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Abstract

Characteristics of humic substances on the changes in dissolved organic matter (DOM) characteristics by biodegradation was
investigated using three types of the artificial water samples composed of glucose and Suwannee River fulvic acid (SRFA).
Some selected DOM characteristics including the specific UV absorbance (SUV A), the synchronous fluorescence spectra and
the molecular weight (MW) were compared for the artificial water samples before and after 28-day microbial incubation. The
changes of the DOM characteristics were minimal for SRFA during the incubation whereas they were significant for glucose.
SUVA, dissolved organic carbon (DOC)-normalized fluorescence intensity, and MW values of glucose increased, suggesting
that such labile organic compounds could be exclusively transformed into more humidified materials by biodegradation. For
glucose-SRFA mixture, the selected DOM characteristics were greater than those estimated using the assumption that the
individual changes of either glucose or SRFA are conservative for the mixture of the two materials. Our results suggest that the
presence of humic substances (HS) may lead to the enhancement of the formation of refractory organic materials during
biodegradation of labile compounds. Detailed analyses of size exclusion chromatography (SEC) revealed that the
enhancement occurred for the DOM mixture with a MW range between 500 Da to 4000 Da.
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ozRE 79 LAY {7129 29, WPAE §712
o Hal WEE va T 2L FUYES o Bl X
dheta ok LA lti(Macolm, 1990; McKnight et
d., 2001). 35 Az gl A LA FRsE FgT
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nAEo] AMdete B T wlEste &84 #71EY 4 HAE BFE f5td Al59 ol28t Al7lE 001 M
e TEAY GEGA EXE A89E £ Ass Be NaClo] E=2 352 01 N HCIF} NaOHE o] &3] pHE
AT =R AlAbeta ltk(Barker and Stuckey, 1999; 7002 ZZ3AT WY 717 B A EY I -‘?——f—%

Jarusutthirak and Amy, 2007). 3t Ogawa &< FIAE &
ARE F ARAY V152 Y 57 F98 AFS A
2 mA e GEHA Edz FIddc= AL AAH] 2

E3] 4= v JrHOgawa et al., 2001). A &3f
oA /F71EY FIst 73%} 52 FEY =2 A%
71 el dig BES)
o] B Ago] e g o

3 7Hede RAREA Eth EEY AT HHERTG
HFHEZ g A& 437 f715 J4HstE v
sh=t] 13 th(Rosenstock et al., 2005). I AR 2 A
g3t FaettEte Al dgEe] FHEHDo] 3
FAYAAE HWZE F92 F e oA fdE FHUE
dol AETA 3B WA HF f71= T AW o9
S steAd We oFo] deth AEAY RVEFH FH
EZo] F& Al HE&E F e M Tdgt dE 22
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344 EZE Hs} gl ZolXv &Y fV1E T EF
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e Y WFolA doues f71ERY A& wses B
o B3 Fs B F Atk oS W s B
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1, ASIR =
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=
JAF FAAE W BEAY F71EFH dRAY fES
fEstes JECE 247 X EF(D-glucose, Aldrich) SRFA
(Suwannee River fulvic acid)E A1&3td . SRFAE 32
d(aguatic) FHEZS HWEZ F doH AF7HA HFUE
4 dFddA 7 BEAsHA AR EZ ol tHMcKnight
et a, 2001). FHS 7HA] A EE ¢F ET=T &IY(AS
A), £=23 SRFAZ 412 42 ZFIY(AS B), 283
&4 SRFA &9(AS O) 224 I sZ+x 77 531, 524,
19.8 mg C/Lo] ]t}

