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ABSTRACT

This study was undertaken to assess the anthropogenic impact on trace metal concentrations (Zn, Cu, Pb, Cr, Ni, and Cd)
of roadside sediments (N = 70) from No. 7 national road within the watershed of Hoidong Reservoir in Pusan City and to
estimate the potential mobility of selected metals using sequential extraction. We generally found high concentrations of
metals, especially Zn, Cu and Pb, affected by anthropogenic inputs. Compared to the trace metal concentrations of
uncontaminated stream sediments, arithmetic mean concentrations of roadside sediments were about 7 times higher for
Cu, 4 times higher for Zn, 3 times higher for Pb and Cr and, 2 times higher for Ni and As. Speciation data on the basis of
sequential extraction indicate that most of the trace metals considered do not occur in significant quantities in the
exchangeable fraction, except for Cd and Ni whose exchangeable fractions are appreciable (average 29.3 and 25.8%,
respectively). Other metals such as Zn (51.4%) and Pb (45.2%) are preferentially bound to the reducible fraction, and
therefore they can be potentially released by a pH decrease and/or redox change. Copper is mainly found in the organic
fraction, while Cd is highest in the exchangeable fraction, and Cr and Ni in the residual fraction. Considering the
proportion of metals bound to the exchangeable and carbonate fractions, the comparative mobility of metals probably
decreases in the order of Cd > Ni > Pb > Zn > Cr > Cu. Although the total concentration data showed that Zn was typically
present in potentially harmful concentration levels, the data on metal partitioning indicated that Cd, Ni and Pb pose the
highest potential hazard for runoff water. As potential changes of redox state and pH may remobilize the metals bound to
carbonates, amorphous oxides, and/or organic matter, and may release and flush them through drain networks into the
watershed of Hoidong Reservoir, careful monitoring of environmental conditions appears to be very important.
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FARA) Bl AR FeA v FEEEH FAEY vEds 0d 9 EAEH 21

Q) el o FEE W S BolFa ok LAHA] 2 AEATA A Ul SIS vgela

=]
BEUY vlas, FeRY W FE w2

HHE2 727t T, okdo] 4ul, 33} ZFo] 3ul, WAt o]

2 B Ao® Uehdt} ds5Ehd) o3 EAg a7 dvhs 2 AA] ge) 29.3% 25.8%7F ol
oz FAshs =g YAL Ash diREe] vEelas oludFuR EAlshs el 24 &eS A
3Tt oFA(51%) F(45.2%) 7 2L 34 T2 NS EY Sk Felo|slom, wEbA pHYF H4SHA
- Asgkelglel wstel o8 FAjFoz gaid 4 Yt el = fUIETEHRZ EAlcke 3o Jehdoy,

7H=EE Fol2ugErt 71 A e YA

& R AR ol Elel S EgET}

ke Felo] S5 viee aelehd, S50 AiEY olFEE Cd>Ni>Pb>Zn>Cr>Cudl £AZ Hag

o % gEAEE 2 o ol Pae] B0} A1 dlwg A4Y Acw NUAekE, 94 EARH B Ant

2 f25ol 7P R mEdae 7ieE, UA 3 9 AleE SEdnh A 2 pivt sk

SAEE, HIAshEE 32 f71E 5o FHE

D FHE ANEY & L Ao, SolE FHolee

L T O

T

AEAFA AFEA W FAR FEE 5 dous B8 B Ui FRF mUETe] wig g Ao

Rl

FHo| : BEAEA, m2H HHE, 55, oF, AT

1. M e

=29 FHES a5 sol =29 ¥ A
g IHA SR PSS WX UTk(Nriagu and
Pacyna, 1988; Dietrich et al., 1990). =2 EHHE
v Ae] 8 QA9 I IR 9} AR E
HiEEs B2 5] glon, HTde FH02NH ofF

= AR oM E ZIQlETE, oj9]dle =29 2}
A R FZ2EY T8 (paint), FHAVNE B AHTES
olggt X, =2 FW AxA A 2 XFA Akl T
o oMz e do] 71EE Jck(Harrison et al, 1981;
Hewitt and Rashed, 1990; Lee at al, 1997; Lee and
Touray, 1998).

S, disA] 2 3o 3% 5 224 et T
I Ao 5t S7F HA WUt d4HEE 22
2 =299 X8 AR A 299 EAEC] o
7] Tl Ffret] ti7] § 289 vAEE T2E A
ZI7MA)F 1A o (Namdeo et al., 1999). Wb E=F2 e
AFBAY JAEE wet olFse FHEdAE 555
2351 299 wMEAe] Hol FUFA Y, o]z <l
sl 387) Al 2 AA8E A% Bl 249t 9%
F1 AFERSE #Ro] e AeE gEA UtkSch-
wartz et al, 1996; Hughes et al., 1998). B3=o] =
S 3, E22HE F 150 m o)l A|Yo] vARE =
29 BHEZNE 92 P 3A Ue Ao Herl
vl ATH(Wrobel et al., 2000). 53], o{glo] 5& ol
oskol] 714 FHokst Aow LA Urk(Schwartz et al.,
1996; Hughes et al., 1998). Wb =2 EHE9] w1
Fa g 2 Azl oigk ARgk A7t Hesh, A

SA], RAL FEA] E I F EA] E2H EE
ol tigt dAv7F 88 vk AvK(Chon et al, 1995;
Chon et al, 1998; Kim et al, 1998; Yun et al,
2000; Lee et al., 2005). Z&fy} o] AL =2 F
e 299 vlEdAo] A7EetE ExEe el Bt
A7 A= BA ZTHChon et al, 1998; Kim et al,
1998; Lee et al.,, 2005).

