
ORIGINAL ARTICLE

Distribution and speciation of heavy metals and their sources
in Kumho River sediment, Korea

Yeongkyoo Kim Æ Byoung-Ki Kim Æ
Kangjoo Kim

Received: 1 March 2009 / Accepted: 29 June 2009 / Published online: 14 July 2009

� Springer-Verlag 2009

Abstract The interaction between heavy metals and river

sediment is very important because river sediment is the

sink for heavy metals introduced into a river and it can be a

potential source of pollutants when environmental condi-

tions change. The Kumho River, the main tributaries of the

Nakdong River in Korea, can be one of the interesting

research targets in this respect, because it runs through

different geologic terrains with different land use charac-

teristics in spite of its short length. Various approaches

were used, including mineralogical, geochemical, and sta-

tistical analyses to investigate the distribution and behavior

of heavy metals in the sediments and their sources. The

effect of geological factor on the distribution of these

metals was also studied. No noticeable changes in the

species or relative amounts of minerals were observed by

quantitative X-ray diffraction in the sediments at different

stations along the river. Only illite showed a significant

correlation with concentrations of heavy metals in the

sediments. Based on an average heavy metal concentration

(the average concentrations of Cd, Co, Cr, Cu, Ni, Pb, and

Zn were 1.67, 20.9, 99.7, 125, 97.6, 149, 298 ppm,

respectively), the sediments of the Kumho River were

classified as heavily polluted according to EPA guidelines.

The concentrations of heavy metals in the sediments were

as follows: Zn [ Pb [ Cu [ Ni [ Cr [ Co [ Cd. In

contrast, contamination levels based on the average Igeo

(index of geoaccumulation) values were as follows:

Pb [ Cd [ Zn [ Cu [ Co = Cr [ Ni. The concentrations

of heavy metals increased downstream (with the exception

of Cd and Pb) and were highest near the industrial area,

indicating that industrial activity is the main factor in

increasing the concentrations of most heavy metals at

downstream stations. Sequential extraction results, which

showed increased heavy metal fractions bound to Fe/Mn

oxides at the downstream stations, confirmed anthropo-

genic pollution. The toxicity of heavy metals such as Ni,

Cu, and Zn, represented by the exchangeable fraction and

the fraction bound to carbonate, also increased at the

downstream stations near the industrial complexes. Statis-

tical analysis showed that Pb and Cd, the concentrations of

which were relatively high at upstream stations, were not

correlated with other heavy metals, indicating other pos-

sible sources such as mining activity.

Keywords Kumho River � Heavy metal � Sediment �
Mineral composition � Sequential extraction

Introduction

The elements produced by weathering of rocks and

anthropogenic activities are transported by rivers and

redistributed in geological environments. One of the most

important processes affecting this migration of elements is

interaction with geological materials (Kim et al. 2006,

2007). The accumulation and distribution of heavy metals

depend mostly on the characteristics of the geological

materials, such as mineral species and grain size (Hochella

et al. 2005; Liu et al. 2006; Norra et al. 2006; Sakai et al.

1986; Taylor 2007). River sediments are usually composed

of fine grains of minerals with high cation exchange
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capacity (CEC), such as clay minerals and iron oxides. As a

result, heavy metals introduced into an aquatic environ-

ment can easily accumulate in the sediments. The inter-

action between heavy metals and river sediment is very

important because river sediment is the sink for heavy

metals introduced into a river and can be a potential source

of pollutants when environmental conditions change

(Demirak et al. 2006; Farkas et al. 2007).

In sediment, these metals are partitioned in different

chemical forms depending on the geochemical conditions.

Therefore, the bioavailability and toxicity of metals, and

their potential for environmental pollution are largely

dependent on the chemical forms rather than the total

concentration (Singh et al. 2005). The sources of heavy

metals in river sediments are diverse, ranging from litho-

genic to anthropogenic sources such as discharge of urban

and industrial waste water, combustion of fossil fuels,

mining and smelting operations, processing and manufac-

turing industries, and waste disposal (Segura et al. 2006;

Zhou et al. 2008). Therefore, information regarding both

the chemical forms of heavy metals and their possible

sources is essential for estimating potential toxicity and

reducing environmental risk.

