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Abstract

The purpose of this study is to find the characteristics of organic matters based on the distribution and oxidation rates, as noted
according to the spatial and temporal variations from 2008 to 2016. Generally speaking, the Han River system is separated into
one lower course and two upper courses which are the Namhan River and Bukhan River. The seasonal factor is one of the most
important causes of water quality changing in both of the upper courses as a result of a few pollution sources. The concentration
of organic matter was measured as higher in the lower course into which great streams with point and non-point sources were
identified. According to seasonal variations, however, the change of the organic matter in the lower course is comparatively
slighter than that of organic matters in the upper courses. The oxidation rates related to the BOD were 15 %, 17 % and 26 % in
the Bukhan River, Namhan River and the lower course, respectively. These results could be explained that more biodegradable
organic matter were seen to have existed in the lower courses comparing to the activity in the upper course. The oxidation rates
of the BOD were noted as relatively higher in the eutrophicated places with phytoplankton. Therefore the BOD is one of the
good index models to find the characteristic of the eutrophicated water. On the other hand BOD would not be enough to
estimate concentration of refractory organic matters in the Bukhan and Namhan river. Consequently, both of the TOC and
BOD are necessary indices to understand the identified refractory and/or biodegradable characteristics of organic matter.
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Fig. 1. Monitoring sites in the Mid-watershed of the Han River basin. (a) Namhan River
watershed, (b) Bukhan River watershed, (¢) Han River watershed downstream.

RS ssx| A3 4B, 2018



2ZrA R7189 A 3R 22X 4 H[n a1
Table 1. Surveyed mid-watershed sites of each watershed in AHEA L SPSS 20.02 o]&3te] F WY AEAH L H
the Han River basin 716 BHEAFQ Wl 1o]<&AFE X (Pearson correlation

Watershed Sampling site® Mark Remarks
Yeongwoll M-YW
Pyeongchang3-1 T-PC
Mokhaengdaegyo M-MH
Namhan River Dalche.on4 T-DC
Wonju M-WJ
Seomgang4-1 T-SG
Gangsang M-GS
Gyeongancheon5 T-GA
Inbukcheon2 T-IB M: main stream
Soyanggang2 T-SY T: tributary
Hwacheon M-HwC
Bukhan River Chuncheon-1 M-CC
Namiseom M-NM
Hongcheongang6 T-HC
Sambongri M-SB
. Jamsil M-JS
dliavilns}:rl:ai; Yeongdeungpo M-YD
Paju M-PJ

#Name of mid-watershed based on the Water Quality Monitoring
Program (ME, 2017b).
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3. Results and Discussion
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Fig. 2. Land use status of each watershed in the Han River basin.

Journal of Korean Society on Water Environment, Vol. 34, No. 4, 2018



412 REF - T8 - FolF - &5 - Halx] - o|=0]
2500
"é M Used area B Agricultural land M Forest Etc.
X< 2000
m
e
< 1500
9
% 1000 i -
w
IS,
= 500
s
5 0 -
L9 = o -
R HEEIHEIEHEEEE g
"‘"‘E’—E"—EEI.E
= = 3
Namhan River Bukhan River downstream
Sltesofmld—watershed
Fig. 3. The area of unit watershed in the Han River basin.
B \Winter B8Fall OSummer B Spring
2500 . - S g
2000 -
T 1500 B (i I
E I w z
g £
g 1000 6 2
]
=
“
2 500 N L, — I NN s, W 1, VN (/. VA /., M—— NS R T 3
2 —
0 = —-— I —— . — e — + o
2008 2009 2011 2012 2013 2014 2015 2016

Time(Year)
Fig. 4. Annual variation of mean temperature and annual precipitation at the Yangpyeong station.

E3tTh Table 29 AXE H+F
A A ERA EFdHAAA 0.7 mg/L
o]al ZH(1.0 mg/L)°] FU3 LFAFo|A BOD 0.9 mg/L
o

oo}
o
o
off
b1
F[l‘
gl
23
:|o

2 R F7hE ddev AZ(1.6mgl) # F FEAA
oA 1.6mgLZ ZA Z715tAth A% ©]% BOD ¥ of
Uzl TOC 5 2E BN 557} Z7leks 4Fe Hol
3 itk ZRMR(Z<HA5)E BOD 28 mgLolal thE FEE

o2 A vlste b w2 %E 2ES Eow_ =

239 AR Fl A -’f—?ﬂ 1x]§77}><l BOD lmg/L
ojstZ <t FE FUFE BIou 5 SR AH A
B4 09mg/LE BOD &% ¥Wsle= 3A %9ttt TOC
= A AEE Bolw AEdE 1.6mg/LE UEsith &
Aot FAdAME 95EANRIFH FFAHE AYUHA F
At 5% F7HE Holx gtk HFA YA BODE 43
mg/L, COD 7.7 mg/L, TOC 3.5mg/L, TN 6.000 mg/L, TP
0.305 mg/L, Chl-a 287 mg/m’E 37 FANA 713 &
FAE BAFA Ut}
39 A" Y Al7]E BOD, CODY TOCY &

