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Abstract

From 2021 to June 2025, the inflow and effluent of small-scale public sewage treatment plants (Site 1 and Site 2) in the
Gwangju area were analyzed. A statistical analysis was conducted to examine the correlation between TOC and related
parameters. Machine learning was applied to predict the TOC of the influent, and model selection and result verification were
carried out. The average treatment efficiency of the sewage treatment plant Site 1 was 98.9% for BOD, 96.6% for TOC,
99.3% for SS, 85.5% for T-N, 86.9% for T-P, and 99.7% for Total Coliforms. Similarly, Site 2 showed treatment
efficiencies of 98.8% for BOD, 98.3% for TOC, 98.2% for SS, 90.9% for T-N, 95.0% for T-P, and 99.8% for Total
Coliforms. Both facilities demonstrated overall very high treatment efficiencies. The correlation analysis between TOC and
major water pollutants showed that, for Site 1, the inflow had the highest correlations with BOD (0.60) and SS (0.62), while
for Site 2, the highest correlations were with BOD (0.52) and SS (0.59). The machine learning model was evaluated by
comparing RF, MLR, and SVM. The comparison results showed that RF exhibited the best performance in predicting the
inflow TOC for both facilities (R2=0.809 for Site 1, R2=0.737 for Site 2).

Key words : Small scale sewage treatment plant, Water pollutants, Correlation analysis, TOC prediction, Machine learning,
Random forest
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HAUFo] B2t
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Fig. 1. Sampling sites in sewage treatment plant of Gwangju.
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Shal, A HEd 5 I ATEAS AAISHH. ), AA| HlolE F FA B/ 71040}— A AER]
glo|E o] AR of o} 4= 2 HAPE TAE 1 A RZE HERLS -8oto] RElS o= AL
gote] Axojgt AEXY(spearman correlation 243 dust AsS SAlYl ERIHHyun,
analysis)& d-&st9om, Jd 7ol Fon|gt 2pol& 2025).
AUsHA v wstarzt B R4S (non-parametric 2 AfoM e AR FFsteA Al TOC
test) WHSIATE RE SAEY 9 As= FEE IS5 ofo] FRFE vl T8 HSE HUt
python© & 438519}, starzt skt ]% 218l BOD, SS, T-N, T-P, &
FoE 58HS, TOC 5 THASE A9l
2327 A8s o} o5 2 ?%% RNl old2l AA, A3t Hlol
7| ASrE-L o)A glolE oA EAA mjel Tt 72 Bl A2 ¥ sk5dlole 70%, B7ElolE 30%E H]
Ao ete] o)E RES sl sHoa A o|HE ok, ZIASs 719 <] MLR, RF, SVM
dolelE S487 BH80R Helsto] s oy = 57 TOC &5 52 St
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7r AJA BAE 5] 13 AR el o] T A& YL E gHEst7] Y5 IQR (interquartile
= Gl AR PR, oy SYHSY] JF range)E &-&ofl tlo]E9] o FAE AlHstal AAS)H
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5, 1 dsAEs 730‘5}‘3% 2 AAE AEst= & sl REe] d&54d5-E AFHo=s Hrishy] 19t
AE g 7ot Bdl2 7L ET] A A R E F X]Eit HAAETLAHRMSE, root mean square
Z2H9l2 Mdeisto 24 Ed| 7] g FAs)shH, erron)@t ZAAIR?, coefficient of determination)
o1& Foll & mEoflA WAt 4l Y A= £ AH85FtHLee and Kim, 2021; Park, 2021). ¥
aytdo = Wit RFE BIAEH BAY | 7 7I 79 EA-E AT Y, RMSEE A&5# BE 4
o] EXet Ao 28-S BAT uf Ero 7Pgo] e Sk 7He] Zpol & Yetl= Zkake] 2712, o] grol ool
oof 4 Hlo|E et 22 A Q1 Hel EAof f-2]st 7k Bdo] AA ARsE @) glo] §FYgst
o}, 53] viZ(bagging) 71&& &0l HHo] #AS 2 1 U3 oulgith, ZAASR)E ZEo] A Hlo]
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Table 1. Quality control of measuring equipment
Item MDL (mg/L) LOQ (mg/L) R? Precision (%) Accuracy (%)
BOD - - - 1.4 96.2
TC 0.05 0.15 1.0000 0.5 103.9
TOC 1C 0.02 0.07 0.9998 13 99.8
NPOC 0.05 0.15 1.0000 1.6 100.3
T-N 0.042 0.132 0.9995 6.5 98.0
T-P 0.002 0.008 0.9982 8.2 100.0

