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in the Soil in Seoul
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Hye-ryeong Jung, Gi-chan Cho, Jung-seop Yun and Seok-won Eom

Abstract

Based on an annual survey of soil pollution status, this study was conducted to
investigate the distribution characteristics of heavy metal in the soil in Seoul. Since
2010, the Standard Test method for Soil Pollution of heavy metals was revised to
measure the total contents instead of the available contents. The results were
summarized as follows. The concentrations of As, Cd, Pb and Cu were 8.8 ~21.6, 10.2
~163, 46~78 and 4.5~9.5 times higher than before revision of the method.
Additionally, the concentration of Hg after 100 mesh sieving was 1.9 ~ 3.6 times higher
than that of natural soil. The standards for the analysis of Zn and Ni were nor revised,
and their concentrations did not differ greatly from the previous survey. The
concentration of heavy metals collected from the soils of factories - industrial areas and
accidents areas were higher than those of soils collected from other areas. The pollution
index of the soil in Seoul were less than 1.0 in all areas : therefore, the soil in Seoul
had low heavy metal contamination. The pollution index of the points that exceeded the
soil standards was greater than 1.0 in seven out of nine points. A significant
relationship with p-value <0.05 was observed between Cd and Pb, Cd and Zn, Cu and
Zn, Hg and Pb, Hg and Zn during available contents analysis.

Key words : heavy metals, available contents analysis, total contents analysis,
PI(pollution index), soil pollution
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Table 1. Comparison before with after revision of Standard Test Method for Soil Pollution

Before revision

After revision

pH : natural soil, not sieving
As, Cd, Pb, Cu, Cr % 10 mesh sieving

pH : 10 mesh sieving
As, Cd, Cu, Ni, Zn, Pb : 100 mesh sieving

Sample .
prepzration — [available contents analysis) — (total coptepts analysis]
Ni, Zn : 100 mesh sieving Hg : 100 mesh sieving
method . +6 . .
— [total contents analysis) Cr ~ : natural soil
Hg : natural soil
Cr* As, Cu, Cd, Pb cr'
Pretreatment :0.1M-HCI dissolved extraction * (NaOH + Na2CO3) + MgCla + 0.1M-phosphate
method buffer solution extraction
Ni, Zn ‘ aqua regia digestion As, Cu, Cd, Pb, Ni, Zn : aqua regia digestion
1o EFQATANDNE A A - T A we Po) FEES FEas ARAY A )
A 2 dAE WE vluste] YR o] 71X 9k HlSzstAY A AAE Al 2
As, Cd, Pb 28] Cute 555 7HeAss & o(7), 20103FE &= 9=t 459 o] Mg
Aol A T4 AT Bz Algr|Ee] A o 7k ke TusEs FE5h AHEEHe
Hla, Crife AgzA 2 AxEide 2% 2 niddh
AEELLS Arel A4t Y] FFE BAC] ohrg

EYdodrisadEe 20093714 1770 d-E(Cd,
Cu, As, Hg, Pb, Cr'% 7Zn, Ni, F, f7191413}
H=, CN, PCBs, TCE, PCE, BTEX,
TPH) °ley, 2010 5H+= BTEXV} WA, &
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Fig. 1. Soil pollution status in 2008, 2009 and 2010.
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g EAe] wAo] glo] ddEME F Alolg Ko
5(8)2 EYEAER 0.1 M- HCI
s 12 Hi Y=
& s AdHoR vug 43 F

T Y
tpr ri?: Y
% o
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R
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E9ke] pHE 2008 7.9+0.7, 20099 7.9+
0.6, 2010 8.1+0.80°]aL Aoz FAol|A
ordZtE] o] MHE YelT o] dREe] =

Aol WHABRER Astel ST} TH
AtteE ATFAF(10~11) 2 20099 EGSA
(45 152170 A4) 9] Bt pH 6.6 3= o
olAw, 2000 EFog Az A% 7

o2 K
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pH 7.13H12) M&A T2 FHo] 93 759
stk EES AFste] #4938 pH 7.1~8.99 H|
S8 FEe eI (13).

