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Evaluation on Natural Background of the Soil Heavy Metals in Korea

Jeong Ki Yoon - Dong Ho Kim - Tae Seung Kim* - Jong Gyum Park
Il Rok Chung * Jong Ha Kim + Hyuk Kim
National Ingtitute of Environmental Research

ABSTRACT

This study was conducted in order to get the scientific background for soil pollution criteria. The 92 soil samples derived
from various geologica units were taken and analyzed to survey natural heavy metal background levels using agua regia
digestion method and 0.1IN HCI extraction method. From these results, the average natura contents of metals were
0.287 mg/kg for Cd, 15.26 mg/kg for Cu, 18.43 mg/kg for Pb, 25.36 mg/kg for Cr, 54.27 mg/kg for Zn, 17.68 mg/kg for
Ni, 6.83 mg/kg for As by the agua regia method, and 0.040 mg/kg for Cd, 0.48 mg/kg for Cu, 3.06 mg/kg for Pb, 0.09 mg/
kg for Cr, 1.54mg/kg for Zn, 0.27 mg/kg for Ni, 0.089 mg/kg for As by the 0.1N HCI extraction method. Ratios of
soluble contents and total contents were Cd 0.14, Cu 0.03, Pb 0.17, Cr 0.004, Zn 0.03, Ni 0.02, As 0.013 and the
correlation coefficients of soluble contents and total contents were 0.24(As), 0.88(Cd), 0.43(Cr), 0.65(Cu), 0.70(Pb),
0.61(Ni), 0.24(Zn). The correlation factor decreased in the order of Cd>Pb>Cu>Ni>Cr>Zn = As.

Key word : Heavy metds, Natural background, Aqua regia, Correlation, Criteria
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Table 1. Distribution of soil sample based on geologicd units
Class Sampling sites (number)

Daedong Supergroup(5), Cretaceous Granite(12), Okcheon Supergroup(8), Joseon Supergroup(8), Pyeong-an
Supergroup(4), Gyeongsang Supergroup(12), Jurassic Granite (14), Volcanic Rock(14), Metamorphic rock(15)

Gyonggi-do(8), Gangwon-do(14), Chungcheongbuk-do(12), Chungcheongnam-do(7), Gyongsangbuk-do(16),
Adminigrative district  Gyongsangnam-do(7), Jeollabuk-do(13), Jeollanam-do(11), Incheon Metropolitan City(1), Daegu Metropolitan
City(1), Jgu-do(2)

Geologica units
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A IRIZEE, 1984; ATE- 2], 2005). I Ha AT E ARREFE eI
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21 ﬂfxl’é*. M Y A|ZRF 2 gy 1 Hele 22 Cd 0.287(0.033~0.700) mg/
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Table 2. Ranges in concentration and summary statistics of elementsin forest soils (Tota, Aquaregia)

