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Resolving Excitation Emission Matrix Spectroscopy of Estuarine CDOM with

Parallel Factor Analysis and Its Application in Organic Pollution Monitoring
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Abstract: The distribution and estuarine behavior of fluorescent components of chromophoric dissolved organic matter (CDOM) from
Jiulong Estuary were determined by fluorescence excitation emission matrix spectroscopy ( EEMs) combined with parallel factor analysis
(PARAFAC). The feasibility of these components as tracers for organic pollution in estuarine environments was also evaluated. Four
separate fluorescent components were identified by PARAFAC, including three humic-like components (C1: 240, 310/382 nm; C2.
230, 250, 340/422 nm; C4; 260, 390/482 nm) and one protein-like components ( C3; 225, 275/342 nm). These results indicated
that UV humic-like peak A area designated by traditional “peak-picking method” was not a single peak but actually a combination of
several fluorescent components, and it also had inherent links to so-called marine humic-like peak M or terrestrial humic-like peak C.
Component C2 which include peak M decreased with increase of salinity in Jiulong Estuary, demonstrating that peak M can not be

“marine” humic-like component. Two humic-like components C1 and C2 showed additional

thought as the specific indicator of the
behavior in the turbidity maximum region ( salinity <6) and then conservative mixing behavior for the rest estuarine region, while
humic-like components C4 showed conservative mixing behavior for the whole estuarine region. However, the protein-like component
C3 showed nonconservative mixing behavior, suggesting it had autochthonous estuarine origin. EEMs-PARAFAC can provide
fluorescent fingerprint to differentiate the DOM features for three tributaries of Jiulong River. The observed linear relationships between
humic-like components and absorption coefficient a(280) with chemical oxygen demand ( COD) and biological oxygen demand (BOD, )
suggest that the optical properties of CDOM may provide a fast in-situ way to monitor the variation of the degree of organic pollution in
estuarine environments.

Key words: chromophoric dissolved organic matter ( CDOM ) ; excitation-emission matrix spectroscopy ( EEMs) ; parallel factor
analysis (PARAFAC) ; estuarine behavior; organic pollution; Jiulong Estuary
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Table 1 Fluorescence components of CDOM from Jiulong River Estuary

E./E,/nm E/E,/nm
Cl 240,310/382 , A M <250, 305/412'%) ; <260, 325/385"%!
c2 230,250 ,340/422 , A.C <250,360/440'%) ;345,/433118]
c3 225,275/342 , R.T 280,344 %) ;280,318!'%
c4 260, 390/482 <250, 385/504%1,260, 370/49013) ;275 | 390,/479!1%)
C1 (240, 310/382 nm) , C2 (230, 250, [ 3(d)].
340/422 nm) ,C4 (260, 390/482 nm) C3 3
.C1(240, 310/382 nm) [ 3(e)], 25
, 240/382 nm , 6 24 ,
A , 310/382 nm M, 30 , 2 C3
;C2(230, 250, , C3
340/422 nm) cr 230,250/
422 nm A ,  340/422 nm , Ise
c ., , ( <20)
, C , "
, Al N
C4(260,390/482 nm) 4
, 260/482 nm A , C1.C2.C3 s
,  390/482 nm C
e 2.3 a(280)
Coble '"? ,
CDOM , 4(a) a(280)
2 Stedmon  '* . 4(a) ,a(280)
2 ( <250, 385/504 nm) , C1.Cc2 , <6
Cory (SQ1) , , ) ,
, Ise (275,390/479 a(280) 3 cl1.c2.c4
nm) " , r 0.96;
C3(225, 275/342 nm)
, / .CDOM ,
(220 ~230, 270 ~280/340 ~350 nm) , Cc2 , CDOM
, 225/342 nm  275/342
nm R T . R CDhOM
(7.8, 13, 18] .
(225, 275/300 nm) Sy CDbOM
; . 4(b) ,
2.2 CDOM Sk , 20
4 , 2
, CDOM, CDOM
C1 Cc2 <6 , CDOM
, >6 [ 3(a) ,

