ol FRERL 24 2008,27(5):1774-1778

Journal of Agro-Environment Science

U XHHERATIESFESEMY RTRREMAR

THAR, FREL A LR RS RRR!

(LGRS GRS e 5 R S0 =, B R 3R, V175 At 210093 ;2.5 TR B bty , 1195 M st 210093;
3R TR =4 BE, V95 B AT 210009)

W OE R 3 AR A F[S.S- 2 T 38R (EDDS) %4 = B2 (NTA) R (CIT) 1N 2 FhAE i i 5 70 2
DU R (EDTAYFI — 3. £, 3 = i . TR (DTPA) X s TR 5 L YRR RNz LU AR DX B R F 38 h i 4 JB M e Z kAT T
RIS, VAR B G X E 48 Cu Pb F1 Zn (R4S KT BT E I B AU . 255388, EDDS [EDTA DTPA X} 4%+ HEf:
it Cu \Pb il Zn 3 A4 B IRHUCR T NTA, CIT BHEBCREAL, EDDS X Cu fl Zn (42HR S EDTA [ DTPA #124 , {HHXT Ph %
$EBCRI R AT EDTA A1 DTPA, XF "o iR 25 R, 2 G 7 AEAE I 340 Mn FT Fe (HERICR; AL S IFRICRA BT
e X oEs i 4 Fp RS EDDS XF Mn (935 11 54MI0F EDTA Hl DTPA {H EDDS XJ Fe ¥ AT T HALZS S50, NTA Xf
Fe Mn ({3 HAE LT EDDS EDTA F1 DTPA, Ca Al Mg Fil Si (45584 FIR IR 2 0% B 5 M 22 5 (P>0.05).,

KER . ELE B TUCE AR R

FESES:X830.2 XEAFRIZAD:A X EHS:1672-2043(2008)05-1774-05

Extraction of Heavy Metals and Mineral Elements in Agricultural Soils Around Mine Area Using Biodegrad-
able and Non—-biodegradable Chelators
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Abstract : Heavy metals (Cu, Pb and Zn) and mineral elements (Fe, Mn, Ca, Al, Mg and Si) in four agricultural soil samples collected from the
lead—zinc mine area of Qixiashan and copper mine area of Tangshan in Nanjing were extracted by biodegradable chelators [S, S—ethylene di-
amine disuccinate (EDDS), nitrilotriacetate (NTA) and citriate (CIT)] and non—biodegradable chelators [ethylene diamine tetraacetate (EDTA)
and diethylenetriaminepentaacetate (DTPA)], respectively. The results showed that contents of some heavy metals in these soils were above
the threshold values announced by national environmental quality standard for soils. The presence of the chelators enhanced the solubility of
Cu, Pb and Zn evidently. Among the five chelators, the extraction efficiency for heavy metals by EDDS, EDTA and DTPA were higher than
NTA, and CIT had the lowest extraction efficiency. Extraction efficiency by EDDS were 0.42%~41.7% and 0.68%~24.8% for Cu and Zn, re—
spectively, similar to that of EDTA (0.36%~38.6% for Cu and 0.54%~23.7% for Zn) and DTPA (0.75%~42.6% for Cu and 0.71%~26.4% for
Zn). But the extraction efficiency for Pb by EDDS (1.90%~16.6%) was obviously lower than that by EDTA (1.75%~34.4%) and DTPA (2.42%
~25.9%). Therefore, EDDS was more effective for the remediation of soil contaminated by Cu and Zn than other chelators. The extraction rates
of Mn and Fe increased evidently at the presence of the five chelators, and the solution of Al and Si were also slightly enhanced. Extraction ef-
ficiency for Mn from four soil samples by EDDS was lower than that by EDTA and DTPA. But the extraction efficiency for Fe by EDDS was
higher than other chelators. So the dissolution of Mn and Fe should be considered in the utilizing of chelators for the remediation of heavy
metal—contaminated soil. The extraction efficiency for Fe and Mn by NTA was lower than EDDS, EDTA and DTPA. Combining with its medi-
um extraction efficiency for Cu, Pb and Zn, NTA had prospect on the remediation of heavy metal—contaminated soil. No significant difference
was found among the extraction efficiency for Ca, Al, Mg and Si(?>0.05 )by the five chelators.
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Table 1 Physicochemical properties of the tested soil samples

