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Abstract

In order to analyze the effects of sediment on the occurrence of algal bloom on the Giheung Reservoir, the contamination levels
of sediments were evaluated. The concentrations of various organic compounds (ignition loss), as well as the total nitrogen, total
phosphorus, and heavy metals (Zn, Cr, Co, Ni, Pb, As, Hg, Cd) were analyzed in the sediments taken at eighteen sites of the
reservoir. The concentrations of ignition loss and total nitrogen tended to increase from upstream to downstream, and ranged
from 4.38 to 12.93% and 2,153 to 4,723 mg/kg, respectively. Heavy metals were in the order of Zn>Cr>Co>Ni>Pb>As>Hg,
and the contamination level of the heavy metals was not high as a whole. The concentrations of the total phosphorus were in
the range of 765 ~ 3,238 mg/kg, which exceeded the contamination level of the "Sediment Quality Assessment Guideline of
River and Lake Sediment (Rule No. 2015-687 of the National Institute of Environmental Research, Korea); at two upstream
sites, four downstream sites, and all downstream sites. These results indicated that the pollution level of the total phosphorus,
which is the main factor related to algal bloom, was found to be serious. Therefore, it is necessary to establish a
countermeasure for sediment management in order to control the algal bloom which occurs periodically in the reservoir.
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2. Materials and Methods

718AFAY HAE ANEE 47, TF FY 47 6
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Fig. 1. Map of sampling location.
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3. Results and Discussion
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Analysis of Sediment Particle Size
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2 #AET (Lee et al., 2015).

AF e ST39 E(sand) HIE°] 56.6
%2 7ha E=Skal, ST20lA 149 %= 712 Isith (Fig. 2).
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Fig. 2. Particle composition of sediment taken from the Giheung
Reservoir.

%2 &7 S/ Hls FEY H&o] ESTH

A REX2RE HIFE EYS 79 A, AFe HAE
A FE(silt loam; STI~ST3)$} A& FE(sandy loam; ST4 ~
ST6)o1 e, SFE AFLE(STT), PIAFE A FE(silty clay
loam; ST8~STY9), HIAFE FE(ST10~ST12)2 ZFHUch 3}
T EHAES AEAYER EFE STIS o949 AFLS
TAEFER ZREJT 71EAFA HAEY J= 74
23, AFolA SHFE Z24E B Hlgo] FolE, A
E9 Hgo] golds & F AUtk HEY H[go] o
T&5 HFHA ] AXL {F71EY FFo] wokA LEETL
F7tet7] W&o, FFolA SRR 24E L%t FobA
= Aoz AdHAT (Kang et al, 2012).

3.2 Chemical Characteristics of Sediments

HAEY 718 ARE AMSHE dddbsES AR
NA B 6.42(+2.45) %, S SHFIA A 8.39(+2.42)
%, 10.04(x2.10) %ol oM, ARl HZE 258 5=
7t ol e BTFE BAT (Table 1). olddt ZFHE= 7
A FYE f7IECIY J1EAFAY ARAA AT
WAt Zxol d3 APE 7€l £Y 55 Y5
3HFE olgste FAE] WiEel AeE gudHch B AT
oA BMH 187 AH, 3670 HAE AlsAM = T
A5 AHE 29¥97 71E 04 B 54 A=Y 7
NE@EAALTFEE) L9%E 71213 %S 2T AEE

S 0=

Fig. 3. Concentration of ignition loss, total organic carbon,
and chemical oxygen demand in the sediment samples
taken from upstream, midstream, and downstream
sites in the Giheung Reservoir.