3(b)], C4 L1, 17]



1423
1.2 1.2
() ()
0.8 0.8
= ’ '0 *® =
& \ X 5
© 04 © 0.4
’ o e o4 * o
. ¢e
L 4
0 | I I 0 I I f
0 10 20 30 0 10 20 30
1.2 1.2
© (d)
0.8 * 08 -
= : ¢ . . 5
& I~
g * ‘ *® ’0 5
@] Y &)
0.4 P 04 |
L J
r Co o0 o R
0 I I I 0 ! L *
0 10 20 30 0 10 20 30
HhE HAE
3 PARAFAC 4
Fig.3 Estuarine behavior of four fluorescent components by PARAFAC model
10 1.6
® ®)
8 1.4 .
£6P8 & 00 & 12
& 4 Boo .
° & o 4o
9 o 1.0 ‘ &
0 1 1 ! 0.8 1 ! !
0 10 20 30 0 10 20 30
A A
4 CDOM a(280) Sk
Fig.4 Variation of absorption coefficient «(280) and spectral slope ratio S with salinity in Jiulong Estuary
c M 2
3
1, A
3.1 A M ,
3.1.1 A PARAFAC A
2 1 , A (A )
(240 ~290/380 ~ 480 nm) ,
b b Murphy
1l A 5 , 3.1.2 M
CDOM A 3 Coble ' C
, CDOM .M ,
[142,6,25,27]’ A CDOM C
b b
’ A b b
, A cl



1424 31
) 1o 1.7 ~2.2, M , cl
, , DOM
ChOM , )
CDhOM .
,Murphy " CDOM 2 C4,
C ,
M.C , [ 5(d)], a(280)
2 .C4 C1.C2 ,
s ,PARAFAC s Stedmon
CDOM ot
3.2 CDOM 3 C3,
4 , a(280) ,
a(280) 515
, 3 , <40% 50% [ 5(e)],
1 cro2, 2 .CDOM
<6 , )
, 21 Kowalczuk '
[ 5(a) 5(b)], a(280)
[26~28]
2202 A3 ~ A4
. Yamashita " R Cc2 s
Ise s
0.6 03
(@) ®
04 |, 0.2
2 08 20900 go, " E\] $ po e TV
S ¢ o $o o
02 - 0.1
0 | | I 0 ! I I
0 10 20 30 0 10 20 30
0.6 0.2
© (G
°
04 . ¢
o &S PRI S 9)
S Q01 o peoe o
[} = & ®
o 0.2 o ‘ L 4 s L 4
0 ! I I 0 I I !
0 10 20 30 0 10 20 30
HE HE
5 CDOM (>0
Fig.5 Variation of the ratio of each fluorescent component to total components with salinity



1425

6
, 24 ,
s Ise s
(18
3.3 DOM , .
9803 km”, 82.30 m’, C3
70% ; 3964 km’, 3.4
3.8 m’, 30%. 1 CDOM COD , BOD,
Al . A3 [19~21,29~31]’
Al . a(280) . EEMs-PARAFAC ,
Cl.C2.C3 A3,
A4 0 ,C4 , ,
, 2009
CDOM , 3~5
, A6 46  COD .27  BOD, CDOM
, EEM-PARAFAC a(280)
DOM ( 2), Cl.C2.C4 COD
, C3
coD , , a(280)
, COD ,
, , a(280) CcoD
2 COD.BOD; C1.C2.C3.C4 a(280) b
Table 2 Correlations between COD,BOD; and fluorescent components C1,C2,C3,C4 and absorption coefficient a(280)
C1 c2 C3 C4 a(280)
COD(n =46) r=0.896 r=0.888 r=0.641 r=0.876 r=0.893
BOD; (n =27) r=0.787 r=0.841 r=0.592 r=0.773 r=0. 865
)p <0.01
a(280)  BOD,
CcoD, C2  a(280) BOD, ,
,C1  C4 ,C3 BOD ,
DOM BOD ,
, CDOM COD , ,
BOD BOD,
[29] , , . .
BOD, , CDOM (RU) (m™")
S0 C3  BOD, COD(mg/L) BOD,(mg/L)
, COD = 0.433 x a(280) - 0.549
. BOD, (n = 46,p <0.01) (1)