T2 BRSO oHH vgddvt a9 A 373
2 2IZke] A7l WA= JEE YAae] ol F = (mobility)
9} A ETE (bio-availability)el]l @} o7} & AHow
deiA] lon ot 542 =2 EXE T 1|
Fae] Arsiets ARl oJaiM 2. 1
o2 =29 A4 9 Ixke] A3 vXe JEs 3
717 fEie viEkeAe] & FERER ohe) 7} vieF
Aae] A7t EAFY ] s el & &
Ack B2 AP EAFY Q75 flst ARk
L2211 (Sequential extraction  procedure)(Tessier et
al., 1979; Kersten and Férstner, 1986y XelXu} A&
o] EAFol xHo] Hil gl= A olARHKheboian
and Bauer, 1987 Belzile et al, 1989), G&F=HlL
2949 B € FEE0) $d] AVHLE 2 I
& T AL 53 B9 wle] wE mEae
olEE B AAFFEe Aol Hrisher] o] #-83
whHo 2 FAI7ER] ARSI 9JTH(Hursthouse, 2001).

ATAGR] FA] I E5AGA] JA4EA ) E2H
AEE e Esletd Ao ofs) FEgol o
el (dissolved phase)® 8FF0] 5 B3 9%
D I TAFARE AR FUReEN S B AFA 4
of g3 71&g Aok =3 M A AAFE
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(particulate phase)2 U=l TEE0] skl B A4
Hpee] HAEo] oA £508 QeEd 5 derE 3
AFQA 4 9oz AL 4 ot

£ Aol 534S FiARlo] Ao ARgelal 3l
© 3AFA e W E2H EHEES R 1)
FArY e otela AEFEFEE o83 v
49 A7gietA EAFE AT7E FRTeEH 2FE
=2y 8] HiEH vV SEATA BEE
o T g Ue vFUARS] ABEZE <13 olFEE
TESkLt gt

2. 7

2.1, AEXMH A X2
A A BFASA] AeEA 8 EEgeRE
= g AMER 5ol ok AeEA U 8 ER
2 T e AFEHO] W B REFE wEAY)
= HigErt A=Y glon 7 Skot A W vt
S5 A3k TR wgo] £g4del =] ik g
A FgFes fYHe &R ARE wek 2 AR
£ #Fshs Aot e 3EAAd A7 =
e B2 B0tk AwE F 2] W] A =
2 HA] BluE g Fo] B Holrt,

eATA JAeRA e A7 T8EE st

a3

¢

35-23-15.52

. o]o]

127-12-23.17

214 - upe - o8

ko) vlwA Be M ILE FAo7 F ) AH
oA 20043 59 79 2 2005 79 T x| =2
W HAE ARE AFSAHFig. 1). 529 FHAHES
F2 T3] MAE AN (curby} JHI =2 FH
Al AHBIALGIN) Tl AT EHE AR 1)
7V 3T ARAE WHe ZE RIS BEARS o8
3l 3 AFA] Ha s oo HAHES Hof o
Mol EREE ARSI 7H FRole A &
= wE ZEAN 22 =9 ZER Y 2 Ass
AR A9y 9 AFEse] vlwd He AHRIZ veE
W3 3] =2)8 st 200 ARAM =29
HAE AEE AFEKT. 3 ] Weke] Am 2o
Al N, BEAFA QAR Y =2 HAE
ARE AT aElME 2] Balo] B
we} YMngE ZIsle] 7o AIEE AFHSIHTE. ol
o THEE =2¥ FH BEWAE 2IE AFsle vlwst
o}, 7% L 2 mm AlGieve)E A5l B3}
AEE eE ZAEIT

2.2, BlEHEN

22.1 FEE EAS 9Ig sishEA

o B e gAEY daso] U & FEs
TS 23] A8 AAEATE AR 1 goll Fat
(HNO3) 5 mlE 92 5 2% 110°ColA $38] SHbA|
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Fig. 1. Sampling sites of roadside sediments within the watershed of Hoidong Reservoir, Busan.
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Table 1. Regional total concentrations of trace metals in roadsidé sediments within the watershed of Hoidong Reservoir, Busan(ug/g)

