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The controversial points and a remedy on evaluation of heavy metal
contamination in standard method for examination of soil in Korea.
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ABSTRACT

Heavy metals are extracted from stream sediments, roadside soils and sediments and soils and
tailings from mining area using partial extraction, acid digestion and HF-digestion. Compared to
amounts of heavy metals extracted using partial extraction, those extracted using acid digestion
are higher by 2.0~221 times in Cu, 2.4~2806 times in Pb, 1.3~121 times in Cd, 14.1~1300885
times in Fe, 1.2~272 times in Mn, 1.3~373 times in Zn, 2.2~1735 times in Cr. There is no
special relationship between the extracted amounts of heavy metals using partial extraction and
those using acid digestion. However, it is possible that there is a certain relationship between
those using acid digestion and those using HF-digestion. Although partial extraction, which
extracts less amounts of heavy metals(Cd, Cu, Pb) from soil compared to acid digestion, is used
in domestic standard method for examination of soil, domestic soil standard for heavy metals in
non-agricultural and industrial areas is higher than soil standard in foreign countries which use
acid digestion. For improvement of the domestic standard method for assessment of soil, it is
suggested to lower the domestic soil standard for heavy metals or to change pretreatment
method for extracting heavy metals from partial extraction to acid digestion with modifying the
soil standard.
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Table 1, Comparison between pretreatment methods and foreign used for extracting heavy metals from

non-agricultural soil

US.A.
G
Analytical Korea Japan EPA Method N i:n?nyd
etherlan
Method 3050A
Partial Partial Acid Acid Acid digestion
extraction extraction digestion digestion (aqua regia)
HNO,, H,SO,, | HNO,, H,0,
R t HCI HCI, NaOH HNO,, HCI
cagen 2 HCIO,. HCI 3
. formulated and
Concentration 01N formulated . formulated
58~6.3 diluted
or pH (IN for As) concentrate concentrate
concentrate
room T, heating after
Process . . - .
30¢C atmospheric | below boiling | below boiling | processing at
Temperature
pressure room T.
Stirrin,
Method Methoi agitation agitation heating reflux reflux
Final filtering filtering using filtering cen@ging or collec.ting.
) ) 1um or ) filtering using | upper liquid
Processing using 5B . using 5B .
centrifuging Whatman No.41| after standing
Steps for acid
P Istep Istep 2step 3step 3step
treatment
Apparatus shaker shaker Hot plate reflux reflux
Process agitated for agitated for more than more than more than
Time 1hr 6hr 1day 1day 1day
Extract
absorbed HM O O © © O
Extract HM in
Extract secondary A X O O O
ability mineral
Extract HM in
organic X X (HC1O,) (H,0,) @
| substance
O, extractable ; A, maybe extractable ; X, not extractable
HM, heavy metal
Method in the table are modified from Oh(1997)
stelo] E¢fo] ¥2HE =5 AEYE FES wal Aol E8E FFEE HFARE flol HCI® HNO;
M &3] HEFEolE FEE MIERER AUSE, el g AMgsld F28 £ Y. FESY E
FUSHE FEE FREG AFEL 1A HH We) FHE FISETH SNGYR) 4uE 33
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A€ ggitt sdnsrad Edy HAENR o
B-Z Tessier et al. 2 AEFEYE o] &3] Axz
T BN 7 DA FE2EHE W/
/ALY ALY FES FEE TS vl wstt

ICP-AES(SPECTROH) & ol&8] HAejd A8

g hr - ol

e Cr, Cu, Mn, Zn, Cd, Pb, Fed] THF3%
A7t SAHJT. A dLEe EAMstEH
(Detection Limit) & A¥EW va3 2ol Cr&
0.0016 =+ 0.00001ppm, Cde 0.0047 =
0.00327ppm, Cuw 0.0023 =+0.0008ppm, Pb%