The Kumho River is the largest tributary of the Nak-

dong River, which is the largest river in South Korea,

located in the southeastern part of the Korean Peninsula

(Fig. 1). Although the Kumho River’s total length is rel-

atively short, it runs through Daegu, the third largest city

in Korea, just before it meets the Nakdong River; there-

fore, its contamination potential is high. In Daegu, many

industrial complexes (including textile, machinery, and

dyeing factories, which can be the important sources of

pollutants to the river) have been developed near the

Kumho River since 1967. The Kumho River is also used

as an important source for the public water supply.

However, the accumulation of heavy metals in the sedi-

ment of this river has not yet been systematically studied.

In this paper, the chemical forms and accumulation pat-

terns of heavy metals in the sediments of the Kumho

River were investigated and statistical analysis was used

to confirm the interpretation of data. These results provide

more detailed insight into the distributions and fraction-

ation patterns of heavy metals from various sources in the

sediment. In addition, the effects of geological and min-

eral compositions on the distribution patterns of heavy

metals are also discussed.

Study area

The Kumho River runs through about 116 km starting from

Pohang until it meets the Nakdong River. Its catchment

area is 2,110 km2. It passes through an agricultural area

and past industrial complexes as it moves downstream.

Annual precipitation in this area is 1,020.6 mm which is

slightly lower than the Korean average. About 65% of the

annual precipitation, 670 mm is concentrated in the sum-

mer season (June–September). The geology of the

upstream area is composed of volcanic rock such as

andesite, rhyolite, and tuff, but most areas are composed of

sedimentary rocks (Fig. 1). The rock types of this area

belong to Cretaceous Kyungsang Super Group which is

divided into three groups: Sindong, Hayang, and Yuchon

Groups (Chang 1975). Sindong and Hanyang Groups are

mainly sedimentary rocks, and Yuchon Group is basically

volcanic rocks. The sedimentary rocks of Sindong Group

are composed of pebble and cobble conglomerates, pebbly

sandstone, silty shale, mudstone, and marlstone. It is

divided, primarily on the basis of variation in rock color,

into the Nakdong, Hasandong, and Jinju Formations in

ascending order. This group is characterized by lacking

contemporaneous volcanic components and predominantly

consisting of fluvial clastics, with rarely intercalated

impure fresh-water limestone. The Hayang Group is char-

acterized by bearing sparsely intercalated volcanic layers

and is distinguished from the underlying Sindong Group

which is entirely non-volcanic and from the overlying

Yuchon Group which is dominantly composed of volcanic

layers. The Hayang Gourp is composed of shale, siltstone,

sandstone, conglomerate, marlstone, and volcanic layers of

basic and intermediate compositions, and is subdivided as

follows in ascending order: Chilgok Formation (variegated

red beds), Sinla Conglomerate Formation (variegated red

conglomerates and partly volcanic), Haman Formation

(variegated red beds), Banyawol Formation (dark-gray

shale and sandstone), and Songnaedong Formation

(variegated red beds).

Methods

Sampling

Eleven sampling stations were selected considering

accessibility to sampling points along the river at intervals

of 5–10 km, and sampling was carried out in May 2003

(Fig. 1). At each station, the surface sediment samples

from a depth of *10 cm were collected with a plastic

scoop and sieved to separate fractions less than 1 mm. The

collected sediments were stored together with water in

vinyl bags in the field and carried to the laboratory. The

sediment samples smaller than silt size (\64 lm) were

again separated in the laboratory using sieves, and the

sediments were finally separated from water by centrifuge.

The separated samples were dried at 60�C in an oven for

24 h and kept in a desiccator until further analysis.
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Sample analysis and data treatment

X-ray diffraction (XRD) analysis was carried out by a

Phillips X-ray diffractometer with Ni-filtered Cu–Ka
radiation at 40 kV and 30 mA at the Daegu Branch of the

Korea Basic Science Institute. The XRD data were col-

lected from 5 to 50�2h with steps of 0.02�2h. The counting

time was 1 s per step. For the quantitative analysis of

minerals, Siroquant computer program by Sietronics was

used for XRD data.

