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Abstract

This research investigated the effects of weir (Ipobo) construction on the dynamics and the related spatial distributions of
pollutants inflowing from tributaries (Yanghwacheon and Bokhacheon). Conductivity measurements and water sampling were
conducted longitudinally, horizontally, and vertically in the waterbody upstream of the area located in Ipobo. Additionally,
collected water samples were used for the dissolved organic carbon (DOC) analysis and fluorescence analysis which results in
the SUVA, HIX, BIX, and FI calculation and parallel factor analysis (PARAFAC). Consequently, the results of the
Conductivity, DOC, SUVA, and HIX showed that high concentration of pollutants that were flowing from the area of
Bokhacheon which was mixed along the flow of the main river. The results of the BIX and FI did not show significant
difference along the river flow which represented that allochthonous and terrestrial DOM, and for this reason was dominated
in the whole waterbody rather than just the autochthonous DOM. The PARAFAC results showed that the two fluorescence
components, humic-like and protein-like, constituted the fluorescence matrices of the water samples. The prevailing discipline

notes that the two components were inflowing from the tributaries, however, a refractory component, humic-like substances,
was relatively accumulated near the weir. From the results, the dynamics and spatial distributions of the DOM are dependent
on the DOM characteristics, which induces the application of a specialized DOM analysis method to investigate the effects of
a subsequent weir construction on the dynamics and spatial distributions of pollutants inflowing from the tributaries.
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1. Introduction
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TOC Aol ®o] AMEHI i, AZREIYS ol &S
BAF %Xé, Eﬂﬂg ol &% Ard 9 274 AR 2
T o8& gaTx B4 58 €8&she *]
=7t Ol—rOW gk A olEd WSS AE el
ERata 54 Azl 27) wiEel HEshet A 22
2, A8 HAA7 BoskA &3, H2 AREeE wWEi
BASA Fr1Eol S BFSd BRE d& T e 2F9
2 gl digh A7t @ds] P ATh(Baghoth et al.,
2011; Hur et al, 2007; Lee et al., 2009; Santin, 2009).
EPLE BN HHY 189G

qm

> (]
S BAsks e UrolAE, UVVis 859 22
FE 24 S 24 W 2 AR ds ZE&9 83
" 54 58T ojvzyt #87], 72 % 0|24 #Ed
FEAAE Agdeh AAp] EAste &2 F7184
T FEG0~75%)° BFES B e FUEZRE o)F
o]A J3(Cumberland and Baker, 2007), AFF AZolA
Z8EEe FE5EY dFEe] & V1B 93 verd
o gElA Qo B Z(Stewart and Wetzel, 1980), EF &4

£ &5l ALY dFA)] 1E S5 49T & U Chen
et al, 2003). EEM 332 (Excitation-Emission Matrix
Fluorescence Analysis)= #7129 &84 FAF} F=
wet FF AFERY BRI Fert dEAH, 49
7] 3 (excitation wavelength)d & AlEol| ALt A
S B(emission)o] ™ EEM TlolEE &3] i A9
71E8& 9g 4 2 ok(Stdemon and Bro, 2008).

Jo rlo £ 2

2 ATe Fdd AT o|xRE jFeE B MR
A sk sy 54 Wyt AFA Fskdd Bk
g & FUEe LE4=2Y FA W As 2 I0H X
o X JEFE A7) Q5] A7) HEX(Conductivity)
% && FUIEY 54 BAE FEAH AVAER &
o] Wgg &3 ol2d EZEY A /9 2 Ass ¥
oFstal, FFEAS 0§ && HUIEY Y #HE
Fdste B Ado]l i FA Wl /715 F70A Ex4
nXe 9FSs BA AT