(Unit:mg/kg)
Parameter Cd Cu Pb Cr Zn Ni As
(n=13) (n=88) (n=88) (n=88) (n=88) (n=88) (n=88)
Mean 0.287 15.26 18.43 2537 54.27 17.68 6.83
Standard Deviation 0.234 9.02 11.90 17.92 18.87 14.30 4.27
Standard error 0.065 0.96 127 191 201 152 0.46
Coefficient of Variation (CV)(%) 81.6 59.1 64.6 70.6 34.8 80.9 62.5
Geometric Mean 0.190 12.98 16.04 21.29 51.04 14.31 5.72
Minimum 0.033 2.80 4.07 4.87 21.34 i 0.56
Median 0.233 13.00 15.73 20.48 52.00 14.44 5.99
Maximum 0.700 50.00 78.33 106.00 103.40 114.43 20.58
Table 3. Rangesin concentration and summary statistics of elementsin forest soils (0.1N HCI Extractable)
(Unit:mg/kg)
Parameter Cd Cu Pb Cr Zn Ni As
(n=15) (n=87) (n=286) (n=48) (n=88) (n=87) (n=82)
Mean 0.040 048 3.06 0.09 155 0.27 0.089
Standard Deviation 0.037 0.52 172 0.11 5.14 0.30 0.078
Standard error 0.009 0.06 0.19 0.02 0.55 0.03 0.009
Coefficient of Variation (CV)(%) 923 1085 56.4 1284 333.0 112.0 87.6
Geometric Mean 0.025 0.30 264 0.05 0.62 0.21 0.059
Minimum 0.005 0.01 0.20 0.01 0.06 0.04 0.003
Median 0.030 0.32 298 0.05 0.59 0.22 0.071
Maximum 0.125 3.69 13.25 0.64 46.93 248 0.530
As: 1IN HCl Extractable
mg/kg, Cr 25.37(4.87~106.00) mg/kg, Zn 54.27(21.34~ = AHRES sEHEH B g A5 Fej¥el o)
10340) mg/kg, Ni 17.68(1.11~114.43) mglkg, As 6.83(0.56~ wto] o}l A 9](2003)0] AREEH AAk, FaA
2058) mgkgel Tt H @ RS HEE MRS B, ke o83 A 2 Al AR
ez ARteisitt. T
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7z a4 Fig. 10 JERAIS Fig. 100
Aol o] zk BIENETL w2 A Hee
z}z} Cu 5~10, Pb 10~20, Cr 10~20, Zn 30~50, Ni
10~20, As 5~7.5 mg/kgoIitt.

A 2= Cd 0.065, Cu 0.96, Pb 127, Cr
191, Zn 201, Ni 152, As 0462 Cdo] Bzl ol
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ApAsk-a HWirgkel Cd 1.12mgkg, Cu 29.54 mg/kg,
Pb 28,50 mg/kg, Zn 118.30 mg/kg, Cr 71.67 mg/kg, Ni
24.24 mg/kgoll HIGte] oF 25~730% 50 F Wk=d), o]
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Fuprizte) Axee) Aoy wpzos g,
s, B ZAMEIE Kabata-Pendias(2001)7} ZAFSH
AAA EFe] B F55 TrE] Cd 053mgkg,
Cu 20mg/kg, Pb 25mg/kg, Zn 64 mg/kg, Cr 54 mg/
kg, Ni 22mg/kg, As 7.7 mg/kgoll BIusH 47~-89% 4=
To=2 Yepdo) B3, Bradford(1996) 5°] ZARH vl=;
Az Lo} 2] T84 B Tus AQTHF
Bzl Cd 0.36 mg/kg, Cu 28.7mgkg, Pb 23.9mg/
kg, Cr 122mg/kg, Zn 149 mg/kg, Ni 57 mgkg, As 35
mg/kgell BIwSHH 2F 20~80% <0l lom, YEA &
7AA B Qoks BT X3’ 687/ EYAEE o
FTod AAREE AHHA BEE, 1984)5 95 AR
aPgell o3t 7F Y40) et HrEl Cd 0413 mg/kg,
Cu 36.97 mg/kg, Pb 20.43mg/kg, Cr 41.34mg/kg, Zn
63.83mg/kg, Ni 23.7mgkg, As 9.02 mgkg?} H]ushd
41~90% =91 Ao vt olelet Adkdgte] Af
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Fig. 1. Digtribution of heavy metal contents in forest soil (Aquaregia extraction).
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o Bk 1 H9lE 27 Cd 0.040(0.005~0.125) mg/
kg, Cu 0.48(0.01~3.69) mg/kg, Pb 3.06(0.20~13.25) mg/

kg, Cr 0.09(0.01~0.64) mg/kg, Zn 1.55(0.06~46.93) mg/
kg, Ni 0.27(0.04~2.48) mg/kg, As 0.089(0.003~0.530) mg/
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ArFstTt.
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Fig. 2. Digtribution of heavy metal contentsin forest soil (0.1N HCI extraction, but Asis IN HCl).
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Table 4. Correlation between two analytical methods (Total and
0.IN HCI Extractable)

Heavy Meta (number)

Correlation Coefficient

Cd(10) 0.88"
Cu(8?) 065"
Ph(86) 0.70"
Cr(48) 043
Zn(88) 024"
Ni(87) 061"
AS82) 024

() : Sample number, ** =p<0.01, * =p=<0.05.

