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F2 MEMBAYPRSFERNRIENTTTUREZHEE
Tab.2 Seasonal changes of LMWOAs around rhizosphere sediments and significance test
7.5+0.3 8.5+0.4 11.1+0.5 6.4+0.5 13.1+0.5 6.5+0.4
8.2+0.3 9.7£0.2 9.4+0.4 7.6+0.4 9.1+0.4 4.7+0.2
5.7£0.6 5.7£0.1 6.0£0.1 6.0£0.1 3.0+0.2 8.7+0.3
2.2+0.5 3.2+0.4 7.1+£0.3 5.240.1 6.4+0.2 11.2+0.4
umol/g DW root
*3 EzREESAEEANNBMEXY
Tab.3 Correlation between the different fraction contents of heavy metals and organic acids
Cu Zn Pb Cd Cu Zn Pb Cd
a 0.93** 0.90** 0.87 0.22 a 0.84 0.86 0.94 0.61
b 0.81* 0.85 0.92** 0.35 b 0.24 0.73 0.11 0.32
c 0.84 0.78 0.88** 0.77* c 0.17 0.79 0.42 0.24
d 0.77 0.91** 0.83 0.36 d 0.18 0.83 0.22 0.36
e 0.86 0.36 0.77 0.17 e 0.35 0.86 0.33 0.29
a 0.84 0.92 0.97 0.34 a 0.21 0.90 0.15 0.17
b 0.87 0.45 0.71 0.12 b 0.13 0.81 0.14 0.27
c 0.86 0.31 0.81 0.21 c 0.87 0.88 0.94 0.95
d 0.87 0.81 0.85 0.33 d 0.59 0.79 0.17 0.17
e 0.75 0.21 0.83 0.23 e 0.15 0.82 0.22 0.22
a 0.78 0.90 0.95 0.28 a 0.91 0.93 0.92 0.16
b 0.81 0.81 0.88 0.45 b 0.83 0.11 0.84 0.23
c 0.77 0.85 0.89 0.42 c 0.87 0.93 0.90 0.33
d 0.81 0.81 0.68 0.18 d 0.79 0.71 0.87 0.19
e 0.11 0.76 0.56 0.32 e 0.75 0.18 0.91 0.23
* P<0.05; ** P<0.01
Cd
; Cd : :
) ,
> >
> > >
, > > >
3) Cu Pb
; Cu Pb
, Zn
Zn

, 2007.

(Kandelia candel (L.))



588

41

, 27(10): 4173—4181

, 2006.

, 37(5): 393—400

mariqueter)
, 40(3): 373—379
,50—75
, 2008.

1997.
, 2000.

136
, 2007.

, 2003b.

2009b. #

, 2003a.

, 34(2): 194—199

,22(2): 6—9
(Suaeda heteroptera)

, 2009a.

, 28(3): 275—278
(Scirpus

, 1997.

, 17(3): 909—913

, 15(1): 30—36

, 38(4): 785—789

, 2000.

, 22(6): 294—314

, 1995,
35
, : , 2006.
, 22(6): 761—764
, 2009.

, 2004,

, 40(2): 109—

, 32(12): 16—

45
, , 1998.
. , 18(3): 325—330

Cawthray G R, 2003. An improved reversed-phase liquid chro-
matographic method for the analysis of low-molecular mass
organic acids in plant root exudates. Journal of Chromatog-
raphy A, 1011: 233—240

Fan T M, Lane A N, Pedler J, 1997. Comprehensive analysis of
organic ligands in whole root exudates using Nuclear Mag-
netic Resonance and Gas Chromatography Mass Spectros-
copy. Analyt Biochem, 251: 57—68

Jing C L, Chong L Y, Macnair M R, 2006. Distribution and
Speciation of Some Metals in Mangrove Sediments from
Jiulong River Estuary, People’s Republic of China. Bull En-
viron Contam Toxicol, 76: 815—822

Jones D L, 1998. Organic acids in the rhizosphere critical review.
Plant Soil, 205: 25—44

Marscher H, 1995. Mineral in High Plant. London: Academic
Press, 23—50

McNear D H, Chaney R L, Sparks D L, 2007. The effects of soil
type and chemical treatment on nickel speciation in refinery
enriched soils: a multi-technique investigation. Geochimica
et Cosmochimica Acta, 71(9): 2190—2208

Ryan P R, Delhaize E, Jones D L, 2001. Function and mechanism
of organic anion exudation from plant roots. Plant Physiol,
52: 527—560

Singer A C, Bell T, Heywood C A, 2007. Phytoremediation of
mixed contaminated soil using the hyperaccumulator plant
Alyssum lesbiacum: Evidence of histidine as a measure of
phytoextractable nickel. Environmental Pollution, 147(1):
74—82

Tessier A, Campbell P G, Blasson M, 1979. Sequential extraction
procedure for the speciation of particular trace metals. Ana-
lytical Chemistry, 51(7): 844—851



4 : &  (Scirpus mariqueter) 589

EFFECTS OF LOW MOLECULAR WEIGHT ORGANIC ACIDS OF ROOT EXUDATES
ON HEAVY METAL BIOAVAILABILITY AROUND SCIRPUS MARIQUETER
RHIZOSPHERE SEDIMENTS

ZHU Ming-He?, FANG Biao-Xiong*, PANG Yan-Hua®>, CHEN Jie*,
HUANG Shao-Tang®, YAN Xiao-Jun®, DING De-Wen?

(1. Ningbo University, Ningbo, 315211; 2. Key Laboratory of Science and Engineering for Marine Ecological Environment,
First Institute of Oceanography, State Oceanic Administration, Qingdao, 266061; 3. Ningbo Entry-Exit Inspection and
Quarantine Bureau, Ningbo, 315012; 4. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023;
5. Liaoning Entry-Exit Inspection and Quarantine Bureau, Dalian, 116001)

Abstract Different fractions contents of heavy metal (Cu, Zn, Pb and Cd) in rhizosphere sediments of Scirpus mari-
queter and low molecular weight organic acids (LMWOAS) of plant root exudates were measured by ICP and HPLC re-
spectively in different seasons. The seasonal correlations between contents of different fractions (the exchangeable, the
combination of carbonate, the ferro-manganese oxides, the organic-bounded and the residues) of heavy metals and
LMWOASs (the citric, oxalic, tartaric, malic, formic and lactic acid) were analyzed. Results indicated the contents of citric,
oxalic and malic acid were positive correlations to all the other four fraction contents of Cu and Pb except the residues
content, which showed those acids above could improve their bioavailability. However the contents of citric, oxalic and
malic acid were negative correlations to the all different fraction content of Zn, which reduced its bioavailability. The con-
tents of the tartaric, formic and lactic acid were negative correlations to the exchangeable contents of Cu and Pb, and they
were not obvious correlations to the other fraction contents. So the three acids above could reduce their bioavailability. The
contents of the tartaric, formic and lactic acid were positive correlations to all the other four fraction contents of Zn except
the residues content, which showed those acids above also could improve its bioavailability. For Cd, all the acids above
have no obvious correlations to the four heavy metals, which showed they have few effects on its bioavailability.

Key words Heavy metal, Scirpus mariqueter, Root exudates, Bioavailability, Low molecular weight organic acids