Heavy metal contents were analyzed using a 4:4:1

mixture of NHO3, HF, and HClO4 according to the total

digestion method (modified EPA3052) suggested by the

Environmental Protection Agency of the United States. The

accuracy of the analysis was checked using standard

samples such as an estuarine sediment (USGS SRM 1646a)

and NIST Montana Soil (NIST SRM 2711). The mea-

surement of the standard samples was performed in tripli-

cate, and the average showed recovery errors within ±5%.

For information on the chemical speciation of heavy

metals, the sequential extraction method modified by Li

et al. (1995) from the scheme proposed by Tessier et al.

(1979) was used. This scheme is composed of five steps for

each fraction: exchangeable metals (F1), metals bound to

carbonates (F2), metals bound to Fe/Mn oxides (F3),

metals bound to organic matter and sulfides (F4), and

metals in the residual fraction (F5). Seven heavy metals,

Pb, Cr, Co, Ni, Cu, Zn, and Cd, were analyzed for the

sediment samples using Inductively Coupled Plasma–

Atomic Emission Spectrometer (ICP–AES, Perkin Elmer

optima 4300DV) and Inductively Coupled Plasma Mass

Spectrometer (ICP–MS, VG Elemental Ltd. X-series) at the

Korea Basic Science Institute. To support discussions,

Spearman’s correlation analysis, two-way clustering anal-

ysis, and principal component analysis (PCA) were also

performed using SPSS (v. 11.0).

Results and discussion

Mineral composition of sediments

Mineral composition in river sediment can sometimes be

an indicator of the lithology and geology of the sediment’s

origin (Churchman et al. 1988; Upadhyay et al. 2006). In

addition, the information on mineral composition is

essential for knowing the distribution and migration of

heavy metals in the sediments because clay minerals,

which are important components of sediments, play

important roles in fixing heavy metals (Gier and Johns

2000; Gu and Evans 2007; Hochella et al. 2005; Liu et al.

2006). For the sediment samples collected along the river,

no significant changes were observed in the mineral weight

percentage (wt%) although some minor minerals, such as

illite, showed slight changes from upstream to downstream

stations (Table 1). The sediments were mostly composed

of silicate minerals, with quartz comprising the greatest

fraction (39.7–58.8 wt%), followed by feldspar, albite

(21.6–34.7 wt%), and orthoclase (1.8–12 wt%). The sedi-

ments also included small amounts of clay minerals such as

Fig. 1 Geological map and sampling locations around the Kumho River
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chlorite (3.3–6.4 wt%), illite (1.5–6.8 wt%), and kaolinite

(0.4–2.7 wt%). At Stations 3 to 11, hornblende (2.4–

6.7 wt%) was also observed as a minor component.

The catchment area of the Kumho River is composed of

two distinct geologic areas, volcanic and sedimentary

regions. The geologic difference, however, did not affect

the mineral composition significantly; therefore, the effect

of mineralogy on heavy metal composition in sediments

should be limited, indicating that other factors, such as

vicinity to the pollutant sources, are more important.

Although clay minerals were identified in the sediments,

smectite and vermiculite, which are known to have high

cation exchange capacity, were not detected in studied

samples. Among the identified clay minerals, illite and

chlorite were the primary minerals with a smaller amount

of kaolinite. Chlorite, however, is not a strong adsorbent

for cations. Illite, whether by itself or layered with smec-

tite, has a certain amount of cation exchange capacity

(McBride 1984) and preferential adsorption of certain

cations such as Cs (Kim et al. 1996a, b). Illite seemed to be

the only mineral that increased its content from upstream to

downstream stations. This trend, however, is not clear, as

illite content drops from Stations 4 to 5 and from Stations 7

to 8.

Heavy metal concentrations in the sediments

and possible contaminant sources

In the sediment of the Kumho River, heavy metal

concentrations were generally high and showed high

spatial variability (Table 2; Fig. 2). Among those metals,

Zn had the highest average concentration (298 ppm); its

concentration increased up to 653 ppm at Station 10, where

a small confluent dominated by the effluent of an industrial

wastewater treatment plant is discharged into the Kumho

River. The average concentration of Pb (149 ppm) was the

second highest in the sediment. The average concentrations

of heavy metals were in the order of Zn [ Pb [ Cu [ Cr

[ Ni [ Co [ Cd.

