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Sequential Extraction of Soil Heavy Metals Aided by Ultrasound
Sonication
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ABSTRACT : The various forms of heavy metals in soil environments have been studied by sequential
extraction method. We tested conventional Tessier sequential extraction and new ultrasound-sonication
extraction methods, and compared their extraction efficiency. Total As, Cd, Cu, Pb, and Zn contents of
the target soil (NIST SRM 2710 Montana Soil), by three methods (USEPA Method 3050B, KBSI
Method, and ultrasound-sonication method) were all consistent with the certified values. Sequential
extraction efficiency along with step-wise extraction values was similar in both Tessier method and
ultrasound-sonication method. The ultrasound-sonication method took about 3 hours to complete whole
procedure while the Tessier sequential extraction method took around 12 hours. Ultrasound-sonication
method was estimated as one of the best methods with a relatively short application time and no
requirement of high temperature treatment.
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Table 1. Reagents of sequential extraction methods

O+ Az %
S AEFE

Reference

Fractions

Tessier ef al. (1979)

Ultrasound-sonication method
(Vaisanen and Kiljunen, 2005)

F I) Exchangeable
F1I) Carbonates

1 M MgCL (pH=7) 8 ml
I M NaOAc (pH=5) 8 ml

0.04 M NH>OH HCI
in 25% HOAc 20 ml

0.02 M HNO; 3 ul +

FIII) Fe-Mn Oxides

FIV) Organic-Sulfides

FV) Residual HF-HC104

30% Hx0: 5 mé
3.2 M NaOAc in 25% HNO; 5 mé

0.5 M MgCl, 8 ml
1 M CH3;COONA (pH=5) 10 ml

0.1 M NHOH HCI (pH=2) 10 nf

0.02 M HNO; 3 ml +
15% H20: 10 ml

Aqua regia (1:1) 10 mf
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1M MaCl;, 8af
1hr at room temperature

\L Centrifuge{10.000rpm, 30min)
Rinse with 5a¢ DIW

1M NaQAC 8af
1hr at room temperature

Centrifuge(10,000rpm, 30min.)
Rinse with 582 DIW

0.04M NH,OH HA in 25% HOAC 2087
Heated 9613°C

Centrifuge(10,000rpm, 30min)
Rinse with 582 DIW

0.02M HNO3, 3a¢
+ 30% HyO, Saf
8522°C. Heating for 2hrs

Add 30% H0, 388
85+2°C, Heating for 3hrs

] e

Add 3.2M NHOAC in 20% HNOs, S8
diluted to 20s¢
and shaking for 30min.

‘}( Centrifuge(10.000rpm, 30min)
Rinse with 5&# DIW

HF-HCIOy

\L Centrifuge(10.000rpm, 30min)

05M MgCls, Se?
30 min. &t room temperature

Centrifuge(2,000rpm, 10min)
Rinse with 520 DIW

1M CH;COONA 108¢
15 min. at room temperature

Centrifuge(2,000rpm, 10min)
Rinse with Ss¢ DIW

0.1M NHOH HCl 108f
8513°C, 18 min.

gl

Centrifuge(2,000rpm, 10min)
Rinse with Sa# DIW

0.02M HNO;, 387
+ 15% Hy0p Saf
8512°C, 9 min.

Aqua Regia (1:1) 102
60£2°C, 9 min.

‘f, Centrifuge(2,000rpm, 10min)

Fig. 1. Schematic diagram of sequential extraction method applied in this study.

Fig. 2. Ultrasound-sonicator (Fisher scientific, Sonic
Dismembrator 500 Mode) used in this study.
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EF e85 259 9452
Table 2. Concentration of elements in NIST SRM 2710 digested by USEPA Method 3050B, KBSI
Method, and uitrasound sonication (ppm)
Element Procedure Measured value (ppm) Certified value (ppm)
3050B 560.1
As KBSI 637.5 626
ultrasound sonication 701.2
30518 18.1
Cd KBSI 16.2 21.8
ultrasound sonication 17.5
3050B 2,800
Cu KBSI 2,973 2950
ultrasound sonication 3,050
3050B 4,834
Pb KBSI 5.581 5532
ultrasound sonication 5,325
3050B 6,877
Zn KBSI 7,827 6952
ultrasound sonication 6,521
Table 3. Results of NIST SRM 2710 extracted by the sequential extraction method by Tessier et al
(1979) (ppm)
Element Fl FII FI FIV FV > Certified
As * 25.00 614.0 56.00 69.0 764.0 626.0
Cd 11.30 2.800 5.100 * 1.900 21.10 21.80
Cu 229.0 828.0 972.0 710.0 116.0 2,855 2,950
Pb 799.0 1,452 2,123 679.0 331.0 5,384 5,532
Zn 898.0 455.0 4,086 428.0 796.0 6,663 6,952
* . Less than the limit of detection.
2. : Sum of each extraction vajues fromF [ to FV.
Table 4. Results of NIST SRM 2710 extracted by appling the ultrasound-sonication method (ppm)
Element Fl F1l FIi FIV Fv 2 Certified
As * 20.34 467.4 3845 2579 784.8 626.0
Cd 1015 2916 2.915 0.853 1.239 18.07 21.80
Cu 136.2 888.3 1,084 804.7 392.0 3,305 2,950
Pb 635.7 2,084 1,835 2244 1,048 5,827 5,532
7n 761.6 507.0 2,677 695.1 2,647 7,288 6,952
* o Less than the limit of detection
2 - Sum of each extraction values fromF [ to FV
¥ Ao A 22} 614 ppm, Avte FURAGRT A @A SN
of 23 239 A 2 wo BAAde e FARHGYS ALl A

= 2 2gy
4674 ppm #& EArE vl&
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Fig. 3. (a) Partitioning of sequentially extracted heavy metal ions concentration in SRM 2710 by
sequential extraction method (As-1, Cd-1, Cu-1, Pb-1, Zn-1) and ultrasound-sonication method (As-2,
Cd-2, Cu-2, Pb-2, Zn-2). (b) Percent partitioning of heavy metal ions extracted by sequentially extracted
and ultrasound-sonication extraction method.
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