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Abstract : Fluorescent dissolved organic matter (FDOM) is referred to organic matter which absorbs
efficiently solar radiation energy and fluorescence in the water column. The component and molecular
structure of marine organic matter can be changed depending on the various substances and origins of organic
matter, and then the organic matter has unique fluorescent properties. As the cutting-edge analytical techniques
of optical measurement continuously developing from last few decades, a study on FDOM has been applied
as a biogeochemical tracer to quantify the organic matter concentration and to investigate the behaviors and
origins of organic matter. Especially, the marine environment around the Korean Peninsula is an ideal research
area to study FDOM because of various oceanographic characteristics and the origins of organic matter. This
study describes the general properties of FDOM and introduces the cycling and behaviors of marine organic
matter based on the domestic research studies.

Key words : fluorescent dissolved organic matter, organic matter cycling, optical properties, tracer,
fluorescence spectroscopy
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Fig. 1. A schematic diagram of dissolved organic matter (DOM), chromophoric dissolved organic matter (CDOM), and
fluorescent dissolved organic matter (FDOM). Examples of absorption spectra of CDOM and excitation-emission
fluorescence matrices (EEM) of FDOM are shown over each domain. Skeletal formula of tryptophan amino acid
(left) and vanillin (right) are represented on the EEM
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2. FDOM 9] B3Hd 54

Coble (2007)3}+ Stedmon et al. (2003)2 theksl 7o)
A QT sl Al RS EAst] 87X 9] tia ARl FF
T 3E A3t cKTable 1). de] L&zl 27F2] ] iz

& B34S Coble (1996)0] &fsfiAl Bu|=9} Tu]2=
Bath BE3E 7 2 T3 Expe/Empe = 275/310
nm)ol|A g 727} B E =, Efo] =4 (tyrosine) of
o)A GARSE §33 9HEx = 220~275 nm, Em =
300~305 nm)oj| A ¥-AE ¢t Hudson et al. 2007). T3 2
= BOAof vlgfA AR 71 IPHEXpa/Empy =
275/340 nm)of| 4] g 927t YEeT, E-EHry-
ptophan) op] =4k} FARRE TR Q)(Ex = 220~275 nm,
Em = 340~350 nm)oj|A &34 137} ¥4 chHudson
et al. 2007). o|2gk Z[of 1= apgte] ohgt FAMIS HIE
© 2 B39} Tu|3E Z2E X(protein-like) FDOMo]2}
T &}, 247}k efo] 24l AKtyrosine-like) 7} SR =T A
(tryptophan-like) FDOMo|2}al AllEsto] =t Ut
Hoa ) FDOME 2 S ofa ARy
4H(primary production)o] Zhigt sfjFe] FZ3} E| X =9
F=4of| A ¥FAE It Yamashita and Tanoue 2003). A}
QAR A 714 Bk ofje} e R sl M
Elo]2 Al A FDOME] E4Jo] EPAE] 7| = g Hudson et
al. 2007). &3t Hernes et al. (2009)of &b 2 14d-H)
=74 3FetE(lignin phenols)s FAst=tE Z2EA;
FDOM (53] Efo|24l 4 FDOM)o] -84 = Q50|
He Qi) whebA, TlE) FDOME sl ko] Uxpg4k
W AvbE A o] AR & f71ET At @

QEAL FAsHd 288 5

22 7Pl sigeleliol ] WA W)
7 37142 U=, M3 Z(Ex e/ Emne = 312/380~420
nm), C3) Z(Exma/ Bt = 350/420~480 nm), A5 Z(Exomay/
Efina = 260/380~460 nm)©] T E- A} Humic-like) FDOM
ofekiL gl olejet WAzt Fuly ARl 214
B o] FE Ak humic acid)& FE 4 Gl A4
A(e.g., XAD)E ol-3o] &t sjsolA] Akt 3%
w27} WA R ] o] cHCoble 1996). T4l B
Kgate] 72 sl W B BokS Wolk HiTlo

Fegro) Bas S0 24 mope] WA Yo

o A WA, olejgt Frul4 FDOMe] 12
She f714ko] AR e ofRia o
Fat 7] 90014 $-2hel F%SHfuorophore) 0.2 T
=l 7] EgAo]7] ulEo]tiCoble et al. 1990; De
Souza Sierra et al. 1994). UHFA o2 FulA)l o750 =
2 S AEY 540 glridolA A ek
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= 8o R Fdhs 540] ok

