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Characteristics and fate of refractory organic matter

in the Nakdong River

Ju-hee Park

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

The Nakdong River is the primary source of drinking. water for southeastern
part of korea. Therefore many effort and investment have been gived the
Nakdong River watershed to improve water quality since the 1980s. However,
organic contaminants level measured as BOD and COD has not been changed
during the last| 5 years, and even increased depending on the season and the
location. Recently, it has ‘been realized that BOD and COD /as an index of
organic matter have some limitation on the management of the Nakdong River
water quality. Therefore, ‘an- alternative index of organic matter are needed to
estimate the organic matter- concentration _and=composition, especially refractory
organic matters(ROM).

The DOM fractionation, Leenheer’'s method was modified in this study.

The DOM fraction method classifies DOM of sample water into five organic
matter: HiA(hydrophilic acid), HoB(hydrophobic base), FA(Fulvic acid),
HA(humic acid), TiA(transphilic acid) using the ratio classified DOC and its
ultraviolet(UV) absorption properties.

This study showed that while the organic content in upstream was low in
winter as the influent concentration decrease, that was high in summer. As the
seasonal aspects, the concentration of hydrophobic was high in summer and
winter. While the ratio of SUVA varied little in spring, this varied significantly
in summer. The significant difference between maximum and minimum value of

SUVA was resulted from the seasonal and monthly wvariation. UV absorbances

- vii -



show close relationship with out-flow and rainfall.

The ratios of ultraviolet absorbance to DOC in all effluents exhibited a
common relationship : AHS(humic substance) > total DOM > HiA.

The percentages of RDOC to DOM fractioned by biodegradable testing, were
10~40 % downstream, which implies the ratio of refractory dissolved organic
matter to DOM increased. It was also found that SUVA ratio to AHS(humic
substance) showed 4~7 mfl/mg DOC after biodegradation. the reason was that
even though biodegradation decreased the L-DOC of organic matter through

decomposition.
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A 27 TAAT
2.1 €& #7]E A (Dissolved Organic Matter, DOM)

DOME f7]=4d9 FAZA drtdor EFHe Frls=5YH 97, <
ol dExom Qg oS F3 Al EAEA dv. A DOMO sx= &4
el wae gom AFEFst on, AFHeE DOM & Fs AW
DOC(Dissolved Organic Carbon, &<& F7]€t4)=2 YERATY (Croue et al., 2000).
olgigt DOM & AAA ] dA LA Feish= F7]1&E 22 NOM(Natural Organic
Matter, HAAfF71EZ)oleta s, DOMZ NOM2 Ui E&a)A AFEHAY A
TZA A webx] FESHIE stk AW o2 A A A {TILdEA S
DOM skl w§ A 7]ejstng  NOM¥ DOME SdstAl Hw o
(Leenheer and Croney; 2003). Yd¥FH o2 045mm Ht} 2 {784 3tES &
=4 DOC(Dissolved Organic Carbon, 8<& f7]84)2 GolE 4 d+=d|, DOC
AR EAEA, TE7F Ae e AR FEe
-9 H3e Evd =Zo|rh HAFIAS o]Fa Qom, carboxylic, hydroxyl,
phenolic 59 o2} AF7|E 7FA L 9 polyelectrolyte® Al Al o] oo
EEE DOMe ¢F 50 % oS AHA ek (Thurman, 1985:Leenheer and Croue,
2003).

DOMe| tF-iES& A 3tarlE DOCE F2 F9dlo EF &= &4
= 9]4-7] ¢ (allochthonous)e] o 4& A E<Ffel humic substancet™= %3 %]
cellulose$} ligning E3tsls= A E 9 BAo=zRg ¢ Zo] F# 3ttt (Malcolm,
1985). 9] 7] ¥ (allochthonous) humic substance”} Zoly 54, ¥ oA F=2 &
A sk WA W H-7] ¥ (autochthonous) humic substance 733 Z oA Ltk
Hog wA FHtu} (Steinberg and Muenster, 1985). <]4-7]<¥ (allochthonous)®]
DOM rd&e]l A =/ ®Ao] Wz 49 AFA oA Wi-7d
(autochthonous)®] DOM H-&}&o] & & A gt} Aty oz %9 DOMS

3|
A
olF HA Fol HE EaH7] AeH, o eddel = 5o DOM2 4hsh#t

5
o
&

ox
A

#2 humic substanceg}il Sfi= I
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2 BF¥ Fulvic acides 25 pHEAAA Eo] &a]Alolal, humic acidi: AHA
J( ( pH2 ) B " 4o EgAo|tt. 191, Huming oW pHE A =

Zol asha ekt

BE pHOM E8%

2E pHojiA| &3l

B Fulvic acid ® Humic acid ® Humin

Fig. 2.1 The fraction of humic substances by pH.

Fulvic acid®] #A&2 dAd .o 2 500004 2,000 daltone]l W ¢ o] i, humic acid
= 2,000 daltono]de] & WA} FS 7Y (Thurman et al., 1982). Fulvic acide=
Ads ToAA BHEA EAstaL, 1 EAE 1He S AEE 85k oa Ao
A} (Leenheer et al., 1989). 2] AME+= fulvic acidol 93] 2% (Wilson,
1959), fulvic acid= humic substance & 7} 84 AiEolE=z fFFo x4
<ol A humic acid® Ut} ¥ ¥ FEZ &A% Fulvic acide w9 A4
Zo A &% humic substance® 90 % AHAEE AAetal o, UHx= 10 %
+ humic acid= T35 Atk (Malcolm, 1985).

Fulvic acid= hydrophilic acid®} humic acid®l #H]3&] sugar®} amino sugar”}
Ast= HlFol o™ DOCY 25 % Ak AA gt A v, dsd &4 &
of A dHYd =4 FEHE SAS 7HAL e, ¢+ T4 A
olsle] AAHZIE 3 B Fole A e dFnuF AEE dEFE
A} T°r7]§]ra%°ﬂ F&E o EAgY. RES ool
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thoFslar B3k dtstAel xS 7 DOME AlFA o2 HF(fraction)dt”]
Sk W2 AL o]Folx gfow o] F U HEAo|a AAuiHo=r s A
g = Y& W Aolst SA4& o] &35t ZbE ol 2ud 4

Table 2.1 Fraction name convention and their correlation with the previously

used terminology

Fraction Approach for collecting
Other descriptors

name fraction

Humic material : fulvic and

Hydrophobic | Adsorption on XAD-7HP
humic-acid

Adsorption on XAD-4' of | Acidic part of | this fraction
Transphilic | material that dose not adsorb | has sometimes been referred

to XAD-7THP to as hydrophilic acid
Adsorption on.. XAD-4 of | Previously referred to as part

Hydrophilic | material- that dose not sorb | of the non-adsorbable part of

in first pass threugh media NOM

=

/4 (Hydrophobic, Ho) 2.2 & 4 o, && 7= 545 ol
at7] flste] =59 FrlEs T4 2 i

23 A B me} XAD-7THP +X¢l €3] humic substance® non-humic
substance® ¥7F & 7} d o (Leenheer and Huffman 1976, Leenheer 1981,
Thurman and Malcolm 1981, Martin-Mousset et al., 1997, Douglas et al, 1993;
Edward et al., 1995), ©]& Q. ¢ty Table 2.29F o] Yeld 4 9l



Table 2.2 Characteristics of bulk natural organic matter

Fraction Species

Humic substance Humic acid
_ Hydrophobic acids
(Hydrophobic) Fulvic acid
o ) Amin acids
Non-humic substance Hydrophilic acids _
Proteins
(Hydrophilic) . :
Biochemical Carbohydrates

2ol dojum, F2E F7]
2 NaOHell ¢&te] gztdn), é2td 254 §71% o)A humic acid9} fulvic
acid®] ¥+ Al pH 2 o]st=2 A3 AlA humic acide HAEZ FAHA 3
o] B5F3H, fulvic acide £ C &2 EA8kA st =57 3ttt (Leenheer, 1996).
Table 2.3 o]21% X Z o] &3s DOM AEse /o 2 Ao sdste
stet=d 55 WUEHIL 3

Table 2.3 Natural organic matter. fractions and chemical groups

(Leenheer et al., 1982, Leenheer and Noyes, 1984; Reckhow et al., 1992a)

Fraction Chemical groups
Acids humic - fulvic acids, aromatic acids, phenols -
Hydrophobic Bases proteins, aromatic amines ‘-

Neutrals | hydrocarbons, aldehydes, ethers ---

Acids sugars, sulfonics, hydroxyl acids -

Hydrophilic Bases amino acids, purines, pyrimidines -

Neutrals | polysaccharides, aldehydes, ketones ---




Humic substance® Aol Z3ate] 2 & S o8] AlA7 ZxEE w
™, non-humic substancex= I F7do] st o]ef #Zo] {f7ES Eo g 3
o et FR/E F 3, FAF 54 "M E s ¢ Ut 53], 23" 5
e g2 E/AAE B9, 9 dF, AL, dE SFgEY 22 124 §U18F
23} ojuit Aey 2o ARA §78ER U= 4 gk e A 2 od)
T P25 ddslE o AsRAMERE ER/7F 7Hs s

Table 2.4 Humic substance classification based on solubility (Swift, 1985)