Metal Statistics \X}(;Z:ie NatiI(\)Itcl)z;l 7road Bridge Lri)(ii adjf;ietfienrgorl(r)ad RO::isilde
Mean 7.3 8.3 6.7 6.4 2.1 15
Median 6.8 8.0 53 5.8 2.0 15
As Stdev 5.1 52 4.7 5.1 25 42
Min n.d. n.d. n.d. n.d. n.d. 12
Max 28 228 16 18 45 18
cv 0.70 0.62 0.70 0.80 1.16 0.28
Mean 1.8 1.9 1.7 1.6 1.1 2.5
Median 1.5 18 1.8 1.5 1.3 2.5
od Stdev 0.7 0.3 0.7 0.5 0.5 0.0
Min 0.5 1.0 1.0 1.0 0.5 25
Max 4.0 4.0 30 25 15 2.5
cv 0.40 0.40 0.38 0.33 0.43 0.00
Mean 49 50 36 72 16 27
Median 43 49 35 42 17 27
o Stdev 49 20 18 108 52 0.7
Min 9.0 14 9.0 18 10 26
Max 408 96 69 408 21 27
cv 0.99 0.40 0.50 1.50 0.32 0.03
Mean 160 192 147 91 88 32
Median 141 176 107 97 45 32
u Stdev 113 120 107 36 106 2.8
Min 18 56 44 40 18 30
Max 795 795 397 157 244 34
cv 0.71 0.63 0.73 0.40 120 0.09
Mean 30 28 29 40 13 24
Median 26 28 26 25 14 24
Ni Stdev 24 92 13 52 32 0.0
Min 10 10 16 16 10 24
Max 205 49 69 205 16 24
cv 0.80 0.32 0.46 131 024 0.00
Mean 131 157 102 107 33 57
Median 123 146 94 100 34 57
- Stdev 73 77 4 41 4.7 42
Min 26 65 60 54 26 54
Max - 550 550 213 210 37 60
cv 0.55 0.49 041 0.38 0.14 0.07
Mean 577 733 413 375 112 137
Median 490 700 375 364 97 137
- Stdev 331 325 193 104 M 0.7
Min 78 266 186 228 78 136
Max 1,770 1,770 945 555 176 137
cv 057 0.44 0.47 0.28 0.40 0.01

* abbreviation : n.d.; not detected

Journal of KoSSGE Vol. 11, No. §, pp. 20~34, 2006



21 &, FAMHHCIONT 21 : S vlg)e] £k
10 mig ¥31 349 7|7} 28] glojd wWirhA] S
T} o}F, 6N HCIE 10 miZ ¥ 3087t 2ol
HALA Y27 F 045 pmE AF3le] [CPE £
sttt 54 el #442 AAS(Atomic Absorption
Spectrometry, Perkin Erlmer 5100)E ©]-83}dct. A &
Aol o] 8H Eol24E A7) 8} Milli-Q Millipore
systemrS A3}

>
Y

222 EF2

BEFEHLE HIEHE ¢ EYY o= FRES
FHElE F45940] AR A3 7] (binding strength)
oF Eejsietd @73 wstol wet TAE + = AAH
Q) spehikgol] B3t ARE AFT). HAHE Fo EA)
she FE59] 35t EAFHE Lol o £
Hoz g A&FEHo] AAEo] o (Kersten and
Forstner, 1986; Tessier et al, 1979), ¥ <oA=
Tessier et al.(1979)°] AAG FA&FEHE olgslo] &
T d40] S5t EAFEHE ATk 4 DAlelA
3l AlEE T @AM BXEe 9/ /e
(deionized water)Z A28} 2} fraction TANAML] L
ds HA3519°™ blank samples® EA9] AFAHS
A58t AEFE00) AHEE AIREL AR 9iA
o} RS sl e HdEElRa dEl FEEe
SAFEH RelE TAEsE] sl 2709 AlRE SR
mm-200 um, 200-100 pm, 100-63 pum, 63-20 pym 2
20 um ol8h) A= Felste] AMSIEH

Z5% o] B [CP-AES(Perkins-Elmer Optima
3000XLYE ol-gstfon EAHFEE RF Power 1300
watt, Plasma Flow 15 L/min, Coolant Flow 0.5 L/
min, Nebulizer Flow 0.8 L/min®|3ich. AMEE Aleke
analytical grade(Prolabo T Merck)3 3L, ICP 434
AMFE Hl2(As), 7EEE(C), ZE(Cn), TE(Cu), YA
(ND), &(Pb) E ©}(Zn)2] standard metal solution
1,000 ppm stock solution(MerckyS 3)Aialed AREEIIT
A EAFA o]8d HolesE &7l fldl Milli-Q
Millipore system= AR2-8F3ITH,

/b

I E

lo

3. %47

3.1, £2 EjXSe| 0|3fels S8 B
Bk 3 5A5A] FQ 52 340 A AHFHE =
ZH FHAHES vHERL S B9 An), 47 o)A
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Lolel7 - Ml - ]9 %