ox X I
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@7 Q& HEA 5 CN:Pl ZZFH|Eo] 30:10:3¢9] H=
2 NHNO3(28.6 mg/L)$t KoHPO,(16.9 mg/L)S A7t &
Had 300 mL 47 Zg2F6 FH|3E AR5 250 mLA
A a3tk AE JHES H?l’ A &(inoculum)= &t &=
Agde 2% /‘1 EE o= 9o 100 um F=
Ag A&t 2 1FES Xﬂﬂ F 7 ug 23
T Als 799 1%} HEE Hrvlsta %71 °‘-TL is
T 205 P2 A G WG = =2
A Frled B2 F7te A s&d HE =
2 YeElth0.26 mgC/L). Wi 71 5% =
& ddl 4 E3239Y JFE o ud &
g A AR W /f71E vEr—i% AT v
= 3 F AT Y 289 & ‘ak &
23l 2= FY(R-DOM)sIY wlF A} 289 & {77]
= 5X4& AR vastAth(Servais et 4., 1999).
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AR & 7
500°Cll A 2A13F H
PA)el AEE ofht

€2~ (Dissolved organic carbon; DOC)=
£ GF/F ZE|(Whatman, West Chester,
Z, F f71€4 BEA7)(TOC Anayzer,
Shimadzu V)2 2434tk 718 Ul 33 8248 A
EE 9% SUVA 3 &3l §F F=A(Evolution 60,
Thermo Scientific)E AH&sIth #7118 W 84 EZ 9
AR BEAS 93 g3 E3A(Luminescence spectrometer,
Perkin-Elmer LS-50B)E AH&atsith 378 A 38 84
o 79T FEF £d2 44 1002 LPAI AT
F71ES AT A& ozTE FFELS WA
A &4 Almtt 3z FRTE AMESI FBSES AA
st Al5e] FFAVIZRE olE A3 St T 0.05
M sulfuric acid® &v]Z quinine sulfate dehydrate 100 p
gLE Azt FF 2748 Al q7|9EFH FEago] 44
3509} 450 nmell Zshe FFAZNE A5 FFA7 #&
o dis Ul RE ARY FFAVIY ©HE quinine
sulfate equivalents(QSE) ©912 %3} & tHChen et al.,
2007). & &4 &5 93 dehte et AFERTG o
2 3 A7Ee FupgdAe 2a & AteH(Raeigh scat-
tering) EFZ AT && AARVIER FEEL 4 T
3 AAE ¥ 290 nm FF olste] WE Adste ZH
£ AMESET 33 38 A BRE AR A8 |
74]; Z249 254 nm°ﬂ/\194 F4E gol 01 o3t H=
AAF7ED AA7E F5ote HoeR
F S ﬂ*Q}o}o“E}(Baker 2001) S/nchro-
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RIIE 59 H

sjol ojxi= RRUSHe Y 491

2otE T 1) (Waters model 590 pump)E 7|Eeg uv #
2 7)(Waters 486 absorbance detector)®} Protein Pak 125A
A (Waters, 7.8x4300 mm)2.2 FAFHJT. UV ZA 7=
g 254anmell A ST BEEEEE BAE 18K,
8K, 4.6K datons& 7}%l sodium polystyrene sulfonates
(PSS)(Polysciences, Inc., PA), sdlicylic acid(138 daltons
99.99% purity, Aldrich)¢} acetone(58 daltons, HPLC grade,
Aldrichy& AMEaITh AR HF A EXc EFE
A EAF 2agd dFE Al (Retention time; Rt)Z
Azt AF #A 2 (logMW=-0.3549RT+6.771, R*=0.99)< A}
&3t ATt SEC A& AMEH olFdS A4t &
= %@.‘(O.lM NaCl+2mM NaH:PO4: H,0+2mM  NaHPOy)
YT ABE AYL EAFAN BAPE=z 2YHA

42 1 mL/minZ §X 5 AHHur and Schlautman, 2003).