steH3 Ao FEE AROA B 0.43(20.29)
%, e B 0.17(0.13) %, 3HF= B 0.200.112) %
2 AR wE Holrt Fom, TR/, kel Hs 479
CODyoq =7} 9F 2.38] E3}Th FR/7IENTOC) 3EE 4
F, EF, sHolA 22 1.95(+1.00), 1.91(£0.78), 2.33(0.68)
%2 AT T/ vl SRl EL %S YERASCH
TOC % CODy 7t ZAS= Hl &2 AFelA 31.6(x31.0)
%olRem, FFY shiolA 47 9.3(+6.0), 9.3(+4.6) %°]
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Z1SAFA HAEANAN H71E LEGEE BN ZAH,
CODyy BEE THY ol Hl&] 474 =ked
TOC &= ZEaEFL shiolA A4tk (Fig. 3). ol&d
A%2 & o, FRde dHFHez A &7t et
#7189 5=/t o1, SF=E ZFE 27t ofHe &
7N1EY B2 B2 Aoz HIT % 7|EAFAY F
AEL SFE ZFE F71E 290 HsiAe A4S ¥
ER STk

‘ﬁ_
st oy, sHolME 3.861(913) mgkgl® AF9
Foll val £2 =5 JehiUTh (Table 1). =W "5t

A58 HHE LE997 71,9 “[ER 2] sil-5a E

Table 1. Average concentration of the carbon, phosphorus, and nitrogen in the sediment samples taken from the Giheung Reservoir

Region Ignition loss TOC CODsed CODsed/TOC SRP T-P TN ON ratio
(%) (%) (%0) (%) (mg/kg) (mg/kg) (mg/kg)
6.42 1.95 0.43 31.6 36.2 1,866 2,994 6.2
Upstream
(£2.45)* (£1.00) (£0.29) (£31.0) (£15.6) (£980) (#607) (#2.2)
Midstream 8.39 1.91 0.17 9.3 47.9 1,810 3,177 5.8
(+2.42) (#0.78) (#0.13) (#6.0) (£22.2) (+618) (+869) (*1.1)
Downstream 10.04 2.33 0.20 93 535 2,172 3,861 6.0
(£2.10) (+0.68) (#0.11) (+4.6) (£10.6) (£302) (#913) (0.4)

* Standard deviation of six samples

BIE=8EaR| M4 M1, 2018



7| EXX| EXE| st 2¥E 24 29
3300 oM X7t IA =T (Table 1). F Tahd-34 §
wo{ [ o AE FEE 2997} 71F A HAE F U 5=
2500 | He IV 55 7152 1,600 mgkgol™, BHgoz vad
2 W 35, FF L R A4 F ¥ 5= IV 5F
£ 27 Fo zAa9t AEE BE ARAN /) A F 2
% 1500 " 1 A AHFAA FQ 71EE 2HH9eH, SHRAA= 671 A
= 1000 | A F N AN 712 2HHAT, SFRIAE BHE
500 H H 6/l AH BF 71Es =HsAT (Fig. 4). ol=st 232
g 0 7|EAFA] HHES TA-5A HAE FEE 2
S S A A A QR A%, 9 FA NEor BT 0 HFedn @Y
meesm® NeY¥EES UERESS g 2@” 4HE #dEth Ql(phosphorus)e]l =Z LAY
Fig. 4. Concentration of the total phosphorus in the sediment Z9 JIPRong FHE0 7|EALA NN FHoR
samples taken from the Giheung Reservoir. Dashed M =xd 2 AFS 6 Aoz woET
line indic§tes ‘the IV‘ grade leV§l for total phosphgrus SRP(G8AHNE AR B 362156 moke, EF
concentration in Sediment Quality Assessment Guide- ?
line of River and Lake Sediment (Rule No. 2015-687 = 47.9(222) mglkg, 3Hf= 53.5(x10.6) mgkgo2 SHy
of the National Institute of Environmental Research, 2 ZF4E FoAE FFE YN LH, ol we St
Korea). 2 UHETE HIAEZRE FAZ £&5H= A9 &l
9% 92U oYW AE N HAE 5 FAse pr o0 ASS BRI TU T AU AAE &
7 5600 mgkee ZTHE A9 AT BuG odro i o}woll/\j 247 Jd 2.4(x1.3), 2.6(x0.7),
2 FAsA Qed, B ATA 2HE we gag 4 U0 % AN AR %E e,
A o] 7|&E 2FHste= AERE AATH )
ON HSe BHEe TIE 97129 sUe FHEe 3.3 Concentration of Heavy Metals
) ol ALE= A FolH, ON H7} 12 o4 AL & 718AFA W 1878 AR st 87 FFY S35 5
A 79§18 YT, 6~9 WY Agole Ay == EHE A% oY v bR wglen, A5
F3E 719 R71ERZ BGET (Woo et al, 2014). & & EPHARElL>FEY eAgeH, =R HEWA
TN TOCS BA4 SEEZ AME ON Wge 4fd  C1°HE HEET (Table 2). ofd2 ARl Bt 3087