Current Designation

Solubility Characteristics

Humic acid

Soluble in alkali, precipitated by acid

Brown humic acid

Not coagulated from alkali selution in the presence

of electrolyte

Gray humic acid

Coagulated in the presence of electrolyte

Fulvic acid

Soluble in alkali, not precipitated by acid

Hymatomelanic acid

Soluble in alkali, precipitated by acid, soluble in

alcohol

Humin

Insoluble an alkali




212 && R71E49 +&x3 &4

DOC® A<l humic substance® Tx2& A9 WA A & o v, carbonyl,
phenolic, alcoholic, hydroxyl, carboxyl, methoxyl Z&7]1E 7}z ®3= 313t&E =
‘?:I‘L’ﬂ Z] 91t} Humic substance % oll4 humic acid®} fulvic acid A+ &3¢k
dE TEE AL U oA gFEolth oA EA g ERE WIS 1
ZQ1 G A}y ofe] ) Bl A PeEjelal. st RAA (-COOH) ¥ 22 A&
me= #5719 atge ¥4 (-) MakE oy So=A -COO & o]&3) ¥th
AT FolA fulvic acid &A= (-) A3E "= A 2 FEjolth (Douglas
et al., 1993)

i‘l

al
al

Carboxylic - COOH < -CO07 + H ™ =m----------- 2-1)
Phenolic. ~OH & -0 + H*  --em—m—srea-y (2-2)

Humic acid®} fulvic acid A= Al Ak pH =M= 919 4 (2-1)3
21 (2-2)2] Wkgo wEl ek 2k sk (deprotonation) E .24 Sol24 HHE w
AE Tt Lo & (polyanions) &2 =4 3t}

Humic# fulvic ‘acid®] 4Hd 48719 &= F38 ¥4/ B 9 vz

o} =& AU E 712 fulvic acide Y2 H3EE=E 72 humic acidR.t} # 3}

Zstoll o3t glskA Sxlo] Hoeolyrth AT AT A9 humic
substance® o] Fo] ] it} o <23k humic substance H-E& AFA A A
S A2 Ao FFoly SHA 9%k AAZE v £9]8A| % non-humic

8
substance T#-& IFAHOEA AFAgy Ao o tigk Aol 2A &
AN =A] kTt (Douglas et al., 1993). 1211 #<* non-humic &% humic
wHT AL Folyete A9 e DBPsE IAE + vt Ruyia Aok (Hwang
et al., 1999). 18] non-humic Fi#+< Aol 43t BDOC(Biodegradable
Dissolved Organic Carbon, A3l 753 8& fF71ekA)e] Hio] & vl A
At BaE 3l Qo (Croué et al., 1997). WekA non-humic® 2-& F3A1A ¢
e lob A SHelA AR A tiAte] Hal vk 222 R humic #RE
ol e} non-humic §-#¢ BF w3 F23% onZ 71At} (Leenheer, 1985).
Table 2.5 humic acid®} fulvic acid®] 54<S YeERN ST Table 2.59] el

zkg-719] Bl wE humic substance?] ¥4 Aol #3 AEE B2 IdAFAE



AA ol sFEsd TEE F o= =w

Suffet(1989)9] ¢]3}# humic substance?] 44 AEL AT 7] %o w3t

filo
1, N
>
o
£
=
5
@
=
=
<
jab]
=)
o,

Wtk Abs AR dhEko]l ¥ %2 humic substance® IFAlY EAS 7HAIH
w53t Aol AAA @l Humic¥ fulvic acid®] A AR e Az
o2 9t} Humic acide @9 4 3 F 7y A 7Y A& A& i3k
fulvic acid= @9 &2 7 A& AdEel W & A9 ZAE TR I
(Malcolm, 1985). ¥4 #2413 Fvt Ex=F AP o= fulvic acid®] B4l A2
o] CsHs505N(mol wt = 1,230)2.2 Aote v} 9l o (Abbt-Braun et al., 1939),
n] = Suwannee 72| fulvic acidoll tgF 22 o] CryH7204No7(mol wt = 1,700)9]
2= Aol Aoty vl At (Thurman and Malcolm, 1983). Humic acid: fulvic
acidi.t} #xeo] =717} A wrekAdo]l =tk Humic acid® +4 94+ C, H, O,
N, S, Polar, gaghako] 50 % ool i, fulvic acide A4S Wol dfata 9l

o] 2] 3t fulvic acid®} humic acid®] 7]¥+%= Fig 22 ~ 2.3 o Ye AT

_10_



Table 2.5 Characterization of humic and fulvic acids (Ronald, 1981)

Composition Humic acid Fulvic acid
C 55.94 54.56
H 413 497
Elemental O 36.52 38.20
analysis N 1.27 0.87
(%) S 0.93 0.74
P 0.25 0.62
ash 1.13 0.86
0~55 ppm (C-C) 23 36
55~65 ppm (C-C) 8 8
Carbon
65~95 ppm (C'-C) 12 16
distribution
95~110 ppm (anomeric) 4 3
CPMAS
” 110~145 ppm (C=C) 21 12
°C NMR
145~160 ppm (¢ -O) 9 5
(%)
160~195 ppm (COOH) 16 16
195~225 ppm (C=0) 7 4
Carbon Aliphatic. carbon (0 - 110) 47 63
(%) Aromatic carbon (110 - 160) 30 17
COOH (tiration) 437 6.4
COOH (C NMR) 6.8 6.8
Carboxyl (*C NMR) 3.0 1.7
Functional ”
Methoxyl (’C NMR) 34 34
groups ”
Alcoholic OH (°C NMR) 4.3 5.1
Phenolic OH (titration) 19 1.6
Phenolic OH (**C NMR) 3.9 2.1
Molecular weight 2000~ 3000 650~950
(radius of gyration) (~10A) (~6A)
Carbohydrate (%) 10 o]} 5 o] 3}
Total nitrogen (as amino acids) (%) 25 °]s} 20 )3}
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Fig. 2.2-Structure of humic acid.
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Fig. 2.3 Structure of fulvic acid.
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22 & 71 €2 HAE EFREH

| 72 BF W2 og ZHAYE A HAS7HA AR Ho R F AR
SAMY Frleds s AESA oA SAHske AAdAd gl AT
FHAHQ =AY o7 F F7|e A& (Total Organic Carbon, TOC), &&A F7]eA
(Dissolved Organic Carbon, DOC), UV &3 %(UV absorbance), &3} 7}53 7]
El 2 (Assimilable  Organic  Carbon, AOC), A&a& 715 E e R R

[
(Biodegradable Dissolved Organic Carbon, BDOC) o]t} &3k ]2 A &E3t%

ol
)
ITEE

71Ed SA4E A8 F71=9 724 54 mE ol2usFAE o] &3

F71 & 2Ry BxpeE B 3E(Apparent Molecular Weight Distribution: AMWD)ZS
=A3}7] §3F Gel Permeation Chromatography(GPC), Ultrafiltration(UF), X-ray %
W osol Aot

o2 gF Ao &gk FrlEe] w7t A FRISISHA AEHI Ao, XAD
A+ A humic substance®] &5 $I8t%] standard method=A] At LTt
(Thurman and Malcom, 1981).

Fulvic acid, humic acid®} hydrophilic acid= W] o]-=>4 XAD~7HP(acrylic ester,
20 ~ 50 mesh, vl A 450 m'/g, HdF= 90 A)°t XAD-4(styrene
divinylbenzene, 20 ~ 60 mesh, B H| EHA 750-m'/g, F &= 80 Aol ol &
2] ¥t} Hydrophobic acide XAD-7THP FXA]o] &% i, hydrophilic acide
XAD-4 Aol F&x= A2 ol&ste] £ +7F vk (Malcom, 1985). 54

of &&¥ {71522 NaOHE ©o] &3t FAolA &FAA 4 e 75 ~ 100

\<

%9 FAEES IS T Av (Collins et al., 1986).

oj2ugFAle 9% Fr]w EFe oY ATAECl YA = tig st
e} o] /g Gl Hjo] &4 FAE o]&ete] EHe] st jle Aed B4 R
slelo] 2 44 EHE Eos

Leenheer-> H]o] 4 Amberlite XAD-8 X ¢} o] w34% P Jo]& w3k
FA 55 o] &3t Fig 245 EW Leenheer< hydrophobic base, hydrophobic
acid, hydrophobic neutral, hydrophilic base, hydrophilic acid, hydrophilic neutral
SOE 6FFE B sk
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DOM |

(AHS+HoN ~HiA+BaS+HiN) DOM 2 (AHS)
Step I:
acidify topH 2 and
pass through XAD8 ,
Sty XADS resin
Step 2: 3 L .
elute 0-1M NaOH _" DOMJ[H1A+BHS_HIN)
AG-MP-30
cation exchange
Step 3: resin
pass through cation 1L
and anion exchange —— DOM4 (HiA+HiN)
resins
AG-MP-!
anionexchange
resin

'

DOM3 (HiN)
Fig. 2.4 Jerry A. Leenheer.
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CH,

Fig. 2.5 Chemical structure of XAD-7HP resin.

&

I-0—I

T~ 0=l

L —QESE

I—0—TI

\
Ju

Fig. 2.6-Chemical structure of XAD-4 resin.