Tl R Ay RS e B
Fdol 2717 A= e Ae® d#A lrh Baker et
al. (2007)& oJ1}51#] ¢S FDOMA|EE 1.2 ym2} 0.2
pm 3= 27| YR & o]§slo] A= A1t & 3
BAIZIE HIwskREd], 1.2 pm= o2 A, T}
GGA7 = -5% ~ -T1% A3, FuAt FEA7|=
+2% ~ -22% HsITE 0.2 ym= oJ¥7t Ay}, A}
PFAN7 = -32% ~ -86% F2=sklaL, FUd FEAl7 =
-4% ~ -30% Haskelnk o= F94 FDOME &8 &
2o= 217)9] §71ER FAE] qlojA] Wele] 32 2
719} Fidt Ao s yehd Zlos weEch vhof, o
w4} FDOME 12 ym 0|4} 2719] 7125 pigsicl,
Kim and Kim (2015)2 0.2 ym%} 0.7 ym 3= =37]9]
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Table 1. Commonly referenced peak and region locations for components of excitation-emission matrices (EEMs) obtained
for aquatic humic substances and dissolved organic matter (*Coble 2007; "Stedmon et al. 2003; “Parlanti et al.

2000; ‘Coble et al. 1998)

Peak Excitation max (nm) Emission max (nm) Description

B 270-280 300-320 Tyrosine-like, protein-like™®
T 270-280 320-350 Tryptophan-like, protein-like™
A 250260 380-480 Humic-like™

M 290-320 370-420 Marine humic-like™®

C 320-360 420-480 Humic-like™®

D 390 509 Soil fulvic acid®

E 455 521 Soil fulvic acid®

N 280 370 Phytoplankton productivity’
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Y= ot & Fult A T SRR
o] FFAIZI1E Hlastl=dl, A 2 F aol
7 9] FLsHAl VERFAIRHE = 0.99), TldA; ggAs
oM 2 Hato] WAEJCH = 0.64).

o= A= o] EEMofl= Alg W S48t F3-8E77|
2ollA AYE F AT Qo= FFAreH(scattering peak)
o] WAL (Fig. 2)t}. FFAES #Yejilzh(Rayleigh scat-
tering), 2THAIEHRaman scattering), ©15AH Tyndall scat-
tering) © 2 “HJEch | Uefileh FolA AR W
oY=} Alm W & #AF Abe]9] Ao akgol oA o
A=), S5 3780 of| A2} YRt o v ] FEj= of
HA| wgto] glo] W& u g apas) glo] FA|E= g
A Aleh(elastic scattering)©] EAS Holth HEAS
A& W FREdo] W WA 7= F Alto =,
A EE TP 5 WE aPollA FagAkte] A
Hok weba, fd il Y9E5ARRS EEM Z1Efszof| A
1 o 1 35k YA|ollA BdAket o=t Ak 2
Thebehd gelofl Al AR W o|]e} & EARAto|o] A
Ao QJsiA] 7= F Akl Hld iRtk o
27 A7 9 U7t & 22| G Fof ouA] &
Alo] 2RAl5H= HERA] Algl(inelastic scattering) ] E44S
Kol whebA, golla A Wo) upe] vlsiA 11
WEupgol| A ggateto] A E ek o|eigth Alehe] &%
A7l GEHARl sl 5 f71EollA 71€et F3Al71
|8l v Zsl7] wiZol] f71EA=e] Fet 54
dh=d] EAIS SRYAZITh F3PAto) o3t 7Hd At
£ AAsH] siA 579 EEME 576}
L gagateto] AgE o) AlmE AMAIY WAk(inter-
polation)s}o] E A s},
SHLEG)E AR E 2 ARl RE
5 7KInner Filter Effect, IFE)7} 1t} (Xu et al. 2018).
A A7 FHEER7E 27 AUAA == 4
Frlof| A AR Yol Fl(cuvette) W 2= Pkt
S 0HA] Zotal @2 Fu} Q1ggt ool Ix|gk FF
T WR3SHA| EHok E3E, ] SolA WAlsHs ¥
o] BFALY HEVI= olEdhz oA = 48
7180l Yol AgrEle A7 geith o3t
IFEZ ¢lsto] g igo] fqEAY HEE= 57t
Aashs TAZE HAEC IFEE AlASH | fleliAl= Al
729 f71E 57t AUAA == A9l = 94
oA g AR ESE 10 em 3#9] 78l Kok §
7} 2R 1 em 8l ARESEo] Ho| TH] W 4= Sl