RS ssx| A3 4B, 2018

32 EdE AdE Wsdd ETY HFs A¥Ed
Fig. 59 Zo] @3 FANNE FZZAZ D) BE
FEol ALY WsE FEEH Rola sx9 Ws =
AP AFE Holed o §92 Edd FFE A
87.6 % o4& A AL FFol FHeR Hu
2e 5 AAA alo] FE IFE MAY] HELRE dP
"ot AR 2D =3, AV 59 EA ol&=

0

N

b ARl HlEte Frbele 9 AEH wWEol F3l5
B3 bAoA gk HAA(DS EXC]EEHAA 4
1 524%=2 Zom JuFoz =7 i A7IX Y Hgo
2 fdez 49 AAF WEHol doy AI7E F
9] F7tFo] At A% FF £ ERF ZEAH @2 A
A7 AE4ES HolW, JF S ")sle] TOC
¢} BOD7} 718t o4 s%9 WsE e a9 fr718 &
579 527t fARHA whgsta slth AMEA A (h)2
ARZF 29 WEZol =3 BODY Hlsle COD9 TOC
=2

¢

X

[*]

—

H el

27t w2 540l Atk
297 SAE f99 B4 o8 2o B0l
80% ol4g AAAIL $4L ALA WEL Bolm da



B R7I189 N3 BE 84 Hlu 413

Table 2. Average concentration of water quality data in the monitoring sites (periods 2008-2016)

