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MODELLING OF THE TOXICITY DEPENDENCE ON THE SUBSOIL WATER QUALITY IN THE AIRPORT AREA

Literature’s analytical review has shown that increased attention is paid now to the studying of surface water in the territory of airports but such attention is still insufficient; no attention is paid to the studying of subsoil water which is polluted by the airports. It should be noted that multiple-vector cybernetic ecological models are created only for the limited number of simple ecosystems at present.
 In the course of airport area monitoring activity environment constituents have been studied. Environmental state thorough observation is a complicated task, and it can be solved given the general task is split into several secondary tasks.
The object of this research is the studying of the air-transport processes effect on drinking water wells near the airports, creation of the subsoil water state database, statistical analysis of the results, making database analysis by way of mathematical methods and system working up for taking measures as to increasing subsoil water ecological safety in the territory of the airport.

Hydrochemical methods have been used to analyze water environment quality; toxicity level has been determined by way of biotesting methods.

For the assessment of relative water toxicity level laboratory culture Daphnia magna has been used recommended by the national standard documents.
For the drinking water analysis Daphnia magna’s death rate during 48 hours was taken as Y effective index (%). 
 X factor index values are: X1 – petroleum product content, mg/dm³; X2 – oxidation index, mgO/dm3; X3 – phosphates content (РО43-), mg/dm³; nitrite content (N/NО2-), mg/dm³; X5 – distance to the wells from the runway, m. 
Calculation table 1 and picture 1 show aggregate characteristics of the comparative correlation and regression analysis of the polluting substances effect on the toxicity level of the drinking water wells in the affected area of the air-transport processes.

Таble 1

Initial characteristics of the polluting substances effect
on the toxicity level 
	Y,  %.
	Х1
	Х2
	Х3
	Х4
	Х5

	23,0
	0,70
	16,60
	0,80
	12,00
	20,0

	21,0
	0,60
	22,20
	0,70
	16,00
	250,0

	20,0
	0,40
	20,60
	1,10
	13,70
	500,0

	14,0
	0,30
	26,90
	0,56
	19,00
	1000,0

	17,0
	0,30
	15,00
	0,60
	7,70
	1500,0

	Partial correlation coefficients
	0,8015
	0,2461
	0,3106
	0,0772
	0,6724


The aggregate effect of the drinking water factor indexes on the percentage of the experimental testing objects death rate can be described as a multiple model correlation where equation coefficient is shown in Table 2.
Таble 2

Coefficients of the drinking water multiple regressions 
	Х5
	Х4
	Х3
	Х2
	Х1
	b

	-0,045741
	1,361247
	1,092321
	0,742135
	0,043711
	26,71523


Thus, we have the following model equation Y = 0,043711*Х1 + 0,742135*Х2 + 1,092321*Х3 + 1,361247*Х4 - 0,045741*Х5 + 26,71523.

The analysis of the influence degree of the drinking water toxicity level on daphnids’ death rate presented on the basis of the multiple regression coefficients’ comparison has shown that heavy metals and petroleum products have the biggest impact on the testing objects’ death. Changing of the distance to the runway has opposite effect on the daphnids’ death – the longer the distance the fewer death rates.

Multifactor correlation model that has been created to test subsoil water in the affected area of the air-transport processes is shown in Table 3.

Таble 3

Multifactor correlation model of the drinking water tests
	Water model
	Х1
	Х2
	Х3
	Х4
	Х5

	Correlation coefficient
	0,84214755
	0,7452154
	0,412741
	0,81215031
	0,1012456

	Estimated precision according to the average quadratic inaccuracy 
	1,98545655
	12,145869
	2,1565712
	5,1475845
	10,780124

	Relative inaccuracy, %
	0,421
	1,512
	0,543
	1,184
	1,651

	Estimated certainty according to Fisher criterion
	7,38
	2,02
	6,98
	1,74
	1,04


Estimated adequacy of the developed model according to Fisher criterion which is 7.38 according to the results shown in Table 3 and which is more than 1.7 tells that the developed model corresponds to the research process. Model’s precision is estimated in Table 3 by way of quadratic coefficient of determination R2=0,9664 and multiple correlation coefficient which is 0,8421. Proximity of these coefficients to the figure of one tells about considerable precision of the developed model.
Graphic illustration (Figure 1) of the modeling results and actual data comparison shows that modeling corresponds to the processes under study to a great extent. 
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Figure 1. Modelling of the aggregate effect of the drinking water factor indexes on the crustaceans’ death rate
In the course of the study elasticity coefficient calculations for the drinking water tests have been made. The results of the elasticity coefficient calculations for the subsoil water taken in the affected area of the air-transport processes are shown in Table 4.

Таble 4

Elasticity coefficient indexes of the subsoil water tests 
	Elasticity Coefficient Indexes
	Х5
	Х4
	Х3
	Х2
	      Х1

	
	1,427
	0,054
	0,057
	4,125
	1,431


Elasticity coefficient Х1: Е1water = 1,431%, i.e. when Х1 changed to 1% (oil carbohydrate, mg/dm3), Y (Daphnia magna’s death persentage) increased to 1,431%.

Elasticity coefficient Х2: Е2water = 4,125%, – when Х2 (oxidation index, mgО/dm3) changes to 1%, Y increases correspondingly to 4,125%.

Elasticity coefficient Х3: Е3water = 0,057%, – when Х3 (Pb, mg/dm3) changes, Y will increase to 0,057%.

Elasticity coefficient Х4: Е4water = 0,054%, – when Х4 (N/NО2, mg/dm3) changes to 1%, Y will increase accordingly to 0,054%.

Elasticity coefficient Х5: Е5water = 1,427%, – when Х5 (distance to the wells, m) changes to 1%, Y will increase to 1,427%.
Summarized elasticity E for the drinking water (Еi = 7,094%.

Thus, when all X for the drinking water change simultaneously to 1%, Y will increase accordingly to 7,094%.
 The results received help us to come to the conclusion that selected factors and effective index are closely connected. The majority of factor indexes for all environment constituents have correlation coefficients more than 0,67 and that proves the fact that indexes under study are closely connected. Low correlation coefficients’ indexes have background characteristics and their change doesn’t affect considerably crucial index of the model.
Regression equation coefficients show complete change of Daphnia magna’s death percentage with the corresponding factor index change to 1 and others remain unchanged. Free regression term shows possible percentage of Daphnia magna’s death percentage with no effect of the selected factors changed.

Variation coefficients of the binate models for the drinking water are almost identical and they are following (according to factors’ numbers): 29,37; 31,14; 30,07; 29,96; 32,37, i.e. they are less then 33% and that indicates to the fact that the information under study is homogeneous enough. 

The results received help us to come to the conclusion that there exists significant and absolute connection between factor and efficient indexes in pairs which means that selected factors should be included in the multifactor correlation model.