Table 2.6 Properties of XAD resins studied

Average pore

Specific surface

Specific pore

Resin Composition ) volume
diameter (A) area (m°/g) .

(Cm”/g)
XAD-1 Styrene—divinylbenzene 200 100 0.69
XAD-2 Styrene—divinylbenzene 90 330 0.69
XAD-4 Styrene—divinylbenzene 50 750 0.99
XAD-7HP Acrylic ester 80 450 1.08
XAD-8 Acrylic ester 250 140 0.82
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Fooll EAsE F71E9 BAF A4S AT FAHd 288 A==
93 A7t @t (Chadik and Amy, 1987). =38 FAH oA #7152 &

o 2L
2 ol

A7l AAZE AFHAoRE 98-S v Y. Humic acid®} fulvic acide=

53, @48 53 nanofiltration(NF) 53 22 &4 o3 &d3] AAE 5

2=

32

7184 A AVY BRE 2RV A% EX(Apparent Molecular
Weight Distribution: AMWD)2] 7§+ A BIs 2 g2 21
F AR 7 AR £ A7)l 7 &) wiEel 2 E 7] (apparent)el 7 €]
g AMWDe] th3k @9l = dalton(Da)g AF&3HH, dalton®] Ao+ AkA 9] 713
P FRS YA Yoo dHae /1608 A AomA, Ho] Ul
oz =¥ A= d9jolth. mebA, AbAo ®ApeFo] 15994901 B 2 dalton
09997 A= THell d&st= Zloltt. 4 humic substance® w72 500 ~
100,000 dalton®] "<l Ao ojs Fwelel FziaF M= humic substance?]
HEA E A humic substanceg] HAsHA] 543 AF&d A9 diTFoltt (Thurman

et al, 1982). YWty o g HExg R¥s =As= HHOEE gel permeation

rulo
>
>
o
ol
i
=
ME

—=

facs

chromatography (GPC),  ultrafiltration(UF), wvapor pressure osmometry, freezing
point depression, small-angle X-ray scattering 5©°| QY (Thurman et al., 1982).

Gel permeation W2 A F =AM = Aol A7|E 43S Ao e
ultrafiltration(UF)®ll 2] eF-1H 223~ 5 mg/L9 &%= WA F&3A 285
™ 3559 humic substanced 7F&EA2AA ExlwF EXHT 24 54 H o
Hetd = s S 7HA L Q)

Small-angle X-ray scattering< ¥# XX %-2 humic substance?] 34 W74z}

%
ezl EAEFY EE SebEel gk 3d WAS vugte g dojxith HY A
T Y959 humic substanceo] W3 small-angle X-ray scattering 24 3ol 2
3}, humic acidd &2 F=2o|= olal fulvic acid Ad+#°] 500 ~ 2,000 dalton®]
w4 W9E HAE Ae® YWt (Thurman et al, 1982). F+ dFF°

humic acide fulvic acid EE‘r o & EAES 7HAH, sy ol e] 3ld WA S Tt
71 polydisperse system-= P4t} o] 32 1 & =719 phenolic ¥ hydroxyl 2t
4719} carboxyl #Z&7]|2HEH Zg¥van Ho At dd A wFGS 7pA
monodisperse system< A fulvic acidel]l €43t A= A4 Fe=oh 72

2 7S AFE30A4] Thurman® Malcolm(1993) 2 Suwannee river?] fulvic acidell
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ek Fat Aol 1,200 + 200 daltonol 2 21& HhE W)

Vapor pressure osmometry®} ultrafiltration® 2 o] 3 fulvic acid®] A=
1,000 ~ 1,700 dalton®] = ¢]e]th.

2ol H&A dA3S pHel wel Eex Yt (Wershaw and Ponckney, 1971). pH
125914 carboxyl¥} phenolic #-&7]% o] &35 o] o] 2875 Alolo] FAATS
P % 7] oJ¥t}. Humic substance R A= oldd ZzstoA o 22 &2k A7)
o xZto g EalE 4 Aut. 28y pH 73 12594 Suwannee rivere| fulvic

acid©= 1,000 ~ 1,500 dalton®] &L3+ ZA7F HAE HepdT
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2.2.3 13C, 'H-NMR spectroscopy

NMR-&

SRR
= Aol
NRE

o
o fr7]gkA

4 o]

e
e

4 o]

Table 2.7 Structura

'Hetk o] f17}eo]
7+ & 7 (zeeman effect)oll 2] 3 1;] 299 oYX

A R EE P
NMR spectroscopy
o3t wA 2T HsE,

]I[o%

o] E‘r.

& 57

27 e XA EAS

e ArE YC-NMR
e Es< 590t Table-2.790

| assignments for BC-NMR Spectra

BC-NMR# 'H-NMR 215& o] &
2lth. Humic substance®} #Z2

gaHer gsty]

SRR LR
o

0 ppmo = 52 H 2o A
Btz 5 digt AR E AF s

3t DOC

5%

913t

o
o

J
b ok
o o

>
i
o
D
i)

N

Chemical linkage Compound type S vmjical shift range
(ppm)
C-H Hydrocarbon 0-55
C-N Amines, amides, proteins 40-55
O-CHj; Methoxy groups in tannins and lignins 55-60
C-0 Aliphatic alcohols, ethers, and esters 60-90
O-C-0 Anomeric carbon in carbohydrates, lactols 90-110
P Aromatic carbon 95-165
?-0 Aromatic esters, ethers, and phenols 135-165
O0=C-0, O=C-N Carboxylic acids, esters, amides 160-190
O0=C-C=C Flavones, quinones 170-200
0=C-C Aliphatic and aromatic ketones 190-250
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e
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rot
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o,
&
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2
I
rlr
i
sl
_0|L
=2
hoss
rlr
-

2
Ma & Z29EZHS ¢S AEst g 4] F29 THUE FEs9om
Table 2.8 42 M region I (0 ~ 1.6 ppm)¥} region II (1.6 ~ 3.2 ppm)= YHHH
o2 AWEH F4AE v, region IV (6 ~ 85 ppm)© WFH FAE UE

et

Table 2.8 '"H-NMR chemical shift regions

Chemical shift

region § (ppm) Assignment

I (0~1.6) Terminal CHs, and CH,, CH of methylene chains, etc.

. CHs, and CHs, CH proton a to aromatic or carboxyl
II (1.6~3.2) groups, et

III (3.2~4.3) Protons/ on carbon a to oxygen, carbohydrates, etc.

IV (6.0~8.5) Aromatic protons (including quinone, phenol, etc.)

_20_



2.2.

4 FTIR(Fourier Transform Infrared) spectroscopy

0 % N 59 4% 3hs%

FTIR(Fourier Transform Infrared) =" E#HL2 C, H,
A%e Tt 54 48718 857 A4 T2 SR FTIR 9@
DOCe] 44 B4 DOCUe] whuia Arg shelstr] 843k, DOCe] 54

o)
AA .

S FEEE ALEH
Table 2.9914 2™ 3400 ~ 3,300 cm ' 4
|=:2] C-H, C-H,, C-Hj stretching® & ¥t}

2710 el ek, 2950 ~ 2,850 cn !

Table 2.9 Infrared frequency bands for biomolecular structures in NOM isolates

Biomolecule Frequencies (em ) _and Structure
Carbohydrates 3,400 ~3,300(0-H); 1,100~1,000(C-0O)
3,400 ~3,300(0-H; 2,700-2,500(COOH); 1,760(COOR);
Fulvic acid 1,720(COOH); 1,660~16630(¢-C=0); 1,280~1150(¢-0O
COOH)
Hydrocarbons 2960(CHzs); 2940(CHs); 1460(CHz); 1380(CHs)
Proteins 1660(Amide-1 band; N-C=0); 1550(Amide~2 band; N=C-0O)
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2.2.5 Elemental analysis

PArE2L DOCY C, H, O, N, S AES A3} slo] DOColA #eld HFA,
27 E4, humic substance®] FH Alele] Hs st F2AS Add=
o AFgE 5 9

+= humic substance?] 9A& A Eo] fFdlet A HEAQA A

wn
(snal
[}
)
=
=]
=
—
—_
O
0
1
N—"

gkl shelar, fxke] mli(eE &9, HiIC, O:C, N:\C)®= 54 humic substance®]
AES ERFAT 9284 CNYE shdd fdss A f718de

rjg
ftlo
A=V O A <1

o 71
ofbst=t &3] AFgETH FAY FrIEHE AdUAe® O:C v7t wa e
2442 Aof, E¢F humic acidel]l Bl&ll A 7Hzoh 439 humic¥ fulvic acid
= 27y 0507 0.609] O:C H1E 7AW, 42 humic acide E Y2 humic acid X

2 O:C HE 7kA A, ¢4 fulvic acid®] &3kE 71 o 2o} (Thurman
and Malcolm, 1983). Thurman (1985)> Suwannee River®l. fulvic®} humic acid”}
olgte] BstEE FARETA BrElow, H:CY HE EYSY 49 humic¥

fulvic acidell tiaf <F 1.0°1t+ (Thurman, 1985).

