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The particle sizes and heavy metal concentrations (Pb, Zn, Cu, Cd, Hg, As, Cr, Ni, Li, Al) of surface sed-
iments of the Yeongsan River were analyzed to assess the distribution and pollution level of heavy metals. The
distribution of particle sizes was dominated by sand in the upstream sites (MS1-MS7) and by silt loam in the
downstream sites (MS8-ML3), but MS3 and MS6, located slightly upstream of the two weirs, were found to
be loamy sand and silt loam, respectively. The concentrations of Pb, Zn, Cu, Cd and Hg were higher at the
upstream sites, while As, Cr, Ni and Li were higher at the downstream sites. The heavy metals of crustal origin
(As, Cr, Ni and Li) were strongly correlated with particle size, while the other heavy metals (Pb, Zn, Cu, Cd
and Hg) were weakly correlated with particle size. Considering their concentrations, most of heavy metals were
evaluated as having almost no toxic effects on benthic organisms, at all sites. In addition, anthropogenic con-

tamination by the L

7607

EF and CF were found to have no impact at most sites, with only low levels of pollution

at the others. Using the PLI method, the MS2 and MS3 sites, located upstream, were assessed to be affected
by anthropogenic contamination. Most importantly, Zn, Cu and Hg were found to be the elements responsible
for most pollution, and they were highest at the upstream sites, implying pollution by domestic sewage and

urban discharge.
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Fig. 1. Map showing the sampling sites of surface sediments in the Yeongsan River.
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Table 1. Comparison between international and domestic environmental standards for sediments

Metals SQGsV SQAVs? SPASY

(mg/kg) LEL SEL TEL PEL I I I v
Pb 31 250 35 91.3 <59 <154 <459 > 459
Zn 120 820 123 315 <363 <1,170 < 13,000 > 13,000
Cu 16 110 35.7 197 <48 <228 < 1,890 > 1,890
Cd 0.6 10 0.596 3.53 <0.4 <1.87 <6.09 > 6.09
Hg 0.2 2 0.174 0.486 <0.07 <0.67 <214 > 2.14
As 6 33 5.9 17 <15 <447 <92.1 >92.1
Cr 26 110 37.3 90 <112 <224 <991 > 991
Ni 16 75 18 36 <40 <875 <330 > 330

DLEL (Lowest Effect Level) and SEL (Severe Effect Level) of Sediment Quality Guidelines by Persaud (1993), ?TEL
(Threshold Effect Level) and PEL (Probable Effect Level) of Sediment Quality Assessment Values by Smith (1996),
$Class of sediment pollution assessment standard by National Institute of Environmental Research of Korea (2015). Class
I: Status of sediment with almost no possibility toxicity, Class II: Status of sediments with possible toxicity. Class III: Status
of sediments with possibility is relatively high toxicity. Class IV: Status of sediments with very high possibility toxicity.
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Fig. 2. The distribution of particle size (above) and ternary diagram of particle size (below) in surface sediments collected
from the Yeongsan River and its tributaries and estuary.
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Fig. 3. The concentration distribution of heavy metals in surface sediments collected from the Yeongsan River and its

tributaries and estuary.
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Table 2. Correlation coefficients of particle size and heavy metals in surface sediments of the Yeongsan River

Sand  Silt Clay Pb Zn Cu Cd Hg As Cr Ni Al Li
Sand  1.000
Silt  -0.998** 1.000
Clay -0.907**0.881** 1.000
Pb 0379 -0378 -0.349 1.000
Zn  0.513* -0.502* -0.542* 0.967** 1.000
Cu 0475 -0.465 -0.498* 0.953** 0.973** 1.000
Cd 0460 -0.430 -0.629**0.721** (0.815** 0.767** 1.000
Hg 0.585* -0.573* -0.614* 0.839** 0.896** 0.884** 0.678** 1.000
As  -0.529* 0.526* 0.496 -0.119 -0.248 -0.147 -0.029 -0.402 1.000
Cr  -0.743**0.729** 0.767** -0.210 -0.358 -0.296 -0.233 -0.446 0.588* 1.000
Ni  -0.722%*(.703** 0.790** 0.151 -0.057 0.022 -0.184 -0.224 0.692** 0.756** 1.000
Al -0.066 0.046 0.208 0.160 0.066 -0.005 -0.170 -0.124 -0.010 0.027 0.263 1.000
Li  -0.817%%0.793** 0.905** -0.233 -0.439 -0.399 -0.436 -0.582* 0.723** 0.819** 0.880** 0.362  1.000

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
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Table 3. Comparison between sediment criteria (SQGs, SQAVs and SPAS) and average concentration of heavy metals
detected in the surface sediments of the Yeongsan River (presented as the percentage of the number of sites
which fail the criteria over the total number of sites)

SQGs SQAVs SPAS Concentration of this study

Metals >LEL >TEL

(mg/kg) < LEL < SEL >SEL < TEL < PEL >PEL I o 1m 1Iv Aver+SD Range
Pb 625 375 0 813 188 0 100 0 0 0 29.6+9.2 18.4-44.1
Zn 250 75.0 0 250 75.0 0 100 0 0 0 163482 71.5-293
Cu 125 875 0 63.8 313 0 875 125 0 O 32.0+16.8 14.6-62.4
Cd 100 0 0 100 0 0 938 63 0 0 0.253+0.128 0.0875-0.415
Hg 100 0 0 100 0 0 688 313 0 0 0.0674+0.0421  0.0203-0.139
As 125 875 0 125 875 0 100 0 0 0 7.27£2.04 5.35-10.3
Cr 0 100 0 125 875 0 100 0 0 0 47.2+13.7 31.5-66.5
Ni 6.3 93.8 0 250 75.0 0 100 0 0 0 19.7+4.4 14.1-28.5
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