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Availability of Heavy Metals in Soils with Different Characteristics and Controversial
Points for Analytical Methods of Soil Contamination in Korea
Goo-Bok Jung', Won-Il Kim, Jong-Sik Lee, Joung-Du Shin, Jin-Ho Kim, and Sun-Gang Yun" (National Institute of
Agricultural Science and Technology, Environmental and Ecology Division, RDA, Suwon 441-707, Korea, DResearch
Development Bureau, Research Management Division, RDA, Suwon 441-707, Korea)

ABSTRACT: This experiment was conducted to investigate available extraction capacity and potential
mobility of heavy metal according to the distribution property and contamination level of heavy metals in
soils and to suggest a reform measure of soil environment assessment methodology applied with soil quality
and the official soil heavy metal test methods in domestic and foreign countries. The soils were collected
from the natural forest, paddy with long-term application of same type fertilizer, and paddies near metal
mine and industrial complex. The post-treatment methods of soil were partial extraction, acid digestion and
sequential extraction methods.

For the heavy metal contents with different soil properties, it was shown that their natural forest and
paddy soil were slightly low and similar to the general paddy soil, while their paddies near metal mine and
industrial complex were higher than the standard level of Soil Environment Protection Act. Heavy metal
concentrations in the soils with different soil properties had difference between HNO; and HNOs+HCI
extractant by US-EPA 3051a method. There were highly significant positive relationships in both two
methods. It was appeared that the higher extractable concentration ratio with 0.1N-HCI to total heavy metal
content with HNO;+HCl extractant, the greater total heavy metal content. There were highly significant
positive correlationship between total heavy metal content and extractable content with 0.IN-HCl. For
extractable capacity of soil extractable solution compared to the total heavy metal content, it was appeared
that its extractable method with 0.IN-HCI was higher than those with EDTA and DTPA. In extractable
ratio with 0.1IN-HCI in the contaminated paddy soils near mine and industrial complex, it was shown that
the lower soil pH, the higher total heavy metal content. The order of a potential mobility coefficient by
distribution of heavy metal content with its different typies in the soil was Cd>Ni>Zn>Cu>Pb.

It could be known that contamination characteristics of heavy metals with different types of soils were
affected by different heavy metal components, contamination degree and soil chemical properties, and heavy
metal concentration with different extractable methods had great variations with adjacent environment. To
be compared with assessment methodology of soil environment impact at domestic and foreign countries
with our results, it might be considered that there was necessary to make a single analysis method based
on total heavy metal content with environmental ovedoading concept because of various analysis methods
for total heavy metal content and present analysis method with great variation according to soil environment.
In spite of showing higher concentration of heavy metal with acidic digestion than the extractable method,
it might be considered that there is need to be adjusted the national standard of soil heavy metal
contamination,

Key Words: Soil, Heavy metal, -Analytical method, Availability, Soil standard, Sequential extraction
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o) B Fasel uid ESe 3N EEe £ 8 AT AT B e Ee YA S B
N Aol dste] 2 TS BAsha glo A4 & g, e 2 g Sol 29d T 9T vyl
Ao FE 0.IM-HCl £&%(Cd, Cu, Pb), IM-HCl £ ol =EokS oA FHE 5A8E AF 8] AHsglth &
(As), 0IM-HCL $5F F2U(C™), HNO, /}9¥(Hg),  A7olA o839 4357 =) g& s8td 54 & 19
Table 1. Chemical properties of the soil used in the study
Soils? pH OM Av.P20s Ex. cations (cmol’/kg)
(1:5) (8/kg) (mg/kg) K Ca Mg
FSOIR(S)Z) 44 5.8 14 0.10 0.68 0.26
PSLAF(5) 5.6 21.0 106 0.12 470 0.83
PSCMM(5) 5.8 25.6 85 0.23 3.98 0.44
PSICA(5) ) 6.8 36.8 205 0.32 742 1.01

YFSOIR : Forest soils originated from Igneous rock, PSLAF : Paddy soil with the long-term application of fertilizers for
50 years, PSCMM : Paddy soils near closed metal mines, PSICA : Paddy soils near industry complex areas