=1 =
TEES U= AE S

o v

ofd rfl I
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I

ke RS Sifsid] Qlof BUAT HuE 2
UWAA Azstal AR Al 2 BAE A7
of SFFE o83t EollA A= FdA Al
AAL Zart ek sHARE FDOMO] 57} uff-9-
Al=28] Zfoll= o] TN Bl 5 Alme] FFAlE
ogaks k. ofal Ao 3249 WP (nterpolation) S
o185t} WIS AAASIES FHTHZepp et al. 2004).
T3 IFE= EEMO] &/ olA S35 545}
o] EA3tH(Lakowicz 2013). o] 42 Fgeto] ot 3
Hupgro] Fule] AN WARE AL vleko
2 AAE L, v]o]-HH| 2 E HZl(Beer-Lambert” Law)
& olgsto] mAWEE AT (1).

i
E= it
o Mg X

AL ot

0.5(A4,,+A4,,,)
X F;x/cm (1 )

Frp=10

FDOM ¢1522] Z7Joli= sLie] SEulanigols 574
Bl PAIE AMslo] 7120] BES Tath S
Ex/Em = 370/460 nmof|4] =316, Coble (1996)°] 2]
siA ol =371 FAd F8/d(C peak) T ARRE
x| 2] apolet. A AH|o] Wz Qlsto] ALA%l &
T HEIOA FEE B0l 7hselRaL A4 &
T EIelA ST FFAI7IE 33 FEEEM) =
el =374 %(contour) FE|E FDOMO] A2 5 LE}
Wick(Fig. 2). oleist ¥ 7= 9} HEL ot
FDOM®] 7|93} 542 sjotelm, 5% sigolxo] @3
AI71E FE(peak-picking)s}o] FDOM srg ST
(Table 1; Coble 2007; Stedmon et al. 2003). 7]<9] ©
oA S PR e th2A 33ke] EEM
= H o= et AR S AlRE A5t
of Z}zhe] HEo= o] HEE 4 A HSith

FDOM®] AFAn|uE 913t T IA| 7 74
S AREBle] &gk AHA = 1 ppb 2] quinine sulfate
dihydrate £00S FZEEA R ALE510] | ppbo] HEEZ O
BEA7] Hiv] AlRe] G712 EF3HH Quinine Sulfate
Equivalent units (QSE = QSU)2tal #AJSIC} E3L
rofl&= National Institute of Standards and Technology
(NIST)O A Algdhs EE2EA(RM2941)S 28317
Qi) ShAJRL, o2t WS g =AY Sl
THphomultiplier tube) ¢ (voltage)of| wfetx] SAHE =
FRAZI7E ol 2 Zol7k vEhd 4= ol A let
(Lawaetz and Stedmon 2009). 3L A|ZARC AMES=
AE719] SR Akl whet vkgsh= F3EA717F gt
A 4= 7] el v 71718 AMgshe ks 1k
SEHTE ofEE 4= Qlrk HZolle ol HE s
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Fig. 2. Representative examples of excitation and emission fluorescence matrices at (a) the deep water (Depth: 2220 m,
Latitude: 37.00°N, Longitude: 131.33°E), (b) surface water (Depth: 2 m, Latitude: 37.00°N, Longitude: 130.00°E)
in the East Sea, (c) the coastal groundwater of Sinyang Beach, and (d) drainage from a coastal aquaculture facility
in Jeju Island. The locations of peaks described in Table 1 are shown in (a)

