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Abstract

Natural organic matter (NOM) is a heterogeneous mixture of organic matter with various polarities and
molecular weights in an aquatic environment. This study investigated the effects of separation conditions
(resin volume, organic matter, etc.) and the repeated use of the resin for the fractionation of organic
components in the DAX resin fractionation method. The distribution characteristics of the organic
components ((hydrophilic [Hi], hydrophobic acid [HoA], and hydrophobic neutral [HoN]) under the derived
fractionation conditions were also analyzed. Constant fractionation results (i.e. HoA/Hi ratio) were obtained in
the column capacity factor (i.e. the packed resin volume) in the range of 50 to 100. The resin-packed
column maintained constant separation efficiency for up to two repeated uses. The above conditions were
applied to wastewater and stream water samples (before and after rainfall). The results showed that the
concentration of organic matter in the wastewater effluent was 2-15 times lower with an increased ratio of
hydrophilicity to hydrophobicity (i.e. Ho/Hi) compared to the influent depending on the industrial wastewater
classification. Particularly, HoN was found to have a high content distribution, 10.2-50.4% of the total
dissolved organic matter (DOM), in the effluents. For the stream water, the content of Hi or HoN increased
significantly after rainfall, suggesting a correlation with the distribution characteristics of pollutants from the
stream watershed. The results provide useful data to enhance the reliability of the DAX resin fractionation
and its application to environmental samples.
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1. Introduction

A 771 & (natural organic matter, NOM)2 5- & 59
ZrolEo] HAE RaAFFANA AHEE R7ERA B E
<, 2 HAAE Tl WA EAFchSillanpdd, 2014).
NOM< carboxylicZ phenolic ¢ 2Hd ZH&71& 7HA= &
o249 A F4& 7MY HFAEHEANA SHuT
% ey fd 9 ASRAE Y ATEH SLE XS
Sk (Adusei-Gyamfi et al., 2019; Lee et al., 2011; Nguyen et
al, 2021). 5§39] stHF FAFd EAste F71E822 F4
Aol wet g3 442 NOMol EFH o] o AT F3
S AANEA AA Ee A3FZE AXY, &5 712

i,

n] X tk(Sarathy and Herbert, 2005; Yoo et al., 2014). wW2FA
FUFE EFD e #7122 540 B Fue 53
4 §71% Ag 2 BAoN) 9BL Frhshen Fas

NOME dhte] B3sE §71%0] ohd A o2 343
2AY U H8715 AL GUR 57189 B3 ERA
A A 71 e AR g8 254 S 7T mekA
NOM¢ &Fxe] &g FastA Brtshr] Aslxe &
718 EFAE B TS o] &t Bt destE d

2 2E Ee 2Eshs Wyol £9] A& Utk A =
g or g AEHE 71 #Y Ev 89 dHeR
£ 39 o F(ultrafiltration) 9} FA(dialysis) 5 ©|& 2}
F a27d BYd #r1=Y F4E o1& R £ (resin
fractionation) &9 Yol g2l AMEH I ] 21 (Qadafi et al.,
2021; Xu et al.,, 2019), 2o E94+= Liquid chromatography
-organic carbon detection (LC-OCD), Size exclusion chromato-
graphy-hydrophilic interaction LC (SEC-HILIC), Solid-phase
extraction-HPLC/MS (SPE-HPLC/MS) & ZZrtE 1T 4
A 7171ZAE &3l BAZH SRS A4 Fh8t=
Wi 7HA] Sl =3 )th(Espada et al., 2011; Rho et al., 2019).