?Number of samples
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ol 7148 wEF 2 294 EY Hlarsto] Ao 2k8 JCP-OES(GBC Integra-XMP) %! ICP-MS(HP, Agilent
2 AHEcke] SR ko) mlg e & 4 gloin 7500cs) & ©)g5k0] BAFAT.
AEZH ¥ EAHY EUR HyiHHo| JHMWE HE

EYA R ZAE A8 B4 Fol WA 2 mm(10 U EREARAHY ) BRe AT AN T B
mesh)?] EFA2 EIAZ D 1212 ZAY ERS oA & 750 st EA 2 Ak BAE] flsto] nls,
dho]l ] 48kAl 2o} 0.15 mm(100 mesh)A| = A3+ A5 9 5 Az TAANYY 2 BERednF0PE 3
g 9% BA80E ARSItk diESe] HEE 7} alo] A% mlaw ARG Ed EFRAR ARG B
A TEEYY EHe 8 EReds AR 29 AR A B A Al Qo] & AT
%;}04 EGAE 10 g& 100 ml A&k Hatd 3 37wl gt 489 Tﬂlﬁ S 2 AgeA et &
9l 0.1M-HCI, 0.05M-DTPA, 0. IM-EDTA S 2zt 50 FEY TS %EH] o e B 5 EYU B3k
mlE 7}3ka 30°C oA 1413F X1t & No. 5BE o 2}51¢ =y} Agsle] djAsllal ko R RS AL
Atk B 534 A8% B4 EPA-method A4 39ict.
3051aell #38to] EUAIR 0.5 g2 HNOs 10 ml 2 &=
(HNO3:HCI=3:9) 12 mlE Microwave vesselol| %7}t A3} gl pxEk
% njolm 9ol B E-F A (Mars-X, CEM)E o] 8-5lo] 2
A T 255 SHTE 7S] 50 mlol TAEe] F48) CIJAEEH oI5t 525 RET It
AT, By T 259 EAYHS Frke] sl & BN nhE $E%5 BEEAY IE fFaE Wt
AFRAY, BEFA 4 AT Q1 77} 34| disle] % a7] glate] A g, TUNE 7|94 =ES 25%
29} o] Tl BAIR d&FEsato] BASILL B A A Tk 01 =gk e Cd, Cu, Pb ¥ Cr&
A e s B fate] 489 ASHEe OlM HCl A7Hd, Zn 4 Ni 32 U}Olﬂiﬂl 1B <
Tessier 501 AT BH-E -§-83t0] %2 (exchangeable), B o7 slo] AdleyS T35 Qiﬂr ¥ 33 2ok Ak
ok Z(dilute acid extractable), Fe-Mn AF2Fz(Fe and ]E"k 1 714 =gk FEd Sheke SEuket URk
Mn oxide bound), F71%5 3 el(organically bound) % # % WEeke) 24 e sk Tr/\}opll‘)r SHerom,

Fol(residual) 5 571 34 B BAHAF, o]
At o] WeAE, Apd W aSABE AR 34

=

9 =
bl B ALY Eoredy)Ey) st} o W
BT, FEPA Q1T =8 Cd, Cu U Zn TF

o o

Table 2. Schemes of chemical extraction for heavy metal fractionation in soil

Fraction Reagent conditions Shaking time (hr.)
Fraction I (Exchangeable) 1IM-MgCl, (pH 7.0) 1
Fraction II (Dilute acid extractable) 1M-NaOAc adjusted to pH 5 with HOAc 5
Fraction III (Fe-Mn oxide bound) 0.175M-(NH4),C204 and 0.1M-H>C,O4 4
Fraction IV (Organically bound) 0.1 M-Na4P,0Or 24
Fraction V (Residual) Microwave digestion by conc. HNO; 0.5
Table 3. Changes of heavy metal concentrations in 4 type soils used in this experiment (Unit : mg/ kg)
Cd Cu Pb Cr Zn Ni
Soils -
0.IN-HCI extractable Aqua regia digestion
FSOIR(5)" 0.05+0.03 0.99+ 0.3 535+ 1.1 0.13+0.09 80.3+ 12.6 279+ 7.0
PSLAF(5) 0.13+0.03 470+ 0.4 4.86+ 0.3 0.160.05 583+ 2.6 16.5x 0.6
PSCMM(5) 2.26+1.82 50.37+45.7 87.40+87.6 0.14+0.12 679.4+413.4 194+ 7.8
PSICA(5) 10.13+5.03 145.56+51.0 12.80+ 3.4 0.05+0.05 180.3+ 29.1 65.2+44.2
T-value” 15 50 100 4(Cr*™) 300 40
[-value 4.0 125 300 10(Cr™) 700 100