G FAE AR
AP AT o] TR E QAT F7|E AFA] AFFE FA

o 2708 AR, LA
= FTHE 4HF Al
g3 4adA(}HE, 22, 34, G dd"E 1679
eE T SUE, F YY] 591m F 7HEE 295m, 13
B 296mo 2 FEHo Utk B FHd #5387, 5
F, AAP olx, Agd F9 AgAlde] Y, A2 A4A
S5, AAALHE, A8, 39 F9 Fol 24= 3
I(Yeoju city, 2015), EXFHEZ(ME, 2010)E &3] ©o|EE
TR EX o]&& HY olXR {92 EdF AFA Y
EAA} w2 HFoE BRI e Ag ¥
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B A7 20179 59 1349l Alg AF 2 AVAER
54 g JPsHThFig. 1). F71EY 308 EXE A
7] St FAIRE B AR 5 AFJEEDHES VL=
sk 9 ¢ Oko]"’ﬂ/ﬂ st FEFeR 50m AH(E
FEheA AlgE AFSFIAL, A 1m o4 FF st
=YY FARE Zﬂ%o}oﬂ T 25719 ARE 4N
. & fV1E BAE A8 AR AFH A #E AR
YE(GF/F filter, 0.7 um pore size) <JF3te] JAAH &

0.
7155 AARAT f71E BAE A AR AFSY B
st A7IAEEY FHE EXo digt B4 P
A7NAEEY B B 4
%H*%E 570 A, Z%HJ'%‘} 20 AN A7 S8
Z 8079 ANAE

9% A dHAAY olF
< s A& Al';:‘z le Al YSI(YSI-85, YellowSprings,
OH, USA)E ol&3 AV|HAEEE 43, && /7]
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A A &E F7]84(Dissolved Organic Carbon) &7z}
3 FE Y (Fluorescence analysis)S AAISATH £ F7]¢

EE F718S F45= 9uE]l AE=, 5 &
F71EY FEE g oE {U1EY Fa 4]l && &
7] &l 98] &3E 4 AthLeenheer and Croue, 2003;
Ogawa and Tanoue, 2003). && f7|€4+E TOC analyzer
(TOC-L, shimadzu, Japan)g °©]&3lo] EA3H 1L
dHFS Y= %E(Speciﬁc UV Absorbance,
SUVA)E AlXFet7] 918l UV spectrometer(Biochrom, UK)
£ o] &S A/ %% AR Rz 59
FTHHur et al., 2006). SUVAE #7189 X3E IS 7
71ekae] FA ‘%%}g Uel= AE=Z, A|59 UV 254
mm FFEE & F71gx EZ UE 2otk SUVAZ
o] %% 42 humic substance®} TS AFAY WIS T
< 9 u|gtti(Leenheer and Croue,
2003). BFEA L %7137" A g8 AHgEHE T F
ShUQl P FEA7|(Hitachi Fluorescence Spectrometer, F-
7000)& ©]-&3 3D-matrix WHEE FHE AUTh FLS
700 VOl A Xenon lampE ©] 83193 A Y A(quartz cell)
S o] &3 97]37(Excitation Wavelength)< 250 ~ 400 nm
o] MM &R E(slit width) 5nmZE, &3 (Emission
Wavelength) 290 ~ 540 nm¢] B4 &3 & 1nmZ 3}
o, 7 Y RE EF4EE 9= EXS AR #

o B> o
FlF

S =3
, FUEZ

mlop

1S B MR gobd F80) A2l Bl Mg
2 skl 295, Ad 94 w52 RISk

9 FE ol&d &E RVIE 54T /9ol B AK;
HIX(humification Index), BIX(Biological Index), FI(Fluo-
rescence Index)E AAMSIHTH HIX+ #7180 &FH 314
(lower H/C ratio)e] wat F3ZA7I7F Aagozn Z4=
F7tske 42 & ol&s #r71=9 HYs B=E UYeie
AZolH, 97198 254 nmol A FE T 435~480nm W
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Fig. 1. The study site and experiment points. The C means points for the conductivity measure-
ment and the S+C stands for the water sample collection and conductivity measurement
concurrently. The blue arrows stands for the inflowing tributaries, and the red line

stands for the weir, Ipobo.