1426

31

COD = 5.138 x C2 +0.250
(n =46,p <0.01)
BOD, = 0.778 x a(280) - 2.363
(n =27,p <0.01)
BOD, = 8.782 x C2 - 0.899
(n =27,p <0.01)
5

(2)

(3)

(4)

CDOM ,
4
(1) PARAFAC
ChOM 4 ,
C1(240,310/382 nm) ,C2(230,250,340/422 nm)
C4(260, 390/482 nm ) C3
(225,275/342 nm).
(2) A (240 ~290/
380 ~480 nm) s
, M.C
M C1
, M

(3) 3, 1
c1 c2, <6

c3,

(4) EEM-PARAFAC

DOM ,
COD ,BOD;

(1]

[3]

Coble P G. Characterization of marine and terrestrial DOM in
seawater using excitation-emission matrix spectroscopy [ J]. Mar
Chem, 1996, 51 325-346.

Coble P G, Del Castillo C E, Avril B. Distribution and optical of
CDOM in the Arabian Sea during the 1995 Southwest Monsoon
[J]. Deep-Sea Res I, 1998, 45, 2195-2223.

De Souza-Sierra M M, Donard O F X, Lamotte M. Spectral
dissolved fluorescent

identification and behavior of organic

(9]

[11]

[12]

[13]

[14]

[15]

[17]

material during estuarine mixing processes [ J ]. Mar Chem,
1997, 58. 51-58.

Del Castillo C E, Coble P G, Morell ] M, et al. Analysis of the
optical properties of the Orinoco River plume by absorption and
fluorescence spectroscopy [ J]. Mar Chem, 1999, 66 35-51.
Wu F C, Evans R D, Dillon P J. Separation and characterization
of NOM by high-performance liquid chromatography and on-line
three-dimensional  excitation ~ emission matrix  fluorescence
detection[ J]. Environ Sci Technol, 2003, 37 . 3687-3693.
Kowalczuk P, Ston-Egiert J, Cooper W J, et al. Characterization
of chromophoric dissolved organic matter (CDOM) in the Baltic
Sea by excitation emission matrix fluorescence spectroscopy [J].
Mar Chem, 2005, 96 273-292.

Stedmon C A, Markager S, Bro R. Tracing dissolved organic
environments using a new approach to

Mar Chem, 2003, 82: 239-254.

matter in aquatic
fluorescence spectroscopy[J].
Stedmon C A, Markager S. Resolving the variability in dissolved
organic matter fluorescence in a temperate estuary and its
catchment using PRAFAC analysis [ J]. Limnol Oceanogr,
2005, 50 686-697.

Ohno T, Bro R. Dissolved organic matter characterization using
multiway spectral decomposition of fluorescence landscapes [ J].
Soil Sci Soc Am J, 2006, 70 ; 2028-2037.

Cory R M, Mcknight D M. Fluorescence spectroscopy reveals
ubiquitous presence of oxidized and reduced quinines in dissolved
organic matter [ J ]. Environ Sci Technol, 2005, 39. 8142-
8149.

Hall G J, Clow K E, Kenny J E. Estuarial fingerprinting through
multidimensional fluorescence and multivariate analysis [ J].
Environ Sci Technol, 2005, 39 7560-7567.

Fluorescence parallel factor

Teymouri B. spectroscopy and

analysis of waters from municipal waste sources [ D]. Columbia:
University of Missouri, 2007.