sl7] Sl =9 ehtilet 2] tin] FDOM /g22] &334
7|2 3FAJSl= Raman Unit (RU)2.2 UEFHTHLawaetz
and Stedmon 2009). RUE 0|83t W& =74 7|7]9] A}
Foll w2 EA7] WSt glar, EEo] FEAe] e
SHA] oot FAo) H a3k 3ol Foj=m quinine sulfate
BoHo] oot Ho| gt @S AXSHA] gobe F
. 53], fulol] &3t SRS "ol S5k = A
& SR 1090] A FRpolA] SAHE = A
HA717} wiakgio] Qe SAEo] 1Al ol
S 4 ek,
FAH S A gtel it f7120) 9%
N2 folule BUARE FBITA slsich 5
], PARAFAC (parallel factor analysis)-2 32}9] 27|
FF HolHAES A5A1E Wtrilinear term)at ZE|HY
Y(residual array)® E2|5}= M3 0 2(4] (2), HA3HE
PPYEES ol8lol 2] dolEA=T Afe 7
FeRol ok g Ayl
HF4lo|tiStedmon et al.
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Oll

T -
2003).
F
T jk :;1 aifbjfckf+6ijk 2
wjeta], Lo ‘QE‘EJ Hlo|E N Eof mets] FEE=

o] mok) Al Wak 4 itk PARAFACK S
2 Bl doleE e 38 IR 1 a7
o SAp7l AR e D A ehy]
oo, 3349) EEMoll A Lehis 9gmae mE

Fo] g=37F YR &2 4= 9tk %7)9) Stedmon et
al. (2003)°f ©JsfjA] DOMFluor7} S7NE o]Fof TRt
PRS0 oA A28 A9 PARAFACH E)(e.g., PLS
toolbox, Package eemR)©| T}oFSt 32 T3(e.g.,, MATLAB,
R)Z 7|Rte = 7= Sl

PARAFAC RulS E3] 225 7} JadHo] E4O
T o, Y8 o7 Coble (1996)0] A|ASH Fgu)=2
o] mpA flet vlaate] FgidEel tigh 7Yyt 5L

sfotslirk(Table 1), SIAJEh o= g o] viehipz
wz0) 9128 A7) o] uehy Alelsty] o,
SAE BRARS Aok HAeld 257 wasiAL
Fu4Q) Asol] FIFL WS % ek 2 Murphy et
al. (2014) 7} 5+t OpenFluor (https://openfluor.lablicate.
com/)= 7NHE dlolEuo]A2M, AEAF7t PARAFAC
Rz et PR i AEE dREsk] HE
AApso] 7|20 AR wel Azele] BAA Gk A
Fors HeeAolt, Eguge) gAEE SEam
A1) Tucker®] Z&kA|4~(Tucker’s coefficient of congruence,
0)7F0.955 B He ¢ 7Iees AR skl
ool A ]l vl g $3 PP BEAAS gl

THA] (3)).
Fu) FDOME] 750l tlapet 7| Age] 23t

Ajo]7] wEo]] PARAFACS E3] A& FapAJE o] My}
WS Qo] H420] PARAFAC &334JE0] Coble (1996)

of olsfl AAJH shte] ROz FEEe] e 4= 9
O OpenFluorS 3t $AKE A2 T35 o
W AR AP AR o1l ATARIE Bl 7]
wol ®e} FAHe) FDOMS] AF 8 71212 ojsfet
% ol

9718 71203} S0l wet % 7=} e FEM
Ae] P AR e B4 AAus) il 5 FA
719] Hl%2 o]8 1] 2t % Ainden) S AN §7]
% B8 setolzd] AMGEICKTable 2). 45} Al
(Humification Index, HIX)= §7] &9 ¥A3} =&

Bl A2 ANE ], #7122 S52(polyconden-
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Table 2. Definition and calculation of indices derived from the excitation-emission fluorescence matrix. A, aerengn is the
peak area under the wavelength range; L,yeengn is the maximum fluorescence intensity within the wavelength
range; ex and em indicate the excitation and emission wavelength, respectively

