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B d7E MEA 8 =28 BEY] B 35 B4, 334 2 2ol ¥§F 59 ARE 75Y B3
2 AEA FFT B2 FE 5003 E AR N1ES A5 Ug RE, AEY AEE AFHE AR
ot AT BEAS AINES YARETL £ o|FUT. B EY pHE EE 7-53, AE 7542 e
YeRt Ca §FE EE 6.02 cmol kg, AEE 5.68 cmol kg'2 T £ £AE vept 534 5
o] e EFBRRAFL —?—fﬂﬂv_—a 23 A= 9%9&“% AEA] S Ef\l"‘fH FFEYF Hrhs ¥
33 B2 ZE Uspich 28y 9B 2ARAEY Cu 2 Phel F5UF ERIARAYAAY $EUEE 25
o FUzAL 2 0F I HRE 9 27 BaE 7,32& Azgd) Znd 5 Mg 23 EAIYY Zn
o wE Az syt WE FXE JERLh fole F=x Cl, NO, SO/t EESA Zzh 79.85,
286.80, 134.31 mg kg'2 AL2H ZARY] WF 2ol T vish 433 22 AXE RO 22 AY
EF st AL RolA gt
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Fig. 1. Location of the sampling sites.

meter2 =343l c}

718 T3S Walkeley-Black'y ¥l w2} A3}y, 82
2 BN FAAEGO mesh A BF) 05gS 500 ml A2t
Sk FHsled 1 N KCr0, €9 10miE 7Fslar Egko)
7ol A BEE RAXHA BB F ok I A 20
miE 71k, S/ 200 miek XAJ2F(0.02 M o-phenanthroline-
ferrous complex)& 2~3%g 716k, 222 Pol Y= I N
K,Cr,0,2 05 N FeSO, - THOZ <AA3l] 718 s
Axksiaict.

FEQIAES Bray No. 1 RV wle} ABsldct. TAEY
2.85 g% 100 m! AzrEak=d FHsled 1E9(0.025 N HCl+
003 N NH,F) 20miE 78Iz 187 EE e o439
50m/ volumetric flask®] <19} 5mi} WA A} oF(Ammonium
molybdate, H,SO,, Antimony potassium tartarate+Ascorbic
acid) 6miE H71etd SHTFE BAZR M) o] {99
UFE ZAHE7Ice)d] &AM EFFZA(UV-160A,
Shimadzu, Japam)E ©1-&-sle] 37 880 nmollA] S4EE =7
stk ol EFEde] A4, 0.1, 0.3, 05 07, 1.0
ppm)ol WE FEE 3 AEN] AT B2 HAHL
1A ZHEL BEFAE eI o] ERFHoBRE &
e SRS A

Fole XNTEHE 1 N 23 dwvjopdde wah 319
ot A& F(colunm)> 3ol o] ZA] (Whatman No. 2)S 2+
3, T EY 5g% F3 B4 AEd A2 Z. WA
&l AR HEAHe] 1 N CH,COONH,(pH =7.0) £4-&
S0mi W3, 12A17F A% § AEFHo s wrenke Holx]y)
sl HE EGE NHE IAZ 3Zo] B ethyl
alcohol® F¥3PE NH, S A8, 1 N KCIE €3 T4
FEXAT. S$HE Kjeldahl Z2}2=39) 229 20m/¢F MgO
5g& A7reld AAsinh. SR AL 250 ml ALEea

o 2% BHEA SmiE Wz WABel 9T F 0005 N
HSO,Z ARSEt SRF g 7 theel Ae
o1§31] Yol N Bg L eI

(F-B)H,SO, 7F+3&=(0.01)
FHT EF o)

o716l Tk B EA183) vlRAlge] Ao AH1E 0.005
N H,S0,9 %Fmile]th.

XA dol RS 1 N 24 heyopidl wiat 7314
o). 3&e] 35| oJ3kx](Whatman No. 2)8 247, T4 E
¥ 58 FHslo] ol XTEH B4 MES] d4AAZ. H
£ o] Ax9 AE99o] 1 N CH,COONH,(pH = 7.0)
S5 50ml ¥, 1207 F JEHo T WUeg "ox|A
3l A& ESS NH 2 Z3IAA A2t I3
Fol2 e ARNELFEA(AA-6800, Shimadzu, Japan)E
B rivii=

TES B4L 3AANEES Ol? THEY 10g2 250
ml AZEE230 3L 01 N HCIEY 50miE 71t
30°Ce] FEXRTIA 1A RS & A3sigith aga
o F FTFE TS ATIAEAR eI

