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 The comparative analysis of the physical development of rural students Nizhny 
Novgorod region, living in areas with varying degrees of ecological trouble. Shown 
little multidirectional Board impact of environmental conditions on the rate of 
biological development, morphofunctional parameters and adaptive capabilities of 
children and adolescents living in rural areas. Revealed that the social factor (the 
presence of one or both parents) has a greater impact on the level of adaptation 
capabilities of rural students than Skye environmental situation in the community. The 
findings substantiate the use of a single regional assessment standard of physical 
development of rural students Nizhny Novgorod region. 
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Evgeny Kalyuzhniy, Vladimir Adol'fovich Basurov, Svetlana Mikhailova, Nikolai Vasilyevich Zhulin and Maria 
Nikolaevna Titova., Influence of Environmental Conditions on the Level of Physical Development of Rural Students of Nizhny Novgorod 
Region. Adv. Environ. Biol., 8(10), 216-222, 2014 

 

INTRODUCTION 
 
 Nizhny Novgorod region, are the areas with harsh natural differences and an abundance of natural 
boundaries, reinforcing the contrast of environmental conditions in the areas of accommodation, leaves its 
current are printed on the specifics of the economy, the environmental situation, the characterization of 
population health and physical development of children and adolescents. Nowadays, thanks to ongoing 
implementation of environmental policy and environmental measures, the ecological situation in the region as a 
whole is stable. However, in the field there are serious environmental problems. So, for the Nizhny Novgorod 
region, as well as for almost all regions of Russia are characterized by conditions of service life of equipment 
production facilities, all types of transport, increased sharply avtomobiliza of Cities, the intensive use of natural 
resources, and increase the accumulation of waste production and consumption. Still not fully resolved issues in 
processing of industrial and household waste, not all enterprise - yatiya master modern environmental 
technology, serious adverse impact on a large area of water bodies [1]. 
 As many modern scholars, physical development YaV it possible integral indicator of health and children's 
adaptive capabilities of the organism [2,3]. Physical development is subject obschebiologiche  laws, as well as 
to a large extent depends on the socio -economic, biomedical, and environmental factors [4,5]. The results of the 
studies of physical development of children living in areas of ecological trouble indicate retardatsion process to 
be delayed physical development, low rates of height and weight, osteopenia, reduced reserve adaptive 
capabilities of children, or vice versa, with overweight muscular adipose tissue replacement [6]. 
 Environment in which the child grows and develops, it has to the regulatory action. He is under the constant 
influence of a whole range of environmental factors - from environmental to social [7,8]. 
 The purpose of the study was a comparative evaluation of physical development of rural students Nizhny 
Novgorod region from areas with varying degrees of ecological trouble to justify the use of a single regional 
standard when evaluating morphological and functional indicators of children and adolescents living in rural 
areas. 

MATERIALS AND METHODS 
 
 Nizhny Novgorod region, including a variety of landscapes and the degree of anthropogenic transformation, 
D.B. Gelashvili with co-author. (2003) assessed the degree of ecological trouble areas inhabited by " 



217                                                                        Kalyuzhniy et al, 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 216-222 

anthropogenic stress index " (Jan). This figure takes into account the main factors distorting the environment 
and describes the state of socio-ecological- economic systems. According to the index of anthropogenic stress 
areas Nizhny Novgorod region divided into four clusters: Cluster A - relatively satisfactory situation (Jan <0.6), 
cluster B - moderately hard (0.6 < Jan <1.1) cluster C - tense (1 1 < Jan <1.7), cluster D - critical ecological 
situation (Jan > 1.7) [9]. 

 Areas of the Nizhny Novgorod region, which were held antropomet -parameter measurements, compared 

with the clustered index by dividing the anthropological genetic load and on the basis of ecological zoning 

divided into 4 groups: Group 1 - relatively satisfactory ecological situation (RSES), 2 - moderately strenuous 

(MSES); 3 - tense (TES); 4 -  critical (CES). 