p

A HEF 6212.2), FFE 5.8(£1.1), HFE 6.0=0.4H)E A
ARNA 10 o2 YeR} s HHE EAste 71
B2 JEAFAANA A7 A AEZFIE H
Ao FAE f71EClEL & F AT (Table 1).

71EAFA GHAEANA FRA FEE FFHAAM FHF 1,866
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mgkgl 2 71 Egom, £F9 sFe 247 2557, 263.9
mg/kgol Ak AF XA F ST20lA ofd e 589.6
mgkgo 2 "t 54 HAE FEE L9E97 71,9 &
2 HAEY ofdel e 153 715363 mgke)S =3t
Fom, Uz AF F I55S 23 & ddth T
9 FEE 29.8~78.3 mgkes] HARNLH, HH 46.7 mgkg

-
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(£980) mg/kgelAom, FHAME 1,810(£618) mgkg, ot . = = Y
o A ==\0 T 7}z
%-Oﬂ/ﬂ—"‘_; 2,172(j:302) mg/kg‘ﬂ 21‘9_]1:" }5]'%-94— %%oﬂ H] 3“ ]gi]:} STZ( oTT‘)gr ST9('<5“IT)"] :F"j’] oT-T a9 78.3,
Table 2. Average concentration of heavy metals in the sediment samples taken from the Giheung Reservoir
Concentration (mg/kg) Pollution
Parameter
Cu Pb Ni As Hg Zn Cd Cr Index
Upstream 453 16.1 344 11.0 0.047 308.7 nd” 71.3 0.20
P *183)" | (29.8) #7.6) (#2.6) | (£0.024) | (£145.5) (#17.2) | (@0.06)
Region Midstream 48.9 16.8 43.8 13.8 0.055 255.7 nd 82.7 0.23
&t *109) | (*13.9) (4.7) #33) | *0.021) | (68.7) 45 | @0.03)
D " 45.8 21.0 48.0 17.6 0.055 263.9 q 81.5 0.24
OWRSTEM | (19.6) (£12.6) (#5.5) #42) | (*0.014) | (£100.6) n #9.7) | (@0.05)
1 60 65 53 29 0.1 363 0.6 112 -
Grade™ II 228 154 88 45 0.7 1,170 1.9 224 -
1 1,890 459 330 92 2.1 13,000 6.1 991 -

* Standard deviation of six samples
“ nd: under detection limit

™" Sediment Quality Assessment Guideline of River and Lake Sediment (Rule No. 2015-687 of National Institute of Environmental

Research, Korea)
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Table 3. Concentration of heavy metals in the sediment samples taken from the Giheung Reservoir

~ Concentration (mg/kg) Pollution
Cu Pb Ni As Hg Zn cd Cr Index
ST 1 50.1 14.0 26.4 8.4 0.050 270.1 nd* 50.8 0.17
ST 2 783 32,0 4.7 15.6 0.093 589.6 nd 92.9 031
ST 3 304 119 24.9 9.4 0.026 2477 nd 528 0.15
ST 4 29.8 7.2 354 117 0.031 194.5 nd 7.7 0.18
ST 5 359 237 39.3 115 0.035 3324 nd 85.4 0.22
ST 6 47.6 7.8 357 9.2 0.048 218.1 nd 68.0 0.18
ST 7 50.7 22.0 44.9 15.6 0.067 3428 nd 85.5 0.25
ST 8 37.0 39.2 37.6 10.2 0.035 187.1 nd 76.9 0.20
ST 9 65.2 10.8 485 12.7 0.079 279.7 nd 86.5 0.24
ST 10 46.4 22.0 43.8 17.4 0.061 321.1 nd 80.4 0.24
ST 11 56.2 2.2 48.8 16.7 0.066 219.5 nd 87.8 0.23
ST 12 377 4.4 39.0 9.9 0.023 183.8 nd 79.2 0.18
ST 13 513 229 50.9 18.6 0.063 3238 nd 91.1 0.27
ST 14 56.0 30.6 53.2 21.2 0.071 357.0 nd 86.8 0.29
ST 15 35.0 4.9 455 11.9 0.036 141.0 nd 79.0 0.19
ST 16 438 30.5 46.8 17.3 0.047 299.5 nd 83.7 0.25
ST 17 54.4 316 52.7 228 0.067 330.6 nd 85.2 0.29
ST 18 345 5.7 38.8 13.6 0.047 131.8 nd 63.4 0.18

