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Characterizing Fluorescence Properties of Dissolved Organic Matter for
| Water Quality Management of Rivers and Lakes
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Department of Earth and Environmental Sciences, Sejong University
*Korea Institute of Water and Environment, Korea Water Resources Corporation(KOWACO)
**Geological & Environmental Hazards Division, Korea Institute of Geoscience and Mineral Resources(KIGAM)

ABSTRACT : Fluorescence measurements of dissolved organic matter(DOM) have the superior advantages over other analysis tools for
applying to water quality management. They are simple and fast and require minimal pretreatment of samples. Fluorescence index(Fase/
Fso0), synchronous spectra, and fluorescence excitation-emission matrices(tEEM) of various DOM samples were investigated to discriminate
autochthonous/allochthonous composition, protein-like fluorescence, fulvic-like fluorescence, humic-like fluorescence, terrestrial humic-like
fluorescence by comparing among the real DOM samples of different origins with the help of literature. The samples used included stan-
dard purified DOM, lake, river and wastewater treatment effluent. The relative distribution of various DOM composition was derived from
the ratios of each fluorescence region. The results were very consistent with those expected from the sample properties. Allochthonous and
terrestrial humic-like fluorescence were more prominent in the samples with abundant soil-derived DOM components. In addition, the protein-
like fluorescence property was more pronounced in the samples where strong algal or microbial activities were expected. It was also shown
that the ratio of protein-like/terrestrial humic-like fluorescence obtained from synchronous spectrum and fluorescence EEM could be used as
an indicator for the evaluation of wastewater treatment on the downstream water quality of rivers and for the prediction of the degree of
algal/microbial activities in lakes. It is expected that the results of this study will provide the basic information to develop the future
water quality management techniques using DOM fluorescence measurements.

Key Words : Dissolved Organic Matter, Fluorescence Measurement, Wastewater Treatment, Water Quality Monitoring, Water Quality Mamagement
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Table 1. Elemental analysis and carbon structures of IHSS
DOM

Elemental analysis
C(%) H(%) O(%) N(%) S(%) Total(%) O/C H/C
SRHA 5255 440 4253 1.19 0.8 101.2  0.61 1.00
SRFA 5244 431 4220 0.72 044 100.1  0.60 0.98
SHA 5813 3.68 3408 414 044 100.7 044 0.76

Carbon structure analysis(%)

Carbony! Carboxyl Aromatic Acetal Heteroaliphatic Aliphatic

SRHA 8 19 37 9 7 21

SRFA 7 20 24 5 11 33

SHA 6 18 50 4 6 16
Herd 8o x| 283 9=, 2006 9
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Table 2. Description of DOM sources used for this study

Sample

Source
Number

Description

Suwannee River

. . SRFA Obtained from IHSS
fulvic acid

Suwannee RIVer <o 1ia Obtained from IHSS

humic acid

Elho.t SOl.l SHA Obtained from IHSS

humic acid

Yongdam Ll Upper layer(5 m depth), turbidity =2.5
Reservoir NTU

Yongdam L2 Turbidity layer(14 m depth), turbidity =
Reservoir 943 NTU

Yongdam L3 Bottom layer(35 m depth), turbidity =
Reservoir 3.0 NTU

Gap River RI Headwater free of contaminant sources,

BOD = 0.6£0.1 mg/L

Sampling point upstream(~100 m) from
Gap River R2  wastewatertreatment. Influenced by urban
activities, BOD = 2.0+0.3 mg/L
Wastewater treatment effluent

BOD =24.5+0.5 mg/L

Sampling point downstream(~2 km) from
wastewater treatment, BOD = 13.8£0.5 mg/L

Treated
wastewater

R3

Gap River R4
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Table 3. Fluorescence properties of THSS standard DOM, Lake DOM and river DOM

Synchronous Fluorescence

3D-EEM*

Fluorescence

Index(F50/Fs00) protein-like/ fulvic-like/ protein-like/ fulvic-like/
terrestrial humic-like terrestrial humic-like terrestrial humic-like  terrestrial humic-like

THSS
SRFA 1.86(0.04)" 0.0(0.0) 3.98(0.11) 5.34(0.14) 14.48(0.39)
SRHA 0.73(0.02) 0.0(0.0) 1.37(0.04) 2.78(0.08) 6.56(0.18)
SHA 1.52(0.04) 0.0(0.0) 0.63(0.02) 0.97(0.03) 1.48(0.04)
Lake
L1 1.84(0.05) 0.86(0.02) 6.05(0.16) nd* nd
L2 1.45(0.05) 0.80(0.02) 3.42(0.09) nd nd
L3 1.93(0.05) 1.50(0.04) 5.99(0.16) nd nd
River
R1 1.83(0.12) 0.54(0.54) 4.54(1.02) 4.54(1.02) 14.23(0.21)
R2 2.06(0.01) 2.29(0.30) 11.80(1.98) 11.80(1.98) 20.60(0.75)
R3 2.36(0.05) 10.72(1.52) 20.09(1.39) 20.09(1.39) 22.45(1.27)
R3 2.33(0.01) 4.15(1.16) 10.67(1.16) 10.67(1.66) 14.78(1.08)

*The values were determined by the specified peaks in fluorescence EEM(see the text). "Numbers in parentheses are standard errors based on
propagating the corresponding measured value uncertainties(for IHSS and lake samples) and based on triplicate samples(for river). “Not determined
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Fig. 1. Fluorescence emission spectra of (a) THSS standard
DOM, (b) Lake DOM, and (c¢) river DOM(excitation
wavelength = 370 nm)
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Fig. 2. Syncrhonous fluorescence spectra of (a) THSS standard
DOM, (b) Lake DOM, and (c) river DOM (AA=30 nm).
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Table 4. Fluorescence EEM properties and the associated
wavelength ranges based on literature review

Fluorescence properties ex./em. wavelength References

Protein-like 275/350 Baker(2001)
Fulvic-like 320-340/410-430 Baker(2001)
Humic-like 370-390/460-480 Baker(2001)

Terrestrial humic-like 450/500-520 Albert and Takacs(2004)
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Fig. 3. Fluorescence excitation-emission matrix(EEM) spectra of THSS standard DOM(SRFA, SRHA, SHA), Lake DOM(L1-L3),
and river DOM(R1-R4).
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