The concentrations of heavy metals generally increased

downstream, except Cd and Pb (Table 2; Fig. 2). This

trend was clearer for Cr, Co, Ni, and Zn. The concentra-

tions of Cd and Pb at Stations 2–4 were higher than those at

Stations 10 and 11, where most of the other heavy metals

Table 1 Mineral composition (wt%) of the sediments

Station Qtz Mc Ab Kaol Or Hn Chl Ill

1 47.3 0 33.5 1.1 11.1 0.5 4.9 1.7

2 45.4 1.0 34.2 0.4 11.8 0 4.4 2.7

3 48.4 0 21.6 2.7 11.7 5.5 6.4 3.7

4 58.8 0 22.7 2.0 1.8 5 4.1 5.5

5 52.1 0 26.0 1.3 4.0 6.2 5.9 4.4

6 51.7 0 26.3 2.1 8.3 6.7 3.3 1.5

7 41.2 0 33.7 1.4 9.3 4.3 5.5 4.7

8 51.4 0.3 31.9 0.6 6.2 2.4 5.6 1.6

9 39.7 0 33.3 0.7 12.0 4.0 5.6 4.7

10 40.3 0 34.7 1.7 8.7 4.8 5.1 4.7

11 49.8 0 23.4 1.7 9.0 4.1 5.1 6.8

Average 47.8 0.1 29.2 1.4 8.5 4.0 5.1 3.8

Weight percentage (wt%) was calculated by quantitative X-ray dif-

fraction method

Qtz quartz, Mc microcline, Ab albite, Kaol kaolinite, Or orthoclase,

Hn hornblende, Chl chlorite, Ill illite

Table 2 Concentrations (ppm) of heavy metals in the sediment

Station Cd Co Cr Cu Ni Pb Zn

1 1.08 12.5 58.4 48.1 24.5 57.8 178

2 2.35 15.7 119 128 51.4 186 199

3 2.40 16.1 111 95.2 50.9 168 164

4 3.43 20.5 79.8 124 29.5 141 259

5 1.46 21.2 102 134 54.7 106 239

6 0.70 16.7 65.3 68.3 31.6 527 187

7 1.08 22.0 91.2 109 46.0 43.6 228

8 0.97 21.4 82.0 108 43.1 112 207

9 1.33 23.8 101 161 65 69.4 352

10 1.67 30.7 171 173 467 114 653

11 1.87 29.3 116 225 210 116 348

Average 1.67 20.9 99.7 125 97.6 149 298
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Fig. 2 Comparison of heavy metal concentrations for the samples

collected at different sampling stations in the Kumho River
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showed the highest concentrations. However, no noticeable

industrial facilities were identified around those stations.

Considering the presence of unreported small-scale mines

in the upstream areas, the sources of Cd and Pb may be the

abandoned mines. The concentration of Pb increased to

527 ppm at Station 6 and decreased again to 116 ppm at

Station 11 where it meets the larger Nakdong River. At

Station 6, other heavy metals did not show this abrupt

increase, but rather decreased. Just 300 and 1,500 m before

this station, there are two small confluents flowing into the

Kumho River; the increase in Pb concentration was prob-

ably caused by other sources affecting these confluents,

which cannot be clearly identified at this stage. With the

exception of Cd and Pb, the increase in concentrations of

most metals is well correlated with the increasing industrial

area near Daegu. The highest levels were seen at Station

10, where the sediments were affected by discharge from

the wastewater treatment plant. The industrial complexes

are mainly composed of textile and metal factories. In

particular, Ni, which is used mainly for metal plating,

showed the most abrupt increase at this station. Pb and Cd,

however, did not increase as much as compared with Cr,

Ni, and Zn.

Contamination levels of metals

The concentration levels of heavy metals are generally

much higher than the values reported for other river

sediments and the world averages with the exception of

Cr (Olivares-Rieumont et al. 2005; Singh et al. 2005).

