Journal of Korean Society on Water Quality, Vol. 26, No. 6, pp.969-975 (2010)

Conversion of CODyy, into TOC and Refractory Organic Matter Concentrations
for Treated Sewage using Regression Equations

Tae-Hwan Lee - Bomi Lee - Jin Hur' - Myung-Sook Jung* + Tae-Gu Kang**

Department of Environment and Energy, Sejong University
*National Institute of Environmental Research, Han River Environment Research Center
"National Institute of Environmental Research
(Received 21 July 2010, Revised 14 October 2010, Accepted 19 October 2010)

Abstract

Estimating the organic matter loadings from individual treated sewage has become important for establishment of effective
management strategies to control refractory organic matter (R-OM) in watersheds. For this study, regression equations were
constructed using treated sewage data to convert the chemical oxygen demand (COD) concentrations, which are mostly
available from open database, into total organic carbon (TOC) and R-OM concentrations. Effluent samples were collected
from five major sewage treatment plants (STPs) located upstream of the lake Paldang. Variations in the OM concentrations
were not associated with either the location of the STP or the sampling season. The effluent investigated were characterized by
higher ratio of R-OM with respect to biodegradable organic matter (B-OM) and higher presence of dissolved organic matters
(DOM) versus particulate organic matter (POM). Compared to CODwmn, COD¢, exhibited higher oxidation efficiencies and
greater variations in the concentrations. The concentrations of CODwm, were positively correlated with dissolved organic
carbon (DOC), total organic carbon (TOC), and R-OM concentrations. There was nearly no seasonal and annual variation in
the regression equations between CODw, and TOC or R-OM concentrations. The constructed regression equations for TOC
and R-OM were 0.650(+0.071)xCODwmy+1.426(+0.575) and 0.340(£0.083)xCODwm,+2.054(£0.670), respectively. The
established equations are expected to contribute to estimating OM loadings from the STPs into the lake Paldang and also to
compensating for the deficiency of the data for effluent OM concentrations in STP.

keywords : Lake Paldang, Organic carbon, Refractory organic matter, Regression analysis, Sewage treatment plants, Wastewater
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BEQl 93 dHoE A FFAY HE F7HE oE
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Biochemical oxygen demand(BOD)& 5"***]?3‘?.}"“ Salcls
o] Z33s¥ 2™, Carbonaceous BOD(CBOD) =32 Z 4k

Sk A Al TCMP(2-chloro-6-(trichloro-methyl) pyridine)
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A2 ALBE SIEXEIE LR CODy, SEO & R7(EA U HEHY 2 55 M@ 971
92 mg/L, 0.6~4.5 mgLEA AF A|dEz Z}O] 2 WRsE 9388 BOD 2 CODe, CODvy 552 A 8H=
onm FY AHAEA HAME Add wE F= HAL AoR Yetgth B8 248 SF5H BODS CODEE
HAHeR & Ho|THFig. 1). BODY $&7F =2 2% HAE 2 ATF2a%Y vk 55 HHAE BHTh
CBOD ¥E% 3 Egkou BODS CBOD %9 xfo] DOCY BE= BHYE 3.6~64 mgLEA BODS COD &
= AYAAEHR A A wet gt o)A FRT T & I "xpE dFeE HAUThFig. 2). oA
W dEYol 59 AAGFEY w27t AHHLE gEA BOD¢ CODY B¢ f71& A4 =& *Pih% 2ol o]
7] L2 AlRHD dF X‘*S’J Bs o2 & ogt v% Wslyt DoOcH Hls) o Z7] WER] AeE #
Hla] Mg age] o 53] Agel 42 AEgs BY dHtt olgd A% FFF W V1E RS %}036}%
T AHFH A 5, 2004; AHF 5, 2008). FHT W ) 2o BODY CODEYE #7ed 57t o FJgdd
CODMEEE 52~112 mg/Le HAE EHoH 571 A F UASE AATE BRe Wl POC =& 04~29
d EF 449 =7 M 52 ALE ZAEJAG mg/LE DOCe] ¥]3] 42 555 HIEd oL A
COD:EE B9E 104 ~232 mg/LE CODw, ol H3l H& 23 2 22480 AN 7189 AAZ © ags
AegS HYPor YAZoZ 494 BRI g HE 71E E9ATS F AAATHEIHS §, 2009). FHEHA
B AT e ZAIZY o AlFe dis AEFS AAPA Ed 55 #gA 5EY Hsd S EACh R
TR E 2R W3 xols AAZ 3X €S AT # 4 W R-DOC BEE 29~55 mg/LE Hnd HE Az}
IZazi=s %%zﬂr A71%82007) &J5HH s+ FF A 2 H¥erw RPOCE 05~19 mgld B: HIY=
PZ Y7 ¥ 2 555 AT 2o FAR] R-DOCY Hl&] o 42 & X5 BTt

