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The purpose of this study was to evaluate the sediment contamination levels of the midstream and down-
stream areas of the Gap Stream, a major tributary of the Geum River in Korea. Ten monitoring stations were
selected to investigate metal contaminations in the sediment, with samples taken in May and October 2018,
before and after rainy season respectively. Comprehensive evaluation was conducted according to both foreign
and Korean standards for freshwater sediment contamination assessment as well as relevant test methodology.
The analysis of sediment particle size, sediment contaminant distribution, the environmental effects on bodies
of water, and the correlation between sediment variables were all included in the study. The evaluation of the
results, using the mean PEL, quotient(mPEL, Q), demonstrated that five stations before and seven stations after
the rainy season had high possibilities of toxicity in the benthos. Two positions were determined to be within
the “very poor” range level of contamination stages prior to the rainy season. The Pollution Load Index (PLI),
used to determine the existence or non-existence of man-made contaminants, indicated the presence of man-
made contamination at every station. In the majority of stations, contamination levels of Hg, Cd, and Cu were
determined to be class II or higher, according to South Korean standards. Enrichment Factor and Index of Geo-
accumulation(l,,) analyses showed that the contaminants with the highest levels present were Hg, Cd and Zn.
In particular, Hg was found to be the most concerning metal present with a level Il contamination, indicating

heavy to extreme contamination in some stations.
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Table 1. Sediment quality standards of the U.S. EPA, sediment quality guidelines of Canada (CCME, Ontario), and sediment

pollution evaluation standards of Korea(NIER).

U.S. EPA sediment Canada NIER sediment pollution
Item quality standards CCMEV Ontario? evaluation standards

p:ﬁ’ie q m;’(iffli‘z‘jy ;fﬁﬁileﬁ ISQG PEL LEL SEL  Class I Class II Class Il Class IV

Cu <25 25~50 >50 35.7 197 16 110 48 <228 <1,890 >1,890

Pb <40  40-~60 > 60 35 91.3 31 250 59 <154 <459 >459

Ni <20  20~50 >50 - - 16 75 40 <875 <330 >330

Metals  As 59 17 6 33 15 <447 <921 >92.1

(mg/kg) Hg 0.17  0.486 0.2 2 0.07 <0.67 <214 >2.14
Zn <90  90~200  >200 123 315 120 820 363 < 1,170 < 13,000 > 13,000

cd - - >38 0.6 35 0.6 10 04 <187 <6.09 >6.09

Cr - - - 373 90 26 110 112 <224 <991 >991

YISQG (Interim Freshwater Sediment Quality Guidelines) predicting 3% Status of the grade of sediment

no biological effect below ISQG and PEL(Probable Effect Levels)
predicting frequently adverse effect biological effect above PEL,

Canadian Council of Ministers of the Environment

ILEL(Lowest Effect Level), SEL(Severe Effect Level), Environment

Canada-Ontario Ministry of the Environment

Class I: Status of sediments 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 1V: Status of sediments with very high possibility
toxicity.
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Table 2. Criteria for station assessment.
Category Status
Good All 8 metals are Class |
Fair At least 1 metal is Class II or Class III
Poor mPEL,Q value is higher than 0.34
Very Poor At least 1 metal is Class IV

% Status and further investigation recommended for each
category of station

- Good: Status of sediments which are affected by geological
background concentration and air deposition

- Fair: Status of sediments with possible toxicity, which needs
to be assessed by sediment toxicity test

- Poor: Status of sediments with probable toxicity, which
needs to be comprehensively assessment by gradient sampling
to identify the spatial scale and the severity of contamination
- Very Poor: Status of sediments with severe adverse effect,
which should be managed by source control and the prevention
measures of secondary pollution

Table 3. Classification of pollution load index (PLI), enrichment factor (EF), index of geoaccumulation (I
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quotient (mPEL,Q) indices of trace metals used in this study.