Precision + 25%, Accuracy 75 ~ 125%

Table 2. Annual discharge characteristics of sewage treatment plants

(unit : mg/L, Total Coliforms cfu/mL)

BOD TOC SS T-N T-P Total Coliforms
(Mean=SD) (Mean=SD) (Mean=SD) (Mean=+SD) (Mean=+SD) (Mean+SD)

2021 198.3%304.5 115.2+112.6 299.4+420.4 41.20£15.64 4.530£1.825 2.0x10°+1.5x10°
2022 114.7+84.6 128.1+58.1 261.1£150.5 47.31+£14.77 5.186+1.618 2.4x10°+1.9x10°

Type  Year

Siffl 2025 16094855 127541052 500245111 417041945 478942351  3.1x10°+3.7x10°
2024 187.7%137.1 120.4+88.7 318.5+345.9  34.22+13.20  4.274+1.908  3.3x10°+2.1x10°
2025 283.6+203.7  133.6+103.2  497.4%665.7  33.42+1649  5.146%2.544  2.5x10°%£1.7x10°
2021 3.242.1 4.0%1.7 2.7+1.7 7.7143.63 0.71140.770  2.0x10°+6.0x10°
2022 25+1.4 43+1.7 3.0+1.4 5.99+2.76 0.627+0.743  5.0x10%+5.4x 10
Szfef_l 2023 1.6£1.5 4.0£1.7 2.6+1.6 5.02+2.53 0.490+0.566  9.5x10°+2.0x10°
2024 1.3+0.8 45%1.9 2.3%0.9 5.1142.26 0.688+0.508  2.2x10°+2.6x10°
2025 2.0+13 48+1.4 1.7£0.9 5.01+2.33 0.43940.280  1.8x10°+2.0x10?
Removal avg. (%) 98.9 96.6 99.3 85.5 86.9 99.7
2021  231.6+£194.7  153.0+164.8  366.2%550.5 36.8849.75 4554+1570  1.1x10°+1.2x10°
2022 170.5+87.4 119.3+32.7 155.1+63.7 39.30£5.59 459941149  1.2x10°+1.7x10°
Sffz 2023 186.8+72.1 112.04£36.8 173.241282  42.18+16.95  4.67742.289  9.7x10*+7.6x10*
2024 153.8+42.7 101.3+28.5 121.5+59.5 32.66+11.69  4.070+1.815  1.4x10°+1.3x10°
2025  168.8436.5 93.3+18.4 98.2+33.4 25.95+7.63 3.912+0.955 1.2x10°+3.8x 10"
2021 2.0£1.0 1.4+0.7 3.3+2.4 3.92+1.35 0.286+0.489  4.0x10'+5.3x10!
2022 23+1.2 1.340.8 3.542.1 4.05+1.62 0.265+0.389  3.1x10°+3.9x10?
5:&_2 2023 2.8425 2.5+2.1 3.743.2 3.39£1.60 0.22440.151  2.8x10°+6.3x10?
2024 1.3+1.2 1.7£0.5 2.1+1.1 2.64+1.07 0.17240.232  9.0x10'+1.6x10*
2025 23%1.6 3.2+1.2 1.7+0.8 4.90+2.67 0.073+0.040  4.3x10'+5.3x10!
Removal avg. (%) 98.8 98.3 98.2 90.9 95.0 99.8

% Year average precipitation : 2021 108.6 mm, 2022 64.2 mm, 2023 176.3 mm, 2024 107.6 mm, 2025 80.7 mm
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Table 2+ 2021945 H 20259 6¥7HA] FFA9
AtE FEokEA A = Z3(Site 1, Site 2)<]
A= Yot 4 BAAIE e Aotk 2AP7E