24, 2N 2W EY oS

e Y F FUELo {718 S vA: 9T
2 o] s EEgs FEUEAY SPAs £
2olE 1 ¥lge] me} e AeHATE g 7za)
o £F AR AS BY 289 Wl F ¢S ey 24
592 ARHL olgate Azstn 44 Z3Y 543
NELT:

AR oot 2ol WY ¥ TEYH FUEL A
AES 273 g EFAY g wee wesel T

DOMnmix = XeLu * DOMgLu + Xus * DOMys

&7]4, DOMmix = 289 WY & X859 §71&E 54

DOMgy = 289 WiF & X9 &
k=3

DOMus = 289 Wl & Fo=d 54

Xou = EFN Wl E=Fo] AAshes f78E 5=
&

xus = THA el A FHEdol AAshe 7184 5=
&

3. #7IE Sk ¥ IREE: “.jil
37}11 AEF FAAEY WiE A ¥ 2
29 # EHW%%}E}(H 1). H%Jt DO

xﬂ THA Az BF Loy f71E A wet
I ZAZE A g3tk &5 EET 920 AS A9
A%, 2715% 531 mg/LolA 6.3 mg/LZ 88.1%% DOC
FEEE B W &5 FUEFD 890 AS ColAe
19.8 mg/Lol A 19.0 mg/LE 4.0%(p=0.015)9] & ZArZ
S EAFAT )AL A Eo] &Y EF EEFS
Agroez @49}— Hol Frh o] A} HAES 9T
718 AF7F FHYRET vRHEEdA o A e
“oha B9 Rosenstock &9 239 & YA grh(Rosen-
stock et a., 2005). E=FFH FHUEH A U= AS
B AlR9 A%, 4F HEdA #EE fUled FhEo
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Fig. 1. Percentage of the remaining substances of DOM for
artificiadl water samples before and after 28-day
microbia incubation.
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Fig. 2. Changes of SUVA values for artificia water samples
before and after 28-day incubation.
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DOC #ag&2 AXE FARY 2F ¥ 76.7%(P<0.001)
2 Yepsith o)A AEAY 22T FEUERC] A EA
Al BB E 9t FU71E B Gl F 7 =
Ao o3y 3 AFET EF& F F A S AlAITh
g F SUVA #2 AlEY FFd Zd8glol 75k
tHFig. 2). HIAE wigel wE SUVA o 37 BT
olde dAFZAF T X FrH(Kalbitz et ad, 2003; Saadi
et a, 2006). YutE o7 SUVA #9 Z7t= AR Wl #7)
E 77X 3 0% A% ¥4 72 4 9IS J7 249
7 diF o2 BolR S-S AlARGTH SUVA @9 E71
FHER v wat IA g3 AS A9
A= wjY AP Fo SUVA 2 0.02914 03322
7tetdth AA R Ogawa 5(2001)2 glucose, glutamate
22 9gF f7IER0 HAE Mge I VTR
= g2 dEAY /78R A3E F s B F
vt itk AS C9 SUVA 2 uld AF 2 Aolg Hol
A oktH(p=0.347). ¢H WY T =TI FHEZDA
=39 /¥ SUVA Fol AS B FSox 34|80l
2 a2 AgHth= 78 stell Wig & AS B
e 074904 27302 F71E Aol ASHYA T A
A SUVA #< 3.0(p<0.001) 2.2 AAE FXRT EA
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BAEZ ddET o IA YE
AlAbgtt) Ax 2 @v‘?’—éﬂc’ﬂ 9 7= A
= 27 /7189 HE 2 FE TAEY T/, 2
oFet & A4 g5 A 2HA= AR &
tHHertkorn et al., 2002). £ AT ZF4 nAE
AAANA BgE EZ g dTFS AY givka wgd
LA RS A A Z7FE inoculume] §71ERA lg
05 mg C/L ©]et=2A] FAIZ wa FFolm Hlx

9] 3d< inoculume AHES Hur 5(2009)00 4 = EH
A& A= f71E] A" FElA < inoculumd
o Qg AAS APs 2% v AE E—ﬁ‘ﬂ]
HA EFTHHur et a., 2009). 3

A FHEAY EA47 /‘B—roﬁ =49 w43
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ox
ofN
o
=)
o

