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Abst­ract

Eco­lo­gi­cal to­xi­co­lo­gy (ET) – one of is natu­ral-scienti­fic (NSE) courses for which stu­dying theo­reti­cal knowledge 
of mathematics is necessary, for chemistry, bio­lo­gy and others NSE courses. Bio­lo­gi­cal experi­ments are necessary 
for fastening of theo­reti­cal knowledge on labo­rato­ry ani­mal and bio­lo­gi­cal test objects. For carrying out of such 
experi­ments labo­rato­ry ani­mals, bio­lo­gi­cal objects are requi­red, and also the necessary equipment, reactants, etc. 
Consi­dering the hu­mane relation to ani­mals and restriction of their use in experi­ments, methods of mathemati­cal 
mo­deling in course stu­dying «ЕТ» are offered. Besi­des, use of interacti­ve control faci­li­ties by the information allows 
mo­deling so­me pro­cesses in ET. Authors conduct researches at engi­neering faculty of the Rezekne Higher Edu­ca
tion Insti­tu­tion by preparation of engi­neers of pro­tection of envi­ronment. As a result of the spent researches it is 
established that at stu­dents the greatest interest to stu­dying as course ET, and a course – «Mathemati­cal methods 
in envi­ronmental science» is shown. Stu­dents can vi­su­ally see practi­cal use of mathemati­cal methods in is natu­ral-
scienti­fic courses. ICT appli­cation supplements better mastering of a material at a stu­died course. Mathemati­cal 
mo­deling with use ICT in course stu­dying ET rai­ses pro­gress of stu­dents and gi­ves the chance to use theo­reti­cal 
knowledge on the mathemati­cian. 
Keywords: eco­lo­gi­cal to­xi­co­lo­gy, information-commu­ni­cation techno­lo­gy, mathemati­cal mo­deling, Rezekne Hig
her Edu­cation Insti­tu­tion, stu­dy pro­cess.

Intro­duction

To im­prove the qu­a­lity of edu­ca­tion, especially in the context of economic crisis, you must use a 
num­ber of positive training methods, both in seconda­ry schools and in universities. One such method 
is the mathema­tical modeling using ICT. Environmental toxicology (ET) – one of the NSE courses, for 
which the required theoretical knowledge of mathema­tics, chemistry, biology and other NSE courses.

ET stu­dying reactions of biological systems, mainly Su­perorga­nismal level (popu­la­tion, ecosystem) 
to the effect of alien chemicals. In the area of her interests is the spread of physical and chemical agents 
and their transforma­tion in the environment and the orga­nism, biological accu­mu­la­tion, and akklimat­
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cal com­ponents of the environment, the su­staina­bility of ecosystems in terms of toxic load. Toxicology 
is the stu­dy of a va­riety of toxic effects at different levels of the orga­niza­tion of the biota - orga­nismal, 
po­pu­la­tion and eco­system (Безель,2002; Калинкина, 2008).

To consolida­te the theoretical knowledge and solu­tions the aforementioned problems in the ET used 
in la­bora­tory experiments. Such experiments can mea­su­re the effect of toxic substances on biota. Figu­re 
1 shows the use of la­bo­ra­to­ry stu­dies in ET (Калинкина, 2008). 

Field resea­rch Distu­rba­nces of the popu­la­tion 
a­nd biocenotic m­echa­nism­s 

ET Cou­rse 

Extra­pola­tion of la­bora­tory da­ta­ on 
the na­tu­ra­l environm­ent 

Physiologica­l a­nd biochem­ica­l distu­rba­nces in orga­nism­s La­bora­tory
resea­rch 

Figure 1. 	 Met­hods for eco­to­xico­lo­gical studies.

These toxicological experiments (TE) are the key to understanding the mecha­nisms of functioning 
of popu­la­tions and ecosystems under conditions of toxic effects. For the TE tra­ditionally used la­bora­tory 
animals (mice, rats, rabbits) and other bio­lo­gical test objects (Израйлет, Яриновский, Страпч, 1978; 
Фридман, 1982). 

Im­plementa­tion of TE, especially if they are connected with full toxicological eva­lu­a­tion of a large 
class of compounds presents considerable diffi­culties. It is connected first, with considerable eco­no­mic 
costs and, secondly, long-term 2-3 years, such stu­dies (Яриновский, Гредин, Замах, 1982). Ex­perimen
tal stu­dies of toxicity of a large group of com­pounds showed that the toxicological cha­racteristics of 
individu­al groups of com­pounds can be carried out mathema­tically. In this ca­se, the authors used mathe­
ma­tical modeling using interpola­tion and extra­pola­tion in the series of com­pounds with similar chemical 
structu­re, physico-chemical properties and biological effects.