Table 2.10 Average elemental of humic substances and transphilic acids

1solated from surface waters

C H (@) N S
Fraction (@HQ) CH C:N n
Contribution Mass (%)

53.1+ 45+ 374+ 21+ [ 15+ 1.4+ 28.3% 12.1+

HA" 12
2.9 0.6 2.1 0.7 0.9 0.1 111 2.3
FA ° 532+ 48+t 383t 14+ 0.8+ 1.4+ 43.7+ 11.2+
24
HPOA" 2.5 0.7 2.0 0.6 0.4 0.1 185 16
, 458+ 44+ 439+ 256+ 1.0+ 1.0+ 24.1+ 10.6+
THIA™ 10
3.6 0.5 2.1 11 0.5 0.1 131 2.0

source : Adapted from Reckhoe et al., 1990, Martin 1995.
* HA; Humic acid, FA; Fulvic acid, HPOA; Hydrophobic acid, THIA; Transphilic

acid
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2.2.6 Fluorescence spectrometry

Fluorescence spectrometry= UV 3 %4 Rtk DOCY Fxd H& vlzkslr)

] DOCe] &3333%E= DOCY #A =, Atz F&o|3teo #31gE AL

AkskAl ®stetty, gAY AS of7|agy wEIe] 7oA 3
5 )

{0

0Ol

0o 2 2 r_ A
:?L_‘,

%s}ﬂl degtozs gstes B4 g =g =Y & gov,
e Eok I mg/l olste]l A FE AL BN F doe 94 AAw
o EAWHE o/l (excitation) & U @l mANAT AA BE

(emission) ~HMEAS i WERY 2MEn PEFDR o7 Aol F

AAGA nAAZ A Ao o793 i8] scanning3dtE synchronous & 3%
~HER agla o7|agdy Ead gis] dAAH SR sAlY scanning S dhe] 3
2HY AHE dojll= &3 Excitation-Emission Matrix(EEM)o] <1

Ferrari and Mingazzini (1995) <& &< 71+ % synchronous ~FEH EAS

el mel 4744 Fge g Rk 270 ~ 300 nm Akeld] dFAVIE T
Wk mE g xe gl A A g2 310 nmek 370 nmol A UYL= FFAM 7= 2
T WIS mEg4s Fx, 370 ~ 400 nmellAle] FFA7] ¥aE ek Fx
(Fulvic-Like Fluorescence; FLF), 283 460 nm ©°]&<2 JFH2 &%
(Humic-Like Fluorescence; HLF)®} & o] Qlthal H 313}l oh

3219 @33 EEMel= A ol ok &% 2HEdSs e 7] wiLd

synchronous ¥ Eq]y} grol bl A HuAbA FH A S D] FEAbA 471

A ggo P39 o Table 211 FEMAAT

Table 2.11 Major component types in EEM spectra

Range of Range of
Component Type
Excitation (nm) Emission (nm)
330~350 420~ 480 Humic-like
250~260 380~480 Humic-like
310~320 380~420 Marine humic-like
270~ 280 300~320 Tyrosine-like, protein-like
270~ 280 320~ 350 Tryptophan-like, protein—like, or phenol-like
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* & 33 %] & (Fluorescence Index)

McKnight (2001) 52 35, s

B4 5 0ed ARl dojdl ARE o §
<

dko] 370 nm o7 sgel M SA4R WE ~dEY A AAYYE &= AA /'
Aol W ARdFE Fgo] A7) &l 20 Jhe & Holw, Aoy B¢
7184 Al 719e & AR &2 Ad f71EE2 A7) wo] vto}
Aepa gl o) Migo= 370 nm o7|FAeA FHI AHAEY HE

(Foo/Fa) NEAE F71247 944 §7188¢ FEaE el Axz A
Atk McKnight (2001) 5ol esl Asid FPulee olF FBA

(fluorescence index)® Ao Ho] W AFAEd o HHAHOR ALEd] o1

Kalbitz and Geyer (1999)%= Tt}%3 EAo| &% S
synchronous % AFEH S H A3 Ayl 5SFo] s EYYLE FH3
]

7 gol WgE o] ofrj3go] 400 nmet 360 nmel A8l FFA7] HEeo] Eokxl
K

st

59 F93t #+E Brtetr] faEl 719 465 nm
= 4 550 nm Atele] 3 A7] & AFE3HA]
Kalbitz¢} Zsolnay 2 #|3E et FAMSE Ga3AAE dAoh
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2.2.7 Pyrolysis GC/MS

Lgeel A ofe Jje] sbrow vhafsta A=t

EOf] e n&7A AEsd Ed T AR e 3 ES bl HAY Fe Au

-
<
3
S
2
=
[0p!
rlr
do
N
(il
e
_|>i
il

N R

methylfuran, furfural %9 furan =4 F7]gHoR ol 17 EE=
acetamide IHOo=ZHEY K  wixu EZEHE  IFwXEES ¥HE, cresols,
dimethylphenol Z} ] o= Aikd 4 Atk 7 9 lignins¥ tannins 7]/
TEE 7Mssty F718 AR 155 Table 2120 Ve A tH(Saiz— Jimenez 1994,
Gobbels and pittmann 1997).

Table 2.12 Specifiec pyrolysis fragments of biopolymers

Type pyrolysis  by—products
Hexoses and pentoses: furan, furfural, methylfuran,
Polysaccharides
levoglucosenone, acetic acid
Pyridines, “pyrroles, indoles, nitriles; phenol, paracresol
Proteins (from-tyrosine); toluene, styrene (from phenylalanine);
indole from tryptophane, pyrrole, methylpyrrole
Amino sugars Amides (acetamide, ethanamide), acetic acid,
Polyhydroxy-
Phenolic compounds
aromatics
Lignins Methoxyphenols
Tannins Catechol
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228. UVEZ = 93 &7

UV 49 FF4dE+ &35 DOCo| e W3d= ssteol wap depxict. §&
F71E A0 GRS 254 nmel A UVEZEZ(UVs) R7F 070 ~ 0949 %&
FHAAE HERAT L Bas o]

4 F71ERL 22 724 wES AEoly 53 olFZ 3 (conjugated double

254 nm Igol A UVEF#EE humic substances 73 &< DOC 4 o4
o7 Algslr|o] EFAHolm Trdd =AHwWoltk, UV E3%  H](specific UV
absorbance, SUVA)= Al&9 UV/DOCE ZHslo] AR 7MsAdS Hrbste 3H
HARQD Wolt. SUVA: WEFE vhAshedyh AR daAo] Eo 7159
Weks ek aslaro] X 3R &3] ALS "t} (Kalbitze et al.;-2003a). Humic¥} fulvic
acid®} #-& hydrophobic acide Aoz =S SUVAS zteth SUVARY =
712 humic acid ) fulvic acid ) transphilic » hydrophilic $=9]t}. Edwald and
Van Benschoten (1990)2 theFe ¢ld diste] SUVAS =& Sl SUVAY
o}

gl mE f71BAY AW B4 Bevhgre] sttt

4

SUVA : 4~5 m Ymg DOC

% DOC A&& T2 humic =& = ojFojA-glon, Jixow Ly W
5 2240 w4 =4S wel et Ak DOC w=7h Al &

g wxm, &Hel ©g DOCY AA7F &olstt.

% DOC AES F=Z non-humic S 2 o|Fojx glom HFA v &

=
A5 ARA BAE wol FHaku Ak $Hel 9@ DOCE] A7t vk,

=

ofo
(i
do
N
(il
i)
lo
ox,
M
ol
oX,
ol
ol

+ SUVA®} 1,000 dalton ©]e] f#71& &=k

kel gty 8 #rlE A B Al SUherel wel SUVAZE S7hsE

SUVAZF 22 && f7l=d2 iAoz A del <3 DOCAAZL &olstt.
1=

Aol A2 szl Axvs Tl ° A

oy



A9H7) W ARagel golath 1 duA §F 471848 eEAY T 4

T 25 AEe AeAd dEeR, uiA 242 AR =d2 Ao SUVA
7h dHA e vtopA A olo] whEt AR ol SrhetAl H T

Table 2.13 Characteristics of NOM from Forge pond (Reckhow et al.1992a)

Charge™ SUVA
Fraction % of DOC” AMW#
(neq/mgC) (m'/mgC)
Hydrophobic
Humic Acid 7 70 5~10 6~6.5
Fulvic Acid 38 30 10~15 4~45
Weak 4 65 5 3.5
Bases s, ND = <1
Neutrals 8 3b » <1
Hydrophilic
Acids 8 40 45 1
Bases 3 60 - 3
Neutrals 22 40 - 35<4

Initial DOC of 6.6 mg/L
# Apparent Molecilar weight.as % of DOC
" Negative charge density at pH 8
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229 AETH Hoxe & 7
AALA Wl FHE PR FE A/1EDL wE RN Aojubx gk
EAE dEAd Jdoy, &€ fUIEL T dFES UYd a7 24 mAE
o ghagdolt AUARE o] &H ol AEart gA douri= vk G A
Rice & %9 fF7l=°= A4 v F 7HA7F o olef 22 =43
NSy P fr1BAe 27 ARy dRay BAR ERsgch Yl
= BAas), f/18A set 54 F we a4t 23 Weo) Ao,
Table 2.14 Organic matter type
polarity Biodegradable
Type substance
/non polarity /Refractory
I type polarity Biodegradable low molecular “humic substance
II type polarity Refractory High molecular humic substance
I type | non polarity | /Biodegradable aliphatic/aromatic hydrocarbon
IV type | non polarity Refractory Halogenated organic

T35 DOCe A3l o) e}
o 7 8% = BOM(Biodegradable Organic Matter,
A3 = 7]
ROM(Refractory Organic Matter,
o A N LA

’

ROM= #37} oje® HiEside

ot (Volk et al.,

HEfo] =,

Tl

R4

. 34
199

[e3]
2R

o3 1

uhef 2} o}-2]
34

ke, A Ak
24

7).

