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Abstract

This study aimed to maximize the potential of fluorescence 3D excitation-emission matrix (EEM) for
predicting the trihalomethane formation potential (THMFP) of DOM with various sources. Fluorescence
spectroscopy is a useful tool for characterizing dissolved organic matter (DOM). In this study, differential
spectroscopy was applied to EEM for the prediction of THMFP, in which the difference between the EEM
before and after chlorination was taken into account to obtain the differential EEM (DEEM). For
characterization of the original EEM or the DEEM, the maximum intensities of several different fluorescence
regions in EEM, fluorescence EEM regional integration (FRI), and humification index (HIX) were calculated
and used for the surrogates for THMFP prediction. After chlorination, the fluorescence intensity decreased by
77% to 93%. In leaf-derived and effluent DOM, there was a significant decrease in the protein-like peak,
while a more pronounced decrease was observed in the humic-like peak of river DOM. In general,
leaf-derived and effluent DOM exhibited a relatively lower THMFP than the river DOM. Our results were
consistent with the high correlations between humic-like fluorescence and THMFP previously reported. In
this study, HIX (= 0.815, p<0.001), FRI region V (r=0.727, p<0.001), humic-like peak (= 0.827, p<0.001)
from DEEM presented very high correlations with THMFP. When the humic-like peak intensity was
converted to a logarithmic scale, a higher correlation was obtained (= 0.928, p<0.001). This finding suggests
that the humic-like peak in DEEM can serve as a universal predictor for THM formation of DOM with
various origins.
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1. Introduction

£& 7122 (dissolved organic matter, DOM)< = 7
W ogev EA5H AAA S2 A9HeR FHE 771
£4& 343 DOM2 FHdA F4 T 2EDay7tA 9
O EAFS 7HAH, ofutol =, FFEEA Sto| =24, Al
= 59 tge FEUE 2 AGE 2 HIFE b@srs
b B oz 23 ¥ #3F FERE Zeth B A
4 7199 et iRAY #r1EF 9FRY #U1ERE TR
3 5 en, 71 BE 72 E4E b2A Uehdth
DOME A WollA it dUAE Frl1E FF3HL,
G E3oF g Nk 9SS, uF FE5F oF
Q77 LAEZE AFAA oledT 58S WA
(Steinburg, 2003). £3, A48 23 HolxEs LEENE
(disinfection by-products, DBPs)¥] ATA 2 g9ttt &8
A A HKrasner et al., 2005). G2A ASHAE = g F<

Ez] & Z v (trihalomethanes, THMs)¥ <2 o}A] E 2k halo-
acetic acids, HAAs)2 54§ 713 2dEZ 7] g &
A 5% ol3tE TAIE L ATHTHMs: 0.1 mg/L ©]3k, HAAs:
0.1 mg/L °]3}). DBPs®] P42 DOM &= Hl#H st F7}
3tAgh, DOMY] &S 33 254 ST dRdol &
2 Aoz &#HA AhRoccaro et al., 2009).

UV §3% 83 97]-4F vl EZ X(excitation-emission
matrix, EEM) &= ERoA #FEH= DOM 3 542
DOM “g74# ##o] 9low, DBPse RUEHY 9 A& ¢
3 =R AFEHTHLI et al, 2016). 53 IFolA 9 F&
(UVasy, UVap), 3= 7127 A5 22 UV AREeE &
71& =27 s}3tE(total organic halogen, TOX), EB| &=
(trihalomethanes, THMs)& 333t DBPY £2 4#H
ZE3L QO H(Li et al., 2016), ThE 7]E AFAAME T
4 DOMel H&l] &5 A F9 272 nm FFHAA Y §F
T 79 HolE o]&3t AF UV 2 EH(Differential UV
spectra, DUV)S o] &3y AFFE A/ 5(disinfection
by-products formation potential, DBPFP)S o &3 n} it}
(Beauchamp et al., 2018; Li et al., 1998). ¥ & EEM2 A&
2097t DOMY] & 5 9 FEF 993 (ZS 3%
oAb T2 gt 535S e B L= &
TH(Beggs et al., 2013; Cheng et al., 2004; Win et al., 2000).
Fluorescence regional integration (FRI) -2 Parallel factor
analysis (PARAFAC)< EEM Ul 3F #71E& &3]
AT =72 AHEHO fon, DBPsE S35t7] 99 2
eto 2 AAIH AT FF EEMO| td PARAFAC 2dY
£ &3 THMY A7 EZ & A3 old A7 ddeu
(Hua et al., 2010), &% A7} 9] FF EEM st 7|95t
EEM 593 ol Thgst DOM 7]l 283 AT Al
= HHg Aot