Y74E4E micro-pipette VS o] LT FHEY 202
50 m/ centrifuge wbeo] ¥ EAEA(1 N NaOH+5% SHMP)
40miE 713 ¥ end-overend shakerZ ©]83} 50pmoE
A7 "SI X8o] 2 & dgolo] 27 Aolx=
EEL PAElA HXAIFIIL Stokes2] B2l 3l 2um
ol3le] YA} A Al A7 23 micro pipet
O=F 25cm HolollA 5z7hl AF 25mie dE-S FHal
hHclay). 28|32 B|2] FAIE ZolsS weighing pandl] ©] &

4L A 105°C Ax7oNA Ax F AFSIATHO.1 mg 7}
A]). No. 270(53 pm) AL ©] 83l Y& NFE SHFE &

X100

(cmol kg') =
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& Bol g kA AHe T v BAES go} L
weighing pan®ll &7 105°C AZ7)o4M AxE & Axsiiny

(sand). Silte= Aol AR EFFACNA sand$t claye] 7]
g #dte] st

ol RS v o] BAsIAT. B 202S 250 m!
AtEEaAe] Asta, 255 40 miE 7BlEL( :2) 7)ol
Al 2A1ZF B9 ARATE 78S Al Whatman No. 423
Afsied ol F FolL9) F=E lon Chromatography® 2
A3kt

[/

9 @

ol B4, A B hE 542 Tuble 137
2ot B OiRE FANES AIER olFojA U B
Eo] g FEAETY AR AS AR F5 o)A
EAo] ols}h o] 2YAS JERE A HEEY FAK]
e Eefof o Aoz A

FES] pHE 632~848°|3 A EQ] pHE 5.68~8.64°]91
th o] FAe A FPo] AR AT BA BX] EYe]
pHZL 3.96~5258T} oF 172-339 A% ¥ e ngen
H A0 MEA] B2 Tl AT 8L sh B
(10cm)yS AF3I] B3 pHEE 7.1~8.9(2: 5)9} B3 oS
RolFy 3tk o] Ade tiFEe] ZARe] 2] ZHER Q1
std s 7ESE DL Sltke B dFe] Anele @
T4 U] =2 S EYRA pHYE EA) veRdeh P oje}
7ol AT =2 W Ede] pHrt =AY Efe) pHETH

Table 1. Physicochemical properties of the soils used in the study

A vepd AL Adgom ARHT QU= CaCLyt AV3-9ol
ojaix FARERRE &diEe] Fehhes 4w A% WE
9l Rom Az, ol X G wfe- ot X3y
Fole] ghgo] He A T3] AMEoE AXEE CaCl,
T qkgule] o5 EaRERRY SilE 971V Sd0] EY
YAl F2E Fert obd 718 o FeElE SAlske Hlew
B 4 qlvh 283 A 5 o] £1dlle @71 Bl e
ol 93 o) BASC] WHEEEF I Bl FU=0
B pHYl B PRI si9lem A& S5olxe] A
7 K, Na, Ca, Mg7} Z+2} 107, 7.7, 22.1, 2.3 kg ha'e] &2
2 Bl SYHTa sih® EYe] pHE A EASTH A%
Zlo] & o pH7} AR & 7hE e mlgdae] &
=7} "olx] 28] ASole olgA Eslth 53] Fe, Mn,
Zn, Cu 3°) A7) A9AhY

B AR §718 SRS BHE 390%, AE 1.69%% $-
e} mgzt AgEde] Bl 64%RH0E H& FAE K
o} S wEY Hael 1.9%20 =& FFEolITh &
Foqke] ke HE, AE 717} 7878, 60.65 mg kg'® 47
vl v A AES He Tl 5.emg k'l oF 12~
1) e FHE UepZiE sy seiviet eSS e
gHakol 216 mg kg'oll HlEle] dAEH) o 7% A3
o] A4S s ik HIEe] Ale] BoE Zlow B
ot Mg e vk A A B¢l BaRt o
2 B FAE HHPOU Ca, K9 Fake evie} nlA A
Y Eoo] Hanrl 22 g UERlth 53] Cad AVt &
A veRdEd, ol AAME dsdas Abdulel A% Fas