e

=5
Sh

o] ZolME DAX(7]1E XAD) 7|¥te] g8 PHe 53
712E B3l AFAHT LAY HESR fUES EYse W

WO gA, BYHPo] Tt £ f71E A=Y FE7}
golatd & EAo] hedtthe FH ol A AL d
o] &F th(Hughes et al., 2016, Kim and Dempsey, 2012).
NOM9| 7 £9& 918 d2] AHEH AL e W2 Imai
et al. (1998)¢} Leenheer (1981) 5] A ¢to] Qlt} Imai et al.
(1998)= DAXHZ& o83t NOME &4 4HHydrophobic
Aicds, HoA), 2253 ¥ 7](Hydrophobic Bases, HoB), &5/
%/J(Hydrophobic Neutrals, HoN)¥} X144 2kHydrophilic
Acid, HiA), 3144 ¥ 7](Hydrophilic Bases, HiB), I+4 &
%J(Hydrophilic Neutrals, HiN) 522 £3 7}58& A2l
t}h. Leenheer (1981)< #7l £38 % pH 243 &3 HoA 4
o sgste 79 22 FYAHHumic Acid, HA)Z} 4
AHFulvic Acid, FA)©.2 23] 7H53e AAstt §9 2
Z (humic substances)< &3l F&3]4 9 NOM 2 2 4]
T EE7718 2 (Dissolved Organic Carbon, DOC)9 30~50%
ol & AA e 714 AT F A wt Eold & 7HA 7
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A F42 9 EFZE o] £HTKSon et al., 2004; Wang et
al., 2021; Xu et al., 2017).
I8y oA 7R ALY ENxP Ui 2F3E

ST

& JFsitigs B4z B B2 g A= g2
238 A7} &9 it} I 2A4 He and Hur (2015)= 5
ANFE NGO Z Imai BEF Kim and Dempsey ol w2 g
A YL AAG 2 &2 77 E(Dissolved Organic Matter,
DOM)S F8 HE &4 A AFA 49 Fo] 47
50%%F 68%2 BB ZUT #Ad met A& zfol7t HAFS
gk ub itk R B2 A2 ZANARE Z folrf
A37] WE DAX #HHE& o] &3 NOM & ol glojr] &
Pz i FAFA A= ADY e 7Y 2739 =
Z 9 29 279 435 v A AFY FHAA W T2
stk 23 AR olyg} DAX #FR S FAHGo] EFet
I HFAH E 2 Al AHESH= AHHCI) B € 7]1(NaOH)
BEE HRAY EH 2 BeE &2 Q) ugEE 59
Fg mA7] o] 43 s 9 AAELR Qg I
T #49 digoltt 53], DAX X £l NOMY F
8 Hydrophobic(Ho) A9 a4l HoN2 F& 2 357}
oAH ] olA7AA ER 54 2 27 Tl dig a7t Al
Aoz wjg FZ3}THGbeddy et al, 2021).

2 AFeME st Al B4 DAX #Z1E o] &3t
A B FHolof she X Hi), AR B, ¥7Y F
= 2 K9 v AAEo] fY1E JEE 24 Hx
FEFS Hrstgth 53], 71E0] 977 #E59E HoN 4
o] gexAs dAFCE AESIT AT J3 Bz
2 AA BB S FAFMAE, B AR Y O F
79 AFHLF, WMEF) A5 FE&FozA DAX #Z
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2. Materials and Methods

21 AME M7 2 HALE
g3 FH2d FES A AEe 7= G5 94X

¥ o

FrAYGAA AZ LS FAFE AT 5 7Y

24.0(£0.09) mg/LolJt. =

9 Y202 4857 9% 94 A2 F A5 A2E A
2 F22 weste] 3 AHAA AAtG o ZF 97

St H X2 ZA)N A= 202018 8€ 12%, A2bel] $X]% H
FAZ B, O)AE 2020 7€ 299 AFsA) A
F NEBEE EFH(a, 35°31'10.6"N 128°22'36.3"E), ELH(b,
36°52'40.6"N 128°41'05.5"E)ell A 2020'd 69 SAld 3 5}
Atk HZAS ARE A Aol AFAFAIL, - Al
BEE AT AFG09) 8= fFo] M w2 AlHCd HA
st &4 2189 £4 2 F2 5/ S FE = Table |
7} Table 29 AAISHATE HF AE FAE HEE 379 ¥
& & ~

s
a

T2, 293ty 34 2 Ay 3PS o A
< Be Al deds AR F @2 A7
20 #Y9HE ALE, o]& EoA] A st < BY wiET
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Table 1. Wastewater sample information used in this study

Sample (Origin) Site Capacity (m*day) Characteristics Treatment method
Sewage (SW)  Influent(i) Yangju 70,000 Sewage+wastewater DENSAEG
Influent i ; ; ;
Cheongju 50,871 Manufacturing of pulp and paper physicochemical and blc.)loglcal
Effluent(e) process, sand filtration
Influent i ; ; ;
B Seosan 104,000 Water service facility physicochemical and biological
Effluent process
Influent i i ; ; ; ;
c Seosan 13,439 Manufacturing of petroleum refining physicochemical and biological
Effluent product process, AO

