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Abstract

Organic matter, a major pollutant in water pollution, promotes microbial growth when its concentration increases,
subsequently reducing dissolved oxygen levels and deteriorating water quality. This study investigated the
spatiotemporal variations and water quality characteristics of organic matter across the Geum River basin from
upstream (BG) to downstream (YH) over the past decade (2013 —2022). The average BOD/TOC ratio of the Geum
River basin was 0.64, indicating a predominance of recalcitrant organic matter. Sections with high COD/TOC ratios
were associated with the accumulation of recalcitrant organic matter due to agricultural and domestic pollution
sources. The oxidation rates of BOD and COD increased downstream, correlating with organic matter loads from
domestic sewage and agricultural activities. Analysis of DOC and POC contributions revealed an average
composition of 88.4% DOC and 11.6% POC. The correlation between TOC and BOD across monitoring sites
ranged from 0.418 to 0.674 (p<0.01), demonstrating a positive relationship. This study suggests that TOC could
serve as a substitute for COD as an organic matter indicator in river water quality standards. Furthermore, linking
TOC with existing organic matter indicators and predicting pollution levels may support the development of effective
watershed pollution management strategies.
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Table 1. Monitoring Points and Locations
Site Target water Catchment Coordinate Source
quality(BOD) Area(km? N E
BG | Ib(24mg/L) 7.3 36 °3049.50" | 127 °21'48.40" Agricultural areas and upstream
poultry farms
Ml | 1(44mg/L) 342.5 36°3129.17" | 127 °19'8.29" Industrial wastewater and sewage
treatment plant influent
YG Ib(2.9mg/L) 56.8 36° 2840.73" | 127° 1615.48" Miho River inflow
GJ I (3.0mg/L) 75.8 36 2759.19" 127 " 727.58" Mixed urban and forest areas
MM 1b(2.9mg/L) 31.8 36 " 23'03.60" 127 00'31.90" Agricultural area
JD 1b(2.9mg/L) 141.3 36 18'11.61" 126 ©55'23.92" Agricultural area
BY Ib(2.9mg/L) 149.0 36° 19'19.50" 126° 56'39.94" Agricultural area
KK I (3.0mg/L) 6.4 36 °09'15.30" 127 °00'23.90" Agricultural area
YH I (3.0mg/L) 123.5 36 428.90" 126 * 43'50.96" Agricultural area
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Fig. 1. Land use changes of the Geum River watershed
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Fig. 2. Meteorological characteristics of Geum river

Fig. 3. Land use changes of the Geum River
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Table 2. Operating Conditions for TOC and DOC
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Parameter

Analysis Methods

Measurement Method

800°Ccombusion catalytic oxidation

Measuring Time

3~5 min. per one sample

Detection Limit

5 ug/L

Carrier Gas

High purity oxygen

Sample Injection Volume

500 uL per one sample

Table 3. The results of Quality Assurance/Quality Control for TOC, COD and BOD

QA/QC TOC COD BOD
Method detection limit(MDL) (mg/L) 0.011 - -
Limit of quantification(LOQ) (mg/L) 0.035 - -
Precision(%) 0 1 1
Accuracy(%) 97 116 108
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Table 4. Relationship between two variables according to Pearson correlation coefficient

=
2t 27

AARE B o

= O )
gtk (Yang et al.,

Pearson correlation coefficient (r)

Relationship

-1.0 ~ -0.7 a strong negative linear relationship
-0.7 ~ -0.3 a distinct negative linear relationship
-0.3 ~ -0.1 a weak negative linear relationship
-0.1 ~ +0.1 nearly negligible linear relationships
+0.1 ~ +0.3 a weak quantitative linear relationship
+0.3 ~ +0.7 a distinct quantitative linear relationship
+0.7 ~ +1.0 a strong quantitative linear relationship

Table 5. Average concentration of water quality data in the monitoring sites (2013-2022)

