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Abstract—The results of the study of biological materials are 

often represented by images. The images carry a lot of 

information important for analysis, but at the same time, it 

becomes difficult to interpret this information. The problem of 

interpretation lies in the fact that it is influenced by the personal 

experience of the researcher to a large extent, therefore the 

search for methods of objective assessment of images is relevant 

in the field of biological sciences. Mathematical processing is the 

most rational way to increase the reliability of the evaluation of 

the research results in the visualization of images. The article 

systematizes the most common methods of image analysis in the 

practice of biological, environmental, and toxicological studies, 

which give a calculable result suitable for analysis by methods 

of mathematical statistics. The approaches that allow 

interpreting color data of images are presented in detail. There 

are given examples of using various approaches to 

schematization in the graphical information analysis with 

further processing by methods of descriptive, parametric and 

non-parametric statistics. 
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I. INTRODUCTION  

The problems of modern toxicology include not only 
studying the effects of toxic, intoxicating or medicinal 
substances on the human body but also assessing the risk to 
public health in contact with new industrial materials, 
including nanoscale ones [1-3]. The identification of changes 
in the body caused by nanoscale materials is a demanding 
practical task, because, firstly, it is necessary to differentiate 
which changes are caused precisely by nanoscale materials 
and which are caused by macroscale analogues [4], and 
secondly, the changes may appear implicitly, therefore, their 
registration depends on researcher's experience and is 
somewhat subjective in nature [5]. In order to avoid 
subjectivity and other errors in assessing the toxicity of 
nanoscale materials, it is necessary to use calculable 
comparison criteria, the identification of which can be 
automated.  

The mathematical statistics method is actively used as the 
primary tool of evidence-based medicine when comparing the 
calculable values established by physical and chemical 
research methods [6]. However, research often involves 
obtaining results in the form of images, the description of 
which does not have unambiguous criteria. There is a problem 

of quantitative interpretation of data in image analysis and 
their subsequent statistical evaluation in determining the 
potential risk and toxicity of nanoscale materials. 

Besides the technical problem of image analysis, there is a 
methodological problem, which is that specialists in 
toxicology are not always able to use image analysis tools and 
have a possibility of using mathematical statistics in relation 
to the results of such analysis, while specialists in 
mathematical statistics and modelling are often poorly 
informed about the specificity of risk assessment and methods 
in toxicology. 

II. THE PURPOSE RESEARCH 

The purpose of this research is to structure information on 
the use of image analysis methods in conjunction with 
mathematical statistics in assessing the toxicity of nanoscale 
materials. 

The study of toxic effects on biological objects is carried 
out by the method of setting up an experiment involving 
biological models, such as laboratory animals or cell cultures 
[7]. In particular cases, the problems of ecotoxicology include 
studying the effects of nanoscale particles on individual flora 
and fauna forms or environmental components, as well as 
population studies [8–9].  

All images that can be obtained during such studies, 
regardless of the image registration tools used, can be 
conveniently classified into two broad categories: serial and 
single.  

Serial images include those that are an ordered sequence 
relative to time scales or spatial positions relative to each 
other, such as sequential video frames (behaviour of 
laboratory animals in labyrinths of various types, mobility of 
micro-objects such as spermatozoa, bacteria, etc.) and layered 
images obtained by CT (computed tomography) or MRI 
(magnetic resonance imaging). Single images include 
cytological (individual cells on swabs and smears) and 
histological images (fragments of tissues and internal organs), 
as well as images of nanoscale materials and particles 
themselves, which affect the human body.  

Depending on the chromaticity characteristic, images can 
be: monochrome (black-and-white and in shades of grey, X-
ray images, images obtained by electron microscopy), primary 
chromatic, and secondary chromatic, and a separate group 
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should include those images which chromaticity characteristic 
is not significant for analysis. The latter, as a rule, include 
frame-by-frame video recording images recording animal 
behaviour, movement cells and microorganisms in real time. 
The primary chromatic images include those images which 
chromaticity is caused by the chemical or physical properties 
of objects: these are cytological and histological images 
obtained after colouring these biological materials as a result 
of a chemical reaction, as well as images of native 
preparations (biological materials not treated with dyes). The 
secondary chromatic images are those in which the 
chromaticity characteristic is achieved at the stage of image 
registration, for example, images obtained by scanning 
electron microscopy using the colour identification method of 
distribution of chemical elements in a studied object.   