4 HEEo] ule ZZoe Bt
AN B RS 4L TaorAgAd B

HgH o7 Fol B2 A2 BES
FAGT A2 A QI

Site 19] Fd 4 EA4S AR AnEY,
202539] BOD 283.6 mg/L, TOC 133.6 mg/L& X
AL 71 VS e By FEE V1S5 o)+ Sl
T Aol AYt o] 80.7 mm=z, o] T
P 20239(176.3 mm) HH] oF 54% Faghol what
9 LdEA2 5|4 a3yt A A=) hEe
2 whEnh 53] SSE 20234 500.2 mg/Let 2 E
TR} E NFALO] Fgo] mot Al W EAS
f WEoR Hojxw, 202289E T-N 47.31
mg/L, T-P 5.186 mg/L& =7t 7F =ttt

oyt w2 4 Wl Eot Wl
TOCE 4.0~4.8 mg/Lol™, SS 1.7~3.0 mg/L2 &
2 HA} HellA A o2 A== glo] Aldo] oH
Ao Y= S-S It

Site 2014 AR Y] £ BWApL gl
Hdou, 49 TOCE 20214 153.0 mg/LeflA
20254 93.3 mg/L2 7Asklem, SS TR 20219
366.2 mg/LelA 20259 98.2 mg/LE FA WolA
717to] ZAxkgto] uhal Autz el @ Byt o
2 ol AFE Bt

AF7IZE B site 19] Wt A EE&S BOD
98.9%, TOC 96.6%, SS 99.3%, T-N 85.5%, T-P
86.9%, S 99.7%A.2H, Site 2 =g BOD
98.8%, SS 98.2%, T-N 90.9%, T-P 95.0%, &th
At 99.8%% F Al BT AutHo g mf¢ s
A ag&s Bt

Kim(2020)9] 9% 44 250 m*/ ¥ ol5+e] AR
55k A A ] ¢ BOD 96~98%, SS 96~99%,
T-N 60~76%, T-P 66~87%, &t~ 99% ©|/d<]
AAGLES JerJY, Kim(2020)2] &4 AR
stEA A A E B BOD 97.4%, SS 97.0%, T-N
75.3%, T-P 74.1%= UFERTh. T3 Cho(2021)9] <
oA Site 17 FLFTH(FENR)L.Z AX|H A] o] A
£ BOD 92.3%, SS 95.8~99.5% T-N 87.4%, T-P
76.0~94.7%= Site 22F FAFFH(SBR)CE H-E5H Al

N

Ao]A BOD 98.2%, SS 98.2%, T-N 75.0%, T-P
81.0%= HEETh & 9] o Ald o] HARYE 4
e 7]1E AFATe} HlSAY A FEollA= T
2 AP ags AR A iAol & 2=
1 Q= AR mAE

Fig. 2= A7713F 58 F A4 5% TOC &
Lol dx £H e AEH EAE YeHd Aolth 74
4 TOCE A== WEs Hylon] E3] Site 12
20219 115.2+112.6 mg/L, Site 2+= 153.0+£164.8
mg/LE =2 B54e B, o] F 2t FAskqirt.
R4 TOCE 5 A8 25 14 mg/L ©lst2 §-A] =131
o ol strA S Foll f7lEe] AR
AP Y52 ot

F3F 2017~20199 A= FFstA A HRS
71 50~500 m*/ 4 H|Tt 907]4:] Bt TOC Fre=
7.5(+£10.5) mg/L=Z B+t Site 12 4.3 mg/L, Site 2
= 2.1 mg/LE t/d AR 253 58 et
(Son et al., 2021).