UNumber of samples
IThreshold and intervention values for soil contamination indicators described in Soil Environmental Conservation Act.
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Table 4. Relationships between the heavy metal contents extracted using HNO; digestion and HNO;+HCI (aqua regia)

digestion method in soils (n=20)

HNO; digestion(x)

Analytical method Metals - > 0
Equation R Bias(%)
Cd y = 1.1045x - 0.1912 0.9996 62
Cu y = 0.9483x - 1.2348 0.9991 6.2
Aqua regia Pb y = 1.1027x - 6.0774 0.9896 2.9
digestion(y) Zn y = 1.0997x -15.2120 0.9963 37
Ni y = 1.0926x - 2.2325 0.9982 23
Cr y = 0.7985x + 1.8252 0.9109 -16.3

DBias : (HNO; digestion content-Aqua regia digestion content)/Aqua regia content*100
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Table 5. Comparison of heavy metal concentration extracted by each single extraction solution and total content of heavy
metal digested by aqua regia solution in soils

Soils Cd Cu Pb Zn
mg/kg Ratio” mg/kg Ratio mg/kg Ratio mg/kg Ratio
0.1M HCl extractable
FSOIR 0.05 31 1.0 8.8 54 11.4 29 3.7
PSLAF 0.13 11.6 47 48.3 4.9 14.1 4.0 6.9
PSCMM 2.26 48.7 50.4 47.8 87.4 38.6 123.7 15.9
PSICA 10.13 77.8 145.6 57.9 12.8 . 184 52.0 289
Mean 7 3.14 35.3 50.4 40.7 27.6 20.6 45.6 13.8
0.05M DTPA extractable
FSOIR 0.03 1.8 0.8 8.2 44 94 1.7 22
PSLAF 0.10 9.1 52 53.8 5.2 15.1 3.2 54
PSCMM 1.97 419 456 439 86.9 38.0 108.5 13.5
PSICA 455 36.0 75.3 30.0 0.8 1.1 27.7 15.4
Mean 1.66 222 317 340 243 15.9 35.2 9.1
0.1M EDTA extractable
FSOIR 0.03 19 0.7 74 4.6 9.8 11 1.4
PSLAF 0.10 84 4.8 49.0 46 13.4 2.3 4.0
PSCMM 1.85 392 40.1 374 83.8 36.1 86.8 10.4
PSICA 8.53 65.7 106.0 427 30.7 441 40.5 226
Mean 2.63 28.8 379 34.2 30.9 259 327 9.6

YPercentage ratio of each single extract compared with total contents of heavy metals

Cadmium Copper
20 200 o
.0
L
515 L 5 150 L]
= x .
o] [e)]
Eto} E 100
w Lid
a ]
T 5 L T 50 o
™ i o
o Lap-2 . s . - o dh . 1 .
0 5 10 15 20 25 0 100 200 300 400
HAD (ma/ka) HAD (mg/kg)
Lead Zinc
250 300
[ ]
200 } .
O —
x ] . D200
5 150 3
E £
100 F - o L]
% § 100 t .
50 f o s
o *
o L am€®® : : o Lene . .
0 100 200 300 400 0 500 1000 1500
HAD (mg/kg) HAD (mg/kg)

Fig. 1. Relationship between the extracted amounts of heavy metals using 0.IM-HCl extraction method (HPE) and those
using aqua regia digestion method (HAD) in paddy soils.
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Table 6. Range and average for the ratio of amounts of heavy metals extracted using aqua regia digestion method
(HAD) compared to those extracted using partial extraction method (HPE, 0.1M-HCD) in soil