78-1,770 pg/e(BT 577 uglg), B 26-550 ug/g(HT
131 pg/g), Tl 18-795 nug/e(3d 160 pg/g), YA 10-
205 pg/gCET 30 pgg) B IF 9408 pg/eHT 49 ng/
gelem Zb ulakdae] CV(coefficient of variation)
e 74z} ol 057, 1 0.55, 7= 0.71, U 0.80 2
FE 0992 A8 AR we) ko] #slr) vnA
athe A& RS UTK(Table 1). vlA9}t Fl=g geF
2 ZZ} nd.(not detected)-27.5 ng/g(FET 73 pg/g)H
0.5-4.0 ng/gET 1.8 ugigelor ztzte] Cv gk
0.70} 04002 Fh=F-2 AJFEAH Aol #ARe) Hl
WA ARG S Holil Ye ZeE EAEIG o]
g3 ofd, &, 7, U ¥ 3E 5 "EhAe] cv
el "yt 2 548 sz} sFAsR| Qe v
AEZHL THEES} W S o)E v|HdAe) 35
o] 53] =4, =% FME AR, F&Hd: X
Z, AR E FollA wEklA Fhde] #3W Ag Wy
31 Y= AoH, HxE F ERoA AR
T 2L 2AMH]) LAY 23t ol 5 wEelAe
o] 715 &S AAZITHTable 1). 3HH QA &
2 3FAFA Frid Ul siEAE] nlEds:
ke 78 23 uge | 49 peg, o 133 pglg, Y
A 16 pgle, T2 16 pglg, 7I=H 15 pgg L HlA
4.9 pg/eeItt. 1HEE QFHA| & IFATA| A
9 W sHEAE] vas HEEae) ulwshd,
e W I =29 FHAES T2 o, okl @), i
I 3E ) E A YAe] ) £ ASE YRt
on Ft=f e FARKH

(o]
=}

3.2. FLHet Iolo] =2Y E|XE, =9F ¥ MX| LY 0/
oA g2k HIR

ofHl AFolA] BlFAgAle] e GgE vjE & 9)
© TH F=8 HAE viHds FHS VI Suiet =
Qo) =29 BHE, 92 ¥ B sk vlasii
(Table 2). 7THIE T2 EHE] QPH ol gaf
< A, SAEA B dAelA e =2 B9
2 EZHEZ(Chon et al, 1998; Kim et al, 1998)2] of
AgFHET; oF 230 koW, AEA] =2 FHE]
SHf(Lee et al, 2005)Ht}F =4 @& AoR et
=ole] 7499} vimald T~ A7 DETEW B
(Lee et al, 1997), & (Hong Kong) % # T (London)
X AH E2H EG 2 HHE(Wang et al, 1998)
oM EAE ofddtgR) e Row JegAR te
o] e 20 EYlM A% oldRHRre &
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Table 2. Comparison of individual heavy metal concentrations between domestic and foreign cities in roadside sediments(ug/g)

Cities Cd Cr Cu Ni Pb Zn References

Busan No. 7 19 50 192 28 157 733 this study area

national road .

Daejon - - 47-57 - 52-60 172-214 Kim et al. (1998)

Seoul 6 106 270 - 144 532 Yun et al. (2000)

Seoul 43 182 446 90 214 2,665 Lee et al. (2005)

Uijeongbu 1 41 124 29 534 334 Chon et al. (1998)

Koyang 2 43 83 39 86 265 Chon et al. (1998)

Birmingham, UK 2 - 467 41 48 534 Charlesworth et al. (2003)

Coventry, UK 1 - 226 130 47 386 Charlesworth et al. (2003)

London, UK - - 86-296 - 233-652 629-2,305 Wang et al. (1998)

Hong Kong - - 300-384 - 897-1,344 1,866-2,371 Wang et al. (1998)

Nante, France 1 - 59 - 314 465 Legret and Pagotto (1999)

Sologne, France 3 - - - 1,456 2,861 Lee et al. (1997)

Istanbul, Turkey 2 - 209 32 212 521 Sezgin et al. (2003)

Honolulu, Hawaii - 273 167 177 106 434 Sutherland et al. (2000)

Oslo, Norway 1 - 123 41 180 412 De Miguel et al. (1997)

Madrid, Spain - - 188 44 1,927 476 De Miguel et al. (1997)
< 202 YePgTHTable 2). 78] A9 7H=T =2 g, WA, & R ojdd] A7ty EAde Ave 74
W EAEOAN PR S tIFA(Kim et al, 1998) oA 8ETHE B F 4 IAM 8EE TS
5 o}3A)sk A (Chon et al, 199814 HEEA - LPro} TN @R AREIT(Table 3).

o

ST U M2A] B2 EHE0] Sk (Lee et
al, 2005 0= Ity =9)9) 7599} vl g=re)
¥ A (Birmingham)(Charlesworth et al., 2003)% 2-F
(Wang et al,, 1998)%] =21 EqlM HEH ot
© @ 7S Hola AN UE =9 g &
29 EohlA S FedEEn w2 A= vehd
THTable 2). ] E20H HAE, B 9 WX A=
o S R U e e Hole Xol
SAHRA] TZHAA AHE AEHS™(Chon et al,
1998), oI 79 F=ollM NFHE AlRe] o ke B
Al(Kim et al, 1998)2} IT1%FA](Chon et al., 19981l
AHE AlFeA AEE TRk w00t Foe Ae
o} vluelH Hdy) T3] 2 EY 2 EFE(Wang
et al, 1998), T3k~ A7l TETZH ES%KIee et al,
1997) 2 vl=g)=(Madrid)(De Miguel et al, 1997) =
29 BAE vlastE v e ks Holi Jlrt
(Table 2).

