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Predictation of the Concentrations and Distributions of Refractory Organic
Matters in Wastewater using Spectroscopic Characteristics
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Abstract

Treated or untreated wastewater may be a major source of refractory organic matters (R-OM) in drinking water sources. For
this study, spectroscopic characteristics of wastewater OM were investigated using the samples from 20 wastewater treatment
plants, which are located at the upstream of the lake Paldang, to suggest a estimate index for R-OM in wastewater. R-OM was
quantified by measuring total organic carbon (TOC) concentration of the wastewater samples remaining after 28-day dark
incubation. Among the traditional OM indices such as chemical oxygen demand (COD) and initial TOC, CODMn showed the
lowest correlation coefficients with R-TOC of the samples. The ratios of carbonaceous biochemical oxygen demand (CBOD)
to COD¢ had a better correlation with the percent distribution of R-OM than BOD/CODg, ratios. terrestrial humic-like
fluorescence (THLF) exhibited the highest correlation coefficient with R-TOC among the indices obtained from the
synchronous fluorescence spectra of the samples. Milori index, one of the humification indices, showed a good correlation
with the percent distribution of wastewater. This study demonstrated that fluorescence properties might be a better indices to
estimate the concentrations and the distributions of wastewater OM compared to the specific UV absorbance (SUVA) values.
Some useful formulas based on OM spectroscopic characteristics were finally suggested to predict R-OM in wastewater.
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(1999)ell 9J8t¥ Bt AlRE 28YT A WS T 2 TCMP(2-chloro-6-(trichloro-methyl)  pyridine) &  E7}s}hed]
% f71¥9a: FE(TO0)E F4sted diaild B2 % BOD¢} #2 WHoz A5t CODwS 2% +2EF
(RTOO)E AostaArt vk FAuidel o i) BAEH Qe HAFMMEEYRS AMESA CODe
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AAs7 A& 01 mm AS ALt
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AIRZE 01 mm AE o] &3t 2y Hwd I IFES
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&3] st

23. 71E ®/7IE 5 L J|El FEZAL

A|Z2¢] BODE BOD meter(YSI model 58)E o]&3ld
20°C ¢ T2 wigrleA 543t wiFd 2719 F7)
£& 44 wggoz AP o AR WS A&
T we) uldg AAStd 1 HFRE BOD 5= F5A
t}. ©44 BOD(Carbonaceous BOD, CBOD)E 7] 93

31F SF=(specific ultraviolet absorbance, SUVA)E A
BE GFF €2 AqFr7] ¥ AF3g A5 sl §%
ZAl(Evolution 60, Thermo Scientific)s AF&35l
254 nmellAl &3 FEE #kol DOCE U & #&
Astgch 2EB71L71(99 S FF=AE ol &t B
275~295 nm 8¢9} 350~400 nm HHY FFEE =43}
o ZAAEIE FA %9 71L& o] &5t HHems et a.,
2008). 71&7] H]E&(Slope ratio, Sk Sprs-205/Ses0-400) = T =
#71€719 vl JYehf Sith(Helms et al., 2008).
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2.5. Synchronous && ~HER 24

ZH)d A BE innerfilter correction ¥}3& A7) 9
3] GF/F ZE|(Whatman Westchester, PA)Z o33 & UV
254nmell A Z3% FF =7t 010187 HEE At
(Baker, 2001). ©] g AS IN HClE&H 2=z pHE <F 3.0
o2 zd3q JAY #71E 2 X A71Ed FFH
8559 ¥4FE Has tAHWesterhoff et al., 2001).
374 Al FFE3A (luminescence spectrometer, Perkin-Elmer
LS50B)S] oi7|9bgd wEdds 2dste €3S 44
10 nmZ 13t AHgstth AV FE 59 9%
ZZe meE HEo] Y F ALeB=F 005 M sulfuric
acidE &v]Z quinine sulfate dehydrate 100 ug/L S A &3}
o FF 4 A A7EF FEgge] 474 350 nmet
450 nmell HFste FBAZIE AR FBA7] gl o
a o] FoRA BEE ARY FBAVY DHE qui-
nine sulfate equivalents(QSE)2 %Z3} s tHChen et 4.,
2007). Synchronous 8% AP EHLS 7|3y HE973
9] #olE 30 nmz 13t (AN = 30 nm) I 200 nm
oA 600 nm7tx] Sttt S AlFed i uE S
A7 FFA7 2 FTZEE 1% "HY AE EAFYTH
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7193& 254 nmell A9 FE AHEFH
480 nm7tA 9] BEAZ] FellA o 14dl Pt T
3} wlxg 449 S Fete FE HEE T} AoE E
ZFolth(Zsolnay et a., 1999). Milori X EE 187 EFAIE
FHs AFE Ta] 98 3719 465 nmell A9
2P F2PEF F 485 nme} 550 nm Atole] FFAZ] 7
AEste] A2 gholth(Milori et al., 2002). Kabitz A &

synchronous FF2HEH(AN = 18 nm)oll A 71973
400 nm¢t 360 nmell A8l FFA7] Hl&E AXEE A Al
Ak Kalhitz A= ESTE F71E G40 #TFE @4
TZ7F Bon nEAS dodt gATERE o]FolA YT
< yeldti(Kalbitz et al., 2000).
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d 4 ¥4 FE(R-DOC) %2 F

