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Characteristics of Heavy Metal Pollution in Contaminated
Roadside Sediments in Jeonju City, Korea

Kyu-Seong Cho*
Division of Science Education, Chonbuk National University, Jeonju 561-756, Korea

Abstract: To study characteristics of the heavy metal pollution, sediment samples were collected at 67 sites on the
roadside of Jeonju city during summer and winter, 2002. The total concentration of metals including Cd, Co, Cr, Cu, Ni,
Pb, Zn, and Mn in the sediment samples were determined. The results indicate that the roadside sediments in Jeonju city
have lower (1/2 to 1/7 times) concentrations of Zn, Cu, Pb and Cd than the metal concentrations previously reported for
roadside soil, dust and sewage sludges in Seoul. However, the metal concentrations are higher than environmental quality
criteria in soil suggested from several countries, and Zn, Cu, Pb and Cd contents are usually 2-7 times higher than the
world average contents of the metals in natural soil. Although pollution index and concentrations of Cr, Ni, Pb and Zn in
the roadside sediments at industrial area were usually higher than those of downtown and residential area, the metal
concentrations in downtown and residential area showed similar trend. Certain areas in downtown and residential area
having small vehicle- and steel-related industries had high concentrations of metals. The results of chemical partitioning
analysis showed that Pb, Zn and Mn are mainly associated with carbonate/adsorbed and Fe-Mn oxide phases but that Cu
is largely associated with the organic and sulfide fractions. It thus indicates that both large and small (vehicle- and steel-
related) industries are main sources of heavy metal contamination. Due to high solubility of the carbonate phases by
natural leaching episodes, the carbonate/adsorbed Cd, Co, Ni, Pb, Zn and Mn in the roadside sediments may serve as a
potential source of contamination.
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Fig. 1. A map of sampling locations in Jeonju city.
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Table 1. Metal concentration (mg/kg) in the roadside sediments from Jeonju city

Summer Cd Co Cr Cu Ni Pb Zn Mn
Ave, 2.7 9.1 839 1184 59.9 1535 703.9 262.0

industrial S.D. 11 3.5 475 55.1 36.1 104.1 667.4 70.6
(12) Max. 55 19.2 1952 2264 157.0 468.0 2494 .4 4432
Min. 0.8 4.9 33.6 41.6 212 85.6 290.4 163.2

Ave. 26 8.5 59.1 1348 36.2 111.0 436.8 256.3

downtown SD. - 08 22 332 714 26.0 26.0 1422 64.2
(35) Max. 44 ' 144 208.8 352.8 158.1 144.0 666.4 3728
Min, 14 43 312 480 12.6 624 160.8 160.0

Ave. 23 8.1 484 852 334 105.1 388.9 2346

residential S.D. 0.7 2.1 9.2 25.3 10.2 54.3 159.7 515
(20) Max. 4.1 12.1 72.8 128.8 594 3344 936.0 384.0
Min. 1.1 5.8 36.0 49.6 23.6 45.6 148.0 160.0

Ave. 2.6 8.6 60.3 117.1 39.6 1155 459.6 246.0

total S.D. 0.8 2.6 334 61.5 26.2 62.0 326.9 59.4
(67) Max. 55 19.2 208.8 3528 158.1 468.0 2494.4 4432
Min, 0.8 43 312 41.6 12.6 45.6 148.0 160.0

Winter

Ave. 1.6 14.8 852 69.9 50.1 1409 585.7 3302

industrial S.D. 09 15 316 252 118 595 4125 1054
(12) Max. 32 175 146.4 116.0 68.3 250.8 1568.8 698.4
Min. 0.1 123 46.4 384 309 740 268.0 2160

Ave, 1.9 14.5 51.1 1226 377 104.8 396.8 3170

downtown SD. 14 30 352 64.5 26.7 314 1511 147.6
(35) Max. 85 26.9 243.2 988.8 1419 159.2 886.4 1045.6
Min. 02 9.8 24 320 23.4 57.8 190.4 1272

