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Pollution Assessment in Surface Sediments
of Weir Constructed Sections in Geum River
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To evaluate the overall level of pollution in surface sediments of weir-constructed sections in the Geum
River, samples were collected at nine sites four times during the period from 2015 to 2016 (a total of 36 sam-
ples). Particle size distribution, organic matter, nutrients, and heavy metals were analyzed. The surface sed-
iments were composed mainly of sand, and the sediment types were S (sand), zS (silty sand), and sZ (sandy
silt). The concentrations of IL, T-N, and T-P were lower than the values of the class IV sediment pollution eval-
uation level (National Institute of Environmental Research standards). The results showed that the research
sites were not severely or apparently not polluted by organic matter and nutrients. The pollution assessment
and ecological risk of heavy metals were evaluated using various geochemical assessment indices (., EF,
mPEL,Q, and PLI). Our results indicate that there was anthropogenic pollution in the study area, moderately

polluted especially by Cd and Zn.

Key words: Geum River, Organic matter, Heavy metal, Sediment, Geochemical assessment index

"To whom correspondence should be addressed.

2§25l ANBEA] FPL T T B8
AR B wEsEA £4 9 SEAe) 9%
2 WAE o Aol Yokt wepy Fas 4
oA JEE stebs] Slal HAEe) e9Ed FEE
B e BPP F shinka 2 4 glehon
A2 B AR BT B AME A% 3§
S0 9y PRI grdel YYHRN F
SANSE Az ok olg walel vhs) 54
HAle] B Ave Bushl AAE Qo
o H% g PHAE] thd A7E
o

N
B>
I

y g

2 to w8 o> b
o rﬁg ;{;
LY

2R

oig AP §7)
55 THOE FYH

ol
i

Tel: 82-43-730-5641, Fax: 82-43-733-9408, E-mail: minhiec@korea.kr



126 R - 2o - A - olig] -

\:l '—JZ—%SH

- olslel - el

A3

Site ID Location
k SI-0U Bkm upstream from Sejong Weir
SJ-M  0,5km upstream from Sejong Weir
SJ-D 1.8km downstream from Sejong Weir
GJ-U 4 7km upstream from Gongju Weir
GJ-M  0,5km upstream from Gongju Weir
GJ-D  1km downstream from Gongju Weir
BJ-U  4,5km upstream from Baelkjae Weir
BJ-M  0.5km upstream from Baekjae Weir

BJ-D 1,9k downstream from Baekjae Weir
o 15
— k-

Fig. 1. Sampling sites.
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Zwol w2} Inductively coupled plasma atomic emi-
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Table 1. Sediment quality standards of the U.S. EPA, sediment quality guidelines of Canada (CCME, Ontario), and sedi-

ment pollution evaluation standards of NIER

U.S. EPA sediment Canada NIER sediment pollution
Item quality standards CCMED Ontario? evaluation standards
Non  Moderately Heavily Class  Class Class Class
polluted  polluted  polluted 5QG  PEL  LEL  SEL 1 I il v

Cu <25 25~50 > 50 35.7 197 16 110 48 <228 <1890 > 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 >921
(mg/kg) Hg 0.17 0486 0.2 2 0.07 <067 <214 >214
Zn <90 90~200 > 200 123 315 120 820 363 <1,170 <13,000 > 13,000

Cd - - > 8 0.6 3.5 0.6 10 0.4 <187 <6.09 >6.09

Cr - - - 37.3 90 26 110 112 <224 <991 > 991

DISQG (Interim Freshwater Sediment Quality Guidelines) predicting 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.

PLEL (Lowest Effect Level), SEL (Severe Effect Level), Environment Canada-Ontario Ministry of the Environment.