In connection with the abo­ve (Яриновский, Кангро, 1999) stu­dy of the to­xico­lo­gical pro­perties 
of new com­pounds should be conducted using mathema­tical methods with manda­tory follow-up expe­
rimental justifi­ca­tion to­xicity of individu­al representa­tives of each class of compounds. Mathema­tical 
modeling of the va­lu­a­tion of new chemical com­pounds in the environment and food authors recom­mend 
the use in conducting la­bora­tory and practical work of stu­dents in the specialty “Environmental Protec­
tion”.

In recent years, several researchers (Жмур, 2001) offer new methods used in ET. Thus, the defi­ni
tion of toxicity of wa­ter and wa­ter extracts from soils, sewa­ge sludge, waste is recom­mended to exa­mine 
changes in morta­lity and fertility tserio­dafnies (Cerio­daphnia affi­nis, Cla­do­cera, Crusta­cea). Determina
tion of acu­te toxicity of wa­ter sam­ples in la­bora­tory conditions were stu­died for the reduction of chlorop­
hyll fluo­rescence and redu­ce the number of green cells of  algae of Scenedesmus qu­adricau­da (Жмур, 
Орлова, 2001). The criterion for acu­te to­xicity in this ca­se is the suppression of the level of chlo­rophyll 
fluo­rescence of algae or a decrea­se in the number of algal cells by 50% or mo­re compa­red with the con
trol within 96 hours of ex­po­su­re. 

Usa­ge a dyna­mic mo­del on ET describes Коросов, 2002; Коросов, Калинкина, 2003. Dyna­mic 
model ET are used to describe the speed and the result of events occurring over time. They provide an 
opportu­nity to focus on every point (sta­ge, step) im­plementa­tion process, thus reveal the mecha­nism 
and allow us to understand the cau­ses of phenomena. The task of mapping the dyna­mics of phenomena 
effectively handle the ana­lytical model (a system of differential equ­a­tions), requiring highly specia­lized 
knowledge, as well as simu­la­tion algebraic models, which under the force to build everything. This was 
ma­de possible thanks to a widespread packa­ge of MS Excel, on the electronic pa­ges that are built model 
formu­las and calcu­la­tions are carried out, and built-in pro­gram optimiza­tion Solver allows to find the 
best va­lu­es of mo­del pa­ra­meters – the co­effi­cients in the mo­del equ­a­tions. A simu­la­tion mo­del designed 
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to calcu­la­te and play on com­pu­ter screens the sa­me changes in the cha­racteristics that were observed in 
experiments, for exam­ple, calcu­la­te how ma­ny animals must die to the current point in time or in the 
concentra­tion of toxicant, that is to reprodu­ce the curve «dose-of the effects».

Met­ho­do­lo­gy of Research
	

Stu­dies conducted in the Engineering Fa­culty of Rezekne Higher Edu­ca­tion Institu­tion (RHEI) sin­
ce 2005, to­gether with the stu­dents of 2 courses. Object of stu­dy - the pro­cess of training stu­dents 3 cour
ses, specia­lizing in engineering environment. To stu­dy the toxicological processes, mathema­tical mode­
ling and prediction of toxicity of chemical com­pounds used mathema­tical calcu­la­tions of acu­te toxicity 
(DL50%), ma­ximum permissible concentra­tion (MPC) and other pa­ra­meters toximeters. In addition, were 
used existing compu­ter pro­grams (Kliedere, 2003). Pro­gramming ET performed in conjunction with the 
stu­dents of 2 courses of the specia­lity “Engineer-Program­mer”. According to the research a num­ber of 
stu­dents (Lo­ba­zo­va, Avo­tina, 2007; Lo­ba­zo­va, Seima­novs, 2006; Pa­vlu­kevics, 2005; Seima­novs, Civ
kors, 2007) carried out research work under the guidance of the authors. The results of research stu­dents 
ha­ve been published in the stu­dent’s scientific works. 

Result of Research
	

In the ET used in la­bora­tory experiments with biological objects. The main criteria for eva­lu­a­tion 
of the toxic substance is its toxicity, the danger. Toxicity of com­pounds is mea­su­red by indica­tors DL50% 
(avera­ge fa­tal do­se of a substance in a single do­se which kills 50% of la­bo­ra­to­ry animals at 10-day obser
va­tion period). For a prelimina­ry assessment of to­xicity and ha­zard of the compound suffi­cient to ha­ve 
the va­lue DL50%, physico-chemical cha­racteristics of matter, the possibility of pollu­tion and litera­tu­re 
da­ta on the toxicity of com­pounds.

To calcu­la­te the DL50% of to­xic substances using the formu­la: 

200
))((

%50
nmbaDL 

 , where                    (1)

Σ – summa­tion sign standing after the va­lu­es; a, b – va­lu­es of rela­ted do­ses; m, n – frequ­ency of 
deaths, %; 200 – constant co­effi­cient.

Table 1. 	 Initial data for cal­culating DL50% to­xic compounds.

Group  
of ani­mals

The dose  
of toxi­cant

Quanti­ty of ani­mals
% of death Relevant probits

ali­ve death
I 550 7 0 0 3.2
II 1100 4 3 43 4.82
III 1550 2 5 71 5.57
IV 2000 0 7 100 6.8

Using the formu­la 1 and the initial da­ta tables 1,2, it is easy to calcu­la­te DL50% of the toxic substan­
ces in experimental animals. 