Table 2. Stream sample information used in this study

Location (GPS) Stream length (km) Watershed area (km?) Watershed Characteristics (land use)
Changnyeong 314 123.17 Mountain upstream, swamps downstream
Stream Bongwha 24.8 115.93 Paddy fields and field
€ A9 EFE AEHY AF Ce S/ BA 3FAA /4 olo}xl Zgel NaOH(0.01 M) 100 mLE Z2 &4 4
" H=E, Y EFE UE desd 28 A4EN S (HoA, DOC3) & SRt &2 A(NaOH) &= W3} 4
HAL A E A= 75 d&ol ZRtL AA st e 9% &8 F92A(100 mL)S ZFHA NaOH 5%
A ot A5 A, S 3R A7 AAHA FFF (mmolol B2 FFS Fe5y] 98 T NaOH FES
AE Zo] AAs= Aoz =3} didd 314 by kA £2199(0.0001 M, 0.001 M, 0.01 M, 0.1 M)S ZA|5}o ALE
Holls FAARG =3 &o] Jg=o] Utk BE AEE A stk 4989 2y AR & 559 NaOH %ﬂ"“—‘l F
o <A 0.45 pm ZE(Advantec, Mixed cellulose ester)Z AJAIZI 3 20 mLutt} BEAAEE B335l DOCE 3T
ZHY F, pHE 2 °|5t2 Foj=a] Y4 C)RAstH T 2A AYEsES FIE s o)F dojx 754 *e
OH BE(mmol)E &2+sld Fig. 40 YERA AT HoA &
22 82l =& F A3 A2Axste] S48 ZA A Uﬂ‘?_‘r—% 100 mLE
DAX #Z < Sigma AldrichAtol A 418+ Supelite TMDAX Z8tA 24717 B FU1E RS, 278 SHHN)S
- 8% A&t #AX2 AHE A 0.1 M NaOHl 39 &<t FE3THZhou et al, 2010). HONS Xsl= Wds F2
AAANR &, &9 (Soxhlet) FXE AFEst] 3HF G R gde 3" F27)(Rotary Vacuum Evaporator, Hahn Shin,
MeOH(99.9%, Honeywell Burdick & Jackson Honeywell, Korea)oll A 50°CollAl S AZEAIZ #, 100 mL Milli-Q°l
USA)-ACN(99.9%, Samchun, Korea)-MeOH &A1 2 FA 514 LAA ANEZREH HF 35T HoN JE(DOCH S 1
THThurman and Malcolm, 1981). B A& 0.1 M HCI- gtk WgE S AATF & HoNY F5& 9 373 A
ZFF(Milli-Q)-0.01 M NaOH - EFFMilli-Q) 2.2 A3 TE AR e 479 JASE-AR-FHFTA -2
Fgom, DOC HE =7t 2FF $FE(< 2 mgL)oz2 7 e ZF(DOC)S WHEste] F]lstith

2% Y7iA] AHaETh A8 T Z2u ZTdIA 2P (15 x Zt /JE(Hi, Ho, HoA, HoN)¢| =& 23 godA &2
200 mm, teflon)o] B4 DAX-8 B Fx355ch 87 DOC2~DOC4E 4] ()~(4)°l A&ste Adsiich. F8 F&

A ZE2 Milli-Q (1 L)E °l&ste 13 A& # 0.1 M  Hie 28& aU2 5343 /715 F21H, Hoe 94
HCIB1Z 0.01 M NaOH(B2)Z Z2|Fo] utgis 24< EDOCHANA Hi FES WA Aoz &3 ghol sigd?t
93 A E(Z, Bl, B2)S g}io}gau} #A9 AMAE Frre= o} o714 B1(0.89+0.35 mg/L)¥ B2(2.07£0.65 mg/L)E 4t
HoN %Zo] ¢2d #<e %7} & FA 4o 59 & % A7) FE9 wFAR = o) e &FIAK Capacity
S AXNA & o3 ZE“’ e AR e AR & factor, k') A EE 2] (5)F E3 AZ9oH, Vels 9 A&
A2 APstact AAHS 2P 229 Ag s 9] #3(DOCY), V& ZHd 7€ DAX-8 HX #3915 ¢
Milli-Q, 0.1 M NaOH X=X 0.01 M NaOH%E A}-&35to u] el Thurman and Malcolm, 1981).

