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Pollution Characteristics of Heavy Metals and Polycyclic Aromatic
Hydrocarbons(PAHSs) in Deposited Road Particles of Busan

Eun-Hee Yoo™, You-Jeong Choi and Mi-Hee Kim
Industrial Waste Analysis Division

Abstract

Samples were collected from 13 sites of S area, A area and P area in Busan for September 2009, April and June 2010. These
were filtered using 100um pore-sized siever and analysed by AA for 7 heavy metals of Deposited Road Particles after an acid
extraction. The concentration of iron(Fe) was the highest out of heavy metals and that of zinc, copper, lead, chromium, nickel
and cadmium was followed sequentially. Total concentration of heavy metals in S area was higher than other areas. Result of
pollution indices of heavy metals was low from anthropogenic source. And the concentration of PAHs was widely distributed
between 0.391 mg/kg and 4.240 mg/kg. The highest concentration of PAHs appeared in S area and was found near heavy traffic
roads. It was considered as the results from the automobile combustion in the main PAHs contamination sources. Comparing with
the distribution ratio of ring PAHs among 16 PAHSs, it dcreased in the order of 4-ring>3-ring>5-ring>6-ring>2-ring in all areas.
The correction factor between total PAHs and >PAH(6) was very high(RZ:O.96) and indicated that the concentration of > PAH(6)
increased in proportion with that of total PAHSs. Potential source of PAHs in ambient were identified using the phenanthrene(PhA)
concentration, Flu/Pyr and PhA/Ant ratio and BgP/InP ratio. The main contributors were supposed to vehicular emmisions,
especially disel engine, at most areas.
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Fig. 1. Location of the sampling sites,
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Table 1, Sampling sites and number in Fig, 1

o8t - 287 - 7]

No. Sampling Site Location Category
1 S-1 (GwCity Hall Jet

2 S-2 Moon Hyun Jct

3 S-3 Seo Myeon Jct

4 S—4 Yun San Jct S area
5 S-5 Ne Sung Jct

6 S—6 Duk Chun Jct

7 S=7 Olimpic Jct

8 A-1 Busan Environmantal Coporation(Nambu)

9 A-2 Gi Jang Country Office A area
10 A-3 Nam San High School

11 P-1 Busan Children's Gand Park

12 pP-2 Dong Bak Island P area
13 pP-3 Geumgang Park
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Fig, 2. Concentration of heavy metal in deposited road particles,
Table 2, The concentration of heavy metals in deposited road particles
(Unit: mg/kg)
Sampling Fe Zn Cu Pb Cr Ni cd
S—1 34483.3 1497.3 527.7 299.4 97.1 66.5 2.5
S—2 42200.0 1287.8 512.3 444 .4 125.0 44.6 1.6
S—3 45700.0 1582.0 497.5 322.5 128.1 73.6 1.9
S—4 32383.3 1394.2 368.8 253.6 145.8 46.6 1.7
S—5 41950.0 1179.8 366.4 231.7 134.3 47.0 1.7
S—6 43616.7 1409.0 335.6 226.0 136.9 47.9 1.9
S=7 37300.0 1236.8 443.8 234.0 119.2 35.0 1.8
S area
Mean 39661.9 1369.6 436.0 287.4 126.6 51.6 1.9
A-1 31766.7 635.8 132.8 94.2 75.1 23.5 1.6
A-2 27133.3 655.1 178.1 88.1 74.4 25.9 1.0
A-3 29933.3 797.7 1129 179.0 58.3 24.2 1.6
A area
Mean 29611.1 696.2 141.3 120.4 69.3 24.5 1.4
P-1 30500.0 276.7 43.8 34.3 25.9 16.4 0.5
pP-2 24183.3 226.3 49.8 30.0 32.7 23.3 0.9
P-3 25933.3 515.0 43.1 85.6 27.7 13.5 0.9
P area
Mean 26872.2 339.3 45.6 50.0 28.8 17.7 0.8
Total
Mean 3,4391.0 976.4 277.9 194.1 90.8 37.5 1.5
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Fig. 3. Concentration of heavy metal on sampling sites,
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Fig. 4. The comparison of heavy metal concentration in the S, A and P area,