3.3. D|Eao| X|T3l5tE EX el

33.0. THSE BEW B[RS | ATty
A%

=2 BAEE i ARpl 3E Ve, 35, T

old e AA ol ko] Wit 51.4+7.3%(39.6-57.6%)
7} 1A ABPABERE(F 3)9 FE Ao s gEA
o o 2w ARIE(F 5)oF BAREEEHE(F 2)=
EAeh= ghgo] Zhzh H 22.1 +15.0%(10.2-43.0%) 2
21.0 £ 11.5%(7.3-32.6%)2 XM= FARBIATHTable 3). ©]
Aie TG E 88 EAlshs vgd s EgE
I} BRFERES] HHhkgo] 22149 24 9oz oy
A oA 3RS F-8 WFAVE] AYS AR
ol T2W EHE gt 71& A 2 gx|gict
(Stone and Marsalek 1996; Lee et al, 1997, Wang et
al,, 1998; Norrstrtém and Jacks, 1998; Banerjee, 2003;
Lee et al, 2005). 7+71& 2 AsFEHE|(F 42} Uol
2P (F NE SANSR= ofATFE AA| ofdAgZe]
5% "|uto|]Ti(Table 3).

Telol A7 EAlFEe AU1E 2 33 EYE
7} 7F3 A B 41.1 + 14.5%(22.8-54.2%)°)0.2.
o tE T2 g5 g AxE gitez avs Ay
= AX3cHLee et al, 1997; Wang et al., 1998;
Banerjee, 2003; Charlesworth et al., 2003; Lee et al,
2005). ol= =W EHFEANA elE 2gA7IEE A
oM f71Ee] 7P ERAULS AN 2 HeA &
718 FH tEoE g IAATIE 8% 98-S o)
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Table 3. The results of five-step sequential extraction of metals (Cd, Cr, Cu, Ni, Pb, and Zn) in roadside sediments in No. 7 national
road. The data are shown as the percentages of the metals extracted during each step (F 1 to F 5) with respect to sum of all five fractions

Cu Pb Zn Ni Cr Cd

Min 0.3 6.6 0.1 18.1 6.5 17.1

Max 46 30.7 12 30.6 18.1 34.0

E%i Mean 19 14.9 0.7 258 11.8 293
Median 1.8 125 0.7 26.6 10.6 30.8

STD 1.6 9.3 0.4 47 43 7.0

Min 1.3 7.7 7.3 20.0 3.8 17.1

Max 10.6 345 326 22.7 63 255

f%l)l Mean 69 17.6 21.0 212 438 229
Median 8.7 18.0 26.6 21.0 45 23.1

STD 4.1 10.9 11.5 1.0 0.9 34

Min 13 32.9 39.6 1.6 1.1 17.3

Max 222 52.8 57.6 136 433 33.7

P;(ygl Mean 14.8 452 51.4 8.0 304 213
Median 18.4 49.1 52.6 9.0 32.9 19.1

STD 9.1 7.9 73 5.0 12.1 7.0

Min 22.8 4.7 35 33 47 9.6

Max 542 104 7.1 6.4 103 10.7

F((yf)v Mean 41.1 6.5 438 47 8.0 102
Median 49.6 6.1 3.7 5.0 8.5 10.6

STD 145 23 1.6 13 2.1 0.6

Min 1.8 5.2 102 35.0 314 10.6

Max 57.0 29.0 43.0 473 55.6 214

f%\)/ Mean 353 15.8 221 402 45.0 162
Median 39.8 11.9 12.7 41.6 453 19.2

STD 185 9.7 15.0 5.2 9.6 5.2

= Aol MIGHE 5 2 IRIHR] Aoz I HEE =28 FHEA 92 ¥ 2de 1A
Rom AA 7] o] 353 £ 18.5%(11.8-57.0%)2 X} © 2L HAgd AsEEEgdel oy, Wi 452+

N

3l Ao FEUrKTable 3). ©8id A= F7]
R o202 viRd LelEEYE 52 B3t
FEYPE S FRiEE 2o g8l VIS A7 2
o} A& Aol7l Atk(Lee et al, 1997; Wang et al.,
1998; Banerjee, 2003; Charlesworth et al, 2003; Lee
et al,, 2005). BIAE AslH428e T2 BAIEEY
g9} sutsEle ) g 7 WA g9e] 148+
9.1%(1.3-22.2%) = 6.9 +4.1%(1.3-10.6%)°]1T}. Aol
WIFHE tes Tl e HT 1.941.6% (0.3-
4.6%)0 2 T2 EFEdME T3 EXFE} obd
< A3 ATk(Table 3).