DOC MEEE7t S/F FE(< 2 mgL)L2 #2T 1J

T 288 APk AFEH 254 429 22l Imai Hi = DOC2 - Bl Q)
et al. (2001)9} Zhou et al. (2010)0] AAIE Axpe] what 21§ Ho = DOCI - Hi Q)
A thFig. 1). 893, YA 8E Z¥ FY A HCIE 9] HoA = (DOC3 - B2) x 0.1 3)
3t pH 2 °lg= Eﬁ % 1.0~1.2 mL/ming §&o=2 HoN = DOC4 x 0.1 )
1.0 LE &85 IF4Hi) A1E(1.0 L, DOC2)E gH3io) Vel = 2V(1 + k) (5)
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Hydrophobic Acid(HoA)

Raw samples 1L [DOC,]
A

(under pH 2)
[DOC,]

Flow rate of
1.0mL/min

0.01M NaOH

v
Hydrophilic(Hi) 100mL
[DOC,]

MeOH 100mL

|

D.W. 100mL
[DOC,]

Fig. 1. The procedure of fractionation of Hydrophobic and Hydrophilic fractions in

dissolved organic carbons from the samples.
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EER71¥2(DOC) 42 TOC £47|(TOC-L, Shimadzu,
Japan)E AHEslY] SR EE AEE 717184 9A
0.45 um ZEIS SHAA YA 2E AAT F AHESHA
th DOC 5% A3 S ¥t EFEY 2 Potassium hydrogen
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3. Results and Discussion

31 Al STURT|(S'IXL k) X DOM 5= HE
#ze] FX735 2 DOM 5% 7} Y4 nAE IS 3
71et7] 98 A2 B2 DOM BEoIA Y &FARK) wh
2 A7 J8 oivl &4 2t ’év‘i'—«l BEH](5 HoA/H)E
£3t93, 2 AF+= Fig. 29 YER Ath HoA/Hiv & &
BEAA 27]de T2 FE Holtrt 3 50 £
A AAF F FAA 100744 Qs FAHU o] F
e &FAA7 S7H5HAA HoA/HiN 7} ThA] ZHaste 3
TS Btk ole #x 2o 93t HoA £ Al &1
50 ol A= #F 9 HEgt FFIZ A3 Hizk 23 Wl
1&g TR Zsha 7HF5HHA HoA vl &S FdB7te
Ao onict whHe] §FRIAL 100 o)l e F&5T
z

rln b1

79 FRRIZ Q8] HoAd d¥7F FFHA £Es1x
S 5H35HA HoA vl g0l HaB7HE & &g A
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2 3% DAX d719 834 IF B/ AN £2

ZHk") 50 ol&tlAE Hi AEE R0 &3

340/430 nm I 3E F3f A A H Uk wEA 2
A g A3 &R 2AL 71E FAAA B
2 AARD olZ NOM AlBA g A8 &

A Al gt

DOM w%o| mE IS vlasd 2, Fig 204 & &
=0l AR QA WK, 50-100)o4& & AP A 3
£33 & 27(1.9-10.5 mgL)oA FAE B8 A EH])(HoA/
Hi)E Yebdth o= HoA 55 e A4 §FUA A
£ DOMY &9 ?Jr711°*°l AGsHA A&7 sTs AAle
ok 2 AdeA 9 HF F3 R AMSS T2 2D
15 mm)oll A 6-8 mL(ZEX g;—o] 40 mm)°l 3Fzreh o, F

3 8EAA WIE @2 WA o) @149 %2 Fol7} A
UAA 9 B¢ A 87 29 HFE2E AZte] Fotd T
1.0} —0— 1.9 mg/L
§ 3.7 mg/L
—#—57 mg/L
0.8} —v— 7.4 mg/L
hs —0—10.5 mg/L
£ ool §>§;§/§\
~ =
< S ¢
= %
0.2 ?
00 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
0 20 40 60 80 100 120 140 160
Capacity Factor(k')
Fig. 2. Effect of the capacity factor on HoA/Hi ratios at

different DOC concentration.
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Il
it
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14
ox
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2
o
2
do
w
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o F&o] ol eR=E Zy o YA wat Hace 3
=08 duAdd S 3l APt Aol dastt 9, FY
|FARHK'=80) Z7AA DOC EE=o wWE HoA/HiH &
Hag A7, 7.4 mg/L ©18F 10.5 mg/L o] 5%
HoA/Hi®7} 9§ xfol & H P Th(Fig. 2)(p=0.024).
AR SFAA 2UAME Y2 pH ZZ(pH <2)3F i
Ao 2 DOC 5= Q8| Hi & sEo] S5 (aggre-
TOE 3 A2 S WHA DAX #Rld 7

