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Abstract Acquiring the concentration of bacteria in water quickly and accurately is of great significance for the
supervision hygiene and safety of drinking water. We use multi-wavelength transmission spectroscopy to determine
the concentration of bacteria in water, and mainly study the influences of different normalizations of the spectra
(particle concentration normalization, maximum normalization, integral normalization, and average normalization) on
the accuracy of bacterial concentration. According to the spectra interpretation model of Escherichia coli (E. coli)
established on Mie scattering theory, we can obtain the bacteria size by the normalized spectra interpretation, and
calculate a single bacterium’s reference spectra. Based on the relation curve between the measured spectra and a
single bacterium’s reference spectra, we can obtain the bacterial concentration and analyze the accuracy of the

bacterial concentration by several normalization procedures. Compared with plate counting, the bacterial concentration
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calculated by the average normalization has the maximum relative error of 0.92%, the average relative error of

0.70%, and the correlation coefficient of 0.9984. The accuracy and stability of the method are the best. The study

can provide the basic data for the quantitative detection and early warning of bacteria in water.
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Table 1 Structural parameters of Escherichia coli obtained with the inversion of different normalization transmission spectra

Particle concentration

Maximum normalization

Integral normalization Average normalization

Spectrum normalization
D, /pm D, /pm D, /pm D, /pm D, /pm D, /pm D, /pm D, /pm
1 1.4900 0.0500 1.7571 0.0501 1.2792 0.0501 1.2715 0.0501
2 1.3900 0.0500 1.4351 0.0501 1.4635 0.0501 1.4602 0.0501
3 1.4900 0.0500 1.4799 0.0501 1.4086 0.0525 1.4086 0.0500
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(b) concentration fitting curves of three

different transmission spectra
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Table 2 Concentrations obtained with four normalization methods and serial dilution plate counting method

Concentration Particle concentration

Maximum normalization  Integral normalization Average normalization

from plate normalization

No.

counting Concentration Concentration Concentration Concentration
Error /% Error /% Error /% Error /%
/(10" mL™") /10" mL™") /(10" mL™") /(10" mL™) /(10" mL™")
1 3.4200 2.3668 30.80 1.0008 70.74 3.3512 2.01 3.4300 0.29
2 2.5200 3.0712 21.87 2.7175 7.84 2.5248 0.19 2.5432 0.92
3 3.5000 2.7766 20.67 2.9230 16.49 3.5424 1.21 3.5310 0.89
Average relative error /% 24.45 31.69 1.14 0.70
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