2 7oA E g 719 DOM A 88 tide= 338
EEMel tiaf 2 EY 2-5W =, 25 & EEM (differential
EEM, DEEM)& 2 &3to], DBPFPE A5 = A A&
7VedE BTetaA stk olF f8l sk, 3, A

o 2

Mo i o HI
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B9 37k ME 02 719 DOM Al8E ARgsH] (1)
Q4 F7te] WE FF EEM SHEF W8l s AL,
) 92 2% A7 59 DEEM AEE &835to] @29
ol e BF 5485 s, 3) 8 43 E9d W
gz e A F(trihalomethane formation potential,
THMFP)#¢] d#/do]l 2 & 54& dSA=Z AL

e s

[m oo

e

2. Materials and Methods
21 AlE ZMF LU MAE

211 AIE

2 dFdAME 2F 22 209 dF A5 HE E2FSHY
% 5%F7Y DOM AEE &St EF AREEE
International Humic Substances Society (IHSS)ollA -ujj gt
Suwannee River Fulvic Acid (SRFA, 2S101F), Suwannee
River NOM (SRNOM, 2R10IN)S A}&3tth @3 DOM
A2 2+ SZA(River DOM, 37°33'10"N 127°03'58"E), 94
(Leaf DOM, 35°55'55"N 128°53'29"E), WF<=(Effluent, A1 4%
s 33 H5 AFAAE de FRHE AT $33
o] A v 72$7](2021.04) F A2 AAE APsgch F
e 7IZRT1SEE, 712718 EHE, A 2 VEHE
g2g £4 AZALAA wiEste Y HFE FYTE
St qlem da F AqM a5, HETH A, EATH
A 3F& &3l AFE AstL e A A|HAAA AR

212 ®AE|

SRFASH SRNOM®] 2, % Fejo] A8 40 mgS 33}
THT 1 Lol 389 5A F ARESAT 992 water
soluble organic matter (WSOM) F& YH S EUZ FE3}
Ao 9 AAE Al FRTE A o EZA S AAfL
1 cm® °0]3}9] 7|2 A2 F, 3UZF 45°CM ARG
olF AR Zo}, 2 mm A AeZ AIRE FFTH 1:20
H &2 Z38HAL A-2(~25°C)°A 150 rpm £EZ 24417 I
ettt 2% G A" 33 glo] FET 1Y
stger, BE A5 &4 A 045 pm Cellulose Acetate
membrane filter (ADVANTEC) S ZA| 2 of3} & A&},

M e

2.2 DOM &

0z

i
o
AL

32

gt (Dissolved Organic Carbon, DOC) 3E+ %
J

|
UV 3% 2AE 4947 BH 23 BEA(UV-visible
Spectrophotometer UV-1800, Shimadzu, Kyoto, Japan)& ©]&
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3] 200 nmoll Al 800 nm<] 3 HWelA 1 nm (HFLo=
=359t A FFA S (specific UV absorbance, SUVA)
k2 254 nm HFoIM Y FBE F& DOC =2 WrolE