A
(=}

TaotEA AL fYeE f71E 9 2AEd
Fwo| W7t 31 it AA o] i 2k ¥}
o} 7397F 5o 25 9lef Y-S BH=CHKim, 2019).
2 AT AE 202195H 20259 6€71A] HlolEE
FEot AAE §9 9 RS 4 542 £
Aot AT 717 W A e wale] o2 {9 5
Lo Ao Eotal, A 7|7t A AEH HE
el-g wtelstarat shgiet, AE FEL E(3~5Y), A5
(6~89), 7F&(0~119), A&(12~2¥)= st9.om, A
A s 2 RS 2EedEAD £ Table 3
of Feblrt. Site 19] f94= A=l BOD 194.2
mg/L, TOC 139.7 mg/LZ 7V &2 HA#k2 B
on, oJ54dofl+=BOD 117.9 mg/L, TOC 94.4 mg/L
2 AAH R WA Yerdth Site 245 T3 A&Eo|
BOD 219.7 mg/L, TOC 114.1 mg/LZ T2 AZ9
H5l| 7] S ol A9, 71 5 % &
910 mhE AE2 oz wohEck(Kim 2019).
F4ol A9 T A BE A A ZA BOD B+t
1.6~2.6 mg/L, TOC B 1.7~4.6 mg/LE A=A
o, A 2t Bl Fol I] F2 Ao ZAFE I
Kim(2019)2] A7t FUsHA = A & 595
BOD sZ& o5l @A SA=om, el

312 ARE a2 =2
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Fig. 2. Annual variations in TOC concentrations at sewage treatment plants (a) Site 1 influent (b) Site 1 effluent (c) Site 2
influent (d) Site 2 effluent.

Table 3. Seasonal discharge characteristics of sewage treatment plants

(unit : mg/L, Total Coliforms cfu/mlL)

Type Season BOD TOC SS T-N T-P Total Coliforms
(Mean=SD) (Mean+SD) (Mean=SD) (Mean=SD) (Mean+SD) (MeanSD)

Spring 200.14232.2 12644861  391.24477.0 429241544  4.891+1.905 2.6x10°+1.9x10°

Site1 ~ Summer 117.9499.2 94.4+75.7 285.7+344.7  30.01+13.39  3.594+1.755  25x10°+1.9x10°
inf. Autumn 161.9+114.6  133.2+110.5  443.9+464.5 37.25+16.56  4.432+1.739  3.8x10°+3.9x10°
Winter 194.2+157.3 139.7+98.6 348.5£325.6  50.01£14.53  5.66242.154  23x10°+2.2x10°
Spring 2.2+1.6 4.6%1.9 3.1+1.5 6.15+2.82 0.514+0.342  1.4x10°+2.8x10°

Site1 ~ Summer 1.7+1.6 4.242.0 2.4+14 5.5142.77 0.697£0.711  1.3x10°+4.6x10°
eff. Autumn 1.6%1.3 3.9+1.2 2.240.9 4.81+1.87 0.682£0.694  3.3x10%+6.1x10?
Winter 22%1.6 3.9%1.5 2.8+1.6 6.27+3.60 0.572+0.666  8.5x10°+2.0x10°
Spring 184.8+82.9 126.6£97.8  213.04302.5  39.03+8.17  4.094+1523  1.3x10°+1.1x10°

Site2 ~ Summer 157.7481.0  123.0£100.9  237.0#371.9  34.60%+13.77  4.112+1.716  7.8x10'+6.7x10*
inf. Autumn 162.0+64.1 103.7446.1  151.6%£160.5  36.07+15.14  4.426%1.839  9.6x10°+6.7x10*
Winter 219.7+154.7  114.1+34.6 141.3456.5  41.37+13.87 519442216  1.9x10°+2.0x10°
Spring 2.6+2.3 2.1+1.1 45+3.1 3.48+1.49 0.176£0.163  2.3x10%+3.0x 10?

Site2  Summer 1.6+2.2 1.7+1.1 2.143.1 3.10+1.49 0.220+0.125  1.2x10%+3.0x10?
eff. Autumn 1.6£2.1 1.8%1.0 23+2.7 3.25+1.48 0.2674£0.126  6.6x10'+2.9x10?
Winter 2.5+2.1 2.1%1.0 3.242.7 3.17+1.51 0.193+0.128  3.8x10°+2.9x10°

% Seasonal average precipitation : Spring 79.8 mm, Summer 256.7 mm, Autumn 84.0 mm, Winter 30.3 mm
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Table 4. Model based machine learning results for influent at sewage treatment plants

RF MLR SVM

Type
P R2 RMSE R2 RMSE R2 RMSE

Site 1 0.809 0.409 0.385 0.733 0.424 0.709
Site 2 0.737 0.385 0.295 0.625 0.250 0.645
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