Index Range Class Sediment quality
<1 No pollution
PLI
> 1 Polluted
<1 No enrichment
1<EF < 3 Minor enrichment
3<EF < 5 Moderate enrichment
EF 5<EF < 10 Moderately severe enrichment
10<EF < 25 Severe enrichment
25<FEF < 50 Very severe enrichment
>50 Extremely severe enrichment
<0 0 Practically uncontaminated
0<Tpo =1 1 Uncontaminated to moderately contaminated
1<l < 2 2 Moderately contaminated
Loeo 2<g = 3 3 Moderately to heavily contaminated
3< IgCD < 4 4 Heavily contaminated
4<1gco <5 5 Heavily to extremely contaminated
>5 6 Extremely contaminated
<0.34 Nontoxic
mPEL,Q
> 034 Toxic (positive predictive value is over 77%)
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Table 4. Sediment composition and mean grain size of surface sediments in the study area

Site Composition of Sand (%) Silt (%) Clay (%) Mean (mm)
GI-L GLL \W/ 9.4 R 057
GI-R GLR b 6.4 - 0.43
G2-L co-L A 12.6 0.1 0.80
G2-R G2-R [ 12.3 0.7 0.53
G3-L G3-L | 1.1 02 0.57
st G3R G3-R [N 125 0.7 0.70
G4-L G4-L 154 1.0 0.53
G4-R G4+R W 7.4 - 0.55
G5-L Go-L 114 ; 0.32
G5-R
G5-R 44 - 0.52
GI-L ClL 5.6 - 039
G1-R G1-R [ 1.9 - 0.65
G2-L Ge-L ¥ 6.5 - 0.53
G2-R G2-R [p 6.3 - 0.73
G3-L G3-L [ 6.9 . 0.74
2nd G3-R G3-R 9.1 - 0.74
G4-L Ga-L 42 - 0.54
G4-R GiR N 77 - 0.78
G5-L GoTL N 0.6 ; 0.65
G5-R |3 :
G5-R ! - = L 3.6 - 0.42

80 100

wvery fine sand 63~125(um)% % fine sand 125~250(um)% @ medium sand 250~500(um)% = coarse sand 500~1000(um)%  very coarse sand 1000(um)<%
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Fig. 2. Concentrations of total metals in surface sediments of the study area.

G5-R



Zj]-

£
=3
ofN:

23 eElEoF drEAE SEL JlEE 2desn.

B2k golxl Ao Ho} of

A R g 7%

o 9l FAENE Rolet BaE

ooCre FE GAEY A%, 715 94, A%
2=

o2

Al S zelx), erlent Wt oxlo|Ze} B4
Az 2 AR ol A8H vk

NiZ 2E AoM =l 7% 1552 Yepge
o] tFEe] XH-e] US. EPAS] Moderately polluted
dAle]AY 2El8] 9] LEL 7I15S =33t 53]
7] A G3-L AHellA U.S. EPAS] Heavily polluted
AT ] FEe] ARl wel wistedel
Tha dolshAl Yehd W, Ase A A 7] & o

7t el 53] G2-R Z]qul A 71 A
T =Y 7E IeHo2 97 & F7ketslen us.
EPA2] Heavily polluted @A Ao 2 eIt} Cd
2 $71 & Gl-L# G4-R AHS AL e 2H

o]

= 12 553 Canada CCME®] ISQG, &
Bl oF E<rE3dE LEL 71 55 435k

Hg& T71 A G2-RZ} G4-L A-oA ) 715 111
533 Canada CCME®] PEL 7]&FS 233t Ao
2 Yeldtt ol AXMARNA A0 Yeke 7Fs
Aol HlwA =2 olty, 7] & G2-L AR &
T SolAY e+ 7153 A 55 750

o™ o3 Canada CCME® PEL 7|&& %3}

ol‘
o

Ak E=3 971 A G3-L XA $7]1 F G5-R A
M= 22 7150l Faisith Gl-G4 A 7] &
TE7E §71 A EERY ALY Ak wk,
G5 AL bt g9t mF Flske Zlos Yk
th G5 A1) IS F= ARAR] 8902 34

ArdeAolnt. e kAl T te] 20199 290

HAge] 94T 2 3 2w Wt 57

ZALGE Aol MEW 340094 W JFAA A
= 717 @7%), SeH(17%) AA A7 E%)
F 20709] AL QFste] ek

3.3. 257 24 "t
3

A XY ef Aol oh

by Bk R BER suE
Hstel Aol FFA oAwE Bleb] 98 F

W s EAE mPELQSE 9 71 PLIE ARS-3tod
7B ZAR A e 340 = 537]-;]-011:]-(Fig 3).