Although the concentrations of Cd were low relative to

other metals, they were still 3.5–17 times higher than the

world average. For Cu, Pb, and Zn, these values were also

1.5–7.25 times higher than the world average, indicating

that the anthropogenic effects are much higher in

the sediments of the Kumho River. Based on the average

concentrations, most of the sediments were considered

polluted according to EPA guidelines. Of 11 sampling

points, the EPA guidelines for heavily polluted sediments

were exceeded by the concentration of Cr for 9 stations

([75 ppm), Cu 10 stations ([50 ppm), Ni 6 stations

([50 ppm), Pb 9 stations ([60 ppm), and Zn for 7 sta-

tions ([200 ppm).

Igeo, the index of geoaccumulation introduced by Müller

(1979), was also used to calculate the heavy metal con-

tamination levels for the sediment samples (Table 3). The

index is calculated as Igeo = log2[Cn/1.5Bn], where Cn is

the concentration of the heavy metal n in sediments, and Bn

is the background or pristine value of the element. The

factor 1.5 was used to minimize the effect of possible

variations in the background values due to lithogenic

effects (Müller 1979). Here, the geochemical background

value in average shale from Turekian and Wedepohl (1961)

was used as Bn. Therefore, Igeo can provide insight into

contamination intensity by anthropogenic activity.

Depending on the values, the pollution levels are classified

as follows:

Igeo B 0: unpolluted (Class 0)

0 \ Igeo B 1: unpolluted to moderately polluted (Class 1)

1 \ Igeo B 2: moderately polluted (Class 2)

2 \ Igeo B 3: moderately to strongly polluted (Class 3)

3 \ Igeo B 4: strongly polluted (Class 4)

4 \ Igeo B 5: strongly to extremely polluted (Class 5)

5 \ Igeo B 6: extremely polluted (Class 6)

Based on the average Igeo values, the contamination

levels of sediments in the Kumho River were in the order

of Pb [ Cd [ Zn [ Cu [ Co = Cr [ Ni. The average

sediments of the Kumho River can be classified as

unpolluted for Co, Cr, Ni, unpolluted to moderately pol-

luted for Cu and Zn, and moderately polluted for Cd and

Pb. Although the contamination level of Ni was the

lowest in the study area, the sediment collected from

Station 10 indicated moderate to strong pollution with

respect to Ni (Igeo = 2.20). At this station, indices of all

studied heavy metals were higher than 0, indicating that

the impact of the wastewater treatment plant was very

significant compared with other sources. Based on Igeo

values, the contamination intensity generally increased

downstream due to the increasing influence of industrial

activities. However, for Cd and Pb, the sediments from

the upstream stations (2, 3, and 4) were classified as

moderately to strongly polluted, which also reflects the

influence of the abandoned mines around those areas. At

Station 6, the sediment was classified as strongly to

extremely polluted for Pb due to contaminated water from

other confluents.

Table 3 The geoaccumulation indices (Igeo) of each metal for the

sediment samples collected in the Kumho River

Station Cd Co Cr Cu Ni Pb Zn

1 1.26 -1.19 -1.21 -0.49 -2.06 0.95 0.32

2 2.38 -0.86 -0.18 0.92 -0.99 2.64 0.48

3 2.42 -0.83 -0.28 0.50 -1.00 2.49 0.20

4 2.93 -0.48 -0.76 0.87 -1.79 2.23 0.86

5 1.70 -0.43 -0.40 0.99 -0.90 1.82 0.75

6 0.64 -0.77 -1.05 0.02 -1.69 4.14 0.39

7 1.26 -0.37 -0.57 0.69 -1.15 0.54 0.68

8 1.11 -0.41 -0.72 0.68 -1.24 1.90 0.54

9 1.56 -0.26 -0.42 1.25 -0.65 1.21 1.31

10 1.89 0.11 0.34 1.36 2.20 1.93 2.20

11 2.06 0.04 -0.22 1.74 1.04 1.95 1.29

Average 1.75 -0.50 -0.50 0.78 -0.75 1.98 0.82
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Chemical fractionation of heavy metals

Although total heavy metal concentrations provide useful

information regarding the behavior of heavy metals

(Hochella et al. 2005; Marengo et al. 2006), the metals in

different chemical forms have different potential effects on

the aquatic ecosystem; therefore, sequential extraction

techniques have been developed and applied to the aquatic

sediment samples (Filgueiras et al. 2004; Olivares-

Rieumont et al. 2005; Relić et al. 2005; Singh 2001; Singh

et al. 2005).