AR = ol i,

FH =

AR gloA o
AR 7hs

o &Eo
&%=

upd
A3 7l

o{r

Volk et al. (1997)¢] AFAA= &9
ool & FalEE AL HAFIUTh E3 FdHoE FHE
2 FA o] 9la, BDOCS 30 % A X7} 100,000 dalton H.t}
o] Aot sk
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A F T 2= A= BOM2 3 oA Hdstoly; vhd g ol F3
FEEEY F4E of7lste WA, AE @ AERA Fo| oy A TAE
Sttt (Lee et al., 1980: Huck, 1990: LeChevallier et al., 1991). ©]2]3 BOM2 +

dpx
of,
o
0,

F HH o7 2 AEA E4S Aitsked o] Fad olyAet @i

(o

O AFdrt. oA FHGYF H g ol B WA AE e FAdste] AE
A AFE otv, FA8E A= T2 A WelA 4 AA7]aL, & FAS Tt
£3A 7= T ThYe #Eetst 9o ® A8 Hrt (Videla, 1996). A, 59 Y
e globs A A A JAlH s AT, AE AAFYS A5
Aol ofgk A%el APE SUiATIaL 53], AtEEo] e fredid A
o] Woly 5 JAgel F2e Ml gidt A% gHUF e Aow G A
AT}t (Norton and LeChevallier, 2000: Ridgway and Olson, 1981). wz}r & 2t
FA% FE SolA A TAL Y dESHen gu suse FH Fo
st Q12)o] oA a9l

Fig 27914 %<9 BOM< AOC(Assimilable Organic Carbon, &3} 7}53F 7]
el %) ¢t BDOC(Biodegradable Dissolved Organic Carbon, A&&l 7}53 €& 7]
g2 9SS & 5 Ao (Van der kooij et al., 1982).

Nutrients = biodegradable
organic matter

Dissolved organic carbon (DOC) - mg/L @

Non-biodegradable
(refractory)
DOC — mg/L

Biodegradable
DOC

Easily assimilable organic

Easily and slowly b AOC) - L
biodegradable oSSR ) - e

compounds — mg/L

Fig. 2.7 Fractionation of organic matter.

%f F7lERe g 3gEe BdAz EA487] wied A FAEA o
o]2 A5yl ?18l- = bicassay WHE ol&3dto] FAco] Jhedttt

(Amy, 1993).
AOCx= BODCT oA F&H9Y vtelgotse] AA ZFH(biomass) o2 AeH = &
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BES Yl Ao 2 pseudomonas fluorescens P173 Spirillum NOX#ES =4
e gotE ol &ste] Az Fol HEA F dtElgetd AHE FEY T
ATP(adenosinetiphosphate) % ®%= 5& =
(Nmax) @} acetatet} oxalate’d $ES ©]&3te] AOC FEE Fibete] F3tt (Van
der Kooij and Hijnen, 1984; LeChevallier et al., 1993).

BDOC= F5H9F welglotel sl 57]3Hmineralization) ¥ = DOCe] &
= Uetdle Adom AFAg sA-dA AEgA o Aty A =

AR
5 SAste Aolth (Huck, 1990). &% A=A A= s Axe vrte=

DOCE MZaht A3 UV EE oFo] o3 $A80] Ralso] 44: 2
o] 9tk BDOCE AR 94 Fol EAlsh: F44 wezolt 9% o5 my
of HAso] Q= ¥ weelols} g #e EAS: etz P40l
AEEL olgete] HER ¥, FEFHI] ALl Z7H-DOCSH MY17E B H4 e

h=]
2 DOCee] Apol= 3k = ) (Servais et al., 1987;-Frias et al., 1992).
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Table 2.15°1 4] Ogawa < glucose?} glutamate 2 v 2 g of A

glucose®} glutamate FxT A w7 & IA FALAA| T 28
Agt FEWstE HolA gkt oEA AEIA It &old
HAA F7Ede d57F 793 A4S AA FEAY =E4=

ttar &9t (Ogawa et al., 2001: Barker and Stuckey, 1999).
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Table 2.15. Chemical composition of bacterially derived DOM in the glucose

and glutamate experiment (Ogawa et al., 2001)

Chemical Glucose Glutamate
N Incubation time (days) Incubation time (days)
COmEOSIL i 2 4 T b 2 4 9 560
Concentration of the bulk DOM, (uM)
DOC 30 18 16 11 18 13 14 9
DON 2.0 0.7 0.6 1.2 3.1 2.4 15 0.7
C:N molar ratio
Bulk 32 26 28 89 51 5.7 9.3 13
Total
75 79 9.2 4.6 35 3.1 3.3 3.6
characterized

Uncharacterized 41 37 37 10 54 6.3 12 14
THAA" composition (mole %)

Acidic 26 27 21 30 26 12 17 28
Basic 12 10 11 11 8 6 7 8
Neutral 23 27 31 41 24 o6 36 46
Hydrophobic 38 36 37 18 41 27 40 18

* Total Hydrolyzable Amino Acids
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A3 Ar R A

B 2% o] BAS Standard method (APHA, AWWA, WPCF, 1998)¢] u}s)o

RO AHgEE SERY FE 9 st 247]7]% Table 313 2k,

Table 3.1 Analytical method and instruments

Item Unit Analytical method and instrument
pH — pH meter (HORIBA, F-54BW)
Turbidity NTU Turbidimeter (HACH, 2100N)

TOC (DOC) mg/L  TOC Analyzer, Model TOC-Ve¢pn, SHIMADZU

UV em ! UV-Visible Spectrophotometer (UV-1650PC, SHIMADZU)

3.1.1 DOC (Dissolved Organic Carbon)

T EAte ¥ A=Y s E A s = FUIEAE =
AstA . DOCE 045¢um membrane filter (cellulose acetate)® A 55 o343k &

\]
{

TOC analyzer (TOC-Vcpy, SHIMADZU, Japan) = 438ttt 4 Axs &
A ste] ARSI Th

3.1.2 UV (UV 254 nm absorbance, cm ™)

258 #=F9 A lignin, tannin, humic =34 59 ez =4
s BFELS 200-400 nme] =Ae A G A Ho) FAE

& "= 3} %HE (aromatic substance), E3¥3F A W= 3}

iy

ofe] f7Ea B
@it ol @ f7) @

R4

£ Uitk o2 @ A

$H5-(unsaturated aliphatic compounds), ¥3} X|H= 3} ¢ & (saturated aliphatic

11t
i)

compounds)s ®4 |7} o] F A% o] S A AdvE =-E HE FF%= A
of AT} o]g] 3k o] wiEo] UVesy nm7F UV SFEE

=
of Wsk JHE AR SAHs = Bol ol&5al st
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ftlo
G
D
=
107]

ANgE GF/C FH=E o473 3 1 od spectrophotometer
(UV-1650PC, SHIMADZU, Japan)E AH&3tol SAsdtt &4 Z3= F 33 &

Aol Barerel Abgeh g,
3.1.3 Specific UV Absorbance (SUVA : UVg4/DOC ratio)

23} (conjugated double bond)T+%ZE 7}

= 44dEs 7ML vk webA 254 nm
o] s A el UV F3 %+ humic substances &3k A9 DOCEHA ti4l Af
&317]o a3 olx Fheksl SAuwoltt UVEH = H] (specific UV absorbance,

2]
SUVA)= #7119 5493 8 AA Jed vetls #7838 Ax= AFEH I 3
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3.2 DOM 444 &#F

DOM Z° digt Hsl=go wet £/ & 4 Ao, Humic acid ¢} fulvic acid,
hydrophilic acidi= XAD-7HP¢} XAD-4el| 93] &2 ¥}

2 A3olAM = DOMe &4 =43 54 =485 Fdst7] 918k Amberlite
XAD-7HP(acrylic ester, 20 ~ 50 mesh, HH] XA A 450 m'/g, B3 = 90 A)
7} Amberlite XAD-4(styrene divinylbenzene, 20 ~ 60 mesh, 3 H EH % 750 m’
/g, BiE= 50 A)E ol&stitt. ZF A5 AR&sty] A A AA S DOC7F v
T =7] woll, MA FA dAE AAS AAk e (Thurman et al 1981).