 
Table 1: Ecological zoning Nizhny Novgorod region. 

№ п/п name of area Jан degree of environmental 

trouble (clusters) 

1 Krasnobakovsky 0.212  
relatively satisfactory 

ecological situation 

(RSES) 
 

 

2 Pervomaysky 0.315 

3 Voznesensky 0.388 

4 Koverninsky 0.457 

5 Kulebaksky 0.471 

6 Shahunsky 0.486 

7 Lukoyanovskaya 0.499 

8 Ardatovsky 0.537 

9 Chkalovskiy 0.675  

moderately intense 

ecological situation 
(MSES) 

 

10 Bolsheboldinsky 0.699 

11 Shatkovsky 0.704 

12 D.Konstantinovsky 0.725 

13 Gaginsky 0.781 

14 Pochinkovsky 0.949 

15 Pilnensky 0.962 

16 Diveevsky 1.131 tense 

ecological situation (HES) 17 Vadsky 1.186 

18 Arzamasky 1.195 

19 Bogorodskiy 1.436 

20 Gorodetsky 2.096 critical ecological situation 

(CES) 21 Sechenovskiy 4.983 

 

 To study and develop scorecards physical development used the results of anthropometric screenings 4619 

rural students (2137 boys and 2482 girls) conducted in 21 districts of the Nizhny Novgorod region (Table 1) 

paediatricians Health Center for Children Arzamas, teams of scientific laboratory staff " monitoring the physical 

health of students at all levels of education" Arzamas UNN branch affte N.I.Lobachevsky and medical 

specialists tion Nizhni Novgorod State Medical Academy, with the participation of medical personnel schools. 

Investigations were carried out according to the instructions by generalizing the MZ Order number 621 of 

30.12.03 "On a comprehensive assessment of children's health." All the surveyed students were divided into 4 

groups according to the area of ecological trouble, between which a comparative analysis of the level of 

physical development on the following parameters : body length (BL), body weight (BW), vital capacity (VC), 

dynamometry right and left hand (DRH, DLH), systolic and diastolic blood pressure (SBP and DBP), heart rate 

(HR), biological age (BA), somatotype (ST- asthenoid, thoracic, muscular, digestivny). Defined - tional 

adaptation capability based on samples Stange, Genchi and cardiointervalogram (CIG). 

 Indicators cardiointervalogram (CIG) were recorded using the "Kardioekspert -1" in accordance with 

standardized guidelines to the definition of fashion prone and standing (MoL and MoS) mode amplitude (AMoL 

and AMoS) variation range (VRL and BPS) stress index (INL and INS) [ 2,10 ]. 

 According to a survey created a personalized database in «EXCEL 2007". Statistical processing was carried 

out by means of parametric and non-parametric analysis using SPT «STADIA v.6».results of the study 

 On the basis of the measurements were determined average values of BL and BW in 4 groups of ecological 

zoning (Fig.1 -4). 

 Among boys, the greatest differences were found between the groups with RSES and TES showing the lag 

in the development of children from non-busy district of peer 7, 11, 13 years (p <0.05). Teens 14-17 years from 

areas with environmental well-being relative to overtake BW and BL peers from other settlements of the region 

(for 14 and 16 years, p <0.05). 

 Among girls, the difference in total body parameters are less pronounced, indicating that their ability to 

withstand large adaptation anthropogenic load in adverse environmental conditions. However, they have 

identified BW greater variation values than BL, confirming the nature of the lability discusses factors and 

primarily responsible for the change in ecological trouble (Fig. 2, 4). The greatest differences of total defined 

parameters between groups with MSES and CES (10,12,14-15 by BL in years, and on BW 10,12-13,15 years at 

p <0.05). 
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Fig. 1: Comparison of body length rural boys of different ecological regions. 

 

 
Fig. 2: Comparison of body length rural girls from different ecological regions. 