2 &5 o] #A5Y] fE LR A HHGadmar et
al., 2005). @A 2 AFdxdoA9 HF DOC §E+ 74
mg/L °]st HHE FAM RS & 5 Atk FAE d2A
Kukkonen et al. (1990)< North California 7]¢9<] 3t 4E O
422 DOC &= WE XAD £8 #7128 JEFZS v
3 Aol A DOC BE(mg/L)7} 5914 5022 Z71et= 23
HoA/Hi9] H]&©] 38 o4 & Ho]E Hlg HIAstTh
o4 ZHAx ZHMWE 15 mm)olA =& §FAA
AE Boh & &% ZREWE 25 mm)ol] F-E& ATl
HoA &H|7} 22} 21%3} 24% 2 234 9] oA 52
AFEZ A& F YATHFig. 3). ol= B AFNN 253
H7t Bt 2 &9 Als BN E 5YsHA H89 &
& AAT &, 2 AFNA AREd Z2H2 WE 15 mm
(DAX A%, 6 co)Z 1.0 L oI F& &F9 NFEE
E3st7ld A Aoy o B HFIY AR,
50 L)E 2gstaat & o st &FAA " A
B 2 23, WE 25 mm)S AHSE F IdeS ¢ 5+
o B3 Y B350 L) A1EE Ao E FF DAX #R
of EHAIA B8 AFdE AIEE HA 4F F9= s
(5, ~1.0 L) ¥ DAX £8& g 279 U HoA
8 A0S AE5EA AA 2 AI7E < 15w = @
ZEATHT72AIZE vs 48A17h). ol YT &FAA 20 &
FA 5= 4%, DAX ZES B8 47189 5%
Bl APshe Fo] HEY SHFEHE S AR

Y
&Y E JAPote G0l Has] 543 &9 aes

)
o

XA

)

O £ of ok Hr Mz

o rr
4
ox,

f K

oo my o H1 of

(0]

_g_t,
Mo P
ACN

o
o &£ mfn o

1o,

5.75 mg/L (1L)

HoA (100mL)
25.78 mg/L

HoA (100 mL)
12.86 mg/L

Fig. 3. Comparison of HoA extraction according to column
size.

32 82|Y ==(NaOH) & U ]7|2 &4 It
Hld 38 JES FE57] 9 I3 &2 (NaOH)
BEE A7) 98] [OH] BE(mmol)o] ©E HoA 23
FEE ZAEATHFig. 4). 8&Ed EAHE E2 A(sal)
e F7F 24E Adste A, 22nEIHT §)

) d & H(matrix effect) & FLZ F ATh 24, Roth et al.
(2013)2 Yenisei 99 pHel @2 DOM &4+ &4 #st &
Z ATeAM gZE TR 225 E fUIEY RS
st 28 @ F2E HWEAE F o] 42 9ZEY 5%
¢} pHE FASH= Aol aFS AAIS v Uk weEtA F
A [OH] 5&9 Ago] 5231t} Fig. 491 Z71¥ Percentage
EF)E 71E AR0dA gutRoz ALEHgE &Y %
(0.1 M NaOH)(Imai et al, 2001)Z ZHo| Z#EHYHEA
DOC 3%/t $F/FF FE< 1| mgL)22 U& 47tx F&
g FEE 100% BFoR JHgste AFe AFelnh ol
0.1 M 100 mLel afg<ict. AdZ#, &89 100 mLE 7|&
Fyz AF3E F$ 0.01 M NaOH(1.0 mmol)FE & 7|&
3o A AAsH= [OH] BX(0.1 M NaOH, 10 mmol)% &
Al HoA 28 && Bt F, Fig 494 & F dxel
Z719= [OH]7}F $71242 HoAd 235 (mgl)E 32
3] Z7Fstthzt oF 1.0 mmol O] FF-El= SAFHS] oA o
A% 255~ 70 mgL)E FASIHTh ole B Adz4d
o e FF &2 HEE 1.0 mmol ©]4H0.01 M NaOH,
100 mL)9 < AAIGeE w85 A9 Aldle Ed0A
AASG 2 [OH] &9 &IZA(F, 0.1 M NaOH, 100
mL)(Imai et al., 2001)& I 2 F{37|Hele fF A=
Aol AR A gYd AL =319 APsE RHol H
3 & F Uk