Table 2. Comparison soil standard of domestic with that of foreign countries for heavy metals

(mg/kg)
Heavy metals Korea Japan US Canada Germany England EU
Analytical Method ~ HPE" HAD” HPE HAD HAD HAD HAD HAD
Cd 1.5 4 - 3.4 1.4 2 3 1~3
Cu 50 150 125 84 63 200 130 50 ~ 140
As 6 25 15 32 12 40 10 40 ~ 50
Hg 4 4 - 1.1 6.6 1 1 1~15
Pb 100 200 - 336 70 500 500 50 ~ 300
Zn 300 300 - 168 200 300 300 150 ~ 300
Ni 40 100 - 33 50 100 70 30~ 70

U Heavy metals extracted using partial extraction.

? Heavy metals extracted using acid extraction.
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Table 3. Concentration

of heavy metals according to source area and years

(mg/kg)

2008 2009 2010
e (0 Cu As Hg Pb Zn N 00 Cuo A Hg Pb Zn N Cd Cu As He Po Zn Ni
Industry 0.02 498 058 0016 3.2 9186 1064 0.08 2556 029 0.06 64 16857 23.97 057 5625 6.64 0097 528 126.24 24.62
LandfillVards  0.05 481 089 0.0¢4 52 9490 1477 006 537 062 0.03 37 116% 2631 070 3151 936 0.078 27.0 §7.11 2079
Transportaion (.03 6.01 080 0.029 6.4 17044 1350 008 7.08 0.29 0.0% 110 15780 2329 0.68 35.30 5.86 0.074 30.1 106.99 22.99
Accidents 011 536 0.0 0110 60 11013 3615 0.02 518 024 000 40 12034 1544 094 3897 9.67 0155 460 10889 2130
Land develop  0.03 280 111 0.032 37 10444 1719 005 6.04 0.36 0.054 9.2 21027 2338 070 29.93 7.72 0.071 28.6 88.07 20.73
Complex-around  0.00 0.92 031 0.000 71 13560 1123 002 214 016 0003 12 66% 2000 - - - - - - -
Wastewater 003 351 067 0062 42 6845 12%9 - - - - - - - - - - - - -
Playrond  0.06 453 054 0015 54 9222 1187 003 323 021 0012 51 986 2057 - - - - - - -
Total 0.04 451 076 0024 50 11440 1538 006 955 031 0.046 84 160.86 23.16 0.65 4262 6.69 0.086 389 11119 23.3
2. 2HA XYY Fz35 &4 mg/kgZ AAEHF 3.995 mg/kg, 5.375 mg/kg
Fa&o 949 Add W rydge g3 A0 =ker 53 ¥ % adAq, aedd
3 29 20 eIt 20099 Aejeabe g A9 e ARARdaE 5 A%e] ZEA
oo g del ¢ga, 20108 3 AEY Cust Pbe] FEF 5S¢ Y
FHAFHEAY, FETFHETAAY, o]zl
B e A gel §lgly) Wil 34 Ade 3. B0l =% 22k 47}
% 2004 ALt Egedd #AE 3HAAES LHA4EE F
3 R FEAGE 2009 Cuzk AA et spsI7E g oHa, AAolE AR EY
of Hla] 2.7v] =gtom 20109 Cu, Pho] 1.3 L9IAE EA o UYEadS uf 2o A
vl 14v] Eokar, Al AT 5 A9 AgE Hrsly] 2ddk 49t o 53 BEY
2008 Cd, Hg, Nieo] @A Hitol wla] 2z 9o AAPEZ HA|HQl xtge] ¥alr} Aolshal
2.8, 4.68], 248 =gken 201092 Cd, 53 & gt B UER ol A E4
As, Hgol 7tz 1.58), 1.5u, 1.88f =9ket. #7] stolA], EGod HEi7t 71EAE 23 AdA
EAANEAZ & A9E As7h 20099 2.08f, Qo] AMEHEA Ee AEHEAE DesH
20101 1490 =tar, wFHHEAEAGL 2008 HFs|CE oEge] vk mEA BEYed 7]
W Cu, Zno] 747} 1.3u, 1.58) =dch. 71EFEA] TAE 71ZE 31 7|E @Al gid 294
M & A9 2009 Znol 1.38), 3FdATRF  FE APGste] B RN, o] EYed A}
PA A& Hgol 2008 2.6M] =k}, ol ot 7]E9 L9EE 2HAF(Pollution
AZMEA EERo R BAF 200849, 20099 Index)EHE dhte EdE AR AAES

A Cd, As, Hgel 0.04~0.06
mg/kg, 0.31~0.76 mg/kg, 0.024~0.046 mg/kg
o7 7}zte] AAskR-aF (0.135 me/kg, 0.560 mg/
kg, 0.085 mg/kg HtH(14) ©¥AY FAFS A=
vetdlon $#7]E(1A49)S 28 A9
a3tk Cuet Pbe 4.51~9.55 mg/kg, 5.0~8.4