TH=ES] Z2HAA AHS EHEY] o FHi T
SPGA HAEe] F R v o mou= Rl
Q1 e o8 FEe vy Y= Hew FPdAL 7

o?
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7.9%(32.9-52.8%)°10THTable 3). ©]#&F dih= MEA|
TN AFS HHEY EAFY drAGer & o
A3 (Lee et al., 2005). HIAA ABFH3EYE 3o
2 9% 3o EXFee eRE, A5 2 &
olemBF e o)l on, Z+Z} 17.6 + 10.9%(7.7-34.5%),
15.8£9.7%(5.2-29.0%) B 14.9 £9.3%(6.6-30.7%)02.
ARet HIE-S VERIG ] 2 oldzle thEA Yol
g Pz EAERs o] I HIgo) H& AL =2
W EAE gFE g2 UE T 2ol B3 wheals
o A §EEo] 2go] b risAdo] AulFes
& AYL Ak Aot A7I1EFHHE EAske ¢
2 AA G T HIT 6.5+2.3%(4.7-10.4%)°] Tt
(Table 3).
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T BEAFA] A W SeEEd HHEY rlEkdt 0 F

o @ AAETE (bicavailabilityV} ¥ 94Y 7FeA
o] o, YoleudFe|z EXste YA ke [A|
A ko] HF 258 +4.7%(18.1-30.6%) 0.2 FI=F
0302 £& ZA2E JegTh(Table 3). °leist A=
A& AHG =2 EFRES] EXFE A+ de}
T Z dxFHLee et al, 2005). THEE =2H E3F
ol E UAE FiF 40.2 + 52%(35.0-47.3%)7F 2+
FHHE SAcke 202 ERIFUT. dolendhye] ¢
ZEREE 2o g AIgE U] Exels eitadE
2 HT 21.2 + 1.0%(20.0-22.7%)°)10.01} H]ZZ A
HEFE 2 f7IEgHE =A%k YAe 747 8.0
+5.0%(1.6-13.6%) 2 4.7 + 1.3%(3.3-6.4%)°] A THTable
3). E2H EZE edE YHo| AFFH} doln
et A B 7€ T ATeME Z BaE
B} 3l THStone and Marslek, 1996, Sutherland et al.,
2000, Banerjee, 2003, Lee et al., 2005).

FlEge T =0 e E29 HI BN A
AAFTETL 7R 2 949 2= veigen, U
2 gy A RS SRk 9 AEE 2 AeA o) v)H]
= B G| M fEEE diolt) ol
B2 EAts 7l=ge AA 59 Hi 293+
7.0%(17.1-34.0%)°2 71 A3 Zlo2 Veigern, o
SOEE ERIESE W v AEERE vt 747t
22.9+3.4%(17.1-25.5%) 2L 21.3 +7.0%(17.3-33.7%) 2
ARIEY. 28 =2 BXEd 299 FloEe
FHFHOE olF(mobilityy} & AoE IS F
1, F2 2 F 3 @Alolx &&EHE o] A 7I=F
o] H 73.5%5 XASITHTable 3). ©]2i8 23}
= AEAlM AFAS =2 EFE] 29 FI=Fe
EAYFE7} Jol S THENE A3 BEFE, BiFA
2BHERE, f7188Y 9 ARFEE 755 EAlst
= A7AHe} xfol7t kA e AeE ERIFS
W(Lee et. al., 2005) 7|&<] OhE A787= FARE A
© 2 ERGtHStone and Marsalek 1996; Lee et al,
1997; Norrstrom and Jacks, 1998; Sutherland et al.,
2000; Banerjee, 2003). o}t 7l=F-o A 3teta oz
AL o] 2%, ol3lolldR] # electro-negativitiess
Z¥= Aoz A o i(Fuge et al, 1993), o]
At AFeEeH EA e A7ATRs Aolrt dAg
Aoz IR}

5L FE IAFPEE Atk oz JeRdom,
A ghaFe] H 45.0 +9.6%(31.4-55.6%)°] A TH Table
3). o|3j3t Avte MeA] =2 EHES dptor @

ek 27

ek

S Ao} A dXgE AoF AFe] FE FAAARES]
AR b AYS A[AHH(Lee et al., 2005).
Hgd ASE3E P A3 I8 o] g3
30.4 +12.1%(11.1-43.3%)°0.2 Fd3E 5 ARFE=
EAhs 2 ool 22 290 % ABL F=2
HA A AER DS AYS AXET Tt o
Qo= JolenFYEZ AT IF Fgo) M AF
o] 11.8+4.3%(6.5-18.1%)2 ¥ EA] HIE-S Ho|
I Qom, ole} e Ade 7iee] dAyAme) Aol
ZAolthLee et al., 20053).