A ¢] cleaning process: Th&-3} 7t}

o

XAD Resin

Glass wool

1 -balon
2 - extractor
3 - refrigerent

Fig. 3.1 Soxhlet extractor.
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@D A& 0.IN NaOH & 24A17F o] @7} =t}
@ Soxhlet +&4*E ©] €314 hexane, methanol, acetonitrile, methanol =2
b 82 24417 B9t Soxhlet 3k},

=z Z
FEANZ FAE WEe = 01N NaOH & o H 3}
7213 =

AN

=3 &

b

©)
@ Z+H
® =7, 0.IN NaOH, 0.IN HCI¢ o= Z#Ho F&5<9 DOC’F 1 mg/L o]
st=2 2 u 74X At 9715 S A 7Y (Thurman et al,. 1981; Daignault

ol Wl Zde FX ® FAE AFxH FHE FoAAE ¢ E]E] Agste= sk A
o= 4] bed F-%ol thal 1 bed volume B FZFo] Fx3ch 28a A9
234 5EE 10 mL/mine 2 L AsA A4 A7t

=03 A3 045um membrane filter2 3 A1Z1 & M5 pH 28 AHA3IA 7]

o~

o} Amberlite XAD-7THP Ao &3 A|Zlt}h. Amberlite XAD-7HP %]l &2
H =422 0.IN NaOH=E ©3AA, I 5578 01N HCl & AP st 2713 24)%h
5l 3 0.45um membrane filter® o] ¥slo] 1 o] BS fulvic acids® F+7F3FA
A=A Qo] F& IFEL 0IN NaOHZ L8|AIAA I 84S humic acids=
T3ttt (Yeh et al, 1993). 18]al XAD-4 A= £33 %32 hydrophilic
o2 EF3AL, XAD-THP#, XAD-4 FA = FH43F HFF 19 Aols
transphilic &2 EH3 A8 (Croue et al, 1999). Ee A 23 A #£& 10

mL/min &2 %38} th

—_—

al,
1=
RO

=l
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Sample Water

Filtration. Adjust to pH 2 with 2N HCl

Acidification.
| P
i : Precipitation.
..... »| Hydrophobic base
|
N o Fiat Resid
ltrate sidue
“XAD-THP
i
i L-2-0.IN HC l
e 0.IN NaOH
0.IN NaOH
====» Transphilic acid
Fulvic acid l

Humic acid

0.IN NaOH

Hydrophilic acid

Fig. 3.2 Analytical procedure for natural organic matter fraction.
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S|
&y

3.3 HEHAY &

N
e

7=

&

riN

F71Ed 5 AR ARBDOC)S T59Y wH ot o3 Fr3
(mineralization) ¥ = DOC®] 3 H&& Uele Zo® AEgA oz 4ty od
T AE FAEAE A Aoltt (Huck, 1990). %7] DOCEE=<} vhe go} 2]
% (inoculation) ¥ LA 717+ vl sle] DOC7F HAasEdd =TS wete] Aols
At Aol (Frias et al., 1992), 23 Aol viale AAZ oz M AFH3 &
o r AAske] 33 SRR 3W ol AT tE, IFRelA 550 TR 447
F dA g st XES= FUEES BT
0.2¢m membranes 37 THFTE oy W
¢m membrane® ]33 A5 4 (%7] DOC) 200 mLE FsdoH, Alg Fo &
Aot F7IRA7E nAAE o Akl AlgE lApE-A§

KH,PO4 85 mg/L, Ko;HPO, 21.75 mg/L, NaHPO, 33. g/L, FeCl; 6HO 0.25

4 m
mg/L, MgSO4 225 mg/L, CaCly 275 mg/L ¢ T=7F HEE 559 F7] 944
)

oft X JIN'

°Ei’

= =

A E O}Qign], Ul‘ﬂ% AT 448 fFE AHEsl. A ol &
Aetes & F:F7E 4R 2 AT =(protozoa) S AAsH] A 2um
polycarbonate filter(millipore, USA)Z & #sle] Al 100 mL 2 215 1 mL 2
T stk o] W AE7E Ay eFo AFHATE AFAS HFE7] A
Na;S:055 20 mg/L %ol st2& FYato]  AF sttt (Maclean et al., 1996). 2]

% incubator WellA 20 T2 Zola wjddtl o BDOCHE A4S %7
DOC &5 TOC 4 A= SAHs, nAES HE3 5 28¢ w7zt st

+

9] ZFEEE DOC 352 %27] DOC sXoA # o=z &t Fig 3.3&
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= Timne { daws}
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nA M =d o
1 rel i 5
= ] =
=r = =
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= UWH ET) I
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0o = == e
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Al = Z=HI HH 2F Er- [HAPEENS DOC =X DO C ML A

Fig. 3.3 Procedure.of BDOC determination according to the method of

Servais.

RASRARATARN AR AR R AR -uc||uuuou:un-Q--1na-nu-n-l--hluu-u-cuuuuuununfcuu

rapid BDOC

serknnalgrnyer L L L LU IS TP PP PR renimn [TITIITEPTTTT TS PITI POPY. (ROEPY ) §
b SAETET LY g FAANAEREA NP AN AN AEA RN AN B IV R AR R NE N B Hesddrguagadingany L1l p

Organic Carbon Concentration

Stope 2 R, hon EDOC

» |-

Incubation Time
Fig. 3.4 Biodegradable and non-biodegradable fraction of NOM.
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Fig. 4.1 Nakdong River sampling point.
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411 4574 7 712442 4

L
oft
ol
rie
Ju
s
2
)
o

4=& BOD, COD, TOC, UV, E%, SUVAE 24359
Fig. 42 ~ 41191 Yebc Fig. 42 94574 EHF FeAde & BOD,
COD, TOC® =% H3= ddz yetd Ao 2 BOD, COD, TOCY =3}

= AR vz Ags B

T2 A9 190 397k4 0 C ~ 10 To BERZ $20] ygron 8=
22 C ~ 25 C= "ud F2o] =gk vt 1097 1192 20 C ~ 22 T 4
43 F2 BEIE B

BOD®| Z% &2 05 ~ 14 mg/L, 77 09 ~ 29 mg/L, ¥ 13 ~ 40

mg/L, 24#7 31 ~ 36 mg/LE, stF= Z4= BODs=7l S7tstes 4&S 1A
t}. CODE $H5 201 ~ 427 mg/L, 77 32 ~ 103.mg/L, 4% 41 ~ 4.6 mg/L,
A 36 ~ 4.3 mg/LE YEoen, 893 1190 g o Hlge] i =
< COD#S Yehggith TOCE ¢+F 1.2 ~ 27 mg/L, 7+ 1.5 ~ 50 mg/L, &
20 ~ 36 mg/L, &3 22 ~ 36 mg/l®, FrlE g Xl ws) COD9
TOC F% gtol tha #=od) oS Fr] F-dAYoA Fd== o - dF A%
o WFFY JEgg W= oS AHETh

Fig. 43 ~ 45+ Bk, UV, #k= UERH Zlolt) Fig 43& Y29 UVyy €8

EEZ0tES 13w 26 NIU, #7] 1.8~ 31.7/NTU, X 40 ~

665 NTU, 4353 25 ~ 195 NTU=, €4 wWslZo]l a8, FFAHAA 743
o7 42 g o] Srletdth ks 0041 ~ 0072 cm !, v 0.076 ~
0.191 em™', ¥ 0.073 ~ 0.105 cm ', 420043 ~ 0066 cm 'Z, UV = E%
oF w23k As vEhd A o, UVe® 94 WshEo] A yers

Fig 44% 2HFZ SUVARCZ Yeldrh SUVAE 7189 WS a4dhe
o] AEE AHEH =, SUVAZLe] 30142 4
B

ke

o
=
M
D)
ol
ot
I
=
M
ol
oX,
il
i)
N

S R wge]l B AL uEhY, 3 oldkel A4S ARA wMEFE A5y
AR AL =& AL itk dEL 197 10€9] 31 ~ 44 m Y/mg DOCZ
F2 GEHA 4o e Aoz Jeyw, tun 193 1099 74 ~ 83

m /mg DOC, X} A&7 mFE 2 o] s 19 22 80 m /mg DOC,
31 m'/mg DOC, 9'¥ SUVA W3} zo]7} & o= Yelyrh Fig. 455 7o
st Ftgks SUVAR e Aol dnbd o=z SUVAgEe] 2.0 ~ 4.0 H< el
g weol B&el DOMe 54 FR ulFE, 2549 A54el FEekL, B

& BAFY e BAF] o] A Ao dA vk ¢Hee 29 m/mg
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DOC, T 4.4 m Ymg DOC, X 47 m '/mg DOC, &% 21 m /mg DOCZ
S5 BR H3 SUVARS 20 ~ 40 m '/mg DOC ¥$12 DOMe 54& #F9
I B FY AFAY JFAol FEFE TIHEC AF EAS /MR e AoR
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(d) Samrangjin

The monthly wvariation of BOD, COD, TOC concentration at each

location in the mainstream of Nakdong River.
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Fig. 4.3 The monthly variation of NTU, UVyss at each location in the

mainstream of Nakdong River.