(Kl:;:) Definition and information Calculation Reference
Acjem =254/435— 450 Zsolnay et al.
Humification Degree of humification with higher numbers Ay fom—250/300— 345 (1999)
Index indicative of lower H/C ratios shifting the
(HIX) emission to longer wavelengths Acs fem =254/435 - 450 Ohno (2002)
ex/em = 254/300— 345 + Ae:l:/f,'m =254/435—480
Biological 7
Index The proportion of recently produced DOM _ Cerfem=310/380_ Huguet et al,
(BIX) [m/em:310/4207435 (2009)
Fluorescence Indicates 1.f precursor materlgl for DOM is of Ly o —s70/470 Cory and McKnight
Index a more microbial (FI ~1.8) in nature or more 7 (2005)
(FI) terrestrially derived (FI ~1.2) c/em =370/520

sation) 0.8 T1EX} 3}5HE0] A= 2(BIX)E A4S TtHTable 2).
Z7F3tt} (Kalbitz et al. 1999). o= —rg% ?,-t_’, % &2 4(fluorescence index, FI)= SAMAE3 E|& &
HJAFe] HIX= Ay A HIE(CN ratio)} Fojulgt & o4 7|93 f71= =59 njlE Sl osf A=
Aol ¢
Jo

Nl =
-z
I~
L=
T
-1>

o AudE Holw W fr]gktEe] C=C 7129 719e Uehfl= A2 ARSEITh MeKnight et
3t 1620 em™ oA 9] =g w9} fojuigt oFe] A4 al. (2001)9] A-Ao] mE SA4HAE 719 vl E
2 ZFolx|QltiKalbitz et al. 2000; 1999). E3t Zsolnay  7]¥9] &FR|4= ZhzF oF 1491 1.99] 3 2tk &
ct al. (1999)= TFE 310] WSlolA] HIXE ARIIE o), S48 412 7191e] §71%0] e ujsie] saeof 743}

g, BA5l2 §7| 59 ¢4/E4 HE(H/C ratio)o] a2 Y373 (Suwannee River, Deer Creek, Snake River,
S APLS WHsle] f7180] RAISHE e A4 Coal Creck)olld 333 Fujtte] BuASGE 13-14
2 ARgskinh 53], &2 dzabofA %71%94 HIX 9] gh& AT, w4 273 H =34 (PC-NMR)E o
Zrol AAES Hustga AXANE QI §7)E EA 83 WakAl(aromaticity) 33 25~30%% LrERiTh
W3S AAISHETE Ohno (2002)+= ﬂin_tc 97|18 B ubHo|, A7t ok njYE 7]he] S7|Eo] wo| A E=

Al, SEE ZF7F2 g duld Jdl(300~345 nm)2] Y= F43(Lake Hoare, Lake Fryxell, Pony Lake)A =4
IFE7} &7}5}0] Zsolnay et al. (1999)2] o & AAkst ARL HEgEA O] 12~17%2 YERF 1, §3X]4= 1.7-2.0
HIX Z}o] —7}61—0 WASIATE 254 nm TP A S0 9] S H Ytk o]3of Cory and McKnight (2005)5 AF
7F03 em™ o]AQl A|RO] ol IFEo] w2 HIX gk o] &3k 24717]0 b2 F3A|gke] 2lolg Bgs 4=
I WABE] oA M2 HIX gk AL S AAsE Sl =S @8AE Easkgl=tl, 370 nmof w7
9THOhno 2002) (Table 2). A ZAFEF] 470 nm ) W= 520 nm @] WrEmgo)

A& AJ4(biological index, BIX)«= AE2-sol os v] A S44E FFAI719] vl&=E A4Stk Table 2). o
WA 2o EE F71E0 AeE Uehlls ARE AP 3 SAE oY EAE W 3= AlEZHA] wiE-

LT, QAN Se} Po] T Eendmember)  ThFE 01N BET ARE A T2 APAlA &
A|22] FDOM £418F A7t} F2F(blue-green algae)s A5t} wlwel An}, wl¢ fARKS = 0.87)& Bt
o]83t A4 Hall AFS Eslo] T =A(B peak; ExEm  (Jaffé et al. 2008). FE3F, Cory et al. (2007)+= 333

= 270~280/300~320 nm)@} B IA(M peak; Ex/Em = WE &x]4=9] H3slr} 744 oS WolA 97 7|9
310-320/380~420 nm)7} A% BHEO] oA B A & U= 2R B 7S4S A

ol AAEE AL WS, @ TAC peakgole] FahA]