25
(a) BOD (b) CBOD (c) CODwn OApr (d) COD¢,
& moc
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Fig. 1. The concentrations of (a) BOD, (b) CBOD, (¢) CODwmn, and (d) CODc, for the effluents of the sewage treatment

plants investigated.

(a) DOC (b) POC

concentration (mg/L)

OApr
mJul
@ Oct

(c) TOC

(e) R-POC

concentration (mg/L)
£

A B Cc D E A B

| mimmmmm

c

OApr
WJul
@ Oct

() R-TOC

D E A B C D E

Fig. 2. The concentrations of (a) DOC, (b) POC, (c) TOC, (d) R-DOC, (e) R-POC, and (f) R-TOC for the effluents of

the sewage treatment plants investigated.
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972 OlEfgt - ol=n| -8 Al - HY - ZEfT
A B ol /71E IEEEE I AZEH HEE gk /R71E FES F3 AR A &3] =(BOD/CODyn,
o] o7t AATE dAE Eol B AZY A FRT W BOD/COD¢) ¢t F&E314 EE(R-DOC/DOC, R-TOC/TOC)
BOD¢ CBOD w=7F o2 A g v 42 FX& & E Hlus] B AR = v dEsid Exe] HgE
Foew o AFE WsEe Agith 2y ol £F o] o] o FHth oA U =95 BODS CODY AlFd
COD ¥ f71gtd sEoAE Holx| ¢ttt ES tiFf& 2 Ashkg zold o A#Z B £ Utk
ABA CODMY BE7F B2 FF TOC 5% 94 & CODwy/TOCS} CODG/TOC HIE2 27 343 ~49.6%S}
< g #EF et od AFZEAHAANE FAFG 77.2~117.8%9 HAE EY COD:ol CODwnol HIE &
AFIE BAKHAEE &, 2007) A w2 AEES dedch E=9 oktsigs e &
FER2 AgE AskE ol dF CODolA 1.00& =3
3.2. StXE|E YRy £4 2 COD MElE Hu 3 A7 APed ok §71E daTxd wal et

Wi 54 2 EFEA f71E @5 19 Hles H
WSt THTable 1). &Y 77129 A E] BOD/CODwn
3} BOD/CODG9 ¥l &2 Z+7t 0.18 ~0.963 0.08 ~0.54%
HlA g WeE EYou Adely Ade wE 4%
g wshide 3 5 o ot I skl
BOD/CODw, ¥ BOD/COD¢7} ME A &S Bt
R-DOC/DOC H]&L2 0.67~09022 EFF U &4 &
7' 5 dRAE 229 HFol w2 AR A=

ul ole #ds7t e 38 AXEA ALAE &

7180l A #iAE ZFH=E B F Atk R-TOC/TOCHSL
2 ZAE F V1E U GEEY EE BEEXEE 056~094

A8 Al B SHeAelA o g E
gg nel 2o

2 5 s

BaRT T o] AR

33. YRl &Y H|E Hlu
FRe W & e v F &EH €% AMASe
.3 A% DOC/TOC$’4 g 0.56

o HlE] &&49 Mg B2
9] 3% 7€ % DOC/TOC H|&©]
ZAHE 9tk S-CODuM/CODyy 2
0.75~1.02¢ 0.62~0.999] B