 

 
Fig. 3: Comparison of body mass rural boys of different ecological regions. 

 
Fig. 4: Comparison of body weight of rural girls from different ecological regions. 
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 Evaluation of functional parameters (VC, DRH, DLH) of the investigated mykh groups showed no 

differences in prevailing on the environmental situation in the areas. A large proportion of the high values of VC 

6-8 centile intervals (CI) is defined in the area of environmental stress and DRH  - in areas with environmentally 

critical situation (Table 2). 
 

Table 2: Structure centile distribution of functional indicators students from rural areas with varying degrees of environmental 

conditions,%. 

CI VC DRH DLH 

RSES MSES HES CES RSES MSES HES CES RSES MSES HES CES 

1 2,3 0,9 2,0 1,7 1,2 2,4 1,3 1,6 1,4 2,5 1,8 1,8 

2 5,8 4,7 4,4 4,2 5,7 4,6 4,0 4,7 5,6 4,8 4,1 4,5 

3 13,5 15,1 13,8 17,0 11,2 12,6 9,4 13,0 11,3 12,3 9,7 13,3 

4 22,7 21,9 26,4 28,4 20,1 21,4 21,1 21,4 22,0 21,2 21,0 20,2 

5 27,0 27,8 28,1 25,2 25,2 26,5 27,7 21,0 25,7 26,1 27,2 23,5 

6 17,4 16,9 15,8 12,9 18,5 18,4 18,7 17,4 18,0 18,7 18,4 17,1 

7 5,7 6,2 4,4 6,7 9,4 6,7 8,4 11,5 8,5 6,9 8,2 11,3 

8 5,5 6,4 5,1 3,8 8,7 7,3 9,2 9,4 7,5 7,2 9,0 8,6 

Statis-
tics: 

χ2=81,423   s/s=21 
P=0,000 

χ2=64,108   s/s=21 
P=0,000 

χ2=50,922   s/s=21 
P=0,000 

Note: CI - centile interval 

 

 Structure centile distribution of hemodynamic parameters attests to the increased vegetative status of 

children and adolescents, residencing in areas with environmental relative prosperity, as well as in settlements 

with critical ecological situation (Table 3). Recognition  dystonia settle a high proportion of pupils with indices 

of functioning of the circulatory system 7-8 CI (by 9.5-10.5% more standard on DBP at 6.9-7.0% by on 3,2-

4,3% for HR). 

 
Table 3: Centile distribution structure hemodynamic. 

CI HR SBP DBP 

RSES MSES HES CES RSES MSES HES CES RSES MSES HES CES 

1 3,6 3,5 4,5 3,4 3,2 5,5 2,4 6,1 3,3 2,0 3,3 3,4 

2 7,1 6,7 8,5 5,4 5,11 5,1 5,1 6,0 4,4 4,2 3,0 4,1 

3 13,7 16,7 13,8 14,2 12,1 14,4 11,5 13,0 11,3 11,7 9,1 11,1 

4 23,9 25,6 24,7 25,4 22,6 24,8 24,5 24,8 16,4 21,2 19,5 21,4 

5 24,0 24,2 23,0 23,6 22,5 19,7 25,1 19,8 29,2 30,9 29,8 27,2 

6 14,5 12,9 15,5 13,8 17,4 18,4 20,5 13,3 15,0 15,3 16,5 13,3 

7 6,3 4,1 5,0 7,5 8,8 6,7 6,6 8,8 8,8 7,3 11,4 8,4 

8 6,9 6,2 4,7 6,8 8,2 5,4 4,5 8,1 11,7 7,5 7,3 11,1 

Statis-
tics: 

χ2=31,174   s/s=21 
P=0,000 

χ2=38,224   s/s=21 
P=0,000 

χ2=73,063   s/s=21 
P=0,000 

Note: CI - centile interval 

 

 Results group evaluation of physical development showed a greater share (but less standard) children with 

normal physical development (72,6-72,8%) from areas with tight ecological situation. In settlements located in 

areas with OUES and UNES greater proportion of children with overweight and high body length (Table 4). 
 