)
oo

oo 4 oo
lo, t

> 32

i)
N

Fele s
5‘_’\:]— A A Al

4 BA7 dRey 249 SUVA @2 =
FeAo W@ Bo A% gk A7) 94

Wi AFo 7+ A8 g synchronous FFAHEH
o] ER& vw & THFig. 3). Synchronous EZ23 EH Q]
7198 HE5ge] zolE 30 nmZ 1 0}04 =334
o
o

il

A5, 9719 300 nm o]stell A Yehve 4 93 E

WA A (PLF: protein-like fluorescence), 3%+ 350 nm &
Ao FF H3E FYA(FLF: fulviclike fluoresc-
ence), L FF 450 nmel A FBAVIE §2E F
AHAI(THLF: terrestrial humic-like fluorescence) 353
2 FsAtK3R 5, 2006). ©] FolA PLFE tryptophan
3 tyrosine?} Z2 WFE obn|=it 2 g E T}
#-o] e FLF= 3tF, 34, g AlgdA F
FHLR Yehte 9az2A 5 FUEE T M &9

it

fo 18

By BHo] Qe ACE BIHI thBaker, 2001).
THLFE EG F9823% #30] QItHur et a., 2007). 9
HAow gugNe FBAVE =eF ARA GaT
z9} ABHo) 9oy AR ow A4E YFE EAT

en et d

2o g agA gagxd #do] dtiCh

2003). AR Z# wid F AS AdAE Hlg Ho #AEH
7 FRE PLFSF FLEZE S3lo] Yegth o2 mdE
Bl AgE S EEYol FFSES VK e 7=
#7182 A8 2 F Ue5s AT AS CollM e WY
A5 3% SHEHS AY v dUS BRoFn. &
Sl AS B AF, Mg A AR wls) FF5Hl of
F =4 degd. 234 & 230 FH e WY
F FEEHE B9 AFE A FFAFHEY HE G
© & AolE HolA sttt wEk #EdE IdF54 |
ste] A9l F= mdEd g% =YY A9 AdFel
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Fig. 3. Comparison of synchronous fluorescence spectra for
artificiad water samples before and after 28-day micro-

bia incubation.
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oA 4000 Da7tA] F3F &2 EAF HAE /IF /718
oA 2 F7MEe] FuFHL=E o ZtH10% °l)(Fig. 5).
AL FFAAM AR Al FES FAFNA FHUEH|
A 24T i dehges Avx 23E bnE gL 23
F AN Loy 53 SR EXF HAE Ut
A {718 1 27 9 F F ASS gHddr)

A

o

= g‘

A HlgeA AE FRETG 52 Fg EY F

Atk AL & Wl FHs8 FFo] FHYEZY &A= <

T ASS AAKRTE ES, AS B9 synchro-

nous FFFEGo| A Fopgexe] FFEHLQA FLFH

THLF F3A717F AR FXd ") A4 Jdesth &
A

2ARS A f71804 © 27 o BAE + 3
Atk oleld A AR H4 F Uythle #71%
A ol ged T A BAY o34 % Zoun
o

T
=] 2= (o]
Bgd 4 5 Ae

Ab AL
B oATE 20089 @F A BANRRANG TGS
A ey B4 3089 79 2 BUUS 47,9 4
22 g5 agUh
etk

THHF R Y (2005). HAFA LAEFHY dAER A
TAY, SFTAHE 3.

AN, A, 3, 3N, AHE2007). FFFA F
8 3% &4 4 TOCe DOC ¥ ¥ % BOD9 CODY
dsg W, tEEFE 91, 23(1), 72-80.

SR, A7), 94 €(2000). 3+ 2
82 AQR71ER BBEH BY, JEPIF e,
28(9), 940-948.

Baker, A. (2001). Fluorescence excitation-emission matrix cha-
racterization of some sewage-impacted rivers, Environmental
Science & Technology, 35, pp. 948-953

Barker, D. J. and Stuckey, D. C. (1999). A Review of soluble
microbial products (SMP) in wastewater treatment systems,
Water Research., 33(14), pp. 3063-3082.