Table 2. 	 Expression of the death of animals in the experiment in pro­bits.

Quanti­ty of ani­mals in group
Probits in fatal outcomes

0% 100%
3 3.62 6.38
4 3.47 6.53
5 3.36 6.54
6 3.27 6.73
7 3.2 6.8

From graphic (sta­tistical) methods of calcu­la­ting DL50% convenient and sim­ple method of probit 
ana­lysis, which the authors used in their stu­dies. Using this method we can construct a schedu­le for the 
indica­tors listed in Tables 1,2 and find DL50% of the com­pound (Figu­re 2).
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in the air, wa­ter, soil, and in food. Using mathema­tical modeling in ET, in the presence of da­ta on the 
compound: physico-chemical pro­perties, chemical structu­re, bio­lo­gical activity, DL50%, we can calcu­la­te 
the ma­ximum permissible concentra­tion of virtu­ally any chemical com­pound. Stu­dies ha­ve shown that 
com­pu­ta­tional methods for determining the MPC is not much different from the experimentally ba­sed 
(Яриновский, Кангро, 1999).       

Figure 2. 	 Cal­culation DL50%, using the met­hod of pro­bit analysis. 	
No­tes: Vertical - pro­bits, ho­rizontal - do­se, mg / kg.

	

Eva­lu­a­tion of the concentra­tion of ha­zardous substances in specific lo­ca­tions of wa­ter courses requi
re ma­ny complex with a control mea­su­rement. This pro­cess can be simplified by using a mathema­tical 
solu­tion - it is possible to predict the concentra­tions of ha­zardous substances, according to the cha­racte­
ristics of the substances instead of lea­ka­ge, and ta­king into account the cha­racteristics of the wa­ter blee­
ding. For this purpose it was crea­ted two com­pu­ter programs that use mathema­tical algorithms and allow 
the situ­a­tion to some extent, be modeled by setting each pa­ra­meter and the effects of toxic substances in 
surfa­ce wa­ters to the overall result. The Microsoft Excel program (Figu­re 3) was set up to work with the 
site and input the necessa­ry va­lu­es to calcu­la­te.

The program was im­plemented in Microsoft Visu­al Stu­dio. NET environment, program­ming langu­a­
ge C + + using object-program­ming and visu­al program­ming tools. Program (Figu­re 4) also provides the 
opportu­nity for input to ma­ke changes to the substance list, therefore, is seen as an individu­al presence 
of the substance and pa­ra­meters affecting the overall toxic ha­zard. The advanta­ge of this program is that 
the program can opera­te on any com­pu­ter with the Windows opera­ting system and does not need any 
additional softwa­re unlike Microsoft Excel tables. Both programs were tested with control exam­ples and 
ga­ve accu­ra­te and reliable results.

Figure 3. 	 Excel pro­gram window.
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Figure 4. 	 C++ pro­gram window.

Program “Conta­mina­ted groundwa­ter, the volu­me and qu­antity of pollu­tants in the eva­lu­a­tion.” The 
pro­gram develo­ped the da­ta­ba­se ma­na­gement system, Micro­soft Access 2003 (Figu­re 5, 6). The pro­gram 
for the avera­ge pollu­tant concentra­tions, the volu­me of conta­mina­ted wa­ter, the qu­antity of pollu­tants 
and com­pensa­tion for groundwa­ter pollu­tion in the calcu­la­tion.

Figure 5. 	 Database pro­gram window.

Figure 6. 	 Database form menu.
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signifi­cantly fa­cilita­tes the pro­cessing of da­ta for groundwa­ter conta­mina­tion and the amount of pollu
tant inventory.

Conclusions

•	 To im­prove the qu­a­lity of edu­ca­tion at the ra­te of ET is proposed to use mathema­tical modeling 
using ICT.

•	 Most au­diences of RHEI equipped with ICT (com­pu­ter, interactive boards, etc.) that allows you 
to demonstra­te how the lectu­re ma­terial, and modeling of ma­ny processes in ET.

•	 Use of simu­la­tion models in the learning process allows one to calcu­la­te and reprodu­ce the sa­me 
changes in the cha­racteristics that are observed in la­bo­ra­to­ry ex­periments. The mo­del reflects the 
successive changes of the biological system used in the test objects.

•	 Fea­tu­red in the program we know ET allow rela­tively quickly and correctly handle the initial da­
ta obtained from experiments and demonstra­te the action of toxic com­pounds on biological test 
fa­cilities and environmental systems (wa­ter, air, soil, food, etc.).

•	 Use of mathema­tical modeling with the use of ICT in the learning process increa­ses the interest 
and stu­dents performance, fa­cilita­tes the presenta­tion of new ma­terial and allows a better unders­
tanding of ma­ny biological and biochemical processes in environmental toxicology.
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