*Status of the grade of sediment

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 IV: 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
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Table 3. Classification of pollution load index (PLI), enrichment factor (EF), index of geoaccumulation (I
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PEL, 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 < Moderate enrichment
EF 5 < EF <10 Moderately severe enrichment
10 < EF <25 Severe enrichment
25 < EF <50 Very severe enrichment
> 50 Extremely severe enrichment
<0 0 Practically uncontaminated
0 < Ig =1 1 Uncontaminated to moderately contaminated
1 < Ig <2 2 Moderately contaminated
L, 2 < g =3 3 Moderately to heavily contaminated
3 < Igo <4 4 Heavily contaminated
4 < Ipp <5 5 Heavily to extremely contaminated
>5 6 Extremely contaminated
< 034 Nontoxic
mPEL,Q 0.34 Toxic (positive predictive value is over 77%)
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Table 4. Sediment composition, mean grain size, and sediment type of surface sediments in the study area (S = sand,
zS = silty sand, sZ = sandy silt)

Site Sediment composition (%) Mean (@) Sediment type

sand [@silt BAclay 1.1 S
> s 1.4 S

2015-1 R

1
U 2015-2 \\\\E:EE.\\\T///A
2016-1 T ! RRTRn0N \é;x.;\ DODDR0 l\ T 1.3 S
I I
2015-2 e 1.3 7S
_ 11 S
2015-1 ICSSJM
20152 T 1.9 IA]

SJ M

2018-1 1.1 S
2015-2
1.2 7S
2015-1 0.6 7S
sz 13 28
D 2015-1 R SR x\}\}}:{ﬁ{“

I 1.1 zS

| 1
0152 eSS

o 20 40 &0 a0 100 14 zS
HEsand HEsilt W@clay 1.3 zS

.+ B L B N
I 1 I 1 1.8 ZS

U 20152 ESEEE | i \Q,tl Ry : R I\\m
2016-1 R 2 2 B 11
8 \16 14

2.6 sZ

A
o
i
)
e

2015-1
2015-2 3.1 sZ
GJ M
2018-1 1.3 zS
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1.6 zS
2015-1 ; e o 0.6 S
1
20157 T
U OSSR 13 S
D 20161 R
1 I 1 I
2016-2 b e 1.1 S
0 20 40 50 a0 100 14 S
Hsand Hsilt Wclay 1.2 S
20151 "\Q‘Sld 18 S
I | — I R
U 20152
I I 1 I
2016-1 ‘\~¢$:E‘&\\:ii&\\&i{\&?‘\\\ﬁ:i\*&&\\*;}i\\‘&fl\\&:i\\\‘é&\\y / L3 S
20162 e 1.2 S
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I 1 I
20152 _ 2 15 S
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I 0.7 S
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I 1 1 I

2016-2 B \1-;5\\\1* =
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Table 5. Sediment quality standards of U.S. EPA, Sediment quality guidelines of Ontario, and Sediment pollution evaluation

standards of NIER

Item < MUi EPA1 — Ontario ClNIEliv
on oderately eavily ass IV:
(mg/ke) polluted polluted polluted LEL  SEL Severe apparent pollution
IL (%) <5 5~8 > 8 > 13
COD < 40,000 40,000~80,000 > 80,000
TOC (%) 1 10
TN (US EPA : TKN) < 1,000 1,000~2,000 > 2,000 > 5,600
TP < 420 420~650 > 650 > 1,600

Table 6. Monthly variation of average retention time (days) in weirs of the Geum River (Jul.~Sep., 2015~2016)

Sejong weir Gongju wier Baekjae weir
2015 2016 2015 2016 2015 2016
Jul. 0.7 0.2 1.7 0.5 2.3 0.7
Aug. 11 1.0 2.7 2.5 4.1 34
Sept. 1.8 1.0 4.4 2.5 6.9 32