Parameter

Site Temp H EC DO SS BOD COD TOC T-N T-P Chl-a

() L (#S/cm) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/nr)
BG | 142+0.6 | 7.6£0.1 | 286+46.9 | 10.7£0.3 | 9.4+£33 | 2.0+0.2 | 6.0+£0.3 | 4.0£0.4 | 3.831£0.6 | 0.086+0.041 | 12.9£2.2
MI | 159409 | 7.7£0.1 | 537£80.1 | 10.5£0.4 | 26,3+ 13.0| 4.4+0.4 | 9.2£0.7 | 6.0£0.8 | 5.21+0.6 | 0.144%0.069 |49.2£18.0
YG | 148£0.7 | 7.7£0.1 | 374+£66.4 | 11.0£04 | 16.7£7.2 | 2.7£0.2 | 6.9£0.4 | 46+0.4 | 3.97£0.5 | 0.103£0.048 | 31.3£10.6
GJ 15.0+0.6 | 8.1£0.2 | 361+68.0 | 11.1£0.6 | 20.6+8.7 | 2.840.5 | 7.0+£09 | 4.6%0.9 | 3.72+£0.2 | 0.100+0.064 | 39.5£15.5
MM | 15.7£0.7 | 8.0+0.1 | 353+£51.9 | 12.1£0.5 | 16.5+8.7 | 3.0+£0.3 | 7.2£0.5 | 4.6%0.5 | 3.62+£0.2 | 0.095+0.046 | 46.9+£17.8
JD 15.520.8 | 8.0£0.1 | 344£49.7 | 11.7£0.5 [18.6+£11.1| 3.0£0.3 | 7.1£05 | 4.620.4 | 3.50%£0.6 | 0.094£0.037 |41.9+£11.3
BY | 154406 | 81£0.1 | 327£53.0 | 10.9£0.8 | 19.0+£9.6 | 2.7+£0.4 | 6.8%£0.6 | 4.0+0.6 | 3.36+0.2 | 0.087£0.041 | 33.9£8.1
KK | 15.6%0.7 | 7.9+0.1 | 331£489 | 11.0+0.4 | 21.4£8.7 | 29£0.3 | 72405 | 47£0.5 | 3.44£0.6 | 0.100+£0.042 | 36.5+6.4
YH |160+1.3 | 82%0.1 | 318449.6 | 11.1£0.9 | 19.24+84 | 3.0+£05 | 7.6%0.8 | 43+0.6 | 3.18+0.3 | 0.086%0.036 | 43.6+8.2
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Fig. 4. Temporal variation in organic matter concentration in the site

MHeCHE 212 ARSI olefdt AT R A% 0dR
Aol fedo] MI Aol 4712 o] Fag 482 o

o wtebd, B44A0) 4718 S A
1750 uhste], e o S4o] utet
19g 54 nejstel AGA Qo VY =

&
j?_p‘
N
W
)

o]

3.3 511 WY §7|2 EAM al Mgl £AM
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st 4= g7e A BOD/TOC, COD/TOC, COD/BOD
HE2 7129 SR/ A7 a848 dddls S4% 4

EZ AgHET(Jingsheng et al., 2006; Park et al.,, 2022a).
BOD/TOCE f71=9] A=t 26 7Feid= deEhiH,
ol 25 AEHE Eoi7t Bkt AS ofnijith
COD/TOCs= 2Fet4] Atshrt 7Hsst 77189 & YEd
o, Hl&o] 25 R 7S] wot skd Wi A
Zrgo] o#g2 At COD/BOD Hl&-2 §71&E9] ¢
2ol AES Boles AR, G0l EeHS A2 B
Sfi7F o Rl EHol Bol 29E] A= ofnlRt
o} Table 62 SPdol| 23H {7]1&9] T/ E4=

7] Al w7lE 54 vlee 247 Adeltt

=742l BOD/TOC Hl& +4] Ax}, H+ BOD/TOC
H&-2 0.64mg0,+L /mgC-L '8 RE A4 1 mgO,e
L'/mgCeL7'n|gto 2 YRag Bdo] e e 7o
2 ZAESIE BG A4 0.48+0.05 mgO,eL™'/mgCe
L& 7P v, MI 213804 0.74£0.09 mgOy+L ™ /mgCe
L2 7 w2 2102 yehgth Ml 2182 AEsty Esi7t
7Fe’t f718do] ddd o g wol EXjste AL ot
H, 78 H9L F9LF ¥ 4 e9Y fYeR 24
Hot. F7445A A4 B COD/TOC HE-2 1.58mgO;,e
L/mgC-L7'2, G&34 f7180] 43| EAshe Aoz
bt YH Z&EolA 1.78+0.15mgO,+L ! /mgCeL &2
7V =31, BG AE)A 1.48+0.11mgO, L /mgCeL'2
7PE gol stRE A4S Hlgo| ke AgFE EIth
FSH shRelA 2 COD/TOC vl &2 A LA 24
ol =3t /7] e@EHe] gol xetEoe] 9len, YH
A2 2o frlEe] ol xetEe] §lof shdeA o] ng