Each form of heavy metals was plotted in Fig. 3 as the

percentage of the sum of all fractions. In general, the

residual fraction has the highest percentage, and the frac-

tion bound to Fe/Mn oxide phase is the second highest. For

Cr, Cd, Ni, and Co, the residual metal fractions were

dominant. For Ni, Zn, and Co, the residual metal fractions

became less important downstream, while the fractions of

the Fe/Mn oxide phase increased. In contrast, the residual

fractions of Pb and Cd decreased downstream with the

fractions bound to Fe/Mn oxide not showing any distinct

trend.

Based on Igeo, the sediments were most polluted with

Pb as compared with other metals. The highest fraction of

Pb in the sediments was in the Fe/Mn oxide phase (30.8–

57.0%), followed by those bound to organic matter (12.5–

39.6%) and in residual metals (10.3–32.6%). The

exchangeable fraction of metals and the fraction bound to

carbonate, which can be potentially toxic, were negligible

or very small. The concentration of Pb increased abruptly

from 140 to 527 ppm at Station 6. The sequential

extraction result showed that at this station, the fraction

of Pb bound to Fe/Mn oxides also increased compared

with other fractions. In general, the high proportion of

metals with the exchangeable and Fe/Mn oxide phases is

indicative of anthropogenic pollution (Farkas et al. 2007;

Filgueiras et al. 2004; Klavins et al. 2000; Relić et al.

2005). Therefore, the main source for the abrupt increase

of Pb can be attributed to the anthropogenic pollutants

coming from the small confluent located upstream of

Station 6, as discussed before. Although the total con-

centration of Pb was lower at Station 10 than Station 6,

the fraction of Pb bound to iron oxide also increased at

this point. At Station 10, one possible reason for the

increase in the concentrations of most metals is the dis-

charge from the wastewater treatment plant. This result

shows that Fe/Mn oxides play important roles in fixing

Pb at those stations.

The sediments of this river were generally unpolluted

with Cr, Ni, and Co based on Igeo. However, the concen-

trations of those metals typically increased downstream,

especially for Ni at Station 10. At this station, the sedi-

ments became unpolluted to moderately polluted with Cr

and Co, but moderately to strongly polluted with Ni. The

fractions of metals bound to Fe/Mn oxide increased

noticeably at this station, especially for Ni, which increased

from 11.7 to 66.0%, and the fractions of exchangeable and

carbonate-bound fractions increased from 0.8 and 1.6% to

3.0 and 7.0%, respectively. This result indicates that the

anthropogenic effects were the most important sources of

metals here, mainly due to the pollutants from the waste-

water treatment plant. The significant proportions of Ni

were exchangeable or carbonate-bound, can easily be

released into the water and are potentially toxic (Farkas

et al. 2007).

Most Cr existed as residual fractions (more than

50%). However, this proportion became lower down-

stream, especially at Stations 9–11. For all samples, the

fractions bound to organic matter were generally slightly

larger than those in Fe/Mn oxides. At Station 10, like Ni

and Pb, the fraction bound to Fe/Mn iron oxides

increased markedly. The Cr fractions of exchangeable

and carbonate-bound forms were negligible here. Co

showed a similar trend to Cr except that its fractions

bound to Fe/Mn oxides were higher than those of Cr and

became higher than the residual fractions at Stations 7,

9, 10, and 11.

For Cu, the fraction bound to organic matter (34.0–

58.0%) was highest due to the high affinity of Cu for

organic matter (McBride 1994). However, no significant

changes were observed in fractions bound to organic

matter. Compared with other heavy metals, the exchange-

able fraction of Cu was high at the downstream stations,

with 6.8% at Station 10. At this station, the fraction bound

to Fe/Mn oxides also increased from 12.8 to 24.2%, which

also emphasizes the importance of Fe/Mn oxides fixing Cu.