A= AL GJ-DAFe=ZR Yett 20159 13 =
AtollA] non polluted GAl= 271 XH(SJ-U, GJ-D),
420~650 mgkg HHE moderately polluted THAIE
671 Zdolar, GJ-MAHL 650 mgkgs ZIste]
heavily polluted TAIZ Yelstth. 20154 2%}9= non
polluted ¥4 47§ A (GJ-D, B] A A3), moderately
polluted @Al 47§ AR (S, G FF7-77He1aL, §J-DAI
A2 650 mgkgs =33t heavily polluted THAIZ
WERsTE 20166 13} Z2ARIA = non polluted THA] 47H
A4 (GJ-U, GJ-D, BJ-U, BJ-D), moderately polluted
<A P8 ARSI, SIM, G-M, Bl-M)IlaL, §J-D
AL 2015 23} o]o] A4:3lA] heavily polluted
SAIZ VERT) 20164 23 ZARIME TP 557t A
A -oA FA 7348l SJ-DAIA (moderately polluted
SANE ALJe YA 2HLS non polluted TAIZ =
AEIITE f7lE B YRR STt 48~65% T
2 A g AL FJF 745-@o16d 7)) R Ha)
F 829 A4S S B 0164 89l wE Al
FAZR] F43% 74t Y91o s AEt(Table 6).5Y
ey HAE EEe] Qo] EAE g et
g A Sl oal] 8EH oA FIUdske] e
2 2gsla, FAEAE A8A7171323Y wiel] TP
221 #AtFe] Qg Aoz Hlr),

SRPY] T=7t Erhe AL HHE Qo F5o= §
29 F e Qo] Bol EAlth= RS ujg. =
AP1ZE % SRPE 1.1 mgkg(2016-2 BJ-U)~6.5 mg/
kg(2016-1 GJ-M)2= AZ=|o] vlg- B T2 A

gom o]5 T-P tH] SRP H]&E 3Htste] HH 04
~12% HHZ w$ 2 v]go|th(Fig. 2). wEA &
TFA G W EFEAENA 19 &4 FEl7F = non
soluble FEIZ EAH= Aoz Aks 4= 9t}

TN 5% W= AFER 77He 604~1,924 mg/
kg(920+329), ¥5FH 77+ 329~1,531 mg/kg(736+
354), WA E 7S 286~1,121 mg/kg(629+236)0 =
AFE > FFE > WAR 02 Yepgdth AR
ZrollM= 20161 13F SJ-DAIRFCIA, a1 F7HlAM =
2016 12} GI-MAANA, WA H L7kl 20161
12+ BJ-MA - Highs B 2E 7oA 2016
W u)e] 7 22 s YeERIeu H X
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Fig. 2. Concentrations of IL, COD, TOC, T-N, T-B, and SRP/T-P in surface sediments of the study area.
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> Ni(128]) o2 =] 7| I 55°] B2 5oz
el =+¢] 71 W7t 7l mEW Hg2 20154
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Fig. 3. Concentrations of total heavy metals in surface sediments of the study area.
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Fig. 4. Geoaccumulation index (I .,) of heavy metals in surface sediments of the study area.
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study area.

Table 7. Correlation matrix in the study area

Mz IL COD TOC T-N T-P SRP Pb Zn Cu Cr Ni As Cd Hg

Mz 1 148 216 105 121 198 255 173 075 124 265 258 -137 .018 -.003
IL 1 .960** .902** 869** .823** .769** 415* 275 .143 -161 -.008 .087 .111 .046
COD 1 .909%* 901** .825** .829** 461** 385* .264 -160 .086 .037 .157 .194
TOC 1 .973%% 871%* 827** 568** 441** 319 -.099 .183 .105 .165 .242
TN 1 .855%* [797** 628** 486** .400* -138 .196 .073 275 .325
TP 1 .776%% 472%% 408* 315 -117 .139 -.010 .142 .216
SRP 1 .443%* 461%* 321 .067 295 .070 .087 .308
Pb 1 .681%* .739** 298 .631** .061 .553** .503**
Zn 1 .943** 088 .606** -019 .660** .816**
Cu 1 106 .616%* -.078 .735%* .831**
Cr 1 .701** 110 -175 .018
Ni 1 261 .329% A477**
As 1 248 167
Cd 1 .636%*

Hg 1

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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