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Ulsan, a representative industrial city in South Korea, has various sources of heavy metals. The upstream
of the Taechwa River in Ulsan is used to supply drinking water, but heavy metal pollution in this area has not
been studied yet. Therefore, in this study, we investigated the levels and patterns of heavy metals in the Tachwa
River including the upstream. We also evaluated water quality using the water pollution index. We collected
water samples at 18 sites of the Tachwa River in February and May 2011. Target heavy metals were cadmium,
chromium, lead, nickel, and zinc, which were analyzed by an inductively coupled plasma mass spectrometer
(ICP-MS). The concentration of heavy metals increased from the upstream to downstream, and the highest con-
centration was detected in the downstream nearby an industrial complex. The spatial distribution of heavy met-
als and water pollution indexes indicated that some urban sites and most industrial sites were artificially
polluted, and non-point sources might play an important role in water pollution of the Taehwa River.

Key words: Heavy metals, Water pollution index, Non-point source, Tachwa River, Ulsan
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Fig. 1. Location of sampling sites, which are classified into
sub-urban, urban, and industrial areas in the
Taehwa River, Ulsan.
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Table 1. Water quality parameters in the Taehwa River
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C (Heavy metal concentration in surface water):
5% F=(mg/L)

TL (Tolerable level): =< &]-83](mg/L)

NH (Number of heavy metals): S5 7
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DO q Temperature Salinity Conductivity TSS TOC
(mg/L) P O] (psu) (mS/cmC) (mg/L) (mg/L)

Suburban  Feb. 7.7 74 14.7 0.1 0.1 14 2.2
area May 8.9 8.1 18.8 0.1 0.2 2.5 9.7
(TRI-TR7)  Mean 83 7.7 16.8 0.1 0.2 2.0 59
Urban Feb. 72 75 146 49 8.0 6.2 2.0
area May 9.0 8.1 21.0 1.9 3.5 3.9 2.3
(TR8-TR14)  Mean 8.1 7.8 17.8 3.4 5.7 5.0 2.2
Industrial  Feb. 6.0 76 16.6 28.1 43.7 18.0 3.0
area May 7.4 8.0 19.7 26.3 41.0 21.5 25.0
(TR15-TR18)  \fean 6.7 7.8 182 27.2 424 19.7 14.0

DO: dissolved oxygen, TSS: total suspended solid, TOC: total organic carbon
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Bisloll Azt 34 FEE Av R (Table 2, Fig.
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59 LOQ~9.64 pg/L. (H7 0.836 pgL)Z Yelsom,
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L), 5¢ LOQ~3.70 ng/L (B 1.10 pg/L)o= Rt
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Table 2. Concentrations of heavy metals at each sampling site in the Taehwa River (ug/L)

Site February 2011 May 2011
Cd Cr Pb Ni Zn Cd Cr Pb Ni Zn
1 0012 <LOQ 0394 <LOQ 0926 <LOQ 0040 0640 <LOQ 0.430
2 0018 <LOQ 0324 <LOQ 126 <LOQ <LOQ <LOQ <LOQ <LOQ
3 <L0Q <LOQ 0204 <LOQ 0465 <LOQ 0861 <LOQ <LOQ 2.75
S“t;'r‘;zban 4 <LOQ <LOQ 0.144 <LOQ 0510 <LOQ 244 0106 555  0.827
5 <LOQ <LOQ 0084 326 0571 <LOQ 0223 <LOQ <LOQ 0212
6 <LOQ <LOQ 0044 <LOQ 0.890 <LOQ 0.173 <LOQ 0199 <LOQ
7 <LOQ <LOQ 0328 0270 0325 <LOQ 0390 <LOQ <LOQ 0.430
8 0024 <LOQ 0093 191 0936 542 0207 289 461  2.88
9 0022 <LOQ 0597 366 120 <LOQ 039 <LOQ 465 126
10 0018 <LOQ <LOQ 236 0611 964 114 327 805 109
g‘gﬂ 11 0013 <LOQ 0014 0991 0697 <LOQ 153 <LOQ 429 163
12 0019 <LOQ 0618 140 117 <LOQ 0978 <LOQ 421 109
13 0046 <LOQ 0332 434 161 <LOQ 106 0130 833 152
14 0072 <LOQ 0270 658 214 <LOQ 172 <LOQ 191 135
15 0063 <LOQ <LOQ 849 274 <LOQ 370 244 425 301
Industrial 16 0046 <LOQ <LOQ 583 274 <LOQ 0956 <LOQ 522 132
area 17 0272 198 423 127 105 <LOQ 235 <LOQ 620 155
18 0072 <LOQ 0073 878 297 <LOQ 169 <LOQ 853 180
Mean 0039 0110 0430 337 179 0836 110 361 167 183
Median 0018 0000 0174 214 105 0000 0967 0000 463 134

L0OQ stands for a limit of quantification (Cd: 0.006 pg/L, Cr: 0.017 pg/L, Pb: 0.022 pg/L, Ni: 0.150 pg/L, and Zn: 0.266 pg/L).
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Fig. 2. Mean concentrations of each heavy metal with
error bars of standard deviations.
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Fig. 3. Spatial distribution of mean concentrations of each heavy metal and ¥; heavy metals in the Taehwa River.
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Fig. 4. Water pollution indexes of heavy metals at 18 sites in the Taehwa River.
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