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Analyses of Synchronous Fluorescence Spectra of Dissolved Organic Matter for
Tracing Upstream Pollution Sources in Rivers
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ABSTRACT : Fluorescence measurements of dissolved organic matter(DOM) have the superior advantages over other analysis tools for
applying to water quality management. A preliminary study was conducted to test the feasibility of applying synchronous fluorescence
measurements for tracing and monitoring pollution sources in a small stream located in an upstream area of the Sooyoung watershed in
Busan. The water quality of the small stream is affected by leachate from sawdust pile and discharge of untreated sewage. The sampling sites
included an upstream site, two pipes discharging untreated sewage, leachate from sawdust, and a downstream site. Of the five field samples,
the leachate was distinguished from the other samples by a high peak at a lower wavelength range and a blunt peak at 350nm, suggesting
that synchronous fluorescence can be used as a discrimination tool for monitoring the pollution. The efficacy of various indices derived
from the spectral features to discriminate the pollution source was tested for well-defined mixture of the sawdust leachate and the upstream
stream by comparing (1)the difference between measured values and those predicted based on mass balance and the characteristics of the
two samples and (2)the linear correlations between index values and mass ratios of the sample mixtures. Of various discrimination indices
selected, fluorescence intensities at 276 nm(AX=30 nm) and 347 nm(AX =60 nm) were suggested as promising potential discrimination
indices for the sawdust pollution source. Despite the limited number of samples and the study area, this study illustrates the evaluation process
that should be followed to develop rapid, low-cost discrimination indices to monitor pollution sources based on end member mixing analyses.

Key Words : Dissolved Organic Matter, Fluorescence Measurement, Tracing Pollution Sources, Real-time Monitoring, Water Quality Management
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Table 1. Description of the samples used in this study

! .
?\Iaaril:e: Sampling locations and the description
U Upstream site of the mushroom manure piles and untreated

sewage pipes

S1  Untreated sewage 1

S2  Untreated sewage 2

M Water sample leached from sawdust manure pile

D ~100 m downstream from the mushroom manure piles
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Fig. 1. A simple illustration of the sampling sites for this
study.
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Table 2. Water quality data of the samples (unit: mg/L)

Sample DOC BOD CODy, T-N NH3-N NO3;-N NO»-N T-P PO,-P

U 41 16 46 091 001 058 0.00 0.10 0.06
S1 99 195 300 293 026 070 0.04 253 135
§2 6.6 10.1 16.6 151 004 053 001 0.58 030
M 320 49 601 812 115 0.04 000 254 1.13
D 83 41 104 181 007 052 0.02 049 028
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Fig. 2. Synchronous spectra of the samples for this study(U:
upstream site, S1 and S2: untreated sewage, M: lea-
chate from sawdust pile, D: downstream site). (a) AA
=30 nm, (b) AA=60 nm.
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Fig. 3. Changes of synchronous spectra of a mixture of the
sample U(upstream site) and M(leachate from sawdust
pile). (a) AA=30 nm. (b) AX=60 nm. The dotted
arrows indicate the direction of the increasing pro-
portion of the sample M in the mixture. The solid
arrows indicate the selected discrimination indices.
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Fig. 4. First derivatives of the synchronous fluorescence spec-
tra of a mixture of the sample U and M. (a) Ar=
30 nm. (b) AA=60 nm. The dotted arrows indicate
the direction of the increasing proportion of the sam-
ple M in the mixture. The solid arrows indicate the
selected discrimination indices.
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o7k Holok @Y 9] 712 ME TE T 744 ol 7]
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of RFo] Ag EEYS WESHAKTable 3). S8 &5 §
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A4S BFAINE ol gkl F Jhx Amg Bl

Table 3. Measured and predicted of various discrimination indices based on DOC-normalized synchronous fluorescence spectra

Percent ratio Fue( AL =30 nm)

F350(A}\4 =30 nm)

MU Measured Predicted Difference(%) Measured Predicted Difference(%)
0:100 1.08 n.a. n.a. 8.92 n.a. n.a.
10:90 2.59 2.85 9.8 8.17 7.70 5.8
2575 5.12 5.50 7.3 7.52 6.99 7.1
50:50 9.99 9.91 0.8 6.12 5.80 52
75:25 14.49 14.33 1.1 4.84 4.61 4.7
90:10 17.72 16.98 42 4.24 3.90 7.9
100:0 18.75 n.a. n.a. 3.43 n.a. n.a.
R*=0.999 R*=0.997

Ist derivative Fps(AX =30 nm)

Ist derivative Fage( AL =30 nm)

Measured Predicted Difference(%) Measured Predicted Difference(%)
0:100 0.039 n.a. n.a. 0.071 n.a. na.
10:90 0.138 0.129 6.6 -0.020 -0.058 1913
2575 0.250 0.265 59 -0.259 -0.252 2.7
50:50 0.490 0.490 0.1 -0.570 -0.575 0.9
75:25 0.753 0.716 4.9 -0.894 -0.898 0.4
90:10 0.923 0.852 7.8 -1.097 -1.091 0.5
100:0 0.942 n.a. n.a. -1.221 n.a. n.a.

R’ = 0.996 R*=0.999

Faso( AR = 60 nm) Foss( Ak = 60nm)

Measured Predicted Difference(%) Measured Predicted Difference(%)
0:100 1.14 n.a. n.a. 7.29 n.a. n.a.
10:90 1.32 1.48 12.0 8.88 9.02 1.6
25:75 1.73 1.98 14.3 11.39 11.61 1.9
50:50 2.68 2.82 5.4 16.60 15.93 4.0
75:25 3.74 3.66 2.2 19.93 20.25 1.6
90:10 4.08 4.16 2.1 24,98 22.84 8.6
100:0 4.50 n.a. n.a. 24.57 n.a. na.

R’ =0.994 R =0.988

Fa(AL =60 nm) Ist derivative F3s(AA =60 nm)

Measured Predicted Difference(%) Measured Predicted Difference(%)
0:100 22.12 n.a. n.a. 0.325 n.a. n.a.
10:90 20.25 20.61 1.7 0.280 0.271 3.0
2575 18.13 18.35 1.2 0.183 0.190 3.8
50:50 14.39 14.57 1.3 0.066 0.055 16.6
75:25 10.66 10.80 1.3 -0.063 -0.079 26.7
90:10 9.11 8.54 6.2 -0.137 -0.160 16.8
100:0 7.03 n.a. n.a. -0.214 n.a. n.a.

R =0.998 R’ =0.998
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