of ot AESHA a7t ofele AdEide UEAL Qich
2 Aggh o oA FdE BT 2] /7] 2

ket 2734:70] Bg COD/BOD Hl&-L
S51mgOyeL Y /mgCeL ™2 Uehton] oldfst At wak
5 SE, A7 Bokid 53 2 nEA gee] f1E

do] Wo] ZARES ofnjgity. BG A3 ol4 COD/BOD H]
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2 A3AT, AAFolA sHrE Z4= COD/TOC H|&o]
S7Fstal COD/BOD H|go| Hash= o] FEe
o, ol ShRrolA FdEFEH AEA AUl 7198 7
72 A Yol AotEE A og Ueth B3 SR
7kl GJ, MM, JD, BY A4 = COD/TOC H]-&°] &
e, o5 Aol T 9 g 2ol A&H
FYEL Qe Aoz AN oebA, MI A8 5
FoAS] e QY T E A3kstal, COD/TOC Hl&©] =
< bl TS & ASA HUEPe] IR Zow A
=Eoh
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I

332 8t U S7I2 Alstg W

BODE $718hede] o
o7} AtakAIS] tatel Aoz
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Lee et al., 2016a; Zou et al., 2017; Park et al., 2022b).
QL follA 22 Aks AS g@3kea, HH, 2540, 1
i} 22 WS el St §92 2 CODw, 4t
skgo] #Art 7FsstH(Zhang et al., 2007, Lee, 2016b).
webd, sheld §7120) QRdet sk el 9 Gelol
29 e} grohgol chepelA Lehlel

=
FHHo 2 A3 {78 2B A6k

>
i
oX
i)
rr
N,
e
™ e

| A2 ZHs= f71E A
o] Atekg Hsts 247 Aot} dutEoz BODs9}
CODw»y 9] AF8HE-S BODs 20~40%, CODyy 30~60%2 &
A AohKim et al,, 2013; Lee, 2013). 2 93 Ay} ©F
BOD AFF2-2 20.1%(17.7~24.6%), COD Arshe-e W
49.4%(45.1~53.9%) = e, AHHA Q] ZRlof|A] A|A|sta
A= AtskE HSle fARe Ao® yEpyth sbd 3k
TFHate] BAg A} AARol BG AHS A9 H|F0] £&
EZolg FEH= {715 Aol W, dEad B4 Hlgol
ol BOD 4t3H& 13.4%, COD Atehe 47.1%= 717 W+
e Bk 5 7HYG, G, MM, JD)-& BOD Atshe
o] 20% Wel= AFel Hlsl| Sk ACR Yo,
shFol HlEiAE tha ¥e £Eo2 BAFI B3t 5

Table 6. The comparison of BOD/TOC and COD/TOC, COD/BOD ratio of the Geum River

BOD/TOC COD/TOC COD/BOD

Site (O2°LY/mgCsL™) (OpeL7/mgCsL™) (0oL /mgCsL™)

n Mean=+SD n Mean=+SD n Mean=+SD
BG 20 0.48+0.05 20 1.48+0.11 20 3.08+£0.26
Ml 20 0.74%0.09 20 1.54%+0.15 20 2.09+£0.22
YG 20 0.5940.07 20 1.52+0.12 20 2.61£0.15
GJ 20 0.60+0.05 20 1.54+0.11 20 2.56+0.18
MM 20 0.66x+0.08 20 1.57+0.13 20 2.39£0.15
JD 20 0.67£0.10 20 1.56+0.15 20 2.36%0.18
BY 20 0.67%£0.10 20 1.68+0.14 20 2.53+0.22
KK 20 0.63+0.08 20 1.54+0.13 20 2.47+0.21
YH 20 0.71£0.10 20 1.78+0.15 20 2.53+0.21
Avg 0.64 (0.48 ~0.74) 1.58 (1.48 ~1.78) 2.51 (2.09 ~3.08)
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Fig. 5. TOC organic rate for BOD and COD in the monitoring site
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Hol 59 9 A egd 2 ds &
Z7¥et A2 motE), sk 29l YH 2|
OD Atsk& 23.0%, COD AtskE 56.8%2 UERY AF
IH AEHEE Beth ol 7 A9A S0E
57t obr= §Y=Ql, ot AYolA TAl FH
Sk 9 HH e HY Foo= Qe 27 WA {7
= 5Lt 371 22 e ok(Binder and Patzel, 2001;
Lyu et al., 2021). wrebA, 2735419 ¢ B23H4 =izt
o8] Rl R7|Eo] Wot BODe|| 9t 45yt F-E5t
2] Z3F 7o WriEglen, ol &AL RESHAY
A2 A7t ol o, e gos Qg AT