¥, 1002 Fsoto] A&

223 ¥& EEM
4 Aq7]-4E rEY 2= FF F=A(Fluorescence
spectrophotometer F-7000, HITACHI, Tokyo, Japan)E A&
3o B39 o 7] 3 (Excitation, Ex)< 5 nm HE22
220 nmol A 500 nm7HA], ¥= 3 (Emission, Em)< 1 nm
A 02 280 nmoll A 550 nm7HA] ZRFsPoH, slite BF
10 nm2 2gstch 3 284 Ex ¥29% Em A&718
BAs 2FsAh £ 9% S S AA]
A & EEMOIA ¢ &9 FF AEE AU ZE
& A7 350 nm (Em)ellA gtk 539 & A7E ©]
23t 7k ©$](Raman units, R.U.; Lawaetz and Stedmon,
2009)2 g TtslstA o

DOMY 3% EEM T8 &4 788 Hd, 8F 33 A
7], FRI, 8% AXE ol &3 thTable 1). & 33 A7)
+ old 3 (Baker, 200114 Fod Al 7HA & 3 &
o, & g2 FAHEYEm: 275 nm/350 nm), A FA}
(Ex/Em: 320~340 nm/410~430 nm), F= 4t FAKEX/Em: 370
~390 nm/460~480 nm)E o] &P o, F9 FF EHJo=
AolA o g 9t Wl Al = =2kE AskATh FRI
£ o)A EJ(Chen et al., 2003)°1A F2lE 571 G H(Region
I; Ex’Em: 220~250 nm/280~330 nm, Region II; Ex/Em: 220
~250 nm/350~380 nm, Region III; Ex/Em: 220~250 nm/380
~550 nm, Region IV; Ex/Em: 250~340 nm/280~380 nm,
Region V; Ex/Em: 250~500 nm/380~550 nm)<] T3t dF
A7) ARG o183 THTable 1). FH5} A E(Humification
index, HIX)= W& 3% Em 254 nmolA 9] 7] 33 &
A7l s 708 3 W (SZEx 435~480 nm/ZEx 300~345
nm) &< AH&tHZsolnay et al., 1999). AEstd A%
(Biological index, BIX)= Em 310 nmolA ¢ &7] 33 FF

Al7]1 ¥&(Ex 380 nm/Ex 430 nm)< AHE-5}% th(Huguet et
al., 2009). & A E(Fluorescence index, FI)¢] 4% 4& 3}
Z Em 370 nmol A 9] 7] 3-8 & A7) B]&(Ex 450 nm/
Ex 500 nm)< ©]-83% th(McKnight et al., 2001).

224 XS ~HIE- AHAM
DEEM<2 (1)9 2]& o] &3ste] AtstAth

AEEM = EEMyia — EEMahiorinated 1)

EEMipitial
EEMahiorinated <
k. AEEME 94 A= old AFA
243 A2 DEEMS 9ju|3ith,

Br

= o)59 AEE

23 2=ERAME MME 8o}
DOM 4&55AE Ads ATE s TEAFATHGT10
B)oll W&t AE S FHsIFTh E AT = gGiA A5HEA

mazgne BeEwgIZ 22 CHCL, BrsCH, CIBrLCH,
CLBrCH)S tiao g slgoen v 79 Egd=ueo]
x3gd #F EZ(Trihalomethanes Calibration Mix, Supelco)
& o] &ty HE AFHAE AYstAT
EE DOM X EE SFTE gAste 44
mg-C/L)Z 84313, A 50 mL & A4 4F9&
Fste] pH 72 At d& 252 EF
0~3 mg-CUL Ate]ol A 0.5 mg-CI/LA Z7HA1713, &
9] A% 0~3 mg-CI/L AtolollAl 1 mg-CULHE Z7x] 7™ A
Fa 25 JPeTh & 258 98 Aold2IUEF
(NaOCl, Sigam Aldrich, 10~15% available chlorine)& ¢
F7rol Y=g 24 78 Hlold W DOM Al&d FHP 3o
o, o] ¥ HEE F4o2 PEsto] FAddA 25°C= 343t

