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1- Metal fractionation
2- Sequential extractions
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4- Extraction percentage of heavy metal
5- Form distribution of heavy metal
6- Removal efficiency of heavy metal
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1- Aqua regia
2- Batch extraction
3- Limit of Quantitation (LOQ)
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Table 1. Method of Sposito et al. (1982).

(k) S o 5 O e LSl ] (el 0sls OIS e e S
Volume of extractant per 2 g of soil (mL) Extractant Shaking time (h) Chemical form
L
25 0.5 M KNO, 16 e+
Exchangeable+Soluble
L. eu\,ﬁ:u.:\z
25 Distilled Water 2 j
Sorbed
i
25 0.5 M NaOH 16 S
Organic-Bound
5Ly
25 0.05 M Na,EDTA 6 S
Carbonate-Bound
bv\JL“ 'LJ
25 4 M HNO; 16 o
Residual
.(\ava) b‘)&«.& K) j_«J U;") -y Jij.
Table 2. Method of Tessier et al. (1979).
a.,\.;‘Sci_)ﬁ:Zw. =
Gk Skt p S Sl oS ol Sl (el 0313 OS5 e bt S
Volume of extractant Extractant Shaking time (h) Chemical form
per 1 g of soil (mL)
g 1M MgCl, ] Il + _Jsls
(PH=7) Exchangeable + Soluble
. IM CH;COONa 5 Sks
(pH-5) Carbonate-Bound
S|
0.04 M HONH,.HC1 _ -
20 6 (55 5 ol gladSl 4 a3l 50)
in CH;COOH (/25 v/v) Oxide-bound
(Fe and Mn oxides bound)
54343 in HNO; (20% v/v) 3.2 M CH;COONH,4 55 S
+ H,0 (30%) + 0.02 M HNO; Organic-Bound
Aqua regia ele ik
24 (HCI+HNO3) 3 '
3:1 Residual
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Table 3. Some characteristics of the studied soils.

o sl S EC .
CEC CCE ocC o i (sl o las pH St o led
(cmolkg™) (%) (%) Clay Textural : . Ll |8 Soil No.
percentage Class (dSm™)
22 11.1 2 30 SCL 21 8 1
24 14 1.7 34 CL 0.9 8 2
15 10.9 0.3 23 SCL 5 76 3
S kg™) @aslS 5 g 55 J5 e sl Kl amlia -t g
Table 4. The mean comparisons of Zn, Pb and Cd concentrations (mg kg”).
Cd Pb Zn ] Sk ol o
-1 -1 -
(mg kg™) (mg kg™) (mg kg™) Soil No. Method
187.4* 350.3° 3412.4° 1
ls K sl
102.9° 80.2¢ 591.2° 2 S
Hot nitric acid
130.7° 1117.4° 4780.9° 3
101.5° 397.9° 3477.9° 1
Ll 5ST
36° 110.3¢ 1162¢ 2 iad
Aqua regia
69.5° 1545.1° 5803.1° 3

A Gl e ol ST S5l b Ao s o Jlezl C’a—w 53 eS8 e Y G SO Bl lls L SKle Ot o o
* In each column, the means with at least one common letter are not significantly different at probability level of 5%

according to Duncan test.

1- Huangshi
2- Hubei
3- Cherokee
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Table 5. The extraction percentage of Zn, Pb and Cd in batch extraction by 0.01 M EDTA.

Cd Pb Zn Sk ojlad
(%) (%) (%) Soil No.
28.2 29.6 8.9 1
15.2 n.d.* 229 2
21.4 43.9 10.2 3

3 ol oo oK Mk s A 55 e ke

* The concentration of lead was less than the limit of quantitation using atomic absorption.
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809 OF1+F2
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60% -
8 EBF4
0, -
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4 gad o ;5 EDTA 6‘4".““'.‘1 C‘J,‘;r.’wd 3l ‘).5 (A o9 43) r.:a:‘fj 1) el ‘gw ‘5‘.&‘)5.5 G)'j—\ JS.Z
kil 3L Fs o 5k S Fy (T F3 s ol Fy ( Jsls Fy .S

Figure 1. Distribution of different forms of Zn, Pb and Cd (method A) before batch extraction by EDTA in
three soils.
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Sl i Sl ol W S 8 Ao S| IS L5 YYFOO mE kg X ol
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I s s hST 5 ol L (la IS5 5 e YOAmg kg 5TY (e Y S s 5 s4S|
S5 S an e s A s s S M s s Cbale St s I s ST IS s s
490 03 SheST IS 5 LI Gl sile BL mg kg 500 A CoaY ) s s o3lS
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Figure 2. Distribution of different forms of Zn, Pb and Cd (method B) before batch extraction by EDTA in

three soils.
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Table 6. The mean comparisons of summation of Zn, Pb and Cd chemical forms (mg kg™) before batch
extraction by EDTA for interaction effect between the method of chemical form determination and soil type.