SHH, 24 S4(HoN) J#2 HoA &5 ¥ #Xlo IR/
3t A Eo|tK(Thurman, 1985). £ ATolA+= HoN &<
s A 52 20 44 2 43 EYAAY FFE%)
< F715I3 T HoNS HoA £3 F #3& &£48 FA=
$A WerLE F25H(Fig. 1), HoON A& £4(100 mL)°ll

100 .
n | |
| |
| |

LI -
N .
A M
D 60F =
.
H | |
= 40}
[N .
[3)
h | |
D 2}
R .

| ]

0_
1 " 1 " 1 " | IR TN T ST
0 1 2 10 12 14 16 18 20

OH' (mmol)

Fig. 4. Effect of OH~ concentration (mmol) on HoA
extraction rate (Experiments: DOC = 4.7 mg/L, pH,
capacity factor = 80).
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EAste eSS 3 5F7](at 50°C)E AHE-st] A A3}
Aot 133 SEESH Al FFREA(< ~1 mL)9 DOC =&
%7] 2,022 mg/LAA 44.0 mg/LE 2 97.8%7} ZAastd
233} 2453 A DOC 55+ 427 mg/LE Yold g&
o] 77 Wghso] S AL ASATHFig. 5). ole &F
W gH&(HPLC-grade, 100 mL) A|E%E oz FU3 =
A 28 F&53F A DOC =7F FFIHA(0.3 mg/L) ©

S Gobzl A& FAAE ERltgitt o] 2EH %—7}7—‘10&
A4 EA0] 7153 HoN A|E = WEe 35 3 H4 23 o

H'Ilﬂ

¢

9 s 35S B3 GRS & ¢ vk &9,
23] 4 532 58] F23 HoN(0.43 mg-C)= 4] (6) u}

ZA Ao 2 T3 HoN(0.52 mg-C)F Hlal Al 2F 9.2%9)
£4o] s E Aoz F4HE ol 744 HoNY 3¢88
e £30] glo] £ ATl FE ey JEHS
Y vastyle oy B Ae V& A7 BES
HoN &9 71287t 7Fedg gelst Aoz ourt 9}

o $% B 0o /199 RS foR B 55 U 3
Auge g BE 958 YAAE Fust Besd

cal. HON = DOCI1 - Hi - HoA 6)

3.3 Hlale gt= TALE It

7 29 MAEC] #7118 B A HAE 9T
ZALsL7] 8f v AAHE Sl w2 7 JEE 5= W
32 zAEE R, 2 AFE Fig 69 ﬂ] Al @ ZA
HF L Ha 59 ol 2aHn, 5Y ARIHE FAZLHY
v X (batch)oll W2 X7} HAT F 9lo BY FH Z
WE AAME 7HeAd S Hrbske A2 9Rvt ok 2"l
B ¢ gl%o] T HA AMAME7HA = Ho/Hi E HoN/HoA =
T AS 2l et iAol AR AHE e
o} o714 HoN-2 &@)oll W2 Al4tgkel sig=ich 28
3WA AAHEF-E HoHid H7F §43] $7bste 222 b
Ebgth ol #ZY wHEALS Y] wEt &= A5 /7]

2100
o~

= 5000 |
)

E

£ 1900k =
o p—

-

=

s sof
=

%

&

=

S

o

0

Beginning 1 2
Number of evaporating
Fig. 5. HoN concentration change according to the number

of rotational concentrations (Experiments: DOC = 4.7
mg/L, pH, capacity factor = 80).
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AMEo 2 QlE 318H4 MF o] HAsEAY B DAX H7 4
2l ZAsHA F2&E ZFsHE §718(F, HoN) d&0] °]
F A7 £ o dFE vAY] dEeE grEtKLara
and Thomas, 1995; Oh et al., 2010). ©]23 2¥= meL
F% FJ & HoN A&o] g AFHMH9.2%), 254 4
£ % HoN/HoA H]&°] HtEALE o] wat A &F oz Frteh
AF4E AR AT F Utk oY ZAZEE AEA
e 2 AF4E 97] $8iAE DAX B AAHES A
2 AAZ PPt Aol AEATS & F Utk