9 FFANY F& HE97F 300~3451me) Foz
FAtHZsolnay et al., 1999). BIX$} FI& #7152 7199
3 AEZ WA BIXE 97]5-30] 310nmYd o, F=3}
& 380nme FFAVIE FEIF 430 ime] FBAVIZ
T #el, FIE 97]3g¢] 370 nm¥ @, &3 450 nm
o] FFA7IE 500 nme] FBAZIZ W Fholth(Birdwell
and Engel, 2010).

&& fr1eL29 FHS &3 FA 2FE UIE &
(quantity)oll tg FEE s F gl
(quality)ell dlslX = Fetstr] Oiﬁq(Matllamen et al,
2011). EEM 3% #4& &3] A4&E5He AREE 54 &
718 EF U BEE dFHo=E AN AW F
F BN 299 53 2 24 29 9B FJEI AF
4 & AtH(Yang et al, 2015). o]& 2&38l7] 93] Matlab
(The MathWorks, Natick, MA, USA)S o]&ste] thHZ
£ 7] (Multivariate modeling technique)$! Parallel Factor
Analysis(©]3t PARAFAC)S F7t8 oz F3dst3tt. o] &
e 24 ARG Vel 2 ¥ 538 P FHe
Z(Component) 2 &35k, HA && F71E F&o

ZF FA 849 HdF 7|9EE AFIFcKBro and Kiers,
2003; Fellman et al., 2010). PARAFAC 2492 o3 2
2 4 (HE ZdE F Ak

P
T, =;laifbjfckf+e”k (1)
Z.:17 "7[;j:17 e J; k:17 "'7K

xj= emission wavelength®] A W49l excitation
wavelength®] kA WA Z3E A MEZ 34
Zo|M, ay by, e B2 ZAYZ @A5E 7 Component
2 X}i}(residual)q] e MEF W59 S48 dEste
gt g AF A Bd9 ATHZE ScoreZ F 9
5™ Component /9] HdZQ =2 49 F ) b}
oy A7 BN U4 9 emission spectrum¥} excitation
spectrum 22 FH AT e Edol 8 FEHA ¥e
o] (variation)E E$HTH Andersen and Bro, 2003). £

Tl A& PARAFACOIA 42 Z+ Component$} "352%5:'“_—
£ "ty o|ER FA Y FUIE JAH HEES FH
Iz gt
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Hole e ¥4 BEE &215t7] 918l SURFER Version
13 (Golden Software, Golden, Colorado, USA)S ©]&3df
Z AHA ARG FHE A9 FA FAHE, 449 A7 dol
B 25 E I¥(Fig 2, Fig. 3)22 UERAQZ, A& dolH
7+ BZP(interpolation) & 2=  Kriging#H &  AH&-3tdth

AgHE oz, 249 43 FEE AEHY

=%
(weighted linear combination) &2 <& k& 4H&Ed &4
S Fastste AFHA G2 HHY gE AFste AT

SAIEA 129 (geostatistics gridding) 71" o]t} Kriging 71
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1990; Kis, 2016). @< 22 2AENE Es] Ha
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3 T&bH FH(Cressie, 1990; Woo et al., 2006).

QxR Aol A4Vt HE MEA A
Holw, A 2P L RE 7453
=
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3. Result and Discussion
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Fig. 2. Spatial distribution of the conductivity of matter found in the upstream

area of Ipobo.
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Fig. 3. Spatial distribution of the dissolved organic carbon in the upstream area

of Ipobo.
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ZHnatural tracer)Z AME-E $ATHCirpka et al, 2007; Vogt et
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sietd EAES Zeva Mg 5
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e 227~1,037 uS/cmE HE WY E
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H 9 3he Bt 4sA
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9eE AL F4T & AUtk FHANA /9D o)A
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24 Bdol fYHel #5Y UVEF FYE A
P W WAZ GFL WAL e & 5 AT
(Fig. 2). %38 /9 o ¥l Bapdol fY=HE F2a
Aol A7AEE BE7F Ego, ofF g4 I4sf
B ZANAE fYH7] olde ANAEE BEG W
A AAT & YATHFig. 2). BAAY FUBE} 53]
e olfit FHd AFE FAA4 U 5347} gol &
As) MEoz FPdc