Fig. 44 Average SUVA in the mainstream of Nakdong River.
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412 387 £A W AH 712572 £

Fig 45 ~ 4102 9457 44 W Az BOD, COD, TOC, UV, B%, SUVA
e dEhd A olﬂr. Fig 45 ~ 4.7& BOD, COD, TOCE €4z uYehd 7oy,
G574 A AFAGeAE BOD 04 ~ 1.6 mg/L, COD 16 ~ 4.3 mg/L, TOC
08 ~ 29 mg/L FEE HYow, F-aF x99 BOD 0.7 ~ 60 mg/L, COD
51 ~ 87 mg/L, TOC 2.1 ~ 64 mg/L9] ¥EE HIr}

Fig 48 ~ 4102 957 74 W A X, UV, SUVAZS HEH Zo
H, B%9F UVay, SUVAZS € WstEo] A vewt 9574 7499

9 ~ 114 NTU, % - a5A9& 21 ~ 278 NTUR YEY oW, UV, =
0033 ~ 009 cm', F-3FADdelE 0052 ~ 0158 em ‘2 F - 5F AGow
A-E FUtetA T WAH, 3 537, S, S A B 193 84 =
< UVs®t SUVAZEE B AT, UVe 2574 W3S 4S8 F53s 442 7HA
Rom, 89 w2 UVHS Hole AL 92 Q3 st W EA 5 UVEZ

frdste B4 5 dEdAd HEeE =4l Y2 UVite =& 3o= 3
@t} Fig. 410 A A< H 43 SUV Aotk WA H 2.7 m '/mg
DOC, #3d 24 m''/mg DOC, 5% 2.4 m'/mg DOC, &7 3.0 m /mg DOC, &
7 23 mY/mg DOC, ¥4 24 m'/mg DOCZ, SUVAZel 2.0 ~ 30 m /mg
DOCZ tha @2 SUVAZS YERALEH
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=
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Fig. 45 The monthly variation of BOD concentration at each

location in the tributary of Nakdong River.
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Fig. 4.6 The monthly variation of COD concentration at each location

in the tributary of Nakdong River.
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Fig. 4.7 The monthly variation of TOC concentration at each location

in the tributary of Nakdong River.
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Fig. 4.8 The monthly variation of NTU, UV at each location in the

tributary of Nakdong River.

_49_



Fig. 49 The monthly wariation of SUVA at each location in the

tributary of Nakdong River.

SUVA (m™'/mg DOC)
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Fig. 410 Average SUVA in the tributary of Nakdong River.
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o ots-2 hydrophilic Ao A= H|E&9] 42 ~ 63 %, hydrophobic A 9]
221 8= v &l 37 ~ 59 % o, A Ygei= hydrophilic Ad#°] 39 ~ 64
9%, hydrophobic A%°] 36 ~ 61 %, *X+% hydrophilic 44 ~ 51 %,
hydrophobic2 49 ~ 56 %, 4F%% hydrophilic 43 ~ 53 %, hydrophobic2 47
~ 57 %E eyt tiiEe] A4S A3 B hydrophobic Ad%°] 40 ~ 60 %
Atel 2 tlF-2& *FA 8+ 2™, hydrophilic A2 25~ 33 %A X A AT
4 A v Aol A dEd AHxE, Al H]s]  hydrophobic¥

transphilic d&°] =4 YElG =Yl o] A 7 XSG A7 Ao 3} - H9

Table 41 ~[42€ AAESE A4 B4 Aoty S5 AHd BF 1, €9
hydrophobic A ¥#9°] 50 % o] o & Y57 F9 o] vrolxmA] FA o A<
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Fig. 4.11 Fraction of DOM in the water sampled from the main

stream of Nakdong River.

Table 4.1 2010, 2011 DOM fraction in the Nakdong River (%) (major river)

2010. 08 1+ 2010.10 | 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05

Hi 44.30 41.61 62.59 4817 54.29 51.53
Andong

Ho 5570 59.39 3741 51.83 45.71 48.47

Hi 38.63 41.00 64.44 47.75 56.40 51.10
Gumi

Ho 61.37 59.00 35.56 52.25 43.60 48.90

Hi - - - 4477 4411 51.14
Jeokpo

Ho - - - 55.23 55.89 48.86

Hi - - - 43.44 52.87 51.16

Samrangjin
Ho - - - 56.56 4713 48.84

_52_



Fig. 4.12 Fraction of DOM in the water sampled from the tributary of

Nakdong' River:

Table 4.2 2010, 2011 DOM fraction in the Nakdong River (%) (reservoir river)

2010. 08 |. 2010.10 || 2010. 11 | 2011./01 | 2011. 03 | 2011. 05
Hi 42.62 41.80 70.92 48.39 56.37 51.17
Naeseongcheon
Ho 57.38 58.20 29.08 51.61 43.63 48.83
Hi 50.92 46.69 55.50 47.08 51.27 51.21
Gamcheon
Ho 49.08 53.31 45.50 53.92 48.73 48.79
Hi 48.65 48.33 45.01 47.24 52.83 52.24
Geumho river
Ho 51.35 51.67 54.99 52.76 4717 47.76
Hi 4717 41.99 55.94 46.81 43.08 51.15
Hwang river
Ho 52.83 58.01 44.06 53.19 56.92 48.85
Hi 49.58 49.37 45.51 57.54 53.38 51.01
Nam river
Ho 50.42 50.63 54.49 42.46 46.62 48.99
Hi 49.73 46.99 69.26 49.02 52.82 51.02
Yangsancheon
Ho 50.27 53.01 30.74 50.98 4718 48.98
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Fig. 4.14 Variation of RDOC/BDOC ratio in the Nakdong River

(tributary).
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Fig. 4.17 Comparison of UVw2a in Nakdong River during ‘the 28-day

incubation.
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Fig. 4.18 Comparison of SUVA in Nakdong River during the 28-day

incubation (main stream).
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Fig. 4.19 Comparison of SUVA in Nakdong River during the 28-day

incubation (tributary).
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sl o] A&AI} FeAlH| 3 B2 SUVARLS Hol= Aoz deterc)
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Table 4.3 2010, 2011

Environment facility UVosg (cm™)

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05
Gumi 0.139 0.131 0.140 0.097 0.104 0.122
Sincheon 0.077 0.095 0.090 0.082 0.094 0.094
living 0.322 0.614 0.519 0.406 0.465 0.487
Dalseoc | industrial
0.323 0.951 0.827 0.682 0.758 0.736
heon complex
effluent 0.257 0.456 0.343 0.218 0.215 0.328
Seobu 0.100 0.141 0.118 0.110 0.128 0.129
Seongseo - - - - 0.237 0.267
Table 4.4 2010, 2011 Environment facility SUVA
2010. 08 | 2010. 09" | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05
Gumi 1.996 2.245 3.318 2.888 1.522 2.058
Sincheon 3.601 2.961 3.108 2.522 1.939 2.501
living 4.625 4381 4.069 3.2445 4.163 4.274
industrial
Dalseocheon 2.309 5.119 4718 5.880 4951 5.237
complex
effluent 2781 3.052 228 2.001 2.188 2.801
Seobu 3.165 3.497 2.749 2.755 1.939 3.063
Seongseo - - - - 2.578 3.436
Table 45 DOM fractions of each water samples
Dalseocheon
Gumi Sincheon industrial Seobu Seongseo
living effluent
complex
DOC | Hi | Ho | Hi | Ho | Hi | Ho Hi Ho Hi | Ho | Hi Ho Hi Ho
(%) | 46 | b4 | 51 | 49 | 4 | 56 39 61 58 | 42 | 43 57 41 59
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Fig. 4.21 Fraction of DOM in Environment facility sewage water (2).
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Fig. 424 SUVA changes during 28-days incubation period in sewage

water.
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Table 4.6 Comparison of FTIR Environment facility sewage water
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Fig. 4.25 Comparison of FTIR in sewage water.
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Fig. 4.26 Comparison of FTIR in Dalseocheon sewage water.
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Table 4.7 DOM fractions of each diverse sources

Hydrophilic | Fulvic | Humic | Transphilic | UVasy SUVA
(%) (%) (%) (%) (¢cm') | (m'/mg)

Valley 51.0 32.3 0.8 10:9 0.037 5.305
Sediment 33.4 44.7 10.1 11.8 4.000 3.996
Wetland 49.5 40.8 8.2 13.8 0.040 2.370
Humus soil 37.2 18.2 2.4 15 1.332 6.946
Leaf 39.44 46.9 6.16 7.50 4.000 1.633
Algae 51.60 24.30 | 20.80 3.40 0.011 0.138
paddy 37.85 44.45 9.44 8.26 4.000 8.807
Field 30.46 51.19 9.55 8.79 4.000 11.759
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Fig. 4.33 Comparison of SUVA in the refractory organic matter from

diverse sources during the 60-day incubation.
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Fig. 4.41 DOC changes during 60-days incubation period in Sediment.
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25
2010., 2011. 9574 E7F 2 XA 7|52 ZAL
Table 1 2010, 2011 Y457 £5F BOD (mg/L)
2010. 03 | 2010.10 | 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
= 14 0.52 05 1.04 1.12 1.08
-] 0.89 1.06 2.85 2.17 2.49 1.84
=3 - - - 13 1.62 4.02
Abek %l — - - 3.54 3.12 3.58
Table 2 2010, 2011 Y%7 & CODw, (mg/L)
2010/ 03] .2010.10#" | 2010. 11 9.2011. 01 [.2011..03 | 2011. 05
b 3007 3.42 427 2.01 2.76 2.83
-] 8.63 328 10.25 R 17 5.50 3.39
3L A — - 4.09 461 453
Abekxl : - - 410 432 3.58
Table 3 2010, 2011 Y457 25 TOC (mg/L)
2010. 08 | 2010.10-]2010.-11 12011. 01 | 2011. 03 | 2011. 05
b= 2.368 2.405 .77 ] 1.220 1.806 2.413
-] 5.051 1.550 4.962 1.488 4.431 2.977
2 3L - - - 2.020 2.828 3.638
Abek % - - - 2.255 3.605 3.024
Table 4 2010, 2011 Y%7 25 UVay (cm ™)
2010. 03 | 2010.10 | 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
b= 0.042 0.072 0.067 0.049 0.044 0.041
-] 0.191 0.077 0.102 0.091 0.073 0.076
2 3L - - - 0.089 0.105 0.073
Abek % - - - 0.066 0.049 0.043
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Table 5 2010, 2011