S1 S2 S3 S4
pH 5.67 7.38 7.01 7.29
CEC/cmol kg™ 19.9 252 62.4 65.3
EERIRIIR0 1.96 0.26 0.44 243
4 Cu/mg-kg™! 80.5 462.6 891.9 1260.2
24 Ph/mg-kg™! 2125 10773 1259 136.1
M Zn/mg-kg! 305.5 5561.1 543.4 5759

2 mL /NG AN AVEASIR (2 mL) SRR
(6 mL) Ik 2 542 (0.5 mL) T HL OB 4k , & 1
TR Y820, 5B I TR RRIA 45 . 0.45 wm
TRFLUE IR U8 5 AT YRS O, T ICP-OES
(Optima 5300DV , PerkinElmer, USA) % 3%k o 7T
% Al .Ba.Ca Fe Mg Mn . Si [/ &,
14 TtEHSPEEETEURT RITEMNRER

K FH R AR P2 st 1 23R 5 :)(GB 5086.2—
1997)7K -4k ¥ A A8 s R4 TR B 06 - [T
R 1:10(m:V ) s # B AP H 42 )& Cu Pb Zn EEIR Mk
JEE R o B 0 i (RIS 50 B R 8 S A b 4
J& Cu.Pb Zn BEE/RECHLZ A 1:1) IR 5 MR (110
10)¥ *min™; FIEIRY% 8 h J5F+E 16 h,4 000 r+min™
(450 B 00408 15 min B I 0.45 m BFL g
IS AT SR LA R BARERAE R < 435
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NTA A1 CIT £ 0.01 mol - L™ A§FRAH 30 mL. H:A4 EDDS
= 4RER (EDTA S — 4k [DTPA Fl NTA LLJFIE i
IR NIC B B pH O 5 CIT Jy =ghdh . 2
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Table 2 The extractable percentage of Cu, Pb and Zn

extracted by chelators from the tested soils(%)

S1 S2 S3 S4

Cu CK 0.19 0.02 0.12 0.33
EDDS 8.98 0.42 6.92 41.7

NTA 7.32 0.23 5.04 27.8

CIT 1.48 0.20 0.48 5.31

EDTA 12.7 0.36 6.68 38.6

DTPA 9.92 0.75 5.76 42.6

Pb CK 0.32 0.08 0.28 0.24
EDDS 16.6 1.90 1.60 16.0

NTA 12.3 1.20 1.05 L.77

CIT 1.14 0.23 1.02 0.81

EDTA 34.4 2.60 1.75 20.5

DTPA 259 2.82 2.42 21.8

Zn CK 0.57 0.02 014 0.32
EDDS 24.8 0.68 3.84 7.09

NTA 21.3 0.39 2.18 4.31

CIT 2.72 0.10 0.45 0.76

EDTA 23.7 0.54 3.72 7.23

DTPA 26.4 0.71 322 7.98

xR3 ELEHRTRTERE (g kg)
Table 3 Total contents of selected mineral elements in

the tested soil samples(g-kg™)

Al Ba Ca Fe Mg Mn Si
S1 57.0 0.47 7.84 28.7 5.36 0.88 0.61
S2 446 3.97 83.2 318 81.5 6.89 2.53
S3 37.4 0.26 100 80.0 5.85 0.71 2.10
S4 48.1 0.51 67.4 41.6 5.61 0.72 1.08

Fe(ID) AL . TEAITTH R, T Zn-EDTA
FEK A Fe ()% Ak 4 2% 1 ) W BEAE ) (67535 1 1Y)
Fe(ID)£E 2 ] LIAERE & 1) pH YE I (pH>7) LA Fe(1)-
EDTA JEFEFAE", Mayes S5t 84 B, EDTA-
SIRBCAYNAELE, SFBW WA Al R
4, EDDS .EDTA 1 DTPA % Mn {42 ORI i 5 F
NTA D)}z CIT, EDDS %f Mn {442 B Z 7E 0.206% ~
17.02% 2 [a] ,EDTA X Mn {9 2 B2 76 0.241% ~
20.67% 2 [a] ,DTPA X} Mn F¥ 42 B % 7F 0.528% ~
31.95% = [6] ; % F S1.S2 A1 S4,EDDS .EDTA #l DT-
PA X Mn ()32 BUE KNI F Jy : EDDS<EDTA <DT-
PA. 5HAMELEFIAH L, EDDS 1 DTPA %I Fe A%
() 42 B 43 51k :0.006% ~0.809% FI 0.009% ~
0.486% ., EDTA Xf#kpy A & m 2 %,
0.005%~0.257% ., EDTA .DTPA 1 EDDS Z%}F Fe 1)
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Table 4 The extractable percentage of selected mineral elements extracted by chelators from the tested soils(% )
Ca Al Mg Mn Si Fe