S-COD¢/CODe2 247}
Bel f71E2 HEd

¢} H9& R-DOC/DOCETH= tha Y& & BALd Hls] &&4 Hlgo] o E3th °]ZAE DOC/TOCY H¢
o] R-POC7} R-DOCe) Hl&] I AAZEC] & 97  0.56~091F% HlHE o FHHoz T2 BIY=
Table 1. Organic matter characteristics and COD oxidation efficiencies for the effluents of sewage treatment plants
STP Sampling BOD / CODwn BOD/COD¢;  R-DOC/DOC  R-TOC/TOC CODw, / TOC COD¢: / TOC
Apr 0.96 0.54 0.67 0.58 0.44 0.78
A Jul 0.25 0.13 0.82 0.88 0.45 0.91
Oct 0.23 0.10 0.78 0.56 0.34 0.77
Apr 0.18 0.08 0.78 0.69 0.48 1.18
B Jul 0.32 0.14 0.81 0.88 0.40 0.92
Oct 0.24 0.12 0.82 0.78 0.49 0.93
Apr 0.44 0.21 0.80 0.73 0.47 0.97
C Jul 0.96 0.40 0.81 0.71 0.47 1.14
Oct 0.62 0.25 0.84 0.63 0.42 1.02
Apr 0.54 0.29 0.81 0.67 0.50 0.92
D Jul 0.77 0.34 0.75 0.81 0.46 1.07
Oct 0.20 0.11 0.81 0.76 0.46 0.86
Apr 0.70 0.34 0.85 0.73 0.49 1.01
E Jul 0.24 0.12 0.90 0.94 0.44 0.89
Oct 0.89 0.40 0.77 0.65 0.45 0.99
1.2
O pocrtoc
1.0 o $-COD,, /COD,,,
@ S-COD_/COD,
0.8
0.6
04
0.2
0.0 T T
A B o] D E

Fig. 3. The relative ratios of dissolved components to total organic matters in terms of various indices.
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B|AI2 ALRE StEAE[E LR CODy,
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COD &E&7F |78 Aol Ao dAY EZ & FH9| Table 3. Seasonal variations and the differences among the
gt Z37] WEo 2 AlsdTh concentrations of the effluents from the sewage
treatment plants investigated (as expressed by the
34, SI|= BE7F AMA FAF U A|7|E K|E percentage relative error)
_ CODwn  DOC TOC R-DOC R-TOC
sE H3
o+ = Seasonal A 33.6 19.1 29.3 8.9 15.6
ZAF BFEFY 1€ §718 F5(F, BOD, COD)¢ Variaion B 119 74 8.8 68 147
Zga 9 dEsE E2 =99 dEds AT (%) C 13.3 16.7 114 14.7 16.2
(Table 2). §71& AR FHFE Lotrr] fla Fof D 153 7.0 119 4.0 12.8
& 4PASY p %S ALY DOCE CBODE A 93 E 318 171 284 150 146
RE {718 FEH §o% HABAES BP0 (p<0.05) Variation ~ Apr 11.9 12.9 1.1 19.4 14.6
B3] CODy, T I Aol =& Aoz Yehdth POC Among Jul 21.4 15.0 19.6 14.5 18.0
0,
=T BOD ¥ CBODY €93 ABAL Hy:d oA STP (%)  Oct 23.5 20.4 19.6 18.3 19.2
o BFF W 5714 nAEe g% BarE} FBE 9
A 718NN 719 £ Qee AAET. FE TOC 35. otAE|E €R/RT W CODwlt R7IEI: SX
FEE 2 BE JE 4712 9B} 9% 4By ofe| AHEH
Bom 53] CODw e HaBANA Mg 22 p@s FRe Wl 7€ 7I€L2 AMEEA 3lE CODwT &
Bk dEE EF 3R AF gL sxo HE 7eA EEsto] ABBANL A Z|ER wmadh
71E F71EEESY FHdACt ddFeR FAgth R (Fig. 4). Y& 849 9 A5E EWHZ 3 ZAFo|Aw
DOCE S-CODG:# R-TOCE CODwnH 713 £ F34 CODwin® DOC9| A dA 108 ARA Fo &
& Ze Ao E ZAEJT HAE B3 CODwiT TOCY 25 493 79 A5A
ZAME st APAE FFS Wl CODwn, #7189 9 oI JA/AE HAoh AWNAOoR AT G
FEE E2 R A AAE, AdE WSt 3 Al 279 zole AAAT AFE FA 71€719
55 AHeXE &5 HlastthTable 3). I 23 A]7] 95% A0S v o QFE dAske ASE A
d, Agdd W F#53 "h& BAEFHE BolA &%e =
W & f7184% dRdd R7184 BEY F9 A Amd 4RAY Wa Asde 2AR] s g @
A dE oA 30%0lHe 2 HAE Bk oA T(2009) 4 ZAIE 2008d StHFAZG 9 FIFEA
2 H5AY FFS WY CODw F #7182 B B8 A5 WRGF BEES o8l 200833 200999 CODy,
A BA sk AVl A2 Aol gaf A wek % ToCe) FBBAE vinathFig 5). F A BF p
A Fethe A& Ve 2 0.001 ©JstE ofF F2 AAWAE BIth = 4
Table 2. Correlation coefficients among various organic matter parameters
DOC POC TOC R-DOC R-POC R-TOC
BOD 0.57 070" 0.80"" 0.39 0.51 0.55"
CBOD 0.34 0.60° 0.59" 0.12 065" 0.40
CODy; 0.82"" 0.65" 0.93" 0.69" 0.40 0.75"
CODg 0.75" 0.61" 0.86 " 0.65" 0.42 0.72"
S-CODwi 0.79™ 0.51 082" 0.64° 035 0.69”
S-CODcr 083" 0.34 0.73" 077" 0.17 071"
e p<0.05, " p<0.01, ™ p<0.001, p : significance level
8 10
o Apr (a) o Apr
7| W =m=—— m————
S I [Rps—
—_ 6 —~
3 3
£S5 = E 6 A
3 3 3 .-
(=] 4 - .- ‘m Apr y=048§(z0.195)f+0.e1a(t1 897) L _ A Apr y=0673(10170)i(+1 136(+1.627)
m A - A Ju\:yzo.zga_(fésg%g); 2129506&1.443) 4 - Ju\:y=0.7;6_(2091152);283800(21.068)
3 r=0.63,p=025 r=0.93, p=0.02
Oct : y = 0.465(+0.124)x + 0.926(+0.942) Oct:y =0.622(x0.211)x + 1.827(+1.612)
r=0.90, p=0.03 r=0.86.p=0.06
2 - 2 T
4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 11 12
CODyn(mgO,/L) CODy(mgO,/L)
Fig. 4. Comparison of the regression equations obtained based on different sampling seasons (a) between DOC and CODwy