o 8l Aol Tiek thale] Wagh Aoz Wohwch

=2
o

3.4 DOC ¥ POCe| 4 ¥ 7|0iE

TOCE 44 5 A %71 gagdd U 5483 4
F71E2DO0S YA 771 da(POO)=E +
JHr}. o] T RS HlEd J|oee AM, e Sl
uEt WSk, {7] B4l 9k olgfjsl= o F43%t o
32 gttt (Maciejewska and Pempkowiak, 2014). d4bz o
2 TOCeA DOCE] Hlgo] =4 YehtH, shde] 27,
71%, §9 Bl wet Add wo] 2A Ushtes Ao
2 oA ok (Burska et al., 2005; Stedmon et al., 2006;
Koehler et al., 2009).

Fig. 62 27454 978 #382] TOCe thgt DOCe}F POC
o] B4t 7]oE&E yehd ZAdtolrt. TOCe] gt DOCet
POCS] B4t 71o1&2 77t 88.4%¢t 11.6%=, DOC2] 7]
& POC Ht} ¥ &2 Aoz Ueyth. DOCY 7|o&2
AFollA 93.5%, sHROlA 84.5%=2 EAHEow, whA
POCE 7oA 8.0%, sHrellA 15.5%= UetHt). 45l
A SHRE 45 TOC] tigt DOCY] 7|o&2 wolx|a,
POC?] 7|o&2 F7Fote A4S HSQIth Kang et al,
(2020)¢] A+tol W=H, 37 shte AHRE A3 g
A FH= otFe a5 A4 EFIE 9T POC
Z1o=7F 7Kt BarEan Qlr}, o] P FHo] YWt
fr&o] Wolb AlFAIzte] dojxwA] A E4do] 3]

x=, &

100

Wste] 824 FER dot A
wfZoleh. wheha, oh ko] ekt S ARet
FES AT, YA -] HHo] £%
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&, 52 5o obd 874 a9 A fU1ES R 2
s Smol 2 YF= vAE AR YERTh E9 T
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A Wsks mietste] bl oo £ EAS Ht 41
A B7kehe Zlo] "asieh

3.5 S77(EkAet R7IS 2| et

O - -

ZF 21 TOCSH 7154 F ATde B4sh7] 91s
Pearson ATHEA-S 51t (Fig. 7). BODLF CODE #
Z|1edEde AuE e Y g Heloew, £
GJ A-AA ABAS7E 0.845(p<0.0D) 2 w9 =2 A
< H%ch BOD-SS ¥ BOD-TP 7o) ATASE= dFEE
0.5 °]sHp<0.0D=E et on, dRolA stRre 455 o]
AEAG= AR RolAle AP R BRI o= ARt
Sk ZF 2@ Apo|& Qlol 453 ffo] WEEwA Rt
Aste] @ 5ol 4] WolA EAsh] W= Ty
Att(Jachimowski, 2017). ¥FH, Sk A 92 HAPL 2Hatsh
1 7320 Yol A o] g3tEo], E&Ee] A=
BOD-SS ¥ BOD-TP 7+e] AHaA7} f-onletr] A
EREth TOC2F COD 7he] e A= A9 At
AEA7E 0.854(p0.0DE w2 FHH 4Hg Byom,
©]= BOD2t COD9| ool A BY| AAH GJ 2H-el
A FEHFT o] A= G AHS 2 {fUE ol
BOD®} CODoA A AEE AlFeE nlstH, §71=
At T FExt 43S & 7Fsdo] =ohe As AARL
TOCS®t BOD zto] A= 2E= 0418~ 0.674
(pO.0DE FH(+)9] S HATE, CODel vsh A
= B Yt ol TOC7E shdg 2 7]EoA
CODE WAL 4~ = MER §71= AE= &82 714
= AR B3R 2 A AR 71E fUlE AREY
o AAE 4 E LAk A5 S 19 7IHe] 2. Ed
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Fig. 6. Percentage of POC and DOC in TOC at the Study Site
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