0.23mg/kg, Cu 4.09mg/kg, Pb 3.34mgkg, Cr 0.31
mg/kg, Zn 9.03mg/kg, Ni 0.86 mg/kg, As 1.13mg/kg
I} BlwEPH 8~92% FEoF B} =A VRS,
AT} 8% 71 2 Folg Uehiglck. olelst mss
o) Zole Bt EXOISE Y Bejre] Ego] 71Ax
e EdUA ol mE 85542 Alelol] 718lsh= A
o= weEn

32 Megn 72 MetEae| A

SEuet deke] ol AAGRE ek ol A1F 4k
HESFS] Tus AT 78 deATE
Table 4 YERAATE.

7z} Z=g48 AT Cd 0.88, Cu 0.65, Pb 0.70,
Cr 043, Zn 024, Ni 061, As 0242 Cd>Pb>Cu>
Ni>Cr>Zn = As?] 08 ZFA3IQlon, ol =&
ZF Cr ¥ Asz 5% <eolla, YA S84 1%
9 A A= A AAIAE JeMIILE 7 S5
4 AW AFAF(P)E Cu, 04175, Pb 04835, Cr
0.183, Zn 0.1245, Ni 0.3762, As 0.0558°]31t}.

g5z Bast AeeEs} 04N HCl 7H8A98HES vl
sl Fig. 3] UeERNATE AgHel tish 783
Hl&Zk& Cr 0.004, Ni 002, Cu¢t zZn 0.03, Cd 0.14,
Po 0.172 Cro] 71 231, peel 71 2 e YeRI!
th 53], & Cro] Bfw e B 8555 HoFaL
=

o5 HIEES U RAPAIH(HA BEEE, 1984)%1
Cr 001, Ni 004, Cu 014, Zn 016, Pb 018, Cd
0.607} Blusl HH fARRE HES Hols Pbs A9
Cd 5 U FEHEES YREY) vl &5 A
7} 2~45 A% 2 AoE R

olefst A= F8 F9to] 3Pl vt} o
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Fig. 3. Comparison between analytica methods (0.1N HCI/Aqua
regia).

Cu AgFeke: zAF1to] 20.43 mg/kgo-2 A, s
Zr0] 9.74mgkgoE A9l WA 718438k Bt
Z79 WAdgto] 058 mgkge 2 Hd, Frelr] shstol
033 mgkgeE FHAE AP tE Fs B3t

Pb Z3Hke FekEgro] 2755 mgkgl 2 Hu), £3%
o] 9.23mgkge 2 Q! whA, 718-AgERe ety
3P73to] 435 mglkge = Hulj, /ol 2.02 mglkg®-
2 H4g BT O S Byt

Cr Ahde WAool 4248 mgkge-= FHu), Bk
o] 1367 mgkgo2 HAl whd, 7RgAgERe FeEp)
5}7+9o] 0.12mgkgl.2 FHd, #etr] shateto] 0.02
mgkgoZ HAZ AT tgE e Zy.

ZnAghke WAloto] 6840 mgkgl 2 Hul, 3HAkgto]
40.29 mg/kge-Z FHAaQl WA, 78S kol
477 mgkgeE Huj], Uls5e] 027 mgkgeE HAE
Az e e B

Ni Agke HAedo] 2399 mgkge-Z FHoj, ¥e}7]
SPdeto] 939 mglkgo = HAQl whH, 7M8AgeEe W
Aol 0.28mgkge= FHd, #elr] s7ete] 0.15mg/
kgoZ FHag FATlel U e Hth

As AFFFe ZATFwe] 1241 mgkge® o, A4
2ol 387 mgkgeE HAQ whE | A EHEE(IN
HC)S WAsto]l 0.13mgkge2 FHd), 23H=] 0.06
mg/kg = 71 S| UERTH
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