2010. 08 | 2010.10 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
3t 2.140 3.072 2.876 4.399 2.454 1.777
¥ 4.129 7.383 2.186 8.288 2.003 2.751
EE - - - 7.982 3.882 2.281
Az - - - 3.050 1.736 1.579
Table 6 2010, 2011 957 #5F Turbidity (NTU)
2010. 08 | 2010 10 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
Moy 1.27 1.10 2.63 2.08 1.84 1.88
¥ 24.00 31.70 10.10 28.80 30.40 1.84
EES - = 30.50 66.50 4.02
Az - - = 0.9 18.70 2.94
Table 7 2010,/2011 &7 A% BOD (mg/L)
2010. 08 | 2010.10 | 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
w73 %l 0.71 0.37 0.39 0.44 1.61 1.08
A 0.56 0.46 0.65 0.57 1.40 1.43
T A 1.28 1.00 0.68 & 3 -
T37 3 1 N 1 0.43 A0 3.89
RAZ A 2%9 0.82 0.99 % 7 -
R - i - 0.8 1.41 0.99
T4 0.81 0.47 0.71 0.98 1.83 0.81
RS 1.10 2:27 1.28 0.65 2.13 1.92
G 1.90 3.10 2.48 0.94 3.77 5.00
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Table 8 2010, 2011 957 A% CODwn (mg/L)

2010. 08 | 2010.10 | 2010. 11 [ 2011. 01 | 2011. 03 | 2011. 05
WA A 4.30 457 2.82 1.64 3.30 2.76
7 4.32 253 2.78 3.20 4.03 3.40
537 A 6.93 5.13 5.27 - - -
e - - : 7.09 8.65 5.43
Rk 5.43 3.83 9,75 - - -
] oF - - - 1.51 2.41 1.09
37 3.76 2.56 3.55 2.46 2.00 3.10
s 3.76 5.21 4.26 4.14 5.95 4.00
DRl 4.78 7.13 6.61 5.93 9.46 4.94
Table 9 2010, 2011 %574 2 TOC (mg/L)
2010. 03 | 2010.10 | 2010. 11 [ 2011. 01 [ 2011. 03 | 2011. 05
WA A 2.487 0.811 1.653 1.293 1.903 2.858
7 2.800 1.081 1.674 2.294 2.644 2931
g3 A | 4921 F 27 2.506 - . -
357 o - a : 6.377 6.276 4.509
XA 4.996 4.826 5.061 | N -
] oF - - - 1.306 1.603 2.204
37 2641 1.867 2.182 1.644 1.685 2.224
s 2.295 2.105 1.850 2.801 2.901 3.292
DRl 3.462 4.072 2.967 2711 9.207 3.656
Table 10 2010, 2011 Y57 A A UV (cm )
2010. 08 | 2010.10 | 2010. 11 [ 2011. 01 [ 2011. 03 | 2011. 05
WA A 0.088 0.046 0.033 0.034 0.033 0.040
7 0.096 0.052 0.041 0.059 0.045 0.042
37 4 | 0151 0.103 0.074 - - -
e - - - 0.132 0.110 0.088
XA 0.090 0.077 0.062 - - -
] oF - - - 0.032 0.023 0.033
37 0.123 0.076 0.047 0.056 0.050 0.030
s 0.092 0.066 0.048 0.052 0.067 0.054
DRl 0.158 0.085 0.073 0.071 0.114 0.054
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Table 11 2010, 2011 &7 A% SUVA

2010. 08 | 2010 10 | 2010. 11 | 2011. 01 | 2011. 03 | 2011. 05
Rk 3.707 6.177 2.183 3.620 2.840 1.585
Eal 3.922 7.126 2.587 3.529 1.900 1.714
I A | 3487 6.1009 3.285 - - -
237 3 - - — 3.099 2.112 2.043
A 1.935 1.610 1.534 - - -
2 ok - - - 3.861 1.713 1.672
7 5.279 4.522 2.573 4.198 3.043 1.640
RS 4371 3.729 3.650 2.124 2.921 1.830
Ak 5.013 3.443 2.724 3.927 1.596 1.550
Table 12 2010, 2011 %7 A" Turbidity (NTU)
2010. 08 | 2010 10 | 2010. 11 | 2011.-01 | 2011..03 | 2011. 05
K 11.40 5.01 1.16 123 1.47 6.07
Eagl 975 1.87 0.94 2.68 2.46 6.27
ARy 6.42 2.97 2.08 - - -
237 3 a - - 14.90 10.50 34.70
A A 6.43 70 3.60 - - -
ER; = k . 1.26 1.98 7.46
37 21.70 444 3.68 498 5.97 5.32
RS 11.30 10.90 1.82 2.64 550 352
Ak 27:30 10.00 9,82 24.10 12.80 8.97
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Table 13 2010, 2011 #-747]=+]4 BOD (mg/L)

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05

B RS 2.00 1.74 0.96 2.15 4.16 416
AH IR 1.49 1.12 2.23 4.28 3,56 5.58
A 27 2.22 0.62 0.77 1.00 153 0.90

= R 1.57 1.65 1.04 1.04 1.86 1.06
HITUF 2.10 2.9 2.86 2.42 5.16 3.80

L R 2.04 2.30 2.24 252 391 3.89
A E S RS - - - - 6.51 343

Table 14 2010, 2011 24 7] %2414 CODwn, CODcr (mg/L)

2010. 081 2010. 09 | 2010. 10 |2011. 01 | 2011. 03 | 2011. 05

1] Mn/ 11.30 9.32 9.02 10.08 8.88 10.06
I e Cr| 31.19 26.64 22.52 27.43 15.96 17.55
AH Mn| / 5.67 5.72 5.84 8.99 6.86 6.63

v S Cr| 16.92 17.76 13.32 19.35 14.59 12.79

Mn| | 12.19 20.61 14.44 14.13 16.71 18.57

Cr| ' 30.28 54.39 55.02 63.59 49.79 58.99

Mn 16.53 24.84 17.39 17.03 22.40 21.98

= Cr| b51.88 50.18 61.63 72.31 66.71 61.42

H<$ | Mn| 1172 14.76 13.10 12.29 11.02 12.96

=
WE | Cr | 2424 51.59 44.72 47:36 2791 23.46

A Mn  7.04 7.28 7.45 8.78 9.45 7.88
I Cr| 23.60 24.74 20.14 24.90 19.87 1491
R s Mn - - - - 11.12 11.74
I e Cr - - - - 23.79 18.92

Table 15 2010, 2011 ¥4 7]%=A1"d TOC (mg/L)

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05

7.670 6.416 4.578 3.935 6.806 6.811

e
N BT 3.080 3.485 2.353 4.245 5111 4.203

gl 7.967 14.487 14.583 13.083 11.964 12.219

3}
g9x4d | T 15.510 20.211 18.468 14.223 17.007 16.263

HEHF 9.534 15.660 10.395 12.519 13.060 12.510

R 3.320 4.738 4.819 4.712 7.283 5.201
& T - - - - 9.333 8.142
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Table 16 2010, 2011 37 7] %A1 UVasy (cm )

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05
T 0.139 0.131 0.140 0.097 0.104 0.122
RE] 0.077 0.095 0.090 0.082 0.094 0.094

0.322 0.614 0519 0.406 0.465 0.487

oA 7 0.323 0.951 0.827 0.682 0.758 0.736
0.257 0.456 0.343 0.218 0.215 0.328

A 5 0.100 0.141 0.118 0.110 0.128 0.129
ks - - - - 0.237 0.267

Table 17 2010, 2011 374 7] %A% SUVA (m /mg DOC)

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011. 03 | 2011. 05
1] B 1.99% 2.245 31318 2.338 1.522 2.058
RE > 3.601 2.961 3.108 2.522 1.939 2.501
A &A 4.625 4.381 4.069 3.2445 4163 4.274
S | T 2.309 5.119 4718 5.830 4,951 5.237
HEws | 2781 3052 3523 2.001 2.188 2.801
AN ES 3.165 3.497 2.749 2.755 1.939 3.063
A R - - - ~ 2.578 3.436

Table 18 2010, 2011 ¥7 7] A1 Turbidity (NTU)

2010. 08 | 2010. 09 | 2010. 10 | 2011. 01 | 2011..03 | 2011. 05

T 0.635 0.835 0.643 0.721 1,040 1.500
A1 1.370 1.100 1.030 1540 1.130 1.640
0.679 0:596 0.405 1.620 1.060 0.729

=K 1.630 1530 0.801 7430 2.030 1.470
0.987 0.790 0.493 1.580 0.690 0.891

5 1.260 0.811 1.090 0.650 1.770 1.270
ks - - - - 1.130 0.480
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