* nd: under detection limit

652 mgkgo 2 '3HH-S4 HHE FHE 2HYst 7
Cudl did IS5 71F(60 mgkg)S ZFHatom,
1_

Nz, 9
SRR
R
43.8(+4.7),

AFL 71F v sxolth UAY 5%
I 34.4(x7.6) mgkgolPoem, & = 44
48.0(£5.5) mg/kgo 2 Aol H1oﬂ Edch 2 AFlA &
Ad 1870 AA F STI4(EHHY YA 5%7F 53.2 mgke
oz F—é—]_;‘q.ii HAE =Y ocxlﬁﬂ 7].r.J9,] Ao
3t 158 715053 mgke)s IRt HHE F AE,
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9 FFE 27 0.20(£0.06), 0.23(£0.03), 0.24(£0.05)°]
o (Table 2). EE AHAA “F&F I’ 57 7€ AT
#2 0345 23 A5+ JATh

3.4 Contamination Level of Sediments

71ZAFA AN A 200730 107] AFol et HHE 2
HEE EA AFe mEY, dddLTeEE 2.28~4.66
%, 2R2E 310~1,520 mg/kg, £91-& 600~ 1,050 mgkg
o2 ZAE QT (Ahn et al, 2008). £ AFoA BEAg Z
e FAALTTSFS 438~1293%, FRAE 2,153~

BIE=8EaR| M4 M1, 2018
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&3 9lo] HAEY o9 HA=
.—E_‘— 3835 #daly] o]Foh US EPAQ] “Sediment Quality
Standards”oll Al A 2(TKN)ol i3t 7]&2 1,000 mg/kg v
T G5l “non-polluted” F=Fo]™, 1,000 ~2,000 mg/kg
4 A$E “moderately polluted” =, 2,000 mgkgs =
31 “heavily polluted” FFo2 BH7FETh (Lee et al.,
2009). & AFNA BAE EE HIE ARAA TELY
%7} 2,000 mgkgs ZHFPLEZ, US EPAY “Sediment
Quality Standards”oll W2 ZE X HoA] “heavily polluted
A% ez EFHT (Lee et al., 2009). WA 71&
AFA HAEY 24 YT 52 Ao gddth
71EAFA EHEAAN FHALTFEEE BE ABAA T3
A-za ﬁﬂ“ FEH 0H9Frt 71E,9 IV 58 7IEd
13%E =7t godrh ST US EPAY HAE 7&E
(Sediment Quality Standards)olA & SAALTIEFO] 8%
24 B¢ A 2@rem ERAT £ AFdA &
d Ado] wzd AF9 17 A™ST 2), 7Y 470
(ST 5, ST 9, ST 10, ST 11), 379 571 AH(ST 15
Yol A1 9424"3&7}%%*01 8%%E Z¥3te] US EPAY ¥
@E 71Ee wEt AT 297l Aoz BFIHJC uht
Al 718 ZiTXl HAHEL F2E ZFE f718 29=7)
Al OH;(]}: :
2 *c}‘“—, %, SHFolA 47 33 %(ST2, ST4), 67
%(ST7, ST9, ST10, STI11), 100 %(EE AA)ANA IV 5F
71ES 2#HeA T H-sA HHE Hz!t“ 2 AF7t
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g2 gGridth FF59 Fde B/ F
2z 1AM (R, ST2; 7, STY; o, S
T2 Ee UAy 57 Tad-54 HHE &
B7t 71E) F (2R Hd-34 HAEAE FEE 9
7} 71%”94 n 559 slgsts, “[Ex3] 3d-=
E ARE 2¥4g97t 7$ =
BEREAT
NEAFAY FNA AAF HHE AFNA ZHE
%919 84T E 4.60 mg/mYdolR M (Lee et al., 2015),
ol ad7ld F718Q Zx7t dAse d s F4ad
9 HHEY &9 EFEY 6.74(0.50) mg/m/dol] H3|
IO Oh et al., 2015), SHEHAA ZFH 09 &=
£49l 3.59~3.82 mg/m¥d(Lee and Lee, 2004)¢} B30l
A ZAFE 214 ~3.54 mg/m¥d(Cho and Chung, 2007)°]
3 =gt o3 Az BHF o), 7| EAFA 9 5424
B2 &l U L9=t Wi A, HAEERE F
o