Ave. 1.5 14.7 41.1 67.8 33.6 985 3935 3013

residential SD. 06 23 136 27.1 75 33.1 2274 60.0
(20) Max. 2.6 19.9 704 1456 533 183.2 1196.8 406.4
Min. 02 12.1 24.8 376 233 382 145.6 209.6

Ave. 1.7 14.6 542 96.8 387 108.0 4289 318.1

total S.D. 11 26 33.0 42.5 20.9 41.0 258.9 1230
67) Max. 8.5 269 2432 988.8 1419 250.8 1568.8 1045.6
Min. 0.1 9.8 224 320 233 38.2 145.6 1272

() number of samples
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Table 2. Concentrations (mg/kg) of heavy metals in soils, dusts and sediments in Korea.

Cd Co Cr Cu Ni Pb Zn Mn
A 038 216 133 518
B 10 581 271 727
C 96 237 1436 668.8 194.1 17382 5336
D 113 186 1259 4525 188.6 889.0 48638
Seoul E 66 59 674 2425 163.0 796.9
F 22 102 103.9 3187 394 2013 2491.9
G 22 115 934 2447 49.6 24738 3601.0
H 59 303 240 7666 1235 306.4 3407.0
, I 14 10 27 41 23 65 204
Uigeongbu ] 12 9 41 124 29 534 334
K K 21 24 47 59 47 88 238
oyang L 18 16 43 83 39 86 265
oo M 26 8.6 60.3 1171 396 115.5 4596 246.0
eonju N 17 146 542 96.8 387 108.0 4289 318.1

Residential road dust (A) and main road dust (B) in Seoul (Chon and Choi, 1992). Sewage sludge (C) and roadside soil (D) in
Guro-gu (Lee et al,, 1999). Sewage sludge and roadside soil (E) in Dobong-gu (Lee et al.,, 1999). Sediments collected from gully
pots in Kangnam-gu (F), Kwanak-gu (G) and Jung-gu (H) area (Yun et al., 2000; Lee et al,, 2001). Soils (I) and dusts (J) from
the Uijeongbu city (Chon and Ahn, 1996). Soils (K) and dusts (L) from the Koyang city (Chon and Ahn, 1996). Roadside sedi-
ments at summer (M) and winter (N) in Jeonju city (This study).

Table 3. Average contents and environmental quality criteria of heavy metals in soils and sewage sludges of foreign countries

(mg/kg).

Cd Co Cr Cu Ni Pb Zn Mn
UsS. 104 96 1441 1346 - 1832 2132 -
Average UK. <00 24 980 970 - 820 4100 -
. e:;”g‘f’;{fl dogisl Sweden 13 15 872 791 ; 281 2055 .
Canada 38 19 1960 1600 - 1700 6140 -
Canada 0.56 124 50 2 20 20 57 325
Average Britain 1.00 17.7 69 23 23 29 80 1055
contents of soils’ Japan 044 10 50 34 28 35 86 -
US. 041057 105 - 26 185 26 735 490
Britain® 3.0 - - 130 70 500 300 -
ust 1.0 - - - 250 100 1500 -

] Germany’ 2.0 100 50 50 40 200 300 -
Environmental Holland® 08 20 100 36 35 85 140 .
quality criteria R .

Switzerland 0.8 25 75 50 50 50 200 -
Canada® 50 50 250 100 100 500 500 -
Korea’ 40 - - 125 - 300 - -

"Mean concentrations of trace elements in sewage sludges (Sparks, 1995). *Metal contents of various surface soils (Pendias,
1984). *Guidance concentration of garden in Britain. “New Jersey cleanup standards of residential surface soil. *Orientation value
of soil at playground for children in Germany. “Intervention values of soil in Holland. "Maximum allowable pollution contents of
soil in Switzerland. *Interim Canadian environmental quality criteria for contaminated sites in residential soil (NIER, 2000).
’Countermeasure criterion of contaminated soil for park and schoo] area in Korea (Ministry of Environment, 1999).