The high Cu fractions of exchangeable and Fe/Mn oxide-

bound forms also indicate an anthropogenic origin. The

same trend was also observed in Zn, and the fractions

bound to Fe/Mn oxides were high at several downstream

stations. One noticeable feature was that the fraction of Zn

bound to carbonates was relatively high compared with

other metals, increasing the possibility of this metal being

released due to a change in the saturation state with respect

to carbonate minerals.

For Cd, which was the second most polluted heavy

metal based on the Igeo value, the residual fraction did not

show a noticeable decrease at the downstream stations,

which is similar to Pb. The fraction bound to Fe/Mn

oxides was the second highest yet did not show a sig-

nificant increase at the upstream stations, although the

sediments were moderately to strongly polluted with Cd

at these stations. This result indicates that the sources

of Cd and Pb were probably different from other metals,

possibly from small-scale abandoned mines in the

upstream regions.
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metals for the samples collected
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Statistical analysis and sources of heavy metals

Statistical analysis was used to confirm the sources and

correlations of heavy metals in the sediment. First, non-

parametric correlation analysis was conducted on heavy

metals and mineral components because the concentra-

tions of heavy metals did not show normal distributions

(Table 4). Although the mineralogy did not show signif-

icant changes as the river flows downstream, some sig-

nificant correlations were observed among minerals.

However, these were not the typical type of correlations

that can be observed in the normal sediments, in which

the distance of migration is the main factor controlling the

distribution of minerals (Kim et al. 2006, 2007). Gener-

ally, clay minerals, such as kaolinite, show a negative

correlation with primary minerals, such as quartz, feld-

spars, and hornblende. The sediment samples in this study

area did not show this kind of relationship because this

study was performed using sediment from a relatively

short segment of the river. The heavy metals showed no

significant correlations with minerals except with illite

(Table 4), indicating that the enrichment of heavy metals

here was not influenced by the mineral components.

However, illite, which has a large surface area and great

absorption capacity, may have played a certain role in the

absorption of Co, Cu, and Zn. The statistical analysis

results also showed significant correlations between heavy

metals, such as between Ni and Cr, the main metals used

in the plating industry, suggesting that they are anthro-

pogenic. However, Pb and Cd did not show significant

correlations with other metals, implying that their sources

are different from other metals.

The hierarchical clustering analysis (CA) based on

Ward’s method was also used to obtain additional infor-

mation on the behavior of heavy metals. The result showed

that Stations 10 and 11 can be grouped separately from

other stations, indicating different sources of heavy metals

for these two stations (Fig. 4a). The large industrial com-

plexes were responsible for the abrupt increase in the heavy

metal concentrations at these two stations, which was

reflected in the statistical result. The upstream Stations 2–4

Table 4 Correlation coefficients obtained from Spearman’s correlation analysis

Qtz Mc Ab Kaol Or Hn Chl Ill Cd Co Cr Cu Ni Pb

Mc -0.03

Ab 20.71 0.32

Kaol 0.34 20.68 -0.57

Or -0.79 0.12 0.35 -0.30

Hn 0.49 20.61 -0.53 0.80 -0.52

Chl -0.18 -0.07 -0.21 -0.10 0.18 0.08

Ill -0.14 -0.44 -0.16 0.22 -0.05 0.06 0.09

Cd 0.08 -0.03 -0.34 0.26 0.07 0.05 0.04 0.58

Co -0.30 -0.26 0.15 0.04 -0.15 0.10 0.26 0.62 -0.05

Cr -0.40 0.19 0.21 -0.05 0.28 -0.07 0.31 0.40 0.54 0.43

Cu -0.25 -0.05 0.13 -0.14 0.01 -0.06 0.16 0.74 0.41 0.75 0.74

Ni -0.45 -0.05 0.20 -0.08 0.25 0.01 0.39 0.50 0.28 0.70 0.88 0.87

Pb 0.38 0.26 -0.34 0.41 -0.11 0.31 -0.42 -0.21 0.37 -0.30 0.22 -0.05 -0.01

Zn -0.24 -0.23 0.20 -0.09 -0.19 0.01 0.03 0.74 0.18 0.86 0.41 0.87 0.65 -0.25

Bold significant at 0.05 level, Italics significant at 0.01 level

Qtz-quartz, Mc microcline, Ab albite, Kaol kaolinite, Or orthoclase, Hn hornblende, Chl chlorite, Ill illite

Fig. 4 Dendrograms obtained from the hierarchical clustering anal-

yses for sampling stations (a) and for heavy metals (b)
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can also be grouped together, possibly due to the influence

of abandoned mines around those areas.