AW FE @k 3FAL BE 47189 REE 0y
FA9 B4e 2 wIPtn FeA gone, B AT
Ae AR Faas HaAe B A8 o9 BAE

= 2 ]
T R71Ed 23& ZHAM BHE Ageda, f71EY
HE AxEA & f7Ek
IH AR FA9 8& f7
mg/Le] HeZ Yehdn,
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ASAT AAHCE AFAH £ FEI F71%0] o|E
B3R A2 49 g 54
g 1w F9le) et
Mt BFE Helw AArkFig. 3).

32 H4Eslie |/7|= AE Z3; SUVA, HIX

Alge BN AR/E B3] AME SUVA 32 0.62~3.44
o] B2 YehJoH(Fig. 4(a)). AFEE o] 99Y
ZFEAHEA (One-way Analysis of Variance, ©]3F ANOVA)<
AXG A, 79 FF 0.15F0A SUVAZe] A¥E=R
ZFo] & YR 9 A(p-value = 0.0728), Student-Neumann-Kuels
g Bt B3 Yl &l Apolzp HAFS &
F Utk B3A 7Y olF A % AEE Y s
SHA E2 SUVA gto] Uetds & 4 UthFig. 4(a)).

HIX #t2 2.63~6.539 HHE 7FAM(Fig. 4(b)), ANOVA
B4 A% 2¥E HIXZY WEe] f9n 2ot gle
(p-value=031)2 & 5 ATk AT Fig. 4b)S 53l
HIXZko] Holl 7749 243 AR EolAle ZFEE 7t
AW, o]TH £ FFHOIAM olxH FF{F FA T F
E2 HIX #<! 6.53& Yebdch HIX kol 5Eth Fow
259 "ol omj2y &9 wldEA fHlE AAEE A

>~
>
Jo
He

35

L= Uepdtia €8x leEg
(Birdwell and Engel, 2010), $8¥ HIX #oZHE B &
Aol EAstE FrlES o2 AP s vl AHE £ o
= AR ARAT BEHA & FEHY frIE0] Bl
g3 sFo] FAFAd W FHo] #H ALE FHPHAT
ANAEES §& F7182 AFg VAR G
71829 A ®EQ SUVA, HIXE E3H9 fUo=z Fho
skt 89 il FHHHEA A GolAe BFES
HItH(Fig. 4(a), Fig. 4(b)).

[ (o] [e]
2 EEE

33 /712 7I& X7 Z31K BIX, FI

BIXE #tol 1Eth 3| 54 A FZ A48d A&
2 PAE7Y9 7] E(autochthonous DOM)©] A5}
£ A& YeEiL, 06~07 Btk Fom FAqA &&
718 Aol BeS 9n| gtk Huguet et al., 2009). 2
A7 BIXE 077~1299 ¥WHE Uehin giiEe
BIX Ftol 0.8~1.0 Ato]& YEFATHFig. 4(c)). AFYE BIX
#*e Aol 7] $15t ANOVARA S AAgt A,
BIX#2 AHEE Ao|7} EA8IA F2E & & AAT
(p-value = 0.478). E3t, £ ¥ BIXFHLZRE FAoA A
g E2 0AdE 7|99 £ A71E A¥HZ A,
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Fig. 4. Spatial distributions of (a) SUVA, (b) HIX, (c) BIX, and (d) FI in the upstream of Ipobo. Surface means
water samples collected river surface and bottom means water samples collected river bottom when water