S1 CK 8.747 0.017 1.728 0.033 6.658 0.026
EDDS 7.636 0.151 1.626 17.02 18.56 0412

NTA 10.338 0.470 2.197 0.895 7.077 0.316

CIT 8.120 0.071 1.601 0.099 13.83 0.090

EDTA 8.270 0.044 1.705 20.67 9.846 0.257

DTPA 9.357 0.054 1.697 31.95 12.29 0.329

S2 CK 1.523 0.001 0.157 0.002 1.553 0.001
EDDS 1.398 0.007 0.224 0.206 1.988 0.006

NTA 1.800 0.002 0.162 0.004 1.838 0.001

CIT 1.539 0.003 0.161 0.006 1.950 0.001

EDTA 1.895 0.002 0.173 0.241 2.214 0.005

DTPA 2.155 0.002 0.179 0.528 2.298 0.009

S3 CK 6.456 0.051 13.80 0.942 2.279 0.011
EDDS 6.402 0.887 13.57 12.55 3.680 0.090

NTA 6.641 0.098 13.98 1.423 1.939 0.022

CIT 5.988 0.218 13.18 0.768 2.856 0.014

EDTA 7.167 0.078 13.85 6.927 2.382 0.036

DTPA 7.030 0.122 14.04 9.967 2.617 0.079

S4 CK 1.928 0.047 0.967 0.040 2.111 0.055
EDDS 1.622 0.165 1.850 2.572 9.453 0.809

NTA 2.730 0.069 0.879 0.343 5.203 0.069

CIT 2.000 0.115 1.015 0.747 5.749 0.098

EDTA 3.782 0.025 1.203 3.543 4.150 0.094

DTPA 4.276 0.020 1.184 7.776 3.500 0.486

BAWHEER LK (KT 20), 4 Mn AYESAH K0l
FL# K (DTPA il EDTA Xt Mn B9 &S &% 50530 B ik
15.6 A1 13.9) . A & 7E RIK/K A EDTA 21U
Fe (D) EAAFAEN, Ktk EDDS LK DTPA fi4)3
HAN Y25 2 RS H 5 BT R I R,
JEHEXT Fe /R ZR Mn KR VEH . NTA X Fe Mn 1
% HIVE IR T EDDS EDTA H1 DTPA , 4% %5477 22 [
X Ca Al Mg FI Si ()4 BB AT i 35 PR ) 22 7 (P>
0.05),

3 #Zig
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Wit 1k #5457 EDDS Fil NTA %} 5 43 J@ Cu.Pb 1 Zn
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X453 b 3 AP & B AR HUR R T NTA, EDDS
XF Cu 1 Zn (2R 5 EDTA (DTPA 414, {HX} Pb
IHEBCRAL TS Wi % . CIT X 3 i 48 iR
.

() BB AR A B B3N Mn F1 Fe (1321
AL Si EEBUCRMA ik, Bk, AR A7
XFER A GRS A, W Mn 1 Fe, 404 LY)
SRR A B R AR FIEZS  Fe A1 Mn 1Y
s R AR R PR A RN T 2R R o RIS B
IR AFEAEAR ] B2 B0 0P 4 7 AL.Si #847
s SR RS T R A5

(3)X%FF 3 Fb R A= Wy o] B i 2 570 ED-
DS X Mn ()35 H 38T A PR A 25 5 59 EDTA il
DTPA ;{H EDDS Xt Fe I H 4w 1% thAEH . NTA
T Fe Mn 197 BAEFAE T EDDS . EDTA #1 DTPA

() FFEAFINT Ca Al Mg A1 Si FYFRBCR 2 [H] 3%
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