Depth Texture EC (mS cm™) OM (%) Avail -P (mg kg?)
T 1 Mean LS 0.31 3.90 78.78
opsor Range 6.32~8.48 0.08~1.90 1.02~10.68 3.58~493.16
Subsol Mean . 0.11 1.69 60.65
Hbsot Range 5.68~8.64 0.04~0.32 0.41~3.67 2.18~339.79
CEC Mg K Na
Depth
(cmol kg™
_ Mean 6.04 048 1.06 047
Topsoil
Range 3.50~11.30 3.34~9.87 0.18~1.33 0.51~3.03 0.13~1.00
Subsol Mean 7.58 0.52 0.93 047
Hbsor Range 470~14.60 236~1522 0.12-1.54 0.40~2.44 0.10~1.05
Table 2. Concentrations of heavy metals in soils from the study area
cd Cu Pb Zn
Depth 1
(mgkg™)
Mean 0.17 23.83 20.63 162.74
Topsoil (0.03%) (1.67) 9.09) (4.39)
Range 0.02~0.56 0.51~52.46 0.57~352.54 15.90~332.96
Mean 0.08 12.80 13.69 39.36
Subsoil ©0.01) (0.55) (5.74) 2.18)
Range 0.00~0.48 2.90~48.95 1.33~143.53 3.52~206.98
Concern level** 1.5 50 100 -

*Value studied by Byun ef al.' within forest soils in Seoul

**Value determined by the Ministry of Environment for agricultural land, residential area etc.
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Table 3. Distribution of Cd concentration in seils the from study
area

Table 4. Distribution of Cu concentration in soils from the study
area

Rangel Topsoil Subsoil Range Topsoil Subsoil
(mgkg™) Frequency Average Frequency Average (mg kg") Frequency Average Frequency Average
0.00~0.10 11 0.07 36 0.05 0.00~10.00 6 493 11 691
0.11~0.20 29 0.15 9 0.13 10.01~20.00 11 16.15 20 13.47
0.21~0.30 6 0.25 2 0.22 20.01~30.00 19 24.85 5 23.08
0.31~0.40 2 033 - - 30.01~40.00 11 3433 1 35.52
0.41~0.50 - - 1 0.48 40.01~50.00 2 40.98 1 48.95
0.51~0.60 2 0.55 - - 50.01~60.00 1 52.46 - -

Total 50 0.17 48 0.08 Total 50 23.83 48 12.80

E R HAaz YA

84 T, A AY9 F5E5 FEE Table 29 VER
o} Cde] HiE EEE ¥E 017mg kg, A4E 008mg kg
o FAHAA AT EYFRAP I wP8A €L F
ARl e L@ 71F¢] 15 mg kg! Brks 2 X8 1Y
ot W 5o] ZARE Mgl EAIEAMS] HE =9 &
E 003mg kg', A% 001 mg kg'ol vls) 2F 6~80f A= %
& A8 et Cuel He e BB, AE 77} 2383,
1280 mg kg'2 EYIARANAT] 9217152 50mg kg'H

E We FXE B0 Aea A BEEs
167, 055mg kg'BohE oF 208] AE &2 £3F B}
Pbe) B TEE FEE 2036mg kg'olT AEE 13.69 mg
kg'Z ESSARAYYe] 287152 100mg kg'HUe W2
FEo|RoU g 2 AN HeEEel 9.09, 5.74
mg kg'oll BI3) oF 2~2.50) =& Fo|UTh Zne Hd F=
= BE, JE 717} 16274, 3936 mg kg' 2 A2 EAY
oMl BF FEY 439, 218 mg kg'Hr} oF 20~408) F:=
= FRE Ve

THE TR Hdd FAR B FEAE WEOE she ¢
#7155 FEolle RA] ool 9T FFEE opot A
o] A7zl BwFPe w G = FE 2o o
2 7] edde o8l JFAA FFE w2 ZoE Avkd
th T3 2 2AREE SF4 TR BX HAE EW Cu,
Pbe| 74 EUSHRANAN] H75E 2Aste ARl o
o] o] A Hr} ARAR] AP BAF Zlo= HI]
o}, TN e EYLE fE71Es 23T AYl s
= O ol 2] A= AL AE] As] 2dEH]
A7, PAAEL Ax @ o FER AR A T WHS
WE=E sz Jrh®

!
i
o

PAFS LERATH(Table 3, 4, 5, 6).