depth is more than 1 m.
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=

AT A2 B2 do] JHHA g A2 FPA

FI gkol 14Xt o 824 7] Y(terrestrial origin)9]
7180] £AFE Yehi L, grol 198 =W nAE 7)Y
(microbially-derived)9] #7]&0°] A3HS UebA tHBirdwell
and Engel, 2010). Fig. 4(d)olA A=%¢ FI %<
14013, &5 47 kol 148 @2 AT /M &2
ol 1442 =ZA EA gtk AFE FIgY 2ol & s
7] 9151 ANOVAEA S AAIG 23, FIgS AFERE /9
Hjg zol7t EAeHA] Ees & F U THp-value = 0.518).
ESH R FIFko] 148 YEhEZ o]X R FA& 9
FAA 9" §47149Y /18] AT Ao Bl
BIX$} FIo] AFZHE o|XH AF FAls He A4z
A& FAY sEo] TS Loy, FA MAwHoz H
AE 3o g3 AAHeZ Yud F7IEET= 7
A FYE S47199 /7180 AT Aoz Helth

H=
4

3.4 PARAFAC Z1}

& 7189 54& vYehlle 3% 338¢] EEMZ2HE
of FHH Yo, FHLALEY HAE Hostr] Het
o] PAFAFAC analysis® &3 th FA18 B4 53
@olxl EEM ZHES AH&3lA PARAFAC #4& 1@ 3
A3, 37F4] ComponentE A7G3sHHR L, ©1&§ Fig. 591 YEk
ylth 71& Bd& o] &3] Table 191 Z ComponentZt
et = #7189 423 714 EA 5 HCory and
Mcknight, 2005; Fellman et al., 2010; Stdemon et al., 2003;
Stdemon and Markager, 2005). F712¢] 7192 3A A
FH F99 EX o|&F AL FdAM FYHE AF
719 §71&(allochthonous DOM)¥} A W] v E 5
&3l SHEAHLE ANHE W79 f7]E(autochthonous
DOM), &3 QIt&Ee] 93 HPFHoZ WRIHAU
AgrE & AHALE AEHAAY, FFT FiAs &5
FAZ FY=e F7IEE UE 4 UH(Hudson et al,
2007). olFA 1ol w2t tE HEY fVIEC] FHH
H, olgg Aol7t #A e EF A, sty whg
= BTl o= e RAHEER, olF wlgoz {7]
o oig 719 F5¢] #9499 5 Uh(Hur et al., 2007).

Component 1% Component 32 7] (Terrestrial)2] &
71E =, Component 1(¢]3} Cl, ex <250 nm, em 445 nm)<

zo

o=

rr

Fananics e 81

Furatine [

(a) Component 1

Fluprsonnon of component 8

Table 1. Characteristics of the components identified by the
PARAFAC analysis

Excitation | Emission Description and
.. Reference
(nm) (nm) Origin
cr| <250 445 UVC humic-like | o 4ovan, 2005
Terrestrial
T -like
C2 | <250(280) 350 ryptophan-ike | o 2010
Autochthonous
humic-lik
C3 | <250(300) 405 UVC humicike | o an 2010
Terrestrial

T9E&F #%9 A Yede UVC humic-like® FF5E&
7}, Component 3(°]3} C3, ex <250(300), em 405)=
C1¥% mp7kA 2 UVC humic-like®] F5E & Uehix
E35] AU & FFNA Bo| HARTKFellman et al., 2010).
Component 2(°]3} C2, ex <250(280), em 350 nm)= UVB
protein-like2 o}F]:=4t, @A JH Y {KIER, AEF
9] A E 353 (biological and microbial) AJ4tell A H Q4
ol Ejgo] &L Tryptophand F&F 5F L 7IFdxn
&alx AthH(Cory and Mcknight, 2005; Fellman et al,
2010; Stdemon et al., 2003; Stdemon and Markager, 2005).
3 9J9|= PARAFAC ZAZE 83l Z+ Component]
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Fig. 6. Score ratio of the protein-like component (C2) to
humic-like components (C1, C3) by locations.
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