3 NPE 15w = 11
T FES XSl oW A T IbA Tof
7, HkE vt 0]% AP ES]] ZAo]
o =3 olo] T
F Uy o)ato 2 T
7}54°it} E-EffL A 0345 233 AHES 971 A
G2-R, G3-L3} G4-R A|Foln 97] Foll= GI-R, G2-L,
G2-R, G3-L, G3-R, G5-L% G5-R X o[t} o]

AES "W dAloY o] H40] Uehd 7%—**
o] 7] wiiEel 54 AF B AeRE 2AP

Fojste] @Y FRE Flsledof gt} T7] %ﬂ
G3-R%} G4-L AHL Cre] F3goz M- P

AR Uebsth ole Azshal Hush] A= NS
ojuai FA7IH R WiEAAE 2 FEFr AUt
o gk WAloltt. PLI= RE Aol 71E 1
3led 1914 2o e A=
R#% G4-L A9 7] A% Hato] £ vepstth
AAZ SA=EE H7tetrl s sFAF
(Enrichment Factor, EF)2} 94-79] 5= AE=E M54
o7 Hrish] 98l F3A4(Index of Geoaccumulation,
geo)'r 7] o g zhzke] A FEES HUlst

S TH(Table 5)(Fig. 4).

. st
164 /= 2nd
—— mPELKQ

0.8 4

mPELKQ

0.6

044 M | | -

Sl R

. 1 st
—J2nd
— PU

L I

G1-L G1-R G2-L G2-R G3-L G3-R G4-L G4-R G5L G5R

T T T
G1-L G1-R G211 G2-R G3-L G3-R G4-L G4-R G5-L G5R

Fig. 3. Spatial distribution of mean PELk quotient (mnPELkQ) and pollution load index (PLI) in surface sediments of the study area.
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Table 5. Spatial distribution of Enrichment factor(EF) of metals in surface sediments of the study area.

site Pb Zn Cu Cr Ni As Cd Hg
Gl1-L 3.14 3.28 1.39 0.49 0.31 1.04 6.17 2.55
GI1-R 3.46 7.05 3.86 0.90 1.03 1.61 14.24 12.81
G2-L 3.91 8.38 4.30 0.80 0.58 1.65 12.59 6.95
G2-R 10.09 12.27 6.21 3.84 0.86 3.70 10.98 36.76
- G3-L 7.19 8.19 3.97 1.19 0.76 1.24 10.66 11.83
G3-R 4.58 5.38 3.16 18.00 0.68 1.34 10.83 7.71
G4-L 5.31 6.07 3.58 20.64 0.80 1.55 8.18 24.98
G4-R 3.62 6.23 2.35 0.79 0.91 1.23 7.98 4.69
G5-L 5.15 6.56 2.83 0.74 0.91 1.20 11.74 5.93
G5-R 3.93 8.32 4.46 1.00 0.80 1.26 8.84 5.08
site Pb Zn Cu Cr Ni As Cd Hg
GI-L 1.64 2.02 0.42 0.36 0.26 0.93 2.92 2.17
GI-R 2.76 5.51 2.88 0.85 0.75 2.15 8.56 8.67
G2-L 2.95 5.38 222 0.59 0.47 2.30 7.94 4.15
G2-R 7.07 4.25 2.70 1.59 0.53 3.40 4.08 10.41
G3-L 3.57 7.76 3.70 1.29 1.07 2.64 9.94 6.08
2 nd G3-R 3.07 6.68 2.68 0.80 0.62 1.95 9.69 4.52
G4-L 3.02 5.85 1.87 0.82 0.62 2.55 7.02 3.81
G4-R 3.28 5.05 2.15 0.73 0.34 1.69 2.35 3.04
G5-L 2.89 5.46 2.26 0.70 0.37 2.03 6.90 6.50
G5-R 2.62 422 1.86 0.82 0.45 2.14 5.02 8.29
5 Igeo 1st ! ! Igeo 2nd 5
i . s

- Cr

Cu

Ni

As
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Hg
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Fig. 4. Geoaccumulation index (Igeo) of metals in surface sediments of the study area.
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