34 ElZA| 20| HEE 2XIEE A4t

ol A &% #7 28 ZA(k'=80, [OH]=1.0 mmol)&
Ag3ste] Bt A e HF 9 Y fUE JEE
BEXEG S AT HF AR F, A8 DOC &
£(11.5~274.5 mg/L)7} &o} #7 285 9 DOC &&=
23 232 EUE 74 mg/lL ol&tE A8t A&t
8 2%, dF WEFY f71E R Y5 v A5

[e]

ML

e} 2~15u] Yol o, §7E A4S fdFd MiEs &2
T g gl &g #7189 H1E(F, HoH)ol 2 &
A& B tKTable 3). xialﬂr%OﬂHt gz FHA) A

gAY HFB)e 278 F71EMH0)Y A agol =of
5 iy W&ol &5 #7159 HE(Ho/Hi)ol
A vk, AGEA HJ5(C)e wEFlAY HoHi ¥l&
o] 5392 FYUFG3.19)0] BHlus) 1.78l2 A ZFUhstAoh
olglgt f71E A9 Wt fTY 54 2 Mg
w eAHo2 AYHe f71E JEo] EAE7] gEolth
ol 24 Wang and Chen (2018)2 sl-#l= A7 &3 A3
AdE DOMY &g vg 2 B £X9 st ATE
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JE9 Z71E Bt th W Shi et al. (2016)2 H$A]
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Table 3. Concentration (mg/L) and percentage (%) of the DOC fractions of the sample (i: Influent, e: Effluent, 1: Before the

rain, 2: After the rain)

Concentration (mg-C/L)

Distribution (%)

R Diluted Hi Ho fraction

aw 1lute: . a . 1

sample sample” Hi HoA HoN Ho/Hi  HoN/HoA fraction HofA HOI.\I

fraction fraction
A 274.50 5.09 1.62 0.59 2.88 2.14 4.88 31.9 11.6 56.5
Ae 36.40 3.70 1.22 0.48 2.00 2.03 417 33.0 13.0 54.0
B; 43.60 434 1.20 1.02 2.11 2.62 2.06 27.6 23.6 48.7
Wastewater
B. 20.70 2.11 0.60 1.29 0.21 2.50 0.17 28.6 61.3 10.2
C; 169.40 1.88 0.45 0.95 0.48 3.19 0.50 23.9 50.8 25.4
Ce 11.50 1.21 0.19 0.83 0.18 5.39 0.22 15.6 69.1 153
a 2.69 2.69 0.99 0.88 0.82 1.72 0.93 36.8 27.7 35.5
a 4.04 4.04 226 1.11 0.67 0.78 0.60 56.0 274 16.6
Stream

by 2.87 2.87 1.16 1.56 0.15 1.47 0.10 40.5 54.2 5.3
by 3.24 3.24 0.90 1.25 1.09 2.58 0.87 279 38.5 33.6

IgolA DOC v=7F A 2 E7|2 g &2 7|v|5} Atk &9, HxAx H(A)Y FYTlA = HoN/HoAH 7k

Aoy SFAAYZE A3l DOC H=7F 2F 85% Ha
3], &4/ AHHoA) 82 &1 F 96% #ATS BIsty
th AR 44 2 A wE F2 AEe 5SS,
Hi, HoA, HoN)ell&= Zte]7} #Ashs & & Ut} Fig. 72 ©|
g3 A HstE Eoh FAF R Fls] fstd 4 {71
& A EM(Hi, HoA, HoN) % ¥W3lE Jehd Aotk Hix
EE A ZANA FUF oyl wiEolA A FAEHoH,
A{ZA HJFC)7F = HF(A) 2 HHE8FAE H(B)ol
Hus] JHez o & 9] ZFAE Jeklth ol 2%
£ 7€ 239 2RI X5k ZH/EA Bai et al. (2020)
2 AESA A 7|6t AeAY FFAAE ARG 771
E(F, Hi)ol 4 AAHEA vl e Gy 718
(5, HoA)d & H|&o] F713hs Bargh vb itk