In general terms, the classification of images, the analysis 
of which is of interest from the perspective of applying the 
methods of mathematical statistics, is presented in Fig. 1.  

Fig. 1. General classification of image types for analysis in 
toxicology. 

 

Operations from the basic category, for their part, can also 
be divided into two groups: chromaticity simplification and 
schematization.  

The chromaticity simplification involves four main 
approaches: binarization (reducing all characteristics to black 
and white only); monochromatization (converting all 
characteristics into shades of grey); reduction of the palette 
(no operations with the chromaticity, but reducing the number 
of image colours); conversion of shades of grey into a limited 
colour palette (in fact, reducing all shades of grey to 3-5 
colours). 

The schematization involves three main approaches: 
contouring (separating an object's outline separately from the 
rest of the image), skeletonization (simplifying the image to a 
linear, branched scheme), diagram transformation 
(constructing diagrams based on the image using various 
methods, the Voronoi method is most often used in practice).  

Fig. 2 presents the classification of image simplification 
methods for further analysis with separate examples. 

The variety of approaches to simplifying images also 
determines the variety of data which can be obtained by 
analysis after their application. The data themselves can 
provide a different degree of informativeness, depending on 
which particular approaches of mathematical statistics will be 
used to process them. 

When extracting data on the size and morphology of 
objects, there can be applied descriptive statistics methods 
with the separation of the mean value, standard deviation, and 
other indicators. In some cases, such as when describing 
nanoscale materials and particles [10], this may already be 
complete processing. This approach can also be implemented 
when studying serial images of CT or MRI, for example, the 
work of the authors [11] demonstrated how descriptive 
statistics were used to calculate the volume and area of the 
inner surface of the bronchial tree of human lungs. 

Fig. 2. Classification of methods for simplifying images when analyzing them with examples. 
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Descriptive statistics methods are also applicable for 
characterizing images processed with the construction of 
diagrams, as was shown in work [12]. A secondary colour 
characteristic of the image can be introduced as an additional 
tool for demonstrating data. (Fig. 2)  

Correspondence of the data set to simplification methods 
in image analysis and recommendations for choosing a 
method for statistical analysis are presented in Table 1.  

 

 

 Table 1. Correspondence between simplification methods in image analysis, a specific data set and recommendations 
for choosing a method for statistical analysis.  

The way to simplify the 
image in the analysis 

Specific data set 
Recommendations for 

choosing a method for 
statistical analysis 

Chromaticity simplification 

Binarization  
Coefficients, shape description, number of 

objects, diameter, perimeter and area of objects 
Parametric statistics 

Monochromatization 
The distribution of color intensity in 

different parts of the image, the ratio of dark 
and light tones 

Non-parametric statistics 
+ processing by subsequent 
simplification methods 

Colour number reduction 
Area of the number of objects with 

different colour characteristics and their 
number  

Parametric and non-
parametric statistics 

Conversion of shades of 
grey into a colour palette 

Area of the number of objects with 
different colour characteristics and their 
number  

Parametric and non-
parametric statistics 

Schematization 

Contouring  Contour length, fractal contour complexity 
Parametric and non-

parametric statistics  

Skeletonization 

Fractal complexity, dendritic geometry 
parameters (the number of double, triple, 
quadruple intersections, the number of 
branches and their length) 

Non-parametric statistics 

Construction of diagrams 
Number of cells, cell size, cell area, cell 

perimeter  
Parametric statistics 

In most cases, the data obtained during image analysis 
correspond to the normal distribution [13] and therefore can 
be compared with each other for presence or absence of 
significant differences using the appropriate methods of 
parametric statistical analysis, such as the calculation of 
Student's t-test or F-test. 

However, in the practice of the authors, some approaches 
to the image analysis do not provide data which distribution 
law would be known. These data include the results of most 
schematization methods, as well as the calculation of fractal 
complexity. In this case, non-parametric statistics methods 
provide a reasonably stable result for a comprehensive 
characterization of the image analysis results, as was shown in 
work [14]. 

III. CONCLUSION 

Mathematical statistics and image analysis can improve the 
efficiency of biological research. Structured information on 
the use of image analysis methods with recommendations on 
the choice of mathematical statistics methods for their analysis 
in assessing the toxicity of nanoscale materials is presented. 
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