E(R-TOC) Atold] &g Hl st

R-DOC% R-TOC EXxo thsl =

A RE /VIE IEL 49 *oharaarzﬂ—a— 7H e

R-TOC X thste] 2% 07 o349 FBAFE Yetid

t}. CODwn =9 4#A$E R-DOCS R-TOCO| o3t

o Z}7} 0.806, 0.7452 2 4#4E& Yegl oy RTOC

TR VELE BB E vad FF CODunEtHe CODe

% TOC7H ¥ ¥ 3#|A S HiH(Table 2, Fig. 1). °I
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Table 1. Statistical summary for the concentrations (mg C/L) and the percent distribution of refractory organic matter (R-OM)
for the influent and the effluent for the wastewater treatment plants investigated

Sewage (n=17) Industrial wastes (n=3)

Influent Effluent Influent Effluent

R-DOC 4.9~10.7 1.3~7.9 4.8~54 3.0~5.0
(6.81+1.62)" (3.47£1.55) (5.01+0.30) (4.15+£1.03)

R-POC 3.3~39.0 0.4~2.6 35~9.3 0.7~2.3
(13.74£9.9) (1.38+0.69) (6.13+2.94) (1.40£0.82)

R-TOC 8.6~48 2.7-85 8.8~14.1 4.3~73
(20.5£10.4) (4.85£1.52) (11.1 +2.70) (5.55£1.58)

R-DOC/DOC 17.8~66.5 26.9~100 23.9~46.2 83.7~-85.1
(41.0£15.8) (64.0£27.8) (31.7£12.6) (85.5+2.06)

R-POC/POC 16.2~62.0 28.2~100 25.3~39.0 39.5~47.7
(34.5£12.7) (65.0£20.9) (33.0£6.99) (42.9+4.28)

R-TOC/TOC 16.8~54.2 35.8~100 24.6~43.1 62.1~76.6
(37.0£9.9) (64.5£21.8) (32.8£9.41) (69.3+7.27)

" Parentheses indicate the mean and the standard deviation.
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Table 2. Correlation coefficients of several organic matter
concentrations with the R-OM concentrations, and
the biodegradability and the R-OM distributions
of the influent and the effluent for the wastewater
treatment plants investigated (n=40)

R-DOC R-TOC

CODwin 0.806 0.745
(3.3x10™%’ (3.6x10°%)

CODg 0.752 0.912
(2.3x10°%) (3.0x10™)

R-COD" 0.488 0.784
(0.001) (2.1x10°%)

DOC 0.637 0.743
(1.0x10°) (4.1x10°%)

TOC 0.672 0.904
(2.1x109) (14x10™)

””” BOD/CODy, ~  -0573  -0633

(11x10%) (1.2x10°%)

BOD/COD, -0.545 -0.616
(2.7x10°%) (2.4x10°%)

CBOD/CODyi -0.564 -0.635
(1.5x10™) (1.1x10°)

CBOD/COD¢ -0.557 -0.679
(1.9x10%) (L5x109)

CBOD/TOC -0.450 -0.604
(0.004) (3.6x10%)

" Parentheses indicate p values.
" COD¢-BODy (based 0N Kiiuen=0.148, Keffiuen=0.082, Choi et al., 1994).
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Fig. 1. Relatioships between (8 R-TOC and CODw, and
between (b) R-TOC and TOC concentrations of the
influent and the effluent for the watsewater treat-
ment plants investigated.

9 7hE E& ABAFAE H9 W4E CBOD/COD L2
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CODq HI&39] A3A T -06162T o & A2 CBOD
%7} BOD s&x2t} o}rﬁlT W AERAE B4 o #
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Z7t BEFE BEAge] 3 AFHo] Ford § YA
AL 5, 2007). o)lEd 5L AVEY AEAEE Th

R
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ol & & Atk FH SUVA Fkol 254 nmt=
shel 39 g wrgstedl vsl 4712 7](Spectral
HAEHY ot ¥ 3 HddA ves
7l JERE €& & e F™ol Atk SUVA #F A
wst] BFVI2717F HAE £ osve FRE frER
Rolth, Twardowski 5(2004)
b 2AFS 4ol dvke AMdel F&5
E—%Z 2do Fad AR &
tHTwardowski et al., 2004).
SUVA #3 B37]187] Fhol &y
xs ﬁJr%'é‘} u Fad A8t 2 F A=A /\}