Table 3. Mean concentration of heavy metals (mg/kg) in street dust in other cities

particle

City Cd Cr Cu Fe Pb 7n size (m) Digestion
Busan 15 90.8  277.9 34391.0 194.1 9764 <100 HCI+HNOs
Daegu 9 159 329 43922 152 725 <100 HCI+HNO;
jeonju” 2.6 60.3  117.1 - 1155  459.6 <100  Ysequential
Delhi 189 49169 5123 - 5976  365.9 <500  HCIOy+HNOz+HF
Kuala Lumpur 2.9 35.5 1790 2466 344 <63 >isequential
London 3.5 155 26000 1030 680 <500  HCI+HNOs
Luanda 1.15 25.65 41.8 11572  351.3  316.6 <100 HCI+HNO;
Manchester 113 8767 265 653 <1000 HNOs
Madrid 61 188 19300 1927 476 <100 HCIO4+HNOz+HF
Oslo 1.4 123 51472 180 412 <100  HCIO4+HNOz+HF
Ottawa 0.6 59 188 25660 68 184  100-250 HCIO4+HF
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Table 4, Pollution index of heavy Metals(Cd, Cu, Ni, Pb, Zn) in the sampling sites

Sampling g ;1 g-p -3 sS4 S5  S-6

sites

S-7 A-1 A-2 A-3 P-1 P-2 P-3

PI 032 033 034 027 025 0.26

025 012 012 016 005 0.05 0.09
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Fig, 5, PAHs concentrations according to the sampling group,
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Table 5, Mean concentrations of PAHs according to the sampling sites

S—1 S-2 S-3 S—4 S-5 S—6 S—=7 Average

NO Compounds Abb.
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
1 Naphthalene NaP 0.027 0.091 0.125 0.107 0.123 0.036 0.076 0.083
2 Acenaphthylene AcPy: 0.052 0.060 0.056 0.051 0.036 0.097 0.051 0.058
3 Acenaphthene AcP 0.017 0.017 0.041 0.034 0.089 0.008 0.052 0.037
4  Fluorene Flu 0.016 0.013 0.041 0.037 0.084 0.000 0.038 0.033
5 Phenanthrene PhA 0.288 0.194 0.373 0.313 0.637 0.215 0.356 0.339
6 Anthracene AnT : 0.054 0.049 0.073 0.105 0.136 0.062 0.305 0.112
7  Fluoranthene FluA | 0.570 0.226 0.432 0.367 0.746 0.222 0.325 0.413
8 Pyrene Pyr 0.369 0.329 0.391 0.351 0.584 0.239 0.313 0.368
9 Benzo(a)anthracene BaA 0.134 0.110 0.254 0.169 0.405 0.126 0.149 0.192
10 Chrysene Chr 0.206 0.082 0.153 0.134 0.237 0.085 0.102 0.143
11 Benzo (b)fluoranthene BbF 0.224 0.107 0.223 0.155 0.272 0.084 0.126 0.170
12 Benzo (k) fluoranthene BKF 0.144 0.105 0.156 0.122 0.202 0.072 0.119 0.131
13 Benzo(a)pyrene BaP 0.056 0.058 0.134 0.098 0.225 0.000 0.086 0.094
14 Indeno(1,2,3—c,d)pyrene  InP 0.113 0.108 0.155 0.142 0.201 0.111 0.123 0.136
15 Dibenzo (a,h) anthracene DbA | 0.022 0.000 0.071 0.000 0.071 0.000 0.000 0.023
16 Benzo(g,h,D)perylene Bghip: 0.145 0.191 0.179 0.169 0.192 0.162 0.160 0.171
> PAHs (6) 0.693 0.487 0.994 0.686 1.377 0.392 0.602 0.747
> total PAHs 2.436 1.739 2.860 2.353 4.240 1.518 2.380 2.503
A-1 A-2 A-3 Average P-1 P-2 P-3 Average