Murphy K R, Stedmon C A, Waite T D, et al. Distinguishing
between terrestrial and autochthonous organic matter sources in
marine environments using fluorescence spectroscopy [ J]. Mar
Chem, 2008, 108 . 40-58.
Stedmon C A, Markager S. Tracing the production and
degradation of autochthonous fractions of dissolved organic matter
by fluorescence analysis [ J]. Limnol Oceanogr, 2005, 50
1415-1426.

Stedmon C A, Markager S, Tranvik L, et al. Photochemical
production of ammonium and transformation of dissolved organic
matter in the Baltic Sea[ J]. Mar Chem, 2007, 104 227-240.
Guo W D, Stedmon C A,Han Y C,et al. The conservative and
non-conservative behavior of chromophoric dissolved organic
matter in Chinese estuarine waters [ J]. Mar Chem, 2007, 107
357-366.

Helms J R, Stubbins A, Ritchie ] D, et al. Absorption spectral
slopes and slope ratios as indicators of molecular weight, source,

and photobleaching of chromophoric dissolved organic matter[ J].

Limnol Oceanogr, 2008, 53: 955-969.



1427

[19]

[20]

[21]

[22]

[23]

[24]

Yamashita Y, Jaffé R, Maie N, et al. Assessing the dynamics of
dissolved organic matter ( DOM ) in coastal environments by
excitation emission matrix fluorescence and parallel factor analysis
(EEM-PARAFAC) [J]. Limnol Oceanogr, 2008, 53. 1900-
1908.

Baker A, Inverarity R. Protein-like fluorescence intensity as a
possible tool for determining river water quality [ J]. Hydrol
Process, 2004, 18 2927-2945.

Lee S, Ahn K H. Monitoring of COD as an organic indicator in
waste water and treated effluent by fluorescence excitation-
emission ( FEEM ) matrix characterization [ J]. Water Sci
Technol, 2004, 50 57-63.

Holbrook R D, Derose P C, Leigh S D, et al. Excitation-
emission matrix fluorescence spectroscopy for natural organic
matter characterization: A quantitative evaluation of calibration
and spectral correction procedures [ J]. Appl Spectrosc, 2006,
60: 791-799.

Stedmon C A, Bro R. Characterizing dissolved organic matter
fluorescence with parallel factor analysis; a tutorial [ J]. Limnol
Oceanogr: Methods, 2008, 6: 572-579.

Determann S, Reuter R, Wagner P, et al. Fluorescent matter in
the eastern Atlantic Ocean. 1. Methods of measurement and near-

Deep-Sea Res I, 1994, 41 659-675.
E W, Westerhoff P K, e al.

surface distribution[ J].

Mcknight D M, Boyer

[27]

[28]

[29]

[30]

[31]

Spectrofluorometric characterization of dissolved organic matter for
indication of precursor organic material and aromaticity [ J].
Limnol Oceanogr, 2001, 46 . 38-48.

[J]. ,2009,29(3) : 641-647.
Burdige D J, Kline S W, Chen W H. Fluorescent dissolved
organic matter in marine sediment pore waters [ J]. Mar Chem,
2004, 89 289-311.

[J]. ,2008 ,37:51-58.

Mayer L. M, Schick L L, Loder T C. Dissolved protein

fluorescence in two Maine estuaries [ J]. Mar Chem, 1999, 64 ;
171-179.

Reynolds D M, Ahmad S R. Rapid and direct determination of
wastewater BOD values using a fluorescence technique [ J].
Water Res, 1997, 31 2012-2018.

Hudson N, Baker A, Ward D, e al. Can fluorescence
spectrometry be used as a surrogate for the Biochemical Oxygen
Demand (BOD) test in water quality assessment? An example
from South West England [J]. Sci Total Environ, 2008, 391
149-158.

Henderson R K, Baker A, Murphy K R, et al. Fluorescence as a

potential monitoring tool for recycled water systems: A review

[J]. Water Res, 2009, 43 . 863-881.