332 = =29 FHHEY MEA] 22 BHE
o] A vlwAT

AR T2 AHSE BAE] A dol2ud
B2 EAtks 7l=E] do] wie w2 AoR g
Orh(Lee et al, 2005) 7ASEY e =2W EHEC
A gol B e)7) vilg- ol AL AANFTET
71 w2 943 ZoE veison, Ud 9 g3 3
ke GEARE At B Al vXE 2 9
o] 71 2Ese Yag] AoE WEFHT. e BEE
B2 EAlchs 7= e 7 AR BT fARev
THEEAA AFHSF T2 HHEA vigd Askd%
B3, fV1E9d 2 AR} ke sloE k]
Hlgo] 25 X&A] Z2HA AHS HHERD o] @
UTHFig. 2). olHs A= AN AFg ==
HAHEo) ogH l=ERT T 299 e
7Fh=Fol ek HIE B whE3lE S o) dulFez
o 4A 822 F e AYS AAE ok

AeA] 2 mEEdA AHE =29 EHE AR
AEE IFL = RIS v AsiEREYHE
EAlhs AoE et F Al EF fARE o=
ERgovt o)A A FH S &S] uigd Aksld
EFHE EAdke ZF gl o wo IFFEE &
Ak Z5-E Aol AHT H2E o] =& e
2 Vel AAllA AT EHES] A dolenl
FHHZ SARE AF o] FEFA] F& ke ™
ool AFF PR Bl M AA 28 ] < 12%
7} HA&EEo] 71Ee] A7 AT (Lee et al., 2005)% o]
EZAEYE zhe Ao® JehdrhFig. 2).

TE9] A F RN BF {718 2 S59Ee
7} 71 AR A doludFHE EAlske 7
2ol EAgeirl U8 EAFERG 4531 rleRite
Ade FEE A7AZeld. a3y =T =2
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Fig. 2. Solid phase partitioning of trace metals within different fractions of roadside sediments from Busan No. 7 National road, compared
to those of data from roadside sediments from Seoul (BSF: Busan sample, SEF: Seoul sample).
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2 Rl ot el AFHT B2E 73‘-°r°ﬂ
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Aot g v JstddEdEst eddEduct
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™ SEeM AT AlgEY W 2 Aes Yelyt
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2olX TFLF FolendFHUE SAsks U I
HlEo] o} H R MAFTFEI} T 94 Ao
2 IRIHAG. Al A =29 HHEF Bl
& o, 5= =29 FHE drd Ude vigd
ABPERER SAlske VS I golendyeE &
Aske UAE & 308 IRIEAkFig. 2).

T=E =29 HAE RE de AR M
AloA AFF =2 BAEe] EFE A8 Ao

AREeH, v st REREE SAZH ) ¢



B Sl AA] AR ) S22 ElHEe] gkl 0o 2 X3 29

Althe 22 AR Aajolgont AN A
w2y HYBNcks BUgYEges Joleaddz
EAjsks el wgo] Yuldos & o= yehgrh
(Fig. 2).
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Fig. 3. Ternary diagram for partitioning of Cu, Pb, and Zn in Seoul roadside sediments. For comparison, available literature data (Lee et
al., 1997; Chon et al., 1998; Norrstrom and Jacks, 1998; Wang et al., 1998; Banetjee, 2003; Charlesworth et al., 2003) are also shown.
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3.33. =Ule) A7ty EAFE 7 2t vl

T 2 Fele] 2 FHE 9 WX gt e,
g 2 ol A7k EAFE A7 A9E vlws))
k] o Fig. 300 AH3EA tiolol@e o)83lo
SABIATE. F2le) S, AEAlRIA Al 2 HF
=2 F 4 @A 828 78 339 vlgo] 332
(Wang et al, 1998)3% <F=¢] FHEZ(Coventry)
(Charlesworth et al., 2003)%} fA13F Ao & vepdol}
(Lee et al, 2005) THRZOAM AH3 =29 BHE8L
Skaro] oK Al Bl QA (Chon et al., 1998)2] =&
HAE 2 EYT AR Aoz sjaEgion w9)o) 2}
g9} vlugt 23 F 59 vlgo] 25 U V1% de
(Delhi)Banerjee, 2003)$} 2~E-Z-F(Norrstrom and Jacks,
1998)0] A2o} fARRE 202 siiert. Jejug 7
TollM AfHS =29 EHE] Tele A ST 7
Sk F4i(easily available metal)e oPd RHo=Z s|AHETH
(Fig. 3).

THI oA AFHT =2 EHE EAlshs 3 A
2 AT =28 E A E (Lee et al., 2005 3F
# Y (Wang et al, 1998; Charlesworth et al., 2003)
o =29 EY 3 HHENRCE F 3 gEte R
7ol EE Whde] AEEE(Norrstrom and Jacks,
1998)0] 2l2eh= 2 dx|sh= Aoz siMdn} w3 7
WEEAA A 2w HARME F 49 F sob &
e el vlgo] W o] BAER, o] A= A
A 29 EHE(Lee et al, 2005), THA A7 I
E£=2W EZE(Lee et al, 1997) ¥ P IwEs}
Y (Charlesworth et al, 2003), &3 (Wang et al,
1998) ¥ AEZE(Norrstrom and Jacks, 1998)} A}
g Aol AthFig. 3).