;’6‘
of &% Z&E WFA SHTh Methyl tert-

Table 1. EEM wavelength ranges, FRI ranges, and the calculation equations for the fluorescence indices used for DOM

characterization in this study

Range .
Method of calculation
Ex (nm) Em (nm)
Protein-like 275 350 &
2 '124,254
EEM peak Fulvic-like 320~340 410~430 HIX ;;%
Humic-like 370~390 460~480 5 300113 254
Region 1 220~250 280~330 Fluorescence index
Region I 220-250 350~380 BIX Lsosio/Taioan
FRI Region III 220~250 380~550
Region 1V 250~340 280~380 FI Lisoso/ls00370
Region V 250~500 380~550

lex, em: Fluorescence intensity at a specific excitation and emission wavelength.
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butyl ether (MTBE) £o] Y REZEA2H |3-0/HE2RT 350
282 FYstd] 9 F3ULS ST EdTEAGL o

FEstdth AR xY ALV A9 7S 2 2etEOY T c
(GC-ECD, Agilent 6890, California, USA)Z &3 A| 22 § 2501
BAEg o, US EPA 551.2 (Xue et al., 2008)9] W< o] & 200 1
&3t F&d EEa"g 558 ST % 150 -
% 100 - -
3. Results and Discussion . .
] . L

ZME 0|88 RIIE

E Ao ALE3 A]E(SRFA, SRNO
FH)9 44 2 348 59 42 ¥
FI)¢} FRIZES AFE3le] W]l 5l% thTable 2).

s}ﬁ% 714 A]§01 SRFAS’Jr SRNOM, T#3 <

31 83

0>-

13|

E
=

Reglons IH, \Y% %kfﬂ Hlgo| T A& HIF =
UEbET SRFA, SRNOM, %3 A 59 £A42 HIX%}%
18.7+1.3, 5.4+3.8, 2.2+0.3, Region Il ZtS] H-&-2 46%, 40%,
26%, Region V 9] H-&L 27%, 22%, 16% = 72t th
9947 IR 719 AEe JUFeE U HIX (1.1+0.1,
0.7+0.6), Region III (17%, 15%), Region V (11%, 6%) <
Yehi oy, gl fAF gYoltal d#lA 1= Region
L II 39 ¥&9 ol 47 52%, 51%= ebt A
FE T F(28%, 21%)ETH T 2 £5& Bt 59
WRe A7 29 B2 BIX (2.0£0.2)9 FI (2.2+0.1) &<

BAEd, ole st M AL Ul BESH A= #F F
AEE PAE 719 fUE 4TS Hole o= fNE
T Atk

9

32 7|30 mE Eg|=
Z 719 EF gz Bk
3 mg-C/LE Y 2UAA d4
EEGB mg-C/L)E g4 £258 AF3I 5 §7) E]'—-(mg Q)

F ETzue A4 5(specific trihalomethane formation

SRFA SRNOM River DOM Leaf DOM  Effluent

Fig. 1. Specific trihalomethane formation potential (STHMFP)
of different DOM samples chlorinated at 3 mg-CI/L.
Error bars represent standard deviation based on
triplicate analysis.

potential, STHMFP)& 7| g 2 Yeh A chFig. 1). 2 A3,
Efgdzue 8B5S SRFA > SRNOM > Leaf DOM >
Effluent > River DOM £2.2 543 F=9 A|RARE t
I EFEEAe AYsol UEEeH, SRFACAN A
295 ug/mg-CE £ZH9 29 pg/mg-CEh 108 & ET
iuﬂE]- }gk]_._. Eoiq_