concentrations of the effluent (b) between TOC and CODwm, concentrations of the effluent.

Journal of Korean Society on Water Quality, Vol. 26, No. 6, 2010



974 O|Ej&t - o| O] -

3| X

(L)

- HH% - YT

02008 =—
12 W2009 = ==

TOC(mgCIL)
[«

oK 2008 : y = 0.656(0.072)x +2.234(:0.632)
m° r=092,p=9.9E8

4 2009 : y = 0.650(£0.071) + 1.426(0.575)

=093, p=4.957

2 4 6 8 10 12 14 16
CODyn(mgO,/L)

Fig. 5. Comparison of the regression equations between
TOC and CODwm, values of the effluent established
in different years (2008 and 2009).

=3 3AYY 7]&7]= TOC % 200833} 20093 Z+
Z+ 0.656(£0.072)3} 0.650(x0.07)E A& FAH g-& UE
Wtk ohek 200839 A9 20003ET © ¥ FARS
B

36. BIEAEIZ WRSTS CODwd HHEdfd =X
SZo| MBE

CODw@ G318 7184 5% Alole] FadA ¥
FANE ZARZIE R v 2SR tHFig. 6). CODM R-DOC
o] FHFAANME 487 7€ ptol 47 0.109 0.64Z2
T ARFA BEREA Fskeh 2o s CODwnT
R-TOCY F##ANL 447 1084 /93 JBAAES
BT E3 R-TOC AZolAE ZAMAZIE FETA 2 o
A 924 Eeg FRE F AU