otAZn)®] 7, MIAANSHBEHE(F 3)2 EXN3}
= old9 3 AW ZF(Wang et al, 1998;
Charlesworth et al., 2003), @2](Banerjee, 2003)%} =%
EE(Norrstréom and Jacks, 1998)2] A}E9} AR Ao
2 A= o, M =2 FT HHE (Lee
et al, 200557 o RAI9L TR AT 2H E
% 2 EHE(Chon et al, 1998)HTh= Atze=s o
=& A0 BT S F 5o Sk olde] ek
HIE-2 oK A 31944, dE] 2 ~EZE9 FARE A
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o191 - B - olSE

o7 FHAEUHChon et al, 1998; Norrstrdm and
Jacks, 1998; Banerjee, 2003). 7THZEoIN Y8 w2
A EHES] F 13 F 29 99949 olde] ke M
T2 AFS B HE(Lee et al, 2005 ARA|
o} TGl AR == EF L FHE(Chon et
al,, 1998 KT HHiFoE o ¥ Aoz EXEQle
o, A3 &F (Wang et al, 1998; Charlesworth et
al, 2003), @2} (Banerjee, 2003)%} ~EZ-E(Norrstrém
and Jacks, 1998)2] A5} FALEE AoZ SAHEL} o]
= THRECA A =2 HEHE0] MEAlelM AF
& T2 BAEHL offE 2 WAIEFEI B 3o
2 H7eEckFig. 3).

334, Q=] ARl st vjEkdae) ) 7slehy &
A ey

TH TEAA HHE T2 EHE Mg dxo] o
& i Aststd EXgE AJolE wls|1A} RS
17 RS 128 AlEo] thHdld 2 mm-200 pm, 200-100
pm, 100-63 pm, 6320 um B <20 pm=z & E9]
A= et §, 74 sy 349 A7ty A3

£ Bl T A8 dm F&e] ATty &
APel BAET MZ FARE BES HolEg T AR
SAFH BAEHY Fgks ol83k] AelslidrkFig
4). A7 EAFY Adve 72t vAE fEsEe 9
5 2 el 8EH S o] e wEs
2 Akt

TE9] 7S =29 HEE] x zjolot #ARIe] &
ZIEREF 4yt 7P A8 H, 2 mm-63 um Y=
NME F71E FREHE7E 44-49%01017} 63-<20 pm
A=elNE 718 FRIEEE 52-54%2 Z71819T) v)
A AHERERUF HE EARKE T vlee
200-63 pum Y= EHENA 7P 2EOm(27-28%),
e YdeoXE 20-23%e1%00h F 59} 3ka ale] o
& B0l 7FE W Y= 100-63 pmeIOH(13.4%)
Ut F2EE F 59 ke 72 fahelgo] 27}
Sttt F 29} S9ke e geF B8-S 2 mm-100 pm
UEAA 10-12%2 7P 2kon, =7} 2he=g 71
a3he Age] BT F 1 Sk o] 7 g
ZF g Aukdow 11-1.8%% YA Ado] ot
(Fig 4).
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Fig. 4. Solid phase partitioning of trace metals in different size fractions of roadside sediments from No. 7 National road.
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32 ol - S
% 2 mm-200 pmollA 7 B 35%F 71
U7t AAESE ZTlsle Aol 49%7HA] 7153KdH-
HAA AbsbERE R 3)E SRSk WA =
T 2 mm200 pmollA 718 B 9%elem Qi=rt
ZAagrE F71 Al 16%7HA] S718199t). o9} vt
2 ol BHgel(F 1)e} ERIIFEFHE(F 2)= A
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2 71 B2 HLS Hyor tE JudXiE 3-5%=
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T2 BB $E 289 EAFH 5 M 54
3 el AFge7) 7 A% EAF e, 2R3
g, IAABIERER 9 f71ENHE Rk A
22 HHEY dnrt AadeE gutdo g 7} EAY
gl Blg&o] Zzt A 42%, 31%9 9%l Ho) 45%,
38% 2 129%7HA) 7 s Ao] #EAE AT tht vy
A AsEyEel 771839} ke 35S <20 um
9] YoM FE2] gk nigo] tA] golth 2eut
ol e} BEEE FHE ok H2E3L 2
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8 Rolthr} Qur} hAshaAs Zbz A 5% 2%7t
A 7239 thFig 4).

THEE £2H BB g7 JEFe T2 dol
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Asolix 33%E 7MY & BE-S Holtht dxsf e
BlHA <20 pme] YEolA 25%9] EEHE-S KT
ole} 2 AL HAEFE FuHE EAlsle 7l=ge
AQoME BEEG e, 2 mm-200 pm Y= 28%
2 7P ¥ 8lES Holtr) <20 um®] YEolA
22%9] 8EHE-S Bt vIRA AEHEE PR
vk FlEE-S 100-63 ume] PEolA 25%= 7Y &
|2HES HEo™ 2 mm-100 um®] ¥=olAM= oF
18%, 63-<20 pm YEANE 2324%2] 850 8-S 1
act. AFFE} f71E I EE EAlske JlEES
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10-17%S} 8-12%2] 8&4018 HeWollA] Ef2lsh st
7} BEAE A Fig 4).
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