o] E3(Ballschmiter, 2003; Singer, 1999)°l] W=H, Eg]
dRAe AP F71EY FTFE B4 T vl st
Sttt gEA dtvh wEbA, 2 dTdA $389 EFE
2 AYs ATt old FHANA BH s v sty
A s=e 5HFHA HEH F71E F40 SUVAL @3
DOCZ & EfIZd e 485 52 1F EJT=va
A5 (STHMFP)S AME-31% tHTable 3). ¥ AFolA A&
3 718 A8 & ¥R SUVAy %ol 2 SRFA (5.1
0.7)¢t SRNOM (4.6+0.1)¢] 247} 249+39 ug-THM/mg-C, 120
£12 pg-THM/mg-C9] ¥2 STHMFP & 23 th. STHMFP
ol G4 A5 A Y 25 §5 A% 219 TS 439l
oo = BEFsal, £ AT A} ol £ gk BT

25
HOo=Z SUVAys, at°] =715l wet STHMFPE &7 &7}

Table 2. Fluorescence indices (HIX, BIX, and FI) and the five regional integration values of different DOM sources based on
the FRI method (average + standard deviation). The relative contribution of each region was expressed in parentheses

below the FRI values

Fluorescence index FRI
Sources
HIX BIX FI Region 1 Region 11 Region 111 Region 1V Region V
0.02+0.00 0.10£0.01 0.310.02 0.060.00 0.18+0.01
.09+1. .40+0. .28+0.
SRFA 18.69+1.30 0.40+0.00 1.28+0.01 (3%) (15%) (46%) (9%) 27%)
0.07+0.04 0.10+0.01 0.29+0.00 0.10+0.03 0.1620.00
+ + +
SRNOM 5.3643.75 0.45+0.01 1.34+0.01 (10%) (14%) (40%) (14%) (22%)
. 0.06+0.00 0.15+0.02 0.124+0.01 0.15+0.02 0.09+0.01
+
River DOM | 2.2440.27 0.96+0.07 2.09+0.05 (11%) (26%) (21%) (26%) (16%)
0.08+0.01 0.10+0.03 0.06+0.01 0.07+0.01 0.04+0.01
+ +
Leaf DOM 1.07+0.12 0.52+0.03 1.56+0.01 (23%) (29%) (17%) (20%) (11%)
0.29+0.13 0.28+0.03 0.17+0.01 0.31+0.10 0.07+0.00
+ + +
Effluent 0.73+0.62 2.03+0.19 2.17+0.06 (26%) (25%) (15%) (28%) (6%)
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Table 3. Comparison of specific trihalomethane formation potential (STHMFP) of DOM samples for the present study and

previous literature

Sources Condition Condition SUVAs4 STHMFP Literatures
Chlorination Contact time, Temperature
[mg-Cl mg-C'] [Day], [°C] [L mgC' m'] [g-THM mg-C']
SRFA 0-1 3, 25 5.08+0.73 2493438.8 In this study
SRNOM 4.60+0.06 119.8£12.0
River DOM 1.64+0.04 88.742.7
Leaf DOM 2.06+0.12 63.6£9.9
Effluent 0.86+0.14 354422
River DOM 3 3, 20 1.19 433 (Kim and Yu, 2005)
3.57 7, 25 1.81 50.0 (Sirivedhin and Gray, 2005)
4 3, 25 1.83-2.03 13.0-71.3 (Hao et al., 2017)
1-4 7, 25 3.10+£0.40 72.1£12.7 (Engelage et al., 2009)
120.4 1, 25 2.20-5.00 25.8-422 (Zhang et al., 2011)
Leaf DOM 5 1, 22 136 40.0+3.6 (Jian et al., 2016)
5 1, 22 0.96 45.6+0.5 (Jian et al., 2016)
5 3, 20 6.04 70.243.6 (Sun et al., 2018)
Effluent 13.33 3, 25 1.94 91.4 (Wong et al., 2007)
1333 3, 25 2 84.9 (Wong et al., 2007)
25 1, 25 1.63-1.69 102.6-119.8 (Chen et al., 2015)
nm)3 FEF FAF §F GG (EX/Em: ~340 nm/~440 nm)oll
] o Licmn A =329 927} 245U THFig 3. a d, g). FAF FRS
’v; o o 9 A5, G FA FY GAESEm: 270 i/ 332 nm)
E; Yoms AN 7 2 % davt A eH, Buit §AF 99
£ 2 P=10.060 FH FAF GGolM e Sl FAF GGl HlE) FoiE o
& ] 2 &2 337 $AHYCKFig. 3. j, m). | mg-CULE H4&
P : e 258 A4% A3HFig. 3. Group B), HL A& FEo & o
j; /'}/T . AT FFTE EE T AR AR AL AT 5
S . thFig. 3. k, n). Al G4 553 mg-CUL)ZE 252 2R3
0 — : : . , Soj= WHFolA 1.11£0.32 R.U. (93.2+1.8%)2 Adl 3
e ;UVAZS: 07 A7) ZAage QI SRNOMIA 0.38+£0.04 R.U. (77.0+

