium bioacculation by Brassica juncea var. mul—
ticeps|J|. Plant Nutrition and Fertilizer Science, 2004, 10:651-656.

(4] % 0T, VE B, W OUCHE. SRS AR W A T R A A S (.
A 4R, 2007, 34(1) - 148-152.

WU Hong, WANG Wei, HAN Shuang—yan. Rencent progress on rham—
nolipid biosuefactant[J]. Microbiology, 2007, 34(1):148-152.

[5] EFTF, MR, FMHE. RG0S5 25 S XTI Cd K2 Cu
AYRERIT. PURE AR Aol CFLERR ), 2004, 26(6) : 745-749.
WANG Li-wei, CHEN Yu—cheng, DONG Shan—yan. Effects of surfac—

tants and chelators on Cd and Cu uptake by corn and mustard.[J]. Jour—



5 28 45 9 ] AR

B ¥ 4 1823

nal of Southwest Agricultural University ( Natural Science ), 2004, 26
(6):745-749.

|6] Stacey S P, Mclaughlin M J, Cakmak 1, et al. Root uptake of lipophilic
zine —rhamnolipid complexes|[J]. Journal of Agricultural and Food
Chemistry, 2008, 56:2112-2117.

|7] Neilson J W, Artiola J F, Maier R M. Characterization of lead removal
from contaminated soils by non—toxic soil washing agents|J]. Journal of
Environmental Quality, 2003, 32 :899-908.

(818 Adi. VEoRIE, B K. 2GR EDDS Fl EDTA i i EF TG R
T HEE SR Y LA BT SEL]. Al R RLFE 4R, 2006, 25(1): 113~
118.

QIAN Meng, SHEN Zhen—guo, WEI Lan. Comparison of EDDS - and
EDTA -assisted utake of heavy metals by elsholtzia haichowemis [J].
Journal of A gro—Environment Science, 2006, 25(1):113-118.

(91K #, BhakR, S lptE, 45 EDTA 5 EDDS 25475 5 F S 30
W 0 o G S S T HERIT AL 1B, 2006, 38(5) :619-625.
SONG Jing, ZHONG Ji-cheng, WU Long—hua, et al. Chelate —induced
extraction and remediation of brassicajuncea on heavy metals mixpollut—
ed soil by EDTA and EDDS[J]. Soil, 2006, 38(5) :619-625.

[10] Juwarkar A A, Nair A, Dubey K V, et al. Biosurfactant technology for
remediation of cadmium and lead contaminated soils[J]. Chemosphere,
2007, 68:1996-2002.

[11] Torrens J L, Herman D C, Miller—Maier R M. Biosurfactant (Rhamno—
lipid) sorption and the impact on rhamnolipid —facilitated removal of
cadium from various soils under saturated flow conditions[J]. Envi—
ron Sci Technol, 1998, 32.776-781.

(121 B/h=, & Je. MBFHE, 5. 5L+ ERBCRAE Kol A Hlak
(DOC) i ZE MO LM R FR ). £, 2007, 39(6) 943~
947.

LUO Xiao—san, CANG Long, HAO Xiu—zhen, et al. In—situ sampling of
soil solution and determination of dissolved organic carbon(DOC) with
UV absorption method(UVA254)[]]. Soil, 2007, 39(6 ) : 943-947.

[13] Zhou D M, Hao X Z, Wang Y J, et al. Copper and Zn uptake by radish
and pakchoi as affected by application of livestock and poultry ma—
nures|J]. Chemosphere, 2005, 59:167-175.

[14] SCRATA. 13 M HAFFEEE M. Lt Aol th ik, 1987:294-332.
GUAN Song-yin. Soil enzyme and its research methods[M]. Beijing:
Agricultural Press, 1987:294-332.

[15] Susan T, Rainer S, Bernd N. The influence of EDDS on the uptake of
heavy metal in hydroponically grown sunflowers[J]. Chemosphere,

2006, 62:1454-1463.

[16] B3, IMKHT. Cd RISRIHNE P A 15 Yed /N2 i s T AR 1
PR B2 R[], B AR 2240, 1998, 9(1):95-100.

LUO Li—xin, SUN Tie-heng. Effect of cadmium-surfactant combined
pollution on physiological characteristics of wheat leaf]]]. Chinese Jour—
nal of Applied Ecology, 1998, 9(1):95-100.

(17125 Fb, (08 . SR M FAURT Ca™ X R 22 AR 5 R P (1 7 1.
TP LE LS 3 T A )24k, 1987, 13(2) : 168-173.

LUAN Sheng, NI Jin—shan. Effects of surfactants and Ca>* on mem—
brane permeability of barley roots|J]. Journal of Plant Physiology and
Molecular Biology, 1987, 13(2):168-173.

[18] Mulligan C N, Yong R N, Gibbs B F.Heavy metal removal from sedi—
mends by biosurfactants[J]. Journal of Hazardous Material, 2001(85):
111-125.

[19] Doong R A, Wu Y W, Lei W G. Surfactant enhanced remediation of
cadmium contaminated soils[J]. Water Science and Technology, 1998,
37(8):65-71.

[20] Meers E, Ruttens A, Hopgood M J, et al. Comparison of EDTA and ED—
DS as potential soil amendments for enhanced phytoextraction of heavy
metal[J]. Chemosphere, 2005, 58:1001-1022.

[21] Maier R M, Soberon —chavez G. Pseudomonas aeruginosa rhamno —
lipids : biosynthesis and potential environmental applications|J]. Ap—
plied Microbiol and Biotechnol, 2000, 54:625-633.

[22] SRERR), 2 A, PRI ANIR] SR AR e ) L YRS 2], i
FAA A, 1997, 8(4) :412-416.

GUO Ji—xun, JIANG Shi—cheng, LIN Hai—jun. Enzymic activity of al—
kaline meadow soil with different grass and vegetations[J]. Chinese
Journal of Applied Ecology, 1997, 8(4):412-416.

(23] J3 50, e 55t HIEREG M2 R K AT RS (0], PHILA RN
RKeEz2#k, 2005, 33(6) :87-91.

WAN Zhong-mei, WU Jing—gui. Study progress on factors affecting soil
enzyme activity[J]. Journal of Northwest Sci—Tech University of A gri—
culture and Forestry, 2005, 33(6):87-91.

[24] Alessia C, Alessandra C, Tiziana L, et al. Effect of biodegradable
chelating agents on heavy metals phytoextraction with Mirabilis jalapa
and on its associated bacterialJ]. European journal of soil biology,
2007, 43:200-206.

[25] Kos B, Lestan D. Influence of a biodegradable([S, S]-EDDS) and non
degradable (EDTA ) chelate and hydrogen modified soil water sorption
capacity on Pb phytoextraction and leaching[J]. Plant Soil, 2003, 253
403-411.