Table 2, The pretreatment methods used in this study

Analytical
ytie Partial extraction Acid digestion HF-digestion
Method
Reagent HCl1 HNO,, HCIO,, HC1 HNO,, HF, HCIO,
. formulated and formulated
Concentration 0.IN .
diluted concentrate concentrate
Process Temperature 30T 110C 200
Stirring Method agitation heating heating
Process Time 1hr 1 ~2day 2 ~3day
Filter 0.45um 0.45um 0.45um
Extract absorbed HM O O O
Extract HM in
. A O O
secondary mineral
Extract HM in
. X O O
organic substance
Extract HM in
e x AO) O
primary mineral

(O, extractable ; A\, maybe extractable ; X, not extractable

HM, heavy metal

Table 3. The range and average for the ratio of the amounts of heavy metals extracted using acid

digestion(HAD) and HF-digestion method(HHD) compared to those extracted using partial

extraction method(HPE)

HAD/HPE HHD/HPE
Chon ju roadside soils and ) . Chon ju roadside soils and
. soils and tailings .
stream sediments along .. average | stream sediments along | average
. from mining areas .

sediment | Honam expressway sediment | Honam expressway
Cu | 26~221 22 ~173 20~112 15.7 1.6 ~203 29~274 17.1
Pb | 38~19.8 2.9 ~160 2.4 ~2806 104 7.1~137 37~327 27.1
Cd | 84~325 72~121 1.3~704 173 | 12.6 ~54.8 79~139 29.8
Fe | 142~343 47.4 ~ 123000 14.1 ~ 1300885 | 36861 | 14.3 ~356 58.2 ~ 128000 230
Mn | 20~414 24~193 1.2~272 16 1.8 ~60.7 23~243 6.3
Zn | 22~373 19 ~18.8 1.3~59.8 127 | 26~635 2.1~338 16.3
Cr | 166~145 39.2 ~1735 22 ~760 165 | 22.7~183 552 ~2192 216
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Fig, 1, The relationship between the extracted amounts of heavy metals using partial extraction method
and those using acid digestion method from Chonju stream sediments(CS) and roadside soils and

sediments along Honam expressway(HE). The same abbreviations in Table 3 are used.
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Fig 2. The relationship between the extracted amounts of heavy metals using partial extraction method
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and those using acid digestion method from soils and tailings from mining areas. The same

abbreviations in Table 3 are used.
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The relationship between the extracted amounts of heavy metals using acid digestion method and

those using HF-digestion method from Chonju stream sediments(CS) and roadside soils and

sediments along Honam expressway(HE). The same abbreviations in Table 3 are used.
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Fig. 4. The comparison among
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Table 4, The soil standard of domestic and foreign countries for heavy metals in non-agricultural and

industrial areas

ChungjuWarnning Standard (mg/kg) Countermesaure Standard (mg/kg)
Component Korea | US.A. | Japan |Netherland Germany| Korea | U.S.A. Japan Netherland| Germany
(HPE) | (HAD) | (HPE) | (HAD) | (HAD) | (HPE) | (HAD) | (HPE) | (HAD) | (HAD) | (HAD)
As 20 80 0.1 55 20~200 50 20~80 3 50 50 20~200
Cd 12 4 0.1 12 2~60 30 | 5.6~100 3 9 20 2~60
Cr 12 400 05 30 15
Total Cr 380 560 300
Cu 200 500 140
Pb 400 0.1 530 |100~2000 1000 | 560~600 3 600 600 | 100~2000
Hg 16 0.005 10 2~40 40 1.7 0.05 3 10 2~40
Ni 2000 210 | 50~600 56~2400 500 | 50~600
Se 0.1 40~400 1000 3 40~400
Zn 720 280~1500 3000

In the warning and countermeasure standards of U.S.A. are respectively recommend values by EPA and countermeasure standards

used in Pennsylvania and New Jersey® and those of Germany are standards in Bardem-Burdemberg and Berlin®.
HPE, Heavy metals extracted using partial extraction ; HAD, Heavy metals extracted using acid digestion.
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