Fig. 2. Correlation with STHMFP and SUVAyss used in this
study (red symbols) and literature (blue symbols).

she AFS 2AKFig. 2). 28, 484 B4 Ay E=
et FHEs HAA ZstHTHp=0.06). o] ThE*
7199 DOM®| sl SUVAys &S AHSS Edzde
A5 dZd AT d&S AARTh

33 g4 Fo| ME xS ¥ 3D-EEM B3|

57FA A1 E(SRFA, SRNOM, T3, 4<, &FF)d st
o G4 L&A F2 A E(Group A), | mg-CI/LE F4& &
55 A3 A E(Group B), Group A°lA Group BE 7Heh
DEEM (Group C)¢] % EEM plot& Fig. 3o YeRl At

& &E A(Fig. 3. Group A)S] SRFA, SRNOM, FH3
< gurx o g itk A @3 FY(Ex/Em: ~260 nm/~440

18%)2 H& FF A7) d4ass Bt 2 719 A8
SRFA, SRNOM, T2H9 & AVle dutdo= {F94
A g9t F9HE 9139 Ex (nm)/Em (nm): 260/449,
230/433, 245/412901 4 Z+Z+ 0.44+0.03 R.U. (82.4+4.2%), 0.36
+0.01 R.U. (78.1£1.8%), 0.24+0.01 R.U. (92.4+2.8%) 743}
R, G4, $RF §F AVle girdez ol §AF 4
Aozt Fe s+ 9320 Ex (nm)/Em (nm): 220/332, 270/
3020014 Z+7F 0.14+£0.03 R.U. (96.6£3.7%), 0.95+0.70 R.U.
(100%)7Hz sttt B A7l F4aegs 992 fAF 4
AedlA Fog FAE Kol 39, TFTolA B 98.3%
2, 9% A @ddlA Fa% 93 E Hole 7 7d
ANREY FF 7248 F7Y 833%ETH JUFoz o &4
YUetston, ol &9 oA {4 G0 FHA FAF E
HET G498 whEAol o Fohe o)A AT ZH U
QFcH(Beggs and Summers, 2011).
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Group & Crigh Funpls) Gronp B (Chlorinatsd Sample} Group © (Diffsreatial EERD
(Cone. of Cl={ mg-ClL} {Cong. of C=1 mg-CHL) {Group 4-B}
(a) SRFA with no (b) SRFA with 1 mg-CLL (©) D of SRFA -
“*ExEm: 260/449 “ExEm: 225/438 “ExEm: 260/447 e
e (04982 R.U) g (02396 R0 g (02861 RU) w40
P £ s. £ o
Wi B K z ax
g ER Eom 2 o0
- . ™ & o
0 e
Joa £ . 45 S L] £ o
Emission (nm) Emission (nm)
(€) SRNOM (f) D of SENOM e
“1  with 1 mg-CVL e
T e (0.4618 B.U) 7 = {Ex/Em: 225/427 = L
= £ ..](02188R Y £ .
4F i ; £
g % E i g £ .
& |2 & oo g
- m S— - Lo
Emission (nm) Emission (nm) Emission {nm)
(2) River DOM “1(h) River DOM () D of River DOM ”
with no C1 ! with 1 mg-CVL )
(31}
e £ e
k< -F ] e
. Emission :n‘nl) Emission (nm) ml"m'u::un "::' )
- 1(j) Leaf DOM (k) Leaf DOM " (1) D of Leaf DOM -
“1 withneo C1 with 1 mg-CVL o
g ++{ExEm: 225332 7 o Ex/Em: 223/413 el [
E 2 02431 RU; £ .](0.0163RU) £
£ £ : E i
‘; g :E g . e
I:]‘ w3 P ™
Me um am Ee s we s - »
Emission (nm) Emisbon (nm) Emission (nm)
(n) WWTP effluent (0) D of WWTP effluent [
1 with1 mg-CIL Ex/Em: 270/302 "
G w{ExEm: 225/336 2 o ](1.5605 R.U) .
s (0.0467RU) = o
£ H £ o
= = s
[ Z as
Ll £ e
= o
;_ ----------- 1ee P
e e oam s e s T e me aw me s T
Emission (nm) Emission (nm) Emission (nm)

