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Abstract:
JFE Engineering has been developing monitoring 
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ranged from 590 mg/l (maximum) to 40 mg/l. The latter 
range was the greatest. The fl uorescence spectrophotom-
eter used in the test provided widely divergent results on 
the various samples tested.

Figures 2 and 3 show the results of measurements of 
the fl uorescence intensity of sample sewage by the fl uo-
rescence spectrophotometer. Figure 2 shows the results 
for all untreated samples; Fig. 3, the results for the sol-
uble samples after fi ltration through fi lter paper. In the 
plotting of the scattered light intensity, the wavelength 
of the excitation light used to irradiate the samples is 
taken as the ordinate and the wavelength of the scattered 
light is taken as the abscissa. 

In the measurement of the samples shown in Fig. 2 
(samples with abundant suspended solids), the refl ec-
tions are irregular the transmitted light decreases. On 
this basis, we speculate that the scattered light, includ-
ing the fl uorescence, rises to a high intensity overall. In 
Figs. 2 and 3, however, we observe fl uorescence near 
330 nm with excitation light of 270–280 nm, strong light 
near 300–380 nm with excitation light of 220 to 230 
nm, and low-intensity fl uorescence near 430 nm with 
excitation light of 340 nm. The fl uorescence patterns 
are clearly similar, though they differ in intensity. The 
authors thus fi nd that there is no fl uorescence specifi c to 
solid organic substances, and that it might be possible 
to monitor the concentrations of the soluble organic 
substances or total organic substances by measuring the 
fl uorescence intensity near 330 nm under irradiation 
with light of 270–280 nm or the fl uorescence intensity 

near 300–380 nm under irradiation with light of 220 to 
230 nm.

Organic substance are thought to show gentle light 
absorption in the whole ultraviolet ray region of 200 
to 350 nm. It has also been reported1) that organic sub-
stances of unsaturated bonds absorb light in a wave-
length range of 270–280 nm, and that fulvic acids, a 
family of organic substances, absorb light in a wave-
length range of 340 to 360 nm. On this basis, we surmise 



34 JFE TECHNICAL REPORT No. 9 (Mar. 2007)

On-site Water Quality Monitoring Technology for Wastewater Treatment Plants

2.3 Summary of Results of Fundamental Test

In the wavelength region of 220–270 nm for excita-
tion light, ultraviolet rays pass through glass at high 
rates of optical absorption and fi lters are of only limited 
use in fi ltering out specifi c wavelengths. Devices that 
generate short-wavelength light are costly to operate 
and consume considerable power. For the device to 
be applied in actual monitoring, the authors therefore 
decided to rely on longer wavelengths of 270 nm.

The authors measured the fl uorescence intensity of 
the excitation light at the wavelength of 270 nm in each 
sample and investigated the correlations to the concen-
trations of organic substances. The relationship between 
the CODcr of soluble samples and fl uorescence intensity 
is shown in Fig. 4. 

The solid line in the fi gure indicates a primary 
regression line of the plotted data. The correlation is 
clear, albeit somewhat weak. Next, the authors deter-
mined the dispersion of the data based on the regression 
line to verify whether this relationship can be used in 
the monitoring of water quality. We used the following 
equation to determine the standard deviation when the 
distance from each measuring point to the regression 
line was regarded as a measurement error:
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where σ: Standard deviation
Si : S-CODcr concentration of i-th data (mg/l)
S̄ :  S-CODcr concentration found from the 

regression line at the fl uorescence intensity of 
i-th data (mg/l)

n : Number of samples
In the measured data on the fl uorescence intensity 

and soluble CODcr concentration at the excitation wave-

length of 270 nm, σ was about 15 mg/l. The dotted lines 
in Fig. 4 show the range of 2 � σ (a 75% confi dence 
interval) used to evaluate the error range of the data 
obtained in this test. When measuring a fl uorescence 
intensity of 8 000, for example, the soluble CODcr con-
centration is thought to range from 173 to 233 mg/l. 
Though the measurements still lack adequate accuracy 
overall, it may be precise enough to monitor changes in 
the operation conditions of a wastewater treatment plant.

Similarly, the relationship between soluble CODcr 
and fl uorescence intensity is shown in Fig. 5. The con-
centrations of CODcr and BOD5 are correlated in urban 
sewage. For this reason, we also found a clear correla-
tion between the BOD5 concentration and fl uorescence 
intensity. The standard deviation σ was 9.4 mg/l, and the 
BOD5 can be estimated to range from 75 to 113 mg/l 
when a fl uorescence intensity of 8 000 is assumed.



JFE TECHNICAL REPORT No. 9 (Mar. 2007) 35

On-site Water Quality Monitoring Technology for Wastewater Treatment Plants



36 JFE TECHNICAL REPORT No. 9 (Mar. 2007)

On-site Water Quality Monitoring Technology for Wastewater Treatment Plants

surface to ensure that the radiation intensity remains 
constant and that the intensity of the scattered light is 
accurately detected. This presents a challenge, however, 
as the height of the water surface changes whenever the 
infl ow volume changes in an actual infl uent passage. To 
cope with this, the device design allows the height of the 
irradiation part and detecting part to be freely changed 
by the use of optical fi bers. The leading ends of the opti-
cal fi bers are connected to the irradiation and detecting 
parts, and the irradiation and detecting parts are fi tted 
with a mechanism to adjust the irradiation angle and 
thereby by control the intensity of the scattered light 
detected.

3.2 Test Results

Light at a wavelength of 280 nm was irradiated by 
this trial device. The concentrations of the suspended 
solids were found by measuring the intensity of the Ray-
leigh scattered light. The concentrations of the soluble 
organic substances were found by measuring the inten-
sity of the fl uorescence generated.

Figure 8 


