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1 400 mm, 16C 0~ 20 cm ,
50 m \ 0. 8 hm? lmm 1
1
Table 1 Some properties of the sol used
Cu 7n Pb
pH
. Total Available Total Available Total Avaihble
(HL0, L 2.5) OM (g kg™ ') CEC (emol kg™ 1)
mg kg™ ! mg kg™
7.9 4.0 8.3 1247. 8 206. 6 1524. 1 76.7 1036. 6 110.3
1.1.2 EDTA ( EDTA-N a) , 7mlHF, 1 ml HNOs, \ \
( ) 5 ml HF, , ,
DI : , 12 mmol L™ 2ml HCIO,, ,
; HNO3 Tmol L™ 0.1 mol ™' , , 11 1 HNO3(HNOs: H20) 1
0.0lmol L', ml, \ 25 ml
1.2 ) 3
1.2.1 11 1.00g 1 mm 1.2.4 preA 3
11 50 ml , 1.2.5 PERKIN ELMER
20 ml ( 1.1.2), (20°7C) AA100
HZ 211K (250t min” )
2h 24 h, SORV ALLBiofuge 2
Stratos 8 min(8 000 min™ 'g™ '),
2.1
57 | , 1 : ;
5~ 74, ) .
3 1
1.2.2 [11] (1) . 80mg kg :
1 mm 1.00 ¢ 1000mgkg_] )
50 ml , 20 ml 0. 11 mol L™ 'HOAc, 80.9%  84.5%( 2),
25°C 16 h(250 r min™ '), 8 min > > > >>
(8000 min~ ' g1y, , , ~ Z > >
. :(2) : 20ml > > > >>
0.1 mol L™ ' NH,0OH*HCI(  HNO3 pH  2.0) 200 ( )
’ —;n 1000} 7 Cu
(1) (3) : 5ml30% H0, (2 ) 7 7 B 7n
. E 800 ; 2
? 1 h ( ) ) 85 C 9 b-’]ﬂ' % / D Pb
g oot 7 7
5ml 30% H,0,, 3, B g g
25ml 1.0 mol L™ ' NH4OAc ( HOAc £ ) 2 2
pH= 5.0, (1) 2 e S
(4) : , W fpigR MAREDL- Y ERE K
_ B B 3 {1 Bl Organic acids
1.2.3 100 0.100 0 g 1

Fig. 1 Release capacity of Cu,Pb, Zn by organic acids and water
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) , 80. 9%, ,
46. 1%, . 4.0%; B
’ : , , 7 [7,16,17] ,
, 2. 4%, ,
1. 7% 1. 1%
2
Table2 Release rate of Cu, Pb, Zn in the mixed polluted soil by organic acids
Release rate (%)
Organic acid Cu Zn Pb
Oxalic acid 80.9%5.1 46.1%1.3 4.0%0.6
Citric acid 84.5+3.4 47.8%2.6 19.0%2.8
Tartaric acid 73.0%4.8 36.9%1.8 16.0£3.0
DI Malic acid 66.8%1.1 47.4%3.6 14.9%£2.0
( ) Water 2.4%0.0 1.05%0.0 1.7£0.0
2.2 3 , EDT'A ,
2 ( EDTA) 82.8% , ,  53.5%,
2 ., 37.3%; >> =~
, 5 >> = > >
EDTA >> >> > , EDTA
, EDTA >> , EDTA
> > EDTA
200 ( 57. 7 mg kg ', 554. 9 mg kg '),
'_; 1 000} 2 , (53. 5%)
gw 800_2 7 e (37. 3%) , ,
g% 600} Bin ’
17 bl :
; 422t %_l % Wasay'® , EDTA DIPA
= “OC . e PR o , , EDTA  DIPA
EDT-A Frigmem Wi AR K ;
e
7B E Organic salts >
2 P )
Fig. 2 Release capacity of Cu, Pb, Zn by organic salts and water EDTA DTPA
( ) ’ s Blaylock 117 s
, , ED-
’ TA  DIRA
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3
Table 3 Release rates of Cu, Pb,Zn in the mixed poluted sol by organic salts

Release rate (%)

Organic sak Cu Zn Ph
EDTA 82.8%+1.9 37.2%3.2 53.5%£7.9
Citrate 39.2%2.4 7.9%1.6 7.1%£2.0
Tartarate 6.8%0.9 2.5%1.0 2.5%1.2
Oxalate 7.4%0.6 4.4%03 1.9%0.3
2 3 R >
, > , pH : 2.2, 1. 8,
> R > , 2.3, DI= 2.4 8.1,
6.5, 6.9 ,
H*, —C00~
—COOH H', H* .
4
Table 4 Fractions and distribution of heavy metals in soil( mg kg™ ')
+ + 3)
Elanents Total HOAGc soluble Reducible 1 Oxidisable + 2 Residual
Cu  1247.7%21.4 38.5%3.9 28.9%2.1 618.4%1.1 327.2%3.7 Hus5.6t11.2 302 1123, 4
/n 1524.1%77.8 367.6123.5 372.7£27.6 740.4£43.2 312.2423. 1 1052. 6+5.7 471.4%37.9
Pb 1036.6%X93.2 71.4%10.6 154.6£12.0 226.0%7.7 133.9%12.3 359.9%44.0 676.7£70. 8