&EE2 4 WEFa 2y Jhsdol me w8 A=

_Bi mlm tfo
F

2 N gy mlm

uﬁuﬁi

>_]
—
i
a4
é
R
[
£
e 2

k)
®
2
=~
<

A

o€t

S E =9 24 T
o7 HPHY AA Fouh 1993@_ 23359 FAMNAE
BRoz “#gs HIAE FAHAY” A¥S FEE 9 9
I AHIE 28319 AAE JEDR AAA @739 ¢
AN BHoz 19949 FAFFTHE AR/ AFE
A ARE AAE o 438 7E g3z 2 7
st AAE F4 71FEe] HAEY 29 FEES
Z1Ze2 AMgH7IE 9 (Kim et al, 2012; KARICO,
2005; Oh et al., 2015; Yang et al., 2004). 2535
T2 T44L, B9, FHALTFEF 2 CODoll Wt Z+
7+ 1,100 mg/kg, 800 mg/kg, 7.0 %, 20,000 mg/kg (2.00 %)
€ 7IE8R Pk, vl FE T 2~37) 5] TIEE =
et A9 e EF FEY =27 vl w2 A S
i AGez HGsEE ¥t (KARICO, 2005). &
A BAE 187 A F FHol AT STie= ALst
1778 Aol 278 o] FEA BFs F4 7IES
H34ck B diFds H¥E A
7 COD & E73e 22 7|&S FHEe )
9 2 A7 3,000 mgkgd 1,500 mgkgs 7]FS
Fagon, 4l FE F 27 ol F&Ho] V|EAE 45
e A9 e 48 AFINNRT (KARICO, 2005). HEZ
A 71Ee "t VEALA HAEY LEEE Jﬂﬂ'&}fﬁ_,

ARAAe o/ AR F 1A, 7= /8 A" F 470, st

gl

Fe BE AFAA 24 039 FRo] 72N FAR
o ooled A%z AU W, 1EAFAY HHE L@E
ok ) W, ARANN FAH02 BgEe =
Z P2 fste] HHBe] IF WV ALES 9B =
H 5 9% B Aol WAF o= AL EF 5
F A9 94% egwst s gRe), AY wge 3
s ang Iose] gsdd SR AL FHo=
Adehs Aol Ba¥ Aoz gudth

4. Conclusions

718AFAY AR, 5/, shRdA 44 67 AHd o
st H3E LEEE Hrhedt fES(@AdLTE D)
I THLaE FRAA SRR 24E FoAs ATE U
ERRQem, 747t 438~1293%9F 2,153 ~4,723 mgkedl
HAE S Tekd-sa HAE L9987t Ve, & 2FHsHA
@sko, US EPAY HAE 249 7I&E &30S

2EETt B2 AR Uyt FU9 BEE 765~

238 mg/kgd] HWHAZ FFY 27 2

]'Tr«] A AFAA T3
T3k
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4H A JSASA HEE 295 Ut 29, §¥E S
718, F4L, FA0 AF el AT Ao UEpt
or, ol ma} AFANH FrHoz WHhsE Hx2ES
Aotelr) et HAE AE A dA $Yo) 2o
Aoz #ddEY,
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