Cd. Cde] 5708 23X o2 Table 33 Ztl. TAEH
A2l Cde WiEY-e AFER) Beoloje] wiR, s, 2 &
25, 2E]al S - 7S 279 a7 Foln F= |
o 559 7] A7 T e FELERE 02 km ©]
o] ARxElM Cdo] 124 A= Fatld A7ARZE Ik
C4e) 372 B¥ PFe BE AP EgSARAY
Aol Egod SE7)ES WXE ¥kort BEQ) 78%7) A

Table 5. Distribution of Pb concentration in seils from the study
area

Range Topsoil Subsoil
(mgkg") Frequency Average Frequency Average
0.00~10.00 17 4.67 26 553
10.01~20.00 22 15.63 13 13.08
20.01~30.00 8 23.96 7 23.61
30.01~40.00 2 32.12 1 34.40
143.53 - - 1 143.53
352.54 1 352.54 - -
Total 50 20.63 48 13.69

220 SAREY CdY) B FER] 003 mg kg'BEOHY oF 3
u) o] YRS glo] Cde 29=rt AstER e Al
Z gaE 2420 #Fo] dad slom AzbEn

Cu. Cud 8748 BX e Table 49 UERATH Cudl
oqge A% 2 AugE, 3F 2 A 5o S50

T, 7HzEn9] 27, vy Al A2 T o] ok &

gk

ul

¥ A5 olol B ¥F9| Y 5O o148 (v v
Z=3 A nhE EE ulEEe] EEFHo ujEgHoeN S
2gAYle Aow A7 Bud v vk Cudl W EE

3]
N

oo AR Wiro] ERARAYALY 7% oF 1
Zolgo HEY 88%, AEL] 77%7F A&yl =AY
o] Cu B#EEF 167mg kg'e) oF W] B2 FXE Hol[L
o] T4l WRe FUE ty] AstEel ofar el
AsE 3 Qe Aew AdEd, T3 AR A F g A
AolMe] Cudl £Ae BRRAYLY 22171EL] 50mg kg
< Y FHE B o] A Lo digh AR AP 2
{3 Aoz et}

Pb. Pbe| 37 ¥ B S Table 59 Zrh. Pbe viE
Ao el pb 4kEEo] IE AFER, HJIE, AR}
o] Sl Fol7] 98 Idfol H7M=Ee TEL(tetra-ethyl
lead), 4230l ol8-Ee A, AVNIHCA Bol] o]&Ee
g a8l7 AE A4 507 oF Ukl oA wjEd
T2 3 ZoA ezt 98 2 A A Al t7] Sl wiE
HE o] 2 o|Fed fEluglrEs 1993d5E 149
g TS AW FasEA o] & 9 vt ZAF A
Ha vk, e EY ol FA3ERE AREE 19939
oMz} 2 o)F2] thr] AsHEKl 2JEl] Pbe] FAEHIUL ]

tri;\

<
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Table 6. Distribution of Zn concentration in soils from the study
area

Range Topsoil Subsoil
(mg kg™ Frequency = Average  Frequency  Average
0.00~50.00 1 15.90 36 24.38
50.01~100.00 10 74.16 10 70.25
100.01~150.00 11 124.09 1 101.90
150.01~200.00 13 175.88 - -
200.01~250.00 10 23238 1 206.00
250.01~300.00 4 267.83 - -
300.01~350.00 1 332.96 - -
Total 50 162.74 48 39.36

F730] AL g7 Wil EATRAE B Foll Hol AEH
ZoF AT 2 A Phe| HsEE SR
9] $H71ES EAe Askoy AR TEE 66%, 4
B 45%7F A2 EAE EY Pbel HEEH 9.09 mg
kg'HU} T 2 S H3lom, 53] 3 AR &

= 35254 mg keg', AEES 14353 mg k'Y TEE BEY
AERAHSY 1SS F 3 AR 2gste] 2ARH F
S AU AL 20 4 o WAE Y% 247}
god Aoz FAdtw},

Zn. 7Zn® F7F ¥ EX S Table 69 UERATE Zng]
e AIEEE A, 4% 71 BF 5 ol 3 et
o] &84 %ol Antioxidant-Zn-dichloro phosphate®] Fe2 &
st WiE7tE & 4] wiEET. E AN BE AR
9] Zn $EgS Mg BAIEY FgHT g 52 A
E Ho] 72 ko] #Hi gouiel] gekal k. Klokew EY 5
Zno] 9 o¥-E Fdele 71FE F=E 300 mg kg'olekal
SATH ol ZARA ] & AelM T 300 mg kg'E deE
FAE BPo} 7po| EAPHOIAM Kloke® 5 M| HCIS
ol A& 7P ok} B AgoM o JIEAE

