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1. Introduction

Recently, micro bioassay has been getting a lot of attention,
where the toxicity of water pollution is assessed based on the
reaction of microorganisms without identifying individual
chemical substances. In this technique, a microscope
observation is necessary to get their critical features such as
alive/dead status, and swimming ability. As the size of the
microorganism becomes smaller, observation becomes more
difficult due to the narrower focal depth of the imaging
system. In our study, to overcome these difficulties, we
proposed a novel technique based on biospeckle for micro
bioassay, where the change in biospeckle is focused on
monitoring the motor ability of microorganisms in response
to the toxicity of the environment. Our previous studies have
successfully validated this technique using microorganisms
exposed to various concentrations of environmental
pollutants such as iron (Fe), zinc (Zn), and trichloroacetic
acid. Acephate (C:sH10NOsPS) is a water-soluble
organophosphorus insecticide widely used for pest control on
crops, ornamental plants, and in food handling areas. Its
primary metabolite, methamidophos, exhibits significant
neurotoxicity and has been shown to impact various aquatic
and terrestrial species, highlighting its potential to contribute
to water toxicity.

2. Experimental system

Figure 1 shows the experimental system where a laser
diode of wavelength 638 nm was used as a light source. The
sample cell of thickness 1 mm was illuminated with a
diameter of 15mm. The unscattered light, or specular
component, from the object was removed by a spatial filter
placed at the focal plane of lens L2, and then the movement
of the biospeckle pattern was captured by CCD camera with
60 fps.

L2; F=250mm cco
1\ Polarizer camera
""" - -FF—==z-»
;'—""-“. —_——
------- F o=k £ S p g -[Ij_\
= Spe:mar )
Sample[ %{ =~ j companent Spatial filter
)\—ﬁaﬂnm , |
<L
'\.\ M1
L1; F=30mm

Fig.1 Schematic diagram of the experimental system.

In this experiment, we used P. caudatum, sized 200-300 pm,
and E. gracilis, sized 35-30 um, as microorganisms. Both
species were cultivated at an optimal temperature of 25°C.
Their swimming activity was assessed at various acephate
concentrations. Each sample was exposed to acephate for 1.5
hours. The cross-correlation functions between the initial
frame (used as a reference) and subsequent frames were
calculated to evaluate their swimming ability. The correlation
time, which measures the swimming ability of the
microorganisms, was then  determined. Acephate
concentrations ranged from the permissible level (PL) of
0.036 mg/L to 3.6 mg/L. 8 x 10° P. caudatum and 5 - 6.0 x
10* E. gracilis cells were collected in probing volume for
each treatment condition.

© 2025% ISRYEES

The experimental results revealed a clear concentration
dependency for both P. caudatum and E. gracilis, as shown
in Figs 2a and 2b. The correlation time as a function of
varying acephate concentrations for E. gracilis and P.
caudatum is presented in Figure 2b. As acephate
concentration increased, the width of the correlation function
or the correlation time was decreased indicating the rapid
movement of plankton under the water toxicity. For P.
caudatum, the correlation time decreased progressively by
35%, 42%, 53%, and 57% at acephate concentrations of 0.036
mg/L, 0.38 mg/L, 1.8 mg/L, and 3.6 mg/L, respectively.
Similarly, E. gracilis showed reductions in correlation time
of 34%, 34%, 38%, and 40% at the same concentrations. The
result was unexpected, and fatal as a bioassay since the
chemical is unidentified. However, this always happens and
is unavoidable in bioassay where a certain organism has a
specific reaction in general. Toxic exposure disrupts normal
cellular functions, such as energy metabolism and ion
regulation, leading to stress-induced hyperactivity as a
defensive response. Despite this contradiction, the results
underscore the sensitivity of these microorganisms as
bioindicators and highlight the utility of this bioassay for
assessing water contamination caused by organic pollutants.
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Fig 2(a). Correlation coefficient for Fig 2(b). Correlation time as a function of
E.gracilis at different acephate acephae concentration (mg/L) for E.
concentrations. gracilis and P.caudatum.
3. Conclusion

01-017

The swimming activity of microorganisms can be
quantitatively assessed by converting their images into
biospeckle images using the cross-correlation function. This
method's key advantage is its non-imaging system, which
allows for the processing of a large number of organisms
simultaneously, providing a statistically significant
estimation of their swimming ability under environmental
pollution. Our study successfully demonstrated the system's
efficacy in detecting organic and inorganic environmental
pollutants. This confirms the method's robustness and its

potential for real-time monitoring of water quality.
[1] [20a-C301-8], Application of bio-speckle on micro bioassay with
plankton III, Devi Artil, Hirofumi Kadonol*, R. Uma Maheswari2, JSAP

Annual Meetings Extended Abstracts The 70th JSAP spring Meeting
2023.
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vision measurements
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Fig. 3 Relationship between central/peripheral sensing and
viewing angle at which colors discriminated.
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