The CA results for the heavy metals show that Cd and

Pb are grouped separately from other heavy metals, indi-

cating that their origins were basically different from those

of Ni, Zn, Cr, Co, and Cu (Fig. 4b). This is also well

reflected in the results of PCA (Table 5). Two principal

components (PC1, PC2) with eigenvalues higher than 1.0

were extracted from the PCA. PC1 explains 59.9% of the

total variance and is characterized by the strong positive

loading in Co, Cr, Cu, Ni, and Zn (Table 5). Figure 5

shows higher PC1 scores at downstream reaches, reflecting

the influence of industrial activities on Co, Cr, Cu, Ni, and

Zn. The weak loadings of PC1 on Cd and Pb indicate that

industrial activities did not play significant roles in accu-

mulation of Cd and Pb in river sediments. PC2 showed a

strong positive loading in Cd and a moderate negative

loading in Pb. The different behaviors between those two

metals were partly due to the addition of Pb from different

sources. The significant supply of Pb from other sources,

which cannot be clearly identified at this stage, makes the

PC2 score much lower at Station 6 in Fig. 5. At headwater

area, however, these two metals were likely originated

from the scattered abandoned mines because no significant

industrial facilities were found upstream and their con-

centrations were generally high at upstream stations despite

some exceptions.

Conclusions

The sediments of the Kumho River were studied to obtain

information on mineralogical compositions, distribution,

speciation, and sources of heavy metals. No noticeable

changes in mineralogical components were observed by

qualitative XRD study, although the river flows through

areas with differing geologies. Illite was the only mineral

that showed significant correlations with several heavy

metals due to its high surface area and sorption capacity.

Based on average heavy metal concentrations, the sedi-

ments of the Kumho River were classified as heavily

polluted according to EPA guidelines. The average con-

centrations of heavy metals in the sediments were in the

order of Zn [ Pb [ Cu [ Ni [ Cr [ Co [ Cd. However,

the contamination levels based on average Igeo values were

in the order of Pb [ Cd [ Zn [ Cu [ Co = Cr [ Ni. The

concentrations of heavy metals generally increased down-

stream as the river passed through the urban area. The

increases in heavy metals were closely related to the input

of contaminated tributary waters, especially at Stations 10

and 11. The sediments at those stations were highly con-

taminated by the tributary containing discharge from the

treatment plant for industrial wastewater. This indicates

that the anthropogenic effects were dominant in the

increase of heavy metal contents in the Kumho River. The

increase of heavy metals was also correlated with

the increased fraction of metals bound to Fe/Mn oxides,

indicating the importance of Fe/Mn oxides in the sorption

of those metals. The potential toxicity of heavy metals for

Ni, Cu, and Zn, represented by the exchangeable and the

carbonate-bound fractions, also increased near industrial

complexes. Metals such as Pb and Cd were relatively high

at the upstream stations and statistically well correlated

with each other, suggesting that the small-scale abandoned

mines were the main sources of these two metals in the

sediments.
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Table 5 Rotated component matrix of the principal component

analysis

Extracted component

PC1 PC2

Cd -0.026 0.853

Co 0.913 0.115

Cr 0.849 0.262

Cu 0.781 0.388

Ni 0.945 -0.023

Pb -0.199 20.618

Zn 0.950 0.032

% of variance 59.9 16.5

Italics strong loading; bold moderate loading; normal weak loading

Extraction method: principal component analysis

Rotation method: Varimax with Kaiser normalization
Fig. 5 Distribution of scores of the extracted components (PC1, PC2)
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