£ FAE B Flo= AziEd o 300mg kg'E
g At o] 7Rl Sulste o} NS AEAlSkL

o B RS 93t Hag X FsloF & AeE

oo 1ir

)
£olL FE, ol AH 504 F 257He Al
24319 £3] & £XE Yepd g AP AL

5%E Table 79 eIt EFSe] ol ¥
golli= 4dule] Aol ZiA| g3t oleig AHle R
AsARe] w77k AR A4 o8 t7] o WE
He NSED daNslEe] ti7)Fe) 5719 Afsie
AP dAl Mg ofgit Tk wE e A e
U A3 2 digee] SRR e Rt Flek
A= FAloltt. oigt 7]l ofst AdAtstEe]l B
FAEH Bl AEE VA7 o' jlske Al B T
FE] S ST ABA Goledt Fholee] use
Z sl X8y golE BEATE e85 Frt

B 2 ASE A3 g AR A, 53T 5 AE 2
W EAHEE] 2ol Fiooh vws] BH tg 2ok ClY

o

k

Table 7. Concentration of anions in soils from the study area

Ci NO, SO,
Depth -
(mgkg™)

. Mean 79.85 286.80 134.31

Topsoil
Range 13.78~224.20 32.62~624.46 24.88~403.84

. Mean 32.12 23.95 55.75

Sobsoil

Range 14.16~66.44 0.00~56.36 21.98106.02

Table 8. The rejected anions concentrations by Q test

Cl NO, SO,
Depth "
(mgkg™)

Topsoil 1806.4 38474 466.2
Subsoil 486.4 83.32 130.6
B BE HE, AL Z32F 7985, 32.12mg kg'o= A
glo] ZAKS 8.13, 337 mg kg' ot oF 10M] AR =& FAE
Bon NOE EES 7% 286.80mg kg'SE A3} v

243 3309 mg ke'Ho} oF 85u wokw AHES AeE
23.95mg kg'oZ 3} vto] ZARE 9.53mg kg'el oF 257
Azl £ BYrh L SOE HE, HE 77} oF 13431,
557 5mg kg'© & Fa} vlo] FAIEE 1207, 9.59 mg kg'H T
FEE 1M, AEE o 550 =& $AE HY =2 EY
o] thrle] AiiielsE 9 FlslEe] FFE Bl B =
Ro=z wergt).

7] F A BEEe] BYo R fUHY EY et &
VAT e 99 RaEa Qiok Y e B AR

9lo} 7ho] Ee LolLo Frok: B3l pH7F 7.5 A4
o] FFow AR B AMAEHE o8 FIE
o] gafoll upel dFe] A3)AE-(liming) EA4E HERHO]

2SR dolux] @ke Aoz HRlth 7 5P 7]
Z A7\ B fUYs A EE T Hist S B
ol o]5o] BEY Xl niXe ¥l wet EY
s BT AAE ZlolElal d8iom ol o= A
TF5jo] uhsAol & FAloltt.

Table 82 2 A7 AR F 53] B2 802 U2 =
el AHe] fol& Fxoln). o] AFelXE 53] Clst NO2
Bhakol B zAbe] Hgrgliell WIS 12~22009] A& B A
7FalE ol9le] tE oddel FFe e Rom Aztey of

N

e

> o e i
mrﬁoﬁi

E ot 20009 % MeAETig ] Ao Aes
wrol $=8) 5Tt

ol

= s
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Investigation of Soil Contamination at Major Roadside in Seoul — I. Manguro in Chungnanggu
Kwon Rae Kim, Hyung-Ju Ryu, Jong-Bae Chung' and Kye-Hoon Kim* (Department of Environmental Horticulture,
The University of Seoul, Seoul 130-743, Korea; 'Department of Agricultural Chemistry, Daegu Univ., Kyungsan 712-

714, Korea)

Abstract : The objectives of this study were to investigate the contamination of the soils around the major roadsides
in Seoul and to accumulate base-line data. Fifty topsoils (0~5 cm) and 48 subsoils (20~50 cm) were collected from
50 sampling sites near Manguro in Chungnanggu. The samples were air-dried, passed through 2-mm sieves, and
analyzed to determine the physicochemical properties and the contents of heavy metals (Cd, Cu, Pb, Zn) and anions
(Cl, NO,, SO,). Soil textures of top- and subsoils were mainly loamy sand and sandy loam, respectively. Average
pH of top- and subsoil was approximately 7.5, much higher than that of the forest soils in Seoul. Average heavy
metal contents were lower than the levels allowed by the Soil Environment Conservation Act of Korea, whereas
much higher than those of the forest soils. Contents of some heavy metals were higher than the maximum allowed
levels. Anion concentrations were also much higher than those of the forest soils. A careful management to prevent
the aggravation of the present contamination level and the diffusion of contaminants is recommended.
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