9=, MAZe 345, HEE dus Hggion o] FFEAE tHl DAZ o] 9z s
FANGL AFA] Feitd 933 olEe olHE sgEe A 212 AL

TR} B5io] x5 3% olgE A UlelA =2y HHE TIE ZnFEFe YA U =
ANEE AU Fg 28 AEAFARY 7+ 94 Z2olM Bl AT AEIM 7039 mgkgeE 7}



716 =+ 4

Cr contents (opm)
L s
o s-0

Cu contents (ppm}
s S
. s
o e
Lok
€ ¢

Ni contents {ppm] Pb contents (ppm}
< [

. Hew
110

gg

2Zn contents (ppm)
<
@ ==

R

Mn contents {ppm)
<

. e

5 a0

B

oo
T

Fig. 2. A map of elemental distribution in roadside sediment samples at Jeonju city (summer).
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Table 4. The pollution index of trace metals in roadside
sediments from Jeonju city

summer winter
industrial 146 1.14
downtown 1.14 1.04
residential 1.08 0.89
total 1.18 1.01
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Table 5. Average value and range of leaching percentages of Cd, Co, Cr, Cu, Ni, Pb, Zn and Mn within fractions F1 to F5 for

roadside sediments from Jeonju city

Cd Co Cr Cu Ni Pb Zn Mn
FI(%) 11.8 6.9 3.6 0.8 36 28 0.5 0.8
(75-19.4) (3.6-114) (1.9-7.1) (0.3-1.6) (1.2-5.8) (1.54.1) 0.1-09) 0.5-1.6)
F2(%) 324 23.0 1.7 6.5 13.8 169 243 182
(17.1-53.6) (12.5-385) (3.1-12.8) (2.1-104) (5.2-21.7) 9.7-23.9) (16.1-31.9) (10.2-28.7)
Summer F3(%) 39 53 6.9 70 6.3 13.7 14.1 12.0
(0.6-7.6) (0.9-13.8) (3.9-16.6) (4.2-10.2) (1.9-27.9) (89-19.2) (10.1-17.3) (9.1-17.9)
FA(%) 1.6 19 4.7 18.6 14.0 3.1 3.1 1.8
(0.1-5.0) 0.1-5.7) (3.3-7.8) (7.2-24.7) (2.7-38.7) (0.8-9.8) (1.84.7) (1.2-2.3)
F5(%) 50.3 . 629 77.1. 67.1 62.3 63.5 58.0 67.2
N (27.8-703) (45.1-71.7) (63.6-85.8) (58.6-79.2) (35.1-86.5) (53.3-72.2) (53.0—66.2) (55.2-75.9)
Fi(%) 13.7 73 3.0 1.3 6.1 49 0.7 29
(7.0-27.8) (6.8-8.6) (1.5-6.3) (0.5-5.8) (4.4-10.0) (2.5-8.6) (0.1-3.6) (1.0-7.0)
@ 29.2 273 55 39 225 20.8 169 11.0
(12.147.3) (21.6-33.7) (1.2-100) 23-74) (163-269) (12.3-30.8) (11.6-23.9) (7.9-15.0)
Winter F3(%) 6.2 6.6 82 7.6 74 213 21.0 217
(0.2-9.6) (5.1-8.6) (5.4-143)  (6.3-10.6) (5.8-11.0) (13.7-31.3) (15.5-32.5) (18.0-264)
FA(%) 07 48 53 29.9 57 3.7 34 15
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Fl: fractionl, F2: fraction2, F3: fraction3, F4: fraction4, F5: fractionS
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Fig. 3. Partitioning of Cd, Co, Cr, Cu, Ni, Pb, Zn and Mn within different fractions (F1-F5) in roadside sediments from Jeonju.
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