Watershed Mark BOD (mg/L) COD (mg/L) TOC (mg/L) TN (mg/L) TP (mg/L) Chl-a (mg/m®)
M-YW 0.8+0.5 24+1.1 1.9£0.8 2.970+0.784 0.020+0.020 3.1+3.8
T-PC 0.8+0.4 2.9+0.8 1.740.5 3.009+0.779 0.020+0.015 2.9+3.6
M-MH 0.7+0.4 2.6£0.6 1.940.6 2.526+0.502 0.027+0.032 32+£2.6
T-DC 1.0+0.4 3.3£1.0 2.340.7 2.43240.969 0.035+0.033 3.8£2.7
Namhan River
M-WJ 0.9+0.3 3.310.6 2.1+0.5 2.2854+0.312 0.030+0.019 6.8+4.7
T-SG 1.620.7 47+13 2.941.0 3.341+1.249 0.109+0.063 12.0£10.9
M-GS 1.6+£0.9 4.140.9 2.440.6 2.453+0.394 0.050+0.028 13.7+12.1
T-GA 2.8+1.6 6.1£1.7 2.840.7 4.890+2.027 0.10140.068 30.5+£31.7
T-IB 0.7+0.4 2.9+1.0 1.6+0.6 1.83140.536 0.03240.058 2.842.7
T-SY 0.4+0.2 2.7+0.4 1.740.3 1.637+0.189 0.01540.015 1.9+0.8
M-HwC 0.5+0.9 2.5+1.7 1.5+0.4 1.231+1.221 0.01340.037 4.7+18.7
Bukhan River M-CC 0.9+0.6 2.7+0.8 1.8+£0.8 1.73840.652 0.022+0.028 42442
M-NM 1.1+0.6 3.3£0.7 1.6+0.3 1.664+0.344 0.01940.012 9.4+6.4
T-HC 0.8+0.5 3.1£0.7 1.8+£0.5 2.687+0.773 0.01940.013 3.7£7.0
M-SB 0.9+0.3 3.4+0.5 1.9+0.4 1.784+0.288 0.021£0.010 9.7+6.0
. M-IS 1.4+0.8 3.9+1.0 2.0+0.4 2.3040.605 0.041=0.041 19.1£16.6
dHO:‘nS?:;; M-YD 2.6+1.5 53+1.4 2.640.7 4.058+1.416 0.17120.083 2744302
M-PJ 43+£2.0 7.7+2.6 3.5£0.9 6.000+2.386 0.30540.148 28.7+30.8
7 A vste] vwF PgHoz vu FEE AP 718 FETY WEo] dFsA Ptk
H4E fASA UthFig. 6). 2¥F(b)S EAEE F
A el wlgo] 91.3%% w¢ Fok BOD F=7F 1mgl 33 Hetd, S6iz U sHUstR SRS
ojste] ¥ FE0IA TOC 5= dF 2mg/L °]stoH FAFI} A FE T 1FHA 24 wE 27 459
ARAQ HstE At FAAHW)S AAHY Fds5EE I £2 &7t 371 3% 98T F2 BEE 5
w4 o 2014dRE 2 FES SIS BEA A AR B ATNE #718 SRR F4 28E da
Fol BMEH FdFe Bt EF o AR IF% 7] ol PAEE HAHY 5 A vasdt
d8 718 #4949 IS TdE EFEA AR vl HAetdo] 93 FHEHME B 5 Tl FUIEE 2
AAAQ Aol v FZeAA YetdA gt § AE FB7 A FEHA ok R F$ 7554 8D &
3 BEF s 7 AEAA(92 AFEA ald 9% o] 71E& uwEIH £AJES FHT Aoz 7HEIH
HEL AFoz 32 &1 FEY HE ZL P H S YEE TOCZIE 274 A 58 BOD$ COD 7IE3k
ol A APt AL T AP TOC TER FE
@ EBdAY AEF T v dRel FE & "} YTHChoi and Han, 2011). #7189 +2 W3
o]lFE AF9 HLA B EXOEEE X E EF AE A7 sHAEY, 509AMELY, 90HAEY B2
A g2A YelAE, AAZ] £ B FAEE & F5te] BFET v 23G hFig. ).
ARGt XS HolE ALz Yeigth vt &AskE A Gobd FAll4 BODY 95 5+ d&d 1493 9]
£ AAHe2 =7t ¥ Fig. 7% 2ol ZAXNFANM = 5 z=718k3 6o FASE ATS Holn glon HE
1593 1edol] o] gt 4TS HolH JE5E XA 2 SAedd =5 Wiyt $Aeth 39 R 5094
A& AYEA 4 wgo] we F45 Hslst AdH BY 2T 22 Aoz et 1xE $do] FF F
Bl dehA denh AFAHAME FEAEET w3 Ao 4FS F1 Ytk CODE BODd H3tY YEd &
Fdwsrt A dFeHRE 255 BODS TOCY &%= T Wsh ax goy 143 Fvkste 16del gashe
22Xt AR € e ek Heg FSgT Fagkel FAlsth ToCe d=d ¥HE
mEtA Fedde] vuA AL Fe A= e vy o] BOD$} COD¢l Hl3ted =x '124, 1437 '16de] =
SHEAY 7Y Ee 2F7F A0 2T o AEH 9F 7tehe AEES 2t TOCE T4 Hawkol FAMS
I f71E FEDY WEo] fAHA UEva gloy 14 o 1T T AEr9 $Fo] FAFd 9FS FA &
WRE '16d# Zo] B ZAeFd X vAE ZFY 52 ¢ F Utk
B AAA §do] FEEAA etk Foddy &l B3 FAGME 78 557t A AY F4 =
Z TAHE Y B9 AEAHA o] HHoR Hopx 1 g3 d=d wssh A verdA stk 7189 9
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Fig. 8. Water quality variation in each watershed of the Han River basin.
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Table 3. The relation coefficients between the water quality
index in each watershed of the Han River basin

BOD COD TOC TN TP Chla
BOD 1 803" 562" 235 5100 795"
CoD 1 6727 2660 5947 723
Namhan TOC 1 127 474 438
River N 1 4000 0.047
TP 1 370
Chl-a 1
BOD COD TOC TN TP Chla
BOD 1 579" 454" 1427 165 580
COD 1 658 1247 4327 488
TOC 1 102" 404 314
BR“fvﬁn ™™ 1 0065 -0‘00*8
TP 1 118
Chl-a 1
BOD COD TOC TN TP Chla
BOD 1 819" 776" 587 665 534"
COD 1 890" 722" 692" 503"
Han River TOC 1 7250 6855 546
downstream TN 1 744 296
TP 1290
Chl-a 1
*p < 0.01
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Table 4. The comparison of BOD/TOC and COD/TOC ratio in each watershed of the Han River basin

Namhan River Bukhan River Han River downstream
BOD/TOC COD/TOC BOD/TOC COD/TOC BOD/TOC COD/TOC
(mgO, L' /mgC-L"y | (mgO, L' /mgC-L") | (mgOyL' /mgC-L") | (mgOyL" /mgCL") | (mgO, L' /mgC-L") | (mgO, L' /mgCL")
0.55 1.78 0.4 1.80 0.86 2.09
(0.44~0.72) (1.57~2.09) (0.38 ~ 0.48) (1.57~1.99) (0.78 ~0.98) (1.92 ~2.30)

(a) BOC/TOC

(b) COD/TOC

Fig. 12. Box plot of (a) BOD/TOC and (b) COD/TOC in each watershed.
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