Chen, J,, LeBoeuf, E. J, Da. S. and Gu. B. (2003). Fluoresc-
ence spectroscopic studies of natural organic matter frac-
tions, Chemosphere, 50, pp. 639-647.

Chen, Z. Q., Hu, C. M., Comny, R. N., Muller-Karger, F. and
Swarzenski, P. (2007). Colored dissolved organic matter in
Tampa Bay, Florida. Marine Chemistry, 104(1-2), pp. 98-109.

Hertkorn, N., Claus, H., Schmitt-Kopplin, P. H., Perdue, E. M.
and Filip, Z. (2002). Utilization and transformation of aquatic
humic substances by autochthonous microorganism, Environ-
mental Science & Technology, 36, pp. 4334-4345.

Hur J., Chung, N. J. and Chung, Shin, J. K. (2007). Spectro-
scopic distribution of dissolved organic matter in a dam

Journal of Korean Society on Water Quality, Vol. 25, No. 3, 2009



424 sfals) - o|n| - ofefet -5 Al - U

reservoir affected by turbid storm runoff, Environ. Monit.
Assess,, 133, pp. 53-67.

Hur, J. and Schlautman, M. A. (2003). Using selected operati-
onal descriptors to examine the heterogeneity within a bulk
humic substance, Environmental Science & Technology, 37(5),
pp. 880-887.

Hur, J, Hwang, S. J. and Shin, J. K. (2008). Using Synchronous
Fluorescence Technique as a Water Quality Monitoring Tool for
an Urban River, Water, Air and Soil Pollution, 191, pp.
231-243.

Hur, J,, Park. M, H. and Schlautman, M, A. (2009). Microbial
Transformation of Dissolved Leaf Litter Organic Matter
(OM) and its Effects on Selected OM Operationa Des-
criptors, Environmental Science & Technology, accepted.

Imai, A., Fukushima, T., Matsushige, K., Kim Y. H. and
Choi, K. (2002). Characterization of dissolved organic matter
in effluents from wastewater plants. Wat. Res., 36, pp.
859- 870.

Jarusutthirak, C. and Amy, G. (2007). Understanding soluble
microbid products (SMP) as a component of effluent organic
matter (EfOM), Water Research., 41, 2787-2793.

Kalbitz, K., Schmerwitz, J., Schwesig, D. and Matzner, E.
(2003). Biodegradation of soil-derived dissolved organic mat-
ter as related to its properties, Geoderma, 113, pp. 273-291.

AN =SS EASE| K| FM253 H[3E, 2009

McKnight, D. M., Boyer, E. W., Westerhoff, P. K., Doran, P.
T., Kulbe, T. and Andersen, D. T. (2001). Spectrophoto-
metric characterization of dissolved organic matter for indi-
caion of precursor organic material and aromaticity. Limnol.
Oceanogr., 46, pp. 38-48.

Malcolm, R. L. (1990). The uniqueness of humic substances in
each soil, stream and marine environment. Anal. Chim.
Acta., 232, pp. 19-30.

Ogawa, H., Amagai, Y., Koike, |., Kaiser, K., Benner, R.
(2001). Production of refractory dissolved organic matter by
bacteria. Science, 292(5518), pp. 917-920.

Rosenstock, B, Zwider, W. and Simon, M. (2005). Bacteria
consumption of humic and non-humic low and high mole-
cular weight DOM and the effect of solar irradiation on
the turnover of labile DOM in the Southern Ocean, Micro-
bial. Ecology., 50, pp. 90-101.

Saadi, D., Borisover, M., Armon, R. and Laor, Y. (2006).
Monitoring of effluent DOM biodegradation using fluores-
cence; UV and DOC measurements, Chemosphere, 63.

Servais, P., Garnier, J, Demarteau, N., Brion, N. and Billen,
G. (1999). Supply of organic matter and bacteria to aguatic
ecosystems through waste water effluents, Water Research.,
33(16), pp. 3521-3531.