Fig. 3. Fluorescence EEM of different DOM samples before chlorination (Group A; a, d, g, j, m), after chlorination (Group B;
b, e, h, k, n), and differential EEM (Group C; ¢, f, i, 1, o).

34 Ciefst &3 EMI ER|EZMHEN MMSIe & o] &3 A EANAME Region IV (1=0.376, p< 0.001)
A o el {AF 9o 3 A(1=0.430, p< 0.001)F A JF U

A §F EQME Edgava 4857 4RE S 27

34.1 EEMZ} DEEMZ 0|8%F % SAMI Ez|&=mEt olz ¥t} 18}, DEEM £ ©] &3 Jay XM o
MM S At A $A 99 F3A3=0.364, p=0.096)= A I3 WA I&

¢ EEM ¥ DEEME 8% DOM Efdzdg A4y S804 Eggzdd 44s3e dadA s e +9

A% 7hs8E B7re] flstd d4
19 Algel tiste] B3 AED

|=R=%
-

1=] (o]
24 3

We 4459 4

B2 S EE|X| M3sA M}235, 2022

E
BEE ZUHAI7IHEA
HIX, B4 7}A] FRI
region, Al 714 B 9ol HY H3 3 EYEE
5t tHTable 4). 9 EEM

B O
}S]TE

AT 1 F, F4 e & A& HIX (=0.815,
p< 0.001), Region V (1=0.727, p< 0.001), FH4F FA} 4
I F(r=0.827, p< 0.001)A 7Hg &2 FHFS A=

(Fig. 4), ©] 27+ DOMS] 7199 A@gle] HH

3T

Byl £
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Table 4. Correlation coefficients (r values) between THMFP and the obtained optical values including original and differential

spectra in this study

Index FRI region Baker’s peak
HIX I I 111 v \% Protein Fulvic Humic
Original EEM r=0.313 r=0.356 r=0.282 r=0.0791 =0.376* r=0.203 1=0.430* r=0.200 r=0.348
(n=28) p=0.104 p=0.0628 p=0.145 p=0.689 p=0.301 p=0.317 p=0.075
Differential EEM | gj5mee  1=0.507¢  1=0438%  r=0560%  r=0490% =0.727%%% 090t gsqgms g gopeen
(n=23) p=0.096
*: p< 0.05, **: p< 0.01, ***: p< 0.001
Based on triplicate analysis.
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Fig. 4. Correlations of THMFP with differential EEM HIX (a), FRI region V (b), and humic-like peak (c). The highest peak
of the humic-like peak was selected from (Humic-like region; Ex/Em: 370-390 nm/460-480 nm) according to the

reference (Baker, 2001).
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Fig. 5. Correlation between In (THMFP) and the humic-like
peak of DEEM.
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