7| ulge olgelel AEASGLI)E BESAAN P 4, T FFEEGIE AT A
lanti et al. 2000). ©]=, Huguet et al. (2009)+= 310 nm2]

e A AR 380 nm @] WEubga} 430 nm o] W 7o 2RE W2 4 FDOMo| sfi¢fo =z Ferhal
oA e FgAl719) HlE-S o]gsto] AEA] dEA glen olz|3h 847]1¢2] FDOM 4EE & ¢

ul
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23t FO] S HolA Hrh S4elA A/dE FDOM
A= S0 FAEOIY Bl Al A AL
7]=o] S H(polymerization) 7S AZX|HA 3L FA}F0
fr71&0] =t ojuf FetH o g PFEAS UA Heh
©aluye} oL FAS Rt ghe Ztozne
F7F Fwol =L o] oA FDOMO| sfigFe =z /-9
EtHKim et al. 2018, 2020a; Kim and Kim 2015, 2020;
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SIA|9E Kim et al. (2020a)-2 8375k (dissolved organic
carbon, DOC)2} & o] AlatAdol| A 2]4H(extrapolation)
© 2 dSE= APEES] DOC 5=(304£11 pM)7F A
A &4 E=(156+28 1M, Zhao and Gao (2019))o] H|3f
oF 28} =55 WSSl of= vAE 719 F44d FDOM
I DOC Ato]o] ko) A/t §gA]4x(Fl, HIX, BIX)
e ulgko & oFxp7rs] A4y (Changjiang Diluted Water) 7}
ez 5=l follAl aiF mAE HAFAE{(micro-

2.5
— A a
2 N \ y=053x+186 @
D N
e} N 7 P=0 83, p<0.001
=204 . ° \
€ N o ee
5] N ® o @
c O AYel
g o 2@
£ 151 © of
] %o °
= Do, ©
o ©
Q 10 )
2 \
e y=-0.29x+9.96 Og
I 1 =062, p<0.001 %o
E 0.5 P % e
=
I
0.0

26 28 30 32 34 36
Salinity

bial metabolism) 22 712 DOC7} AJAE 4= IS B
T3},

ARbH o2 sfFe] HlFeolM= alo] S7Iekl wet
4} FDOM®] 57} Z7jels 222 weld). ofzjat
Ex2 s % e WEol ojgt YA f71E
o] Bafj HoflA FA FDOMo] AAE Aufke oA gl
a0, Alsfe] AR7)AAAH]E  Apparent Oxygen Utilization,
AOU)I a4 FDOM Ato] 9] oFo] A& A= S
H2] Ecl(Yamashita and Tanoue 2009). 2-2ju2} H 9
55 okl palo] Wil 243 ASE U=dS
ofstz QIgt sfo] HAAEG ufEe] AOUL} Fulit
FDOM Afo] 9] A /do] =R QFA|L, “gafjof| A<= o]
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Fig. 3. Scatterplots of the humic-like (a) and protein-like FDOM components (b) versus salinities in the continental shelf
waters during August 2012 and February 2017 (Modified from Kim et al. (2018)). ECS, YS, ContShelf are the
abbreviation for the East China Sea, Yellow Sea, and continental shelf area, respectively. The green circles

represent the data obtained after a typhoon event
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FDOM =2tolA Fa3t 7|2ko = Q1A =l ot A&
22l F8/8< wsh]oll= of#o] AStkNelson and
Siegel 2002). 2= 2 (mass balance model)S #]-2-3}
o] F3ll 5ol nE Feom AHE Fd FDOMO]
Sl FFo8 Futle A SHAE ALBINLL AR
SR GUE SAY7IY S0 oF 20% ~ 30%E XA
3l= Al R HEQtKim and Kim 2015).

AR 0 2 Aol A= et FDOM 7] o] &
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9 At F7lE 7 SR st sl F §EAkTL
0z E=t|, ASfSolA 8FARA o] wE Fu
FDOMo] 57}el= SARS WHASHACHKim and Kim 2020).
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% 3(Han et al. 2021b; Lee et al. 2017, 2014), A|8ts 3=
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T} AYELoll/d(biodegradability) 50 F71& 54& f
B3l tHLee et al. 2017).
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TE 0] Q7] wioll W o] A4 Akt s o2
o]F 3L A|skpof ke sl dito] FolETh E3L £
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