AN B BHE F3 FEEYRE 09
AEE Bk 9 =S

W 20099 719, 20104 149 A8E 2
QAGE otdhst pe (1607 AU,
oA ¥ 49 2
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Fig. 2. Concentration of heavy metals according to source area in Seoul.
Cd%‘L:_+ Cu—‘a“l?_+ As¥%  Hgs%xE  Pbsk: N nEE n o5F%
04924 (P.1) = Cd7l& Cu’li  As7|#  Hg7lZ& PwlE  Zn/le#  >7)F
7
Table 4. Pollution index according to area
Source area 2008 2009 2010 9 HomiE AxtE SAAF7E 1.0 olsksl
Industry 0.117  0.264  0.248 s e SE5oRRE e9uA g2 A
7re ERa
Landfill-Yards 0.146 0191  0.204 gom, 29 1.0 2Asl gE e Sus
O ZEHE 9dF xdo g 71F3S
Transportation 0.179 0.211 0.199 —ZEO—IO—Si " ‘1:' 201]0: }i] O—;OLAE\E]}SS)’ 6017
E 7l Z %9
Accidents 0.223  0.141  0.247 et NN
Land devel 0.1 0229 0.192 T AT 10 efstE v e =99 S
and develop 155 . . & 0drt Ao Ao WrkEL 20089 A}
Complex around 0.134 0.117 - TEgE g G urE Aol 9009 BAYTX| S
Wasterwater s 0104 FFRIAALE AaRUAGUE
Playground 0.148 0.145 - A Ao QAR F}F thA =9k}
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Table 5. P.I. of point exceeding standard

Year Source area Point P.L
Transportation 2008-1 0.517
2008 .
Transportation 2008-2 2.084
Transportation 2009-1 1.157
Transportation 2009-2 1.150
2009
Industry 2009-3 4.711
Transportation 2009-4 2.822
Industry 2010-1 0.763
2010  Industry 2010-2 2.686
Industry 2010-3 2.061
3 5ol 2008 ~20101% $-27] Z2A -
et SAATFE Yehled, 23AH 94 A
A F T AR 294 1.0& 23ste] &
QEst & oz AU 53 LEATI
1.0 olel ARl o9l A FRE BE W
FHANEALS 3% % TAAGoR vehy
o ol 02 AFe] ARAANI, Zn, Pb
uby) 9 g RELRFE] v 5(Cd, Cu
el AxA G TRAGe] FHeHE
A lEARIC A BAE s YA EEE &
HNi, Zn2 B-CH, 4 ¢ A48 d5da)
o] wjE ko] Beby] Wiwom Agh(16).
4. EYO| ZIBME ABY 2N
MEA ESel THrE sS4 EE 1Y

2 ox
h,

>

o,

=

32
=

S ox
S e oy
N
- b
=
Y
(@]
ot
B
fitl
i
[0
Bl
o
ox
rJ
O>~

3, Cu¢t Zn 7ol 0.42, Hgo} Pb, Zn 1t
F0.40, 0.422 o) a4 (P<O0.
TEEE AloloM e RS e F
A (1L 19879 M 499 EY
Aol A Cdet Zn, Cu®t Zn 7+ A
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Table 6. Correlation coefficient among heavy metals in soil(2008~2009 : n=871, 2010 : n=579)

2008~

9009 Cd Cu As Hg Pb 7Zn Ni 2000 Cd Cu As Hg Pb 7Zn Ni
Cd 1.00 Cd  1.00

Cu 0.18 1.00 Cu  0.22 1.00

As 0.04 0.03 1.00 As  0.28 0.56 1.00

He 0.54 0.07 0.03 1.00 He 0.04 0.15 0.08 1.00

Pb 0.40  0.33 0.00 0.40 1.00 Pb 0.16 0.46 0.30 0.08 1.00

Zn 0.43 0.42 0.05 0.42 0.28 1.00 Zn  0.29 0.63 0.52 0.37 047 1.00

Ni 0.38 0.34 0.17 0.21 0.19 0.31 1.00 Ni  0.24 058 055 0.02 0.51 0.49 1.00
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TANG7IE AR wE F=
SA sk 2243(2008, 20099)3 73
B4(20109) A3 Ase 7FeAdE B
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