ﬂo}&it‘r(Table 3. 1 @ﬂr SUVA ko] &
WA SEg W dEAY ER EXe A

F2 A0E Yeiuth sy adedA g%
F UAxe] AFEE JHAE 1 ARE Adstd 3 A
#AT= TOC 71% 2 0623914 0531 (p=5.0x10%) o2
da3 SR #I FEAY B2 EXde
9 59 ”ﬂrzﬂ % HAtHp < 0.01) #7189 BEAF
o] 37t W SR ko] Haste FFS EIvE o &
A2FE 1T o sHg o FEAY EFo nEAY
7180 Bol XFH Ag 7tedel & AR AlRd"
thHelms et d., 2008). ¥ ATFZEHE B3] SR # 3

Table 3. Correlation coefficients between SUVA, SR and
refractory organic carbon distributions for the inf-
luent and the effluent from 20 wastewater treat-
ment plants (n=40)

SUVA Sor5-295 Sss0-400 Sk
R-DOC / DOC 0.569 0.372 -0.302 -0.421
(13x10% (0018  (0058)  (0.007)
R-TOC / TOC 0.623 0.460 -0.360 -0.509

(L7x10%  (0.003)  (0.022)  (0.001)

* Parentheses indicate p values.
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Fig. 2. Reationships between (a) SUVA and R-TOC/TOC,
and between (b) Sk and R-TOC/TOC for the infl-
uent and the effluent in the wastewater treatment
plants investigated.
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FHTHLPLZ AT & UTiEIR 5, 2006). HUF2
A A G HAele PLFY FF5Zol A dEhdH
g 370 nm F-ZolA F3T e dart aEH AT
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Fig. 3. Comparison of the synchronous fluorescence spectra
of dissolved organic metter for the refractory and
the origina dissolved organic matters from the
sewage (@) influent and (b) effluent.
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Table 4. Correlation coefficients between various spectroscopic
intensities and refractory oragnic matter concentra-
tions, and various spectroscopic indices and R-OM
distributions for the influent and the effluent from 20
wastewater plants (n=40)

R-DOC R-TOC
PLF -0.078 0.038
(0.632) (0.816)
FLF 0.513 0.464
(0.002) (0.003)
THLF 0.641 0.564
,,,,,,,,,,,,,,,,,,,, (84x10% ____ (5qa0h)
PLF / DOC -0.115 -0.068
(0.481) (0.679)
FLF / DOC 0.714 0.779
(2.3x107) (3.2x10°%)
THLF / DOC 0.716 0.742
(2.0x107) (4.4x10°%)
FLF / PLF 0.476 0.504
(0.002) (0.002)
" Parentheses indicate p values.
120
o]
2
2
o 60
o
E . 11.0x + 18.86
= MX .
20| o Y =079
0
0 2 4 6 8
FLF / DOC
@
120
100 ©
Q
lc_) 80 e}
o 60
2 40
“a|gee e
0
0.0 0.2 0.4 0.6 0.8 1.0
THLF / DOC

(b)

Fig. 4. Relaionships between (@) R-TOC/TOC and FLF/DOC,
and between (b) R-TOC/TOC and THLF/DOC for the
influent and the effluent in the wastewater treatment
plants investigated.

2 dgdt 2 dFoxE DOCE Y F3A 7|9 G&
AN BF Bxoe FAFAE 2AEIEY A =2 4
FLF/DOCZA] R-DOC/DOC¢ R-TOC/TOCH| T3l

THTable 4, p<0.0001). + TFEY EF && #7E
g gol = BEFsl R-TOC/TOCHA 2318 o &2
FHAE BJh oA AlE W dAH 2 &4 #
£ dEAY EF BEX AR & A7t gV HEL=E
AlRETH AAE B AFARNA wIFEA A IR
F ABE At &4 AES} YAE AlE W G
d ER BIXAA Z Zol7t #EEHA Esitk(Table 1).

N o> o

35 FHUXIEE 0|86t sl W HEHM /IS
i 22X os

#7189 FEUAEE I #gol =255 FU57F gl
APd Aoz AN F Uk FHI =7 2855
718 Ul AESY JES 245 dAFez 1 B3
Zo| Z7}3tH(Kalbitz et d., 2003). H|E AA7A FIE
FHOAFE GEY 22 Bxoe FBBRAE TEt o
T= QA o)A EFoA Eud FUA R wE duk
Al F71E 4 W AT wEd FA g G2
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Table 5. Correlation coefficients between humidification in-
dices, and refractory organic carbon distributions for
the influent and the effluent from 20 wastewater
trestment plants (n=40)

Zsolnay Milori Kalbitz

R-DOC / DOC 0.551 0.741 0.265
(2.3x10’ (4.5x10°%) (0.099)

R-TOC / TOC 0.619 0.751 0.242
(2.1x10°%) (2.4x10°%) (0.132)

* Parentheses indicate p values.
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Fig. 5. Rdationships between (a) Milori and R-TOC/TOC,
and between (b) Zsolnay and R-TOC/TOC for the
influent and the effluent in the wastewater treatment
plants investigated.
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