35843 2& A8E ol&ste] 2008dF 2009 AA A
Fof| tigt CODw? R-TOCS FEBA S v nstH thFig. 7).
20083 20093 27 0.005 2 0.0019 %2 pgtozg £
2 AFBAE BIoH ALY JVLIE ME FAS
Ao 2 Uehstth

ZAF AI71E FESSY CODw, T G2 f7184 5=
T ARBAE vng AT Fo4E HolR dE ARE
AR 2HY 2009E A71E AEE BT E2FESH 2008
|¥ 20099 A= vlw A 7 ARl XS stE¢
AFG T W CODwn 5% R-TOC 5=& Fo&
FBBAE Hole ALE RAEHUTH

P

o

0:
l..

o Apr

7 BJul =——— Apr :y = 0.565(+0.243)x - 1.262(+2.328)
r=0.80,p=0.10

Jul:y =0.106(£0.204)x + 2.963(1.403)

6 r=028, p=064

Oct 1y = 0.339(£0.082)x + 0.986(:0.628) o
r=092,p=003

R-DOC(mgC/L)
o

4 [ ] [ ] =5
————— =57
- m o
3 moA- A
2
4 5 6 7 8 9 10 11 12
CODyn(mgO,/L)

© 2008
2009 = = = -

2008 : y =0.322(+0.099)x + 2.250(+0.866)
r=0.63, p=0.005

2009 : y = 0.340(+0.083)x + 2.054(+0.670) o

8 r=0.75, p = 0.001

R-TOC(mgCIL)
o

CODpn(mgO2/L)
Fig. 7. Correlations changes of year between R-TOC and
CODwy values of the effluent.

2 ATEAE I & W FF Il AA® kA
23 47+ W CODwy 555 €83 TOC % HEald
4 & 82 AYFT AR BESHA AR 7F
¢ AL dddn B B dFdA =2E ¢ 5
e FARAN L StEAgZAM MEHE T RU19R
2 dEHE 22 vk 71E Fobg A {f85HA A&
2 7 Ue Aoz JYdth gut & ATl A4Ed 3
A4 A S FBBA =& AEE B2 ES WelA
o]FojAek M MEE TOC 2 R-TOCAES AHETh
© #7182 & 234 Bgs AT €8 o /&2
Aoz dddE

S FFel fAT dE&F sAHFT HHFFE W f7
E BEE vud 27 AJEE AVEE {99 Aozt &
=2 ggen frEx Ve ke VIE fUIE TF
o Hls) o WSt ddidez AJoh steAdY FRT
R-DOC/DOCE 0.67~0.90L2 HIF & WS HYOe
W R-TOC/TOC & &EHETH tha 22 0.56~0.94 &
$1E dveERdth DOC/TOC HlE2 0.56~0.919 HHE H

At CODwol HI3 COD Y Atshe2 o =4 YeEe
U AB8e] wE Eg x|yl mvmA ZE Holglow

CODy,? COD, BF §7184 S=o] wd §24 B4
o Hgel A U} BFS U COD FEE §78A
o v 94 #7188 FES @ wgEA R

o Apr

7| ma———

R-TOC(mgC/L)
o

Apr 1y =0.579(+0.181)x - 0.392(+1.737)

e r=0.88,p=0.05
&°° Jul:y = 0.406(+0.253)x +2.036(21.736)
3 r=068,p=021
Oct 1y = 0.465(£0.052)x + 0.861(:0.401)
r=0.98. p =0.003

4 5 6 7 8 9 10 1 12
CODyy(MgO,/L)

Fig. 6. Correlations changes of season (a) between R-DOC and CODwm, values of the effluent (b) between R-TOC and

CODwy, values of the effluent.
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SHAE AR BEXEIT YRS CODy, B & RIIEA W CHEHY BN S5 W 975

Ao 2 ZAFATE 200938 FRAMH RE AZRE o R
20083 A5t HFRBAAE AEF} 2F CODWT F +
7Nga v 2 GEGH EF R 5o 4THA
Aol E&FHAT 2009 AA AEE &3 F=5H TOCS
g S dg dE42 42 TOC = 0.650(x0.071)x
CODywn + 1.426(20.575)%F  R-TOC = 0.340(£0.083)xCOD, +
2.054(£0.670)°1 . £ AFE &3 TFE GHRTF 771
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