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Abstract. Complex experimental studies of the properties of unirradiated and irradiated sedi-

ments using an optical method have been carried out. On the curves of intensity (I) versus time 

(t), regularities that are of different nature for unirradiated and irradiated by electrons and pho-

tons (gamma quanta and X-ray radiation) of biomaterial samples are found. The curves ob-

tained are satisfactorily described within the framework of the exponential model. 

1.  Introduction 

One of the most important problems of the world community is the protection of the environment and 

the preservation of the sustainable development of human civilization. The unprecedented catastrophic 

increase in the population of the Earth, the expansion of the use of natural resources, the introduction 

of new technologies, the production increase in the energy, industry, agriculture, construction, 

transport led to the global ecological problem of water purity [1, 2]. The development and introduction 

of new, continuously improved cleaning technologies, types and designs of treatment plants and the 

utilization of materials has become a very important area in the fight against harmful emissions. Prop-

er treatment of wastewater makes it possible to reuse it before entering water bodies or into the soil, 

and other purposes are also pursued, for example, keeping water reservoirs clean that are resting plac-

es, preserving fish resources [3-7]. As is known, biological decomposition and self-purification from 

harmful substances is the very slow process. Therefore, the natural purification of sewage is replaced 

by artificially created industrial facilities. To increase the activity of microorganisms in bottom sedi-

ments and sludge, they are irradiated with electrons and photons of various doses [8]. Treatment plants 

are whole water purification plants, including various types of purification: mechanical, chemical, and 

biological purification as an obligatory final stage before the discharge of sewage into reservoirs 

[9, 10]. Its effectiveness depends on the sludge performance (a complex of microorganisms), which, in 

particular, is part of the bottom sediments. The sad experience shows that the majority of sewage 

treatment plants are unsatisfactory [11]. It is important to study the various properties of sediments, 

including by optical methods. 
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This paper is devoted to the study of the properties of unirradiated and irradiated sludge of the 

Sorbulak Lake by the optical method [12]. 

2.  Experimental 
To determine the parameters of sediments, an experimental setup was created, the scheme of which is 

shown in figure 1. It consists of a rack, holders, a quantum optical generator (laser source), a light flux 

detector, a camera and a time latch. The dried sediments and sludge placed in a flask (chamber) with 

water were carefully shaken and installed between the laser and the light intensity recording detector. 

The dependence of the illumination (intensity) of light on time was recorded. The time of each exper-

iment was 2 minutes. Irradiation of the samples with electrons and photons was carried out on ELA-6 

linear accelerator with an energy of 2 MeV in the air. Samples for irradiation were placed at the dis-

tances of 20, 40, 60 cm from the exit window of the accelerator. The magnitude of the beam current 

was 0.1-0.2 μA/cm-2, the dose of irradiation with electrons was 500 kGy, and with photons – 3R. The 

irradiation time was 77 minutes and 48 seconds, respectively. Studies of unirradiated and irradiated 

samples, obtained two years ago in similar doses, were also carried out. 

 

Figure 1. Design of the experiment on the passage of radiation through a biomaterial. 

3.  Results and discussion 

Complex experimental studies of the properties of sediments by the optical method have been carried 

out. The results of the study are shown in figure 2. It was obtained that the complete subsidence occurs 

within 120 seconds. 
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Figure 2. Time dependences of laser radiation intensity during its passage through materi-

als unirradiated and irradiated with electrons in the dose of 500 kGy (a) and photons in the 

dose of 3 R (b). 1 – unirradiated; 2 – irradiated in 2018; 3 – irradiated in 2016. 
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As follows from figure 2, the intensity (I) increases with time (t): firstly it rises sharply in the re-

gion of 0-20 s, and then gradually comes to saturation in the region of 20–120 s, both for the unirradi-

ated and irradiated biomaterial. Regularities having different nature were obtained from the curves of 

the intensity dependence on time. Similar experiments were carried out using sediments irradiated 

with electrons and photons (gamma quanta and X-ray radiation) (figure 2, curves 2 and 3). In this case, 

irradiation affects significantly the specific dependencies. As can be seen from the figures, the de-

pendence of I on t does not change after irradiation. When the biomaterial is irradiated with electrons 

with the dose of 500 kGy (figure 2a, curves 2 and 3), the settling rate increases compared to the unir-

radiated samples, which indicates an improvement in the parameters of natural purification. The quali-

ty of purification systems and natural purification can be judged by the good sedimentation (sedimen-

tation rate) of sediments that affect the value of the sludge index. In figure 2b, for the curves 2 and 3, 

irradiated with photons of 3R, the settling velocity increases insignificantly. From this it follows that 

the activity of microorganisms in the sediments decreases slightly when irradiated with photons by the 

dose of 3R. 

The experimental curves are explained within the framework of the exponential model proposed by 

the authors (solid curves). 

( )( )0 01 expI I t t= − −
 

where I0 – intensity with complete subsidence of AS, and t0 is the time during which the value of I/I0-1 

for activated sludge is reduced by e times.  

Table 1 shows the values of I0 and t0 of unirradiated and irradiated sediments. 

Table 1. Values of I0 and t0 of unirradiated and irradiated sediments. 

Year 2016 2018 2016 2018 – 

D 500 (kGy) 500 (kGy) 3 (R) 3 (R) 0 

I0, (lux) 1073 1331 1479 1486 1400 

t0, (s) 14 14 14 14 14 

It can be seen from the table that the intensity I0 increases with increasing irradiation dose. Moreo-

ver, t0 does not change. 

4.  Conclusion 
1. From the curves of the dependence of the density (I) on time (t), certain regularities have been 

obtained that are of a character both for unirradiated and irradiated biomaterials. In the time interval of 

0-20 seconds, the intensity increases sharply, and at t>20 s it gradually reaches saturation. 

2. Both electron and gamma irradiation of biomaterial samples lead to a significant change in the 

optical properties of sediments. The reason for this is a reduction in the activity of microorganisms. 

3. The curves of the dependence of the density (I) on time (t) are described satisfactorily in the 

framework of the exponential model. 
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