Cd Pb Zn S ol S
-1 -1 -1
(mgkg") (mgkg™) (mg kg™) Soil No. Method
142.4° 268.0° 3446.7° 1 .
92.3¢ 77.74 1394.3¢ 2 o2
b b Method A
126.6 1058.9 49752 3
98.7° 336.3° 3445.7° 1 .
35.3f 108¢ 1108.6° 2 o
b Method B
69.5° 1371.9° 4418.7 3

A gl e sl STl 53l b Ao s o Jlezl Cla.u 53 eS8 i Y O S Pl sl S Sls D5 a3
* In each column, the means with at least one common letter are not significantly different at probability level of 5%

according to Duncan test.
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Figure 3. The interaction effect of washing and metal chemical form (method A) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 1.
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Figure 4. The interaction effect of washing and metal chemical form (method A) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 2.
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Figure 5. The interaction effect of washing and metal chemical form (method A) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 3.
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Figure 6. The interaction effect of washing and metal chemical form (method B) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 1.
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Figure 7. The interaction effect of washing and metal chemical form (method B) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 2.
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Figure 8. The interaction effect of washing and metal chemical form (method B) on concentration of Zn, Pb
and Cd before and after batch extraction by EDTA in soil 3.
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Table 7. The mean comparisons of Zn, Pb and Cd removal efficiencies (%) for interaction effect between the
method of chemical form determination and soil type.

Cd ##Pb Zl’l \5[} a)l.q.‘i ujv})
(%) (%) (%) Soil No. Method
78.4° 22.4° 25.9° 1
A »
a3
71.2° 6.5 50.7° 2
Method A
75.9° 443 22.9° 3
41.4° 8.3° 45.4° 1
B »
a3
56.5 -13.6° 18.4° 2
. Method B
41.4° 20.2° 45.7 3

A Gl e ol ST 53l b Ao s o Jlezl Cla_u 53 S i Y G S Bl gl sla Sl (gt a3
A8 0 b Sl aslie 5l el sy i Y S s 5l cpl Gl LIS olis Sepl woax g L
* In each column, the means with at least one common letter are not significantly different at probability level of 5%
according to Duncan test.
** Because of negative values obtained for the removal efficiency of this metal in soil 2, the comparison of means did
not be done.
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Table 8. The values of Zn, Pb and Cd mobility factors (M) for method A (%).

Cd (%) Pb (%) Zn (%)
St ojlad
3 e TR ) e TR ) e TR i
o0il No.
After washing ~ Before washing ~ After washing  Before washing ~ After washing ~ Before washing
59.9 76.4 65.5 74.9 25 443 1
61.1 65.5 52.6 38.4 21.6 322 2
71 79.4 79.8 62.9 21.4 455 3
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Table 9. The values of Zn, Pb and Cd mobility factors (M) for method B (%).

Cd (%) Pb (%) Zn (%)
S ooyl
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o0il No.
After washing ~ Before washing  After washing Before washing ~ After washing ~ Before washing
325 823 447 28.1 474 1
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839 76.1 272 32.8 32 39.5 3
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Abstract

Background and Objectives: Sequential extraction methods of Sposito et al. (method A) and
Tessier et al. (method B) are distinguished from other methods by simplicity and popularity,
respectively. Method B first was tested in two fluvial deposits and then widely used in all sediments,
sludge compost and heavy metal contaminated soils. Method A basically was proposed for
determination of chemical forms of metals in sludge, soils incubated with sludge and wastewater
irrigated soils. However, thereafter the method was used in contaminated soils around of mines and
smelters. Some researchers reported that washing heavy metal contaminated soils by strong
complexing agents like EDTA lead to transformation of heavy metals from low-mobile to high-
mobile forms. There are several environmental concerns regarding abandoned contaminated soils
after washing. Therefore, study of effective factors on removal of heavy metals from high-mobile
forms is of importance for using of these complexing agents either in washing or phytoremediation.
In the current study, attempts were made to investigate the distribution and mobility of Zn, Pb and
Cd in contaminated soils before and after batch extraction by EDTA.

Materials and Methods: Three soil samples with different heavy metal contents were taken from
0-20 cm depth of the zinc-lead smelting plant area in Zanjan. Some physical and chemical
characteristics of the soils were determined. Thereafter, the chemical forms of Zn, Pb and Cd in the
soils were determined before and after batch extractions by 0.1 mole of EDTA per one kilogram of
soil using two methods of Sposito et al. (1982) (method A) and Tessier et al. (1979) (method B). The
extraction percentage, form distribution, removal efficiency and mobility factor of the heavy metals
were determined using two above mentioned methods and then compared.

Results: The results indicated the higher effectiveness of hot nitric acid in extraction of Cd and in
turn the higher effectiveness of aqua regia in extraction of Zn and Pb. The method A, particularly
carbonate form, showed major removal after washing. The sum of different forms introduced
carbonate and residual forms as dominant form for all three metals in all three soils. In addition,
these forms of a given heavy metal obtained from the method A were greater than that of method B.
Unlike the method A, in which the dominant removal of Pb by EDTA was from the carbonate form,
this removal was from the oxide form in the method B. Also, unlike the method A, in which the
exchangeable forms of the metals increased after washing, some severe decreases were observed in
the method B. Also, the highest and lowest removal efficiencies were observed for Cd (using method
A) and Pb (using method B), respectively. The mobility factor of Zn after batch extraction by EDTA
intensely decreased. Additionally, the mobility factor of Pb after extraction significantly increased.
The mobility factor of Cd after washing almost decreased.

Conclusion: The results indicate the influence of residual amount of EDTA in washed soils on
determination of chemical forms of heavy metals. Therefore, care in interpretation of data from
determination methods of heavy metal chemical forms, particularly in washes soils is necessary.
Both of two methods revealed the increased mobility of Pb in soils after washing. This emphasizes
using auxiliary procedures such as phytoremediation for decontaminating soils after washing.

Keywords: Batch extraction, Extraction percentage, Mobility factor, Removal efficiency, Sequential
extraction
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