N Abb.
0 Compounds bb mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
1 Naphthalene NaP 0.069 0.120 0.020 0.070 0.063 0.049 0.095 0.069
2 Acenaphthylene AcPy: 0.015 0.031 0.013 0.020 0.000 0.017 0.016 0.011
3 Acenaphthene AcP 0.011 0.000 0.009 0.007 0.000 0.000 0.000 0.000
4 Fluorene Flu 0.015 0.030 0.017 0.021 0.017 0.016 0.017 0.016
5 Phenanthrene PhA 0.124 0.093 0.158 0.125 0.038 0.032 0.055 0.042
6 Anthracene AnT | 0.039 0.044 0.027 0.037 0.023 0.023 0.022 0.023
7 Fluoranthene FluA | 0.162 0.104 0.210 0.159 0.045 0.046 0.068 0.053
8 Pyrene Pyr 0.166 0.122 0.177 0.155 0.040 0.038 0.063 0.047
9 Benzo(a)anthracene BaA 0.088 0.073 0.169 0.110 0.047 0.040 0.057 0.048
10 Chrysene Chr 0.064 0.051 0.073 0.063 0.030 0.029 0.038 0.033
11 Benzo(b)fluoranthene BbF 0.079 0.095 0.071 0.090 0.000 0.000 0.000 0.000
12 Benzo (k) fluoranthene BKF 0.051 0.090 0.075 0.072 0.000 0.000 0.000 0.000
13 Benzo(a)pyrene BaP 0.046 0.000 0.072 0.039 0.000 0.000 0.000 0.000
14 Indeno(1,2,3—c,d)pyrene InP 0.085 0.000 0.069 0.052 0.074 0.074 0.075 0.074
15 Dibenzo(a,h)anthracene DbA 0.000 0.000 0.022 0.007 0.000 0.000 0.000 0.000
16 Benzo(g,h,I)perylene Bghip: 0.097 0.083 0.063 0.081 0.026 0.028 0.046 0.033
> PAHs(6) 0.350 0.258 0.504 0.370 0.121 0.113 0.132 0.122
> total PAHs 1.112 0.935 1.271 1.106 0.402 0.391 0.552 0.449




Table 6, Comparison of PAHs concentrations(mg/kg dw) in soils of this study with those in other dosmetic and

foreign areas

S mRY wd HEUR FE4

2 PAHs 2954
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a

Location n Range(Mean) References remarks
Jeju City (Korea) 16 0.022~0.264(0.087) Jin et al.””
Korea 16 0.023~2..834(0.236) Nam et al.*”
Ulsan City (Koea) 16 0.004~2.672 Lee™
Ulsan City (Koea) 16 11.840~245.120 Dong and Lee®” roadside sediment
Incheon City (Koea) 16 0.598~4,517 Eom et al.*” roadside sediment
Seoul (Korea) 16 0.015~1.221(0.482) Kim®”
Changwon City (Korea) 16 0.011~0.835(0.199) Kim et al.””
Tarragona Country (Spain) 16 0.112~1,100(0.504) Nadal et al.*
Tian Jin(China) 16 0.007~0.969(0.229) Tao et al.'”
Takushima (Japan) 13 0.009~1.640(0.442) Yang et al.'’
Zelzate (Belgium) 7 3,000~14,000 Bakker et al.'?
Chiang—mai (thailand) 16 (0.781) Takashi **
Kohtla—JOrve (Estonia) 12 (12.390) Trapido*
Tallinn 12 (2.200) Trapido™”
Harjumaa 12 (0.032) Trapido*”
Bangkok 20 0.012~0.380(0.129) Wilcke et a.*”
Welsh 14 0.108~54.500(2.325) Kavin et al.'®

n“:number of PAHs analyzed in each study.
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Table 7. The ratio of BaP/BghiP according to the sampling sites

S-1 S-2 S-3 S—4 S-5 S-6 S=7

BaP/Bghip 0.38 0.30 0.75 0.58 1.17 - 0.53
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