Heavy

metals FSOIR PSLAF PSCMM PSICA Average
Cd 141~ 69.5 58~12.1 14~ 35 1.1~14 142
Cu 72~ 247 1.8~ 22 1.7~ 24 1.5~21 5.0
Pb 6.5~ 102 61~ 79 1.7~ 53 45~6.7 6.2
Zn 18.1~ 38.8 114~18.0 46~14.5 32~39 13.7
Ni 41.9~348.3 374~61.1 23.3~53.1 3.5~55 752
Cr 149.1~670.0 105.5~236.6 142.2~786.9 171.2~708.0 3252

Table 7. Total contents of heavy metal digested by aqua regia solution and percentage ratio of 0.IN-HCl extractable to

total contents of heavy metal in soils (Unit : mg/ kg)
Sarsri\g;ng 5(2111:5%}1 (cfl)gl i;l) Cu Pb Zn
PungSan 1 6.06 3.49 1.73 (33.2)" 1629 (59.1) 68.7 (35.9) 1302 ( 5.8)
PungSan II 6.15 428 1.79 (31.9) 97.2 (47.2) 59.2 (24.8) 118.7 ( 5.4)
PungSan III 6.07 457 1.24 (24.9) 66.5 (61.3) 37.4 (14.4) 714 ( 54)
BuetDeun I 5.26 1.54 3.16 (74.5) 21.7 (66.1) 86.5 (41.5) 463.7 (24.3)
BuetDeun I 5.07 1.85 3.71 (78.2) 27.5 (72.8) 395 (34.4) 563.0 (28.8)
BuetDeun 111 5.06 1.57 2.03 (73.7) 16.8 (69.6) 46.3 (43.6) 303.7 (30.8)
InCheon 1 6.89 7.79 9.86 (65.6) 141.3 (37.2) 53.1 (17.3) 140.8 (25.6)
InCheon 11 6.84 6.70 9.01 (63.7) 102.1 (48.3) 62.7 (18.7) 147.9 (26.0)
InCheon III 7.03 7.92 13.09 (72.4) 146.4 (42.2) 589 (13.8) 161.6 (34.2)

) 1)Perc:er\tage ratio of 0.1IN-HCI extractable to total contents of heavy metals
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Fig. 2. Distribution of heavy metal forms extracted by sequential extraction procedure in paddy soils. The values of y
axis are percent distribution of chemical forms of heavy metals. F1 is exchangeable, F2 is dilute acid extractable, F3 is
Fe-Mn oxide bound, F4 is organically bound, and F5 is residual form of heavy metals in soils.
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Table 8. Comparison between pre-treatment methods in Korea and foreign counties used for extracting heavy metals
applied to the environmental criteria for soil contamination

Germany
Analytical Korea Japan USA EPA-3051 Netherland
Method Partial Acid Partial Acid Acid Acid
extraction digestion extraction digestion digestion digestion
HNOs;, HCI HNO;, H504,  HNOs, H20;, HNOs;, HCI
Reagent H (aqua regia) HCl, NaOH HCIO, HC (aqua regia)
Concentration 0.IN formulated formulated formu.lated formulated
58~6.3 and diluted
or pH (IN for As) concentrate concentrate concentrate
concentrate
P room T, heating after
rocess 30C below boiling  atmospheric ~ below boiling  below boiling processing at
temperature
pressure room T.
Stirrin - o .
methog agitation reflux agitation heating reflux reflux
Apparatus shaker reflux shaker Hot plate reflux reflux
Process agitated for more than agitated for more than more than more than
time 1 hr 3 hr 6 hr 1 day 1 day 1 day
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Table 9. Comparison of soil standard of domestic and its foreign countries for heavy metals in agricultural area

(Unit : mg/ kg)
EZ?;?; Korea Japan US.A Canada Germany England EU
A;ﬁ{f;ffl HPEY HAD? HPE HAD HAD HAD HAD HAD
cd 40 - - 34 14 2 3 1~3
Cu 125 - 125 84 63 200 130 50~ 140
Pb 300 - - 336 70 500 500 50~ 300
As 15 - 15 32 12 40 10 40~50
Cr 10¥ - - 210 64 200 600 100~ 150
Zn - 700 - 168 200 300 300 150~ 300
Ni . 100 - 33 50 100 70 30~70
Hg - 10 - 1.1 6.6 1 1 1~15

YHPE : Heavy metals extracted using partial extraction,

PHAD

: Heavy metals extracted using acid digestion, Cr®
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