1) H. + R.,HOA ¢ soluble and Reducble; 2) H.+ R.+ O., HOAc soluble+ Reducble+ Oxidisable; 3) Residual= Total- ( HOAc soluble + Re
ducible + Oxidsable)

5
Table5 Release capacily of heavy metals in the polluted soil by different release agents(mg ke™ ')
Reagent Cu Zn Ph
1 mol L™ ' HNO, 973.4E69.2 aA 958.8%44.6 aA 45.8%36.1 aA
0.1 mol L~ "HNO, 952 41+50. 0 aA 930. 1£26.1 aA 407.3%19.0bA
0. 01 mol L~ ' HNO, 773. 3% 12. 4 dcA 624.3%24.9 C 140. 4%17.0 C
Oxalic acid 1009. 0F13.4 aA 702.6+12.6 bB 41.6 £6.6¢E
Ciric aci 1054. 0143.8 aA 728.8%15.0 bB 196. 6%6. 4 cB
Tartaric acid 910.9%14. 4 bB 563.2%18.2 dC 165.5£7.9 cC
Malic acid 833.0£29. 6 ¢BC 722.7£16.0 bB 154.2%£10.4 cC
EDTA 1033. 1£19.0 aA 567.7%£47.4 cdC 554.9%171.3 A
Citrate 488.7%27.5dD 121.1£16.4 D 73.6%£5.5dD
Tartarate 85.0%5. 7 fF 38.4%4 5gF 26. 4198 ofFF
Oxalate 92.3%4.6 ¢k 66. 7112, 4 {DE 19.2%2. 7 (F
: 0.01; 0.05. With each colimn,
means followed by the sane small or capital letter are not significantly different at 0. 05 or 0. 01 level, respectively
2.3
4 5 , 1.0 mol L' HNO; . 12 mmol L™

0. Imol L™ ' HNO; EDTA ,
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Fig. 3 Charactenistic curves of heavy metak released by organic acids
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Fig.4 Chaacteigic cuves of heavy mea ak released by nitric acid solutions
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Fig. 5 Characterstic curves of heavy metals released by organic sals
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INFLUENCES OF ORGANIC COMPOUNDS AND NITRIC ACID SOLUTIONS
ON RELEASE OF COPPER, ZINC AND LEAD FROM A MIXED METAI: POLLUTED
AGRICULTURAL SOIL

Ni Caiying"? Tian Guangming'

Luo Yongming®  ChenY ingxu'

(1 Department of Ervironmental Engineering, Zhgiang University , Hangzhou 310029, China)
Sol a ironment Bioremediaion Research Cenire, Insiitute ¢ Soil Science, nese Academy ¢ Sdences, Narjing , China
(2 Sol and Eni Bioremediaion Research Ce Insti Soil Sci Chinese Acude Sa Nayi 210008, Chi;
(3 Insitute o Geography and Environment, Jiangxi Normal University, Nanchang 330027, China)

Abstract A promising method for removing heavy metals from contaminated soil is phytoremediation. Heavy metal cations

are strongly adsorbed onto the negatively charged soil paticles, which limis the development of phytoremediation. To enhance

metal solubility and bioavailability, some natural or synthetic chelaors (e. g. organic acids and EDT'A) and inorganic acids have
been used.
In this study organic chelators such as Citric acid, Oxalic acid, Tartaric acid, Malic acid and their salts, EDI'A and Nitric

acid solutions for soil metal activation were used. The results showed that the trends of Cu, Zn and Pb released by the oganic
acids were: Citric acid> Oxalic acid> Tartaric acid> Malic acid for Cu, Ciric acid> Malic acid> Oxalic acid> Tartaric acid

for Zn and Citric acid> Tartaric acid> Malic acid> Oxalic acid for Pb. The organic sodium salts including Citrate, Tartarate and

Oxalate had lower release capacity, but synthetic chelator EDTA had higher release capacity, and the releasing trends of Cu and
Zn by the organic salts were EDTA> Citrate> Oxalate> Tatarate, but for Pb, the order was EDI'A> Citrae> Tartarate> Ox
alate. 1.0 mol L™ "and 0. 1 mol L™ ' HNO; had the highest release capacity, which had significant difference from that of 0. 01

mol L™ "HNO;. Considering their applicat ion to enhancement phytoremediation, EDTA and Citric acid with higher release capac-

ity would have more promising potential in tem of protection of soil quality.

Key words  Chemical extractabiliy; Heavy metal; Mixed soil pollution; Nitric acid solution; Organic compound