SHA Ho JEo|HA diidos B ATZ237F BRiHA
%< HoN9| 2%, HEo w&t 9 DOCY 25.4~56.5%%
A QA eH wES DOCAME 10.2~50.4%F XA 5}

>4
ol
447
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i

}
a

4882 &4 F71E(MHo)Y tFES AT UALm v
ETNAE 4172 Z HSHE BolA gyt ¥ A /784
HFO)ME FYF9 WlEFolA9 HoN/HoA¥ 7} 2+t
0.509} 0222 HoA7l 254 47189 o JRoz =3
o, 45 tH wWE5eA HoAd At v7b o F7tste
E3g Bt 5§39, Ad8FAE #@5(B)ol A= HoN/HoA
H7F el vlasl] wiEgoM FASA dobdl 534S
HHTH2.06 vs. 0.17). o]& thE HFohes FEEE 5F2
2 895949 HoNR.11 mg/L)ol A FAFo] $MFHo=r
AA= S W E50.21 mg/L)S] FAQ vl go] IA YobA
7] g&oltt. &, HS BolAMY Y ulb] wlEgolA 9
HoN/HoA H|-&(Reff/Rin)¢] ¥3s}= 0.082 FY tiy] wi&
Foll A 9] HoN9 A AE] HF A0.85) < C(0.44)E
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Fig. 7. The concentration of the DOC fractions in wastewater samples (upper) and stream water samples (below) (i: Influent,

e: Effluent, 1: Before the rain, 2: After the rain).
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2tk Thurman (1985) ¥ Barber et al. (2001)= XAD #H 3
8 {7188 ddez & FTIR 2 NMR E4& 53 2
ZAZ A5 WETY DOME 1 AMEFH Y gseiy

Multi-ring Fe]9 FFE 72 JES F2 EFshe ¥4,

AFEA dee ot T 3FE gx Fx JES =

oS B vt itk ol HF] W|E wiESF DOM F &

F4 f7189 EX E4(HoA, HoN) 2 T334 EX4o] t&

T A2 AASHH, FF HoN g2 B2 54 2 33 4

T g7be g Bop 22 AFAEY FH¥o] a7drt
st = 2 A Hlusd 29 F DOC FFH(mg/L)

=

at 25 Fol Hi 489 54 vgo] FolAs 542 B
ksl

o ole 492 4% 9 #7129 48l sF9 e NOM
X 54 mtet Ho®lol = Hi 4&& o £33 + &
& A ok as sk Wl FAAH] AL 3l
o shAol BF 7hsstESE B2 A2 e AS Sl
BEA dFS A Bske A= Holn, 543 b B¢

=
AAGETG= F2 =3 o] YR8t EF FH F71EHY
gt ol st 53 & &3

frel NOM9 frd o2 Q18 Hi &
(%)°l 7 ALE & 4 Ut oA, 3k b9 FH & 3
A ast g2 FAA KT =7 o] PG o s, Ze A
¥ vlwa 29 F HoHi 48] 1.88] F7FsH%th Nguyen
and Hur 2011)9] A2 ©& DOMY +Z 2 348 548
SUVA, DAX-8 & &3l HlZEA S dAFolA & EF 3}
g GRTHET Ho Aol Bo] 2Este A2 Yelgon,

ol AL SR o2 B oh8 be] Ho Aol &
e AL A A RADE 2 BPe] EFH] i
%% Ho 429 0% f922 A7 Ace

Oh et al. (2009)= 719 A85E UFLE & AR A

o
i
£ 8 & =

ok

&3l Hi 482 HoAZ HEHH, HoAw Bt GEs8 S

£ HoN JEo2 AFHE dF°] d5S B 19 ¢l

ol 2% Al A LEAY Fdd wat A bl A B2

dEHES f= HoN &0 98 & A At
Thurman (1985)2 HoN &2 F2 A (lipid) A€ &

2

o
o

A HEE A FYE et 2RE & Utk o
= =3 @o] 2 YX 5k 2 (Table 2), &

ARt Fr1H o2 HRE 7] W ot
Al F95+= HoN &3] sk akoh Bd Aoz F
th olAF 3 a®t b BF sk FHe =3 i A
AA T ZE 9 ¥R T/ wet &&7tESd EER/VI
=< O 545 7 F Aes ¢ F Uk fAKS A
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4. Conclusion
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