Table 4: Distribution of rural students from areas with different ecological situation in groups of physical development, %. 

group 
physical 

development 

 
etalon, 

% 

areas of ecological trouble  
everyone RSES MSES HES CES 

NPD 74,0 70,1 72,6 72,8 69,6 71,8 

LBW 10,0 4,0 4,7 5,0 7,2 5,2 

OWG 10,0 13,5 14,2 11,8 10,9 12,1 

LBL 3,0 6,4 3,1 3,4 5,7 4,5 

HBL 3,0 7,1 7,4 6,9 6,7 6,4 

Statistics: χ2=25,477   s/s=12        P=0,000  

Note: - normal physical development, LBW - low body weight, OWG - overweight, LBL - low body length, HBL - high body length. 

 

Thus, environmental well-being of settlements does not indicate a high level of physical development. 

 In order to identify features of the relation between the level of development of biological and 

environmental disadvantage neighborhoods had a comparative analysis of the biological age of the Nizhny 

Novgorod region of rural students from areas with varying degrees of the anthropogenic load (Fig. 5). 

 In areas with a defined CES is smaller than in other areas, the proportion of schoolchildren BA 

corresponding passport age (65.6 %), followed by children and adolescents of localities with relatively moderate 

environmental situation (68.5%), two other samples revealed 71,7-71,8 % of students with biological 

development, corresponding to the calendar. In areas with a predominant share of RSES students with the 
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advanced development (17.2%), and in areas with CES is home to more children and adolescents with a slower 

rate of growth (18.8%). 

 Somatotypological especially rural students due to environmental conditions, indicate a greater number of 

students asthenoid body in relatively satisfactory and critical ecological situation, muscle - in areas with TES 

and digestivny - in areas with moderately intense and areas with IES. More favorable distribution pattern 

somatotype identified in areas with CES (Table 5). 

 

 
 

Note: BA - biological age, CA - chronological age 

Fig. 5: Distribution structure of rural students from different parts of the environmental burden on the level of 

biological age,% 

 

 Environmental factors act on a child in certain social situations and often substantially altered as a result of 

industrial and economic activities of people. Properties of environmental factors determine the specific effects 

on the child, hence the change in exposure levels of any of these factors can lead to disturbances in the state of 

health. At the same time, even in patients with severe environmental pollution high social status gives the child 

the best opportunity to adapt and preserve a higher level of health [3,8,11]. 

 In order to identify the predominant influence on the adaptive capacity of environmental factors had a 

comparative analysis of functional reserves of rural schoolchildren from the environmental situation and social 

status (the presence of one or both parents) rural students. 

 Comparative characteristics of adaptation capabilities of rural students from areas of ecological trouble 

Nizhniy Novgorod Oblast shows better values and sample Genchi stress index (SI) in children and adolescents 

living in an TES and Stange on trial - in areas with RSES (Table 6). 

 
Table 5: Distribution of rural students by body type (%). 

gen-
der 

soma-
totype 

areas with different environmental situation 

RSES MSES HES CES 

B
o
y

s 

А 11,4 6,5 7,5 11,1 

Т 62,8 62,7 59,3 59,6 

М 17,5 18,2 20,4 15,2 

D 7,1 11,0 10,1 12,1 

I 1,2 1,7 2,8 2,0 

2 = 56,90,  s/s = 12, Р = 0,042 

g
ir

ls
 

А 10,2 7,9 6,6 8,5 

Т 63,4 64,5 66,7 61,7 

М 16,1 15,4 15,8 11,7 

D 9,5 10,3 8,7 11,7 

I 0,9 1,8 2,2 6,4 

2 = 67,20, s/s = 12, Р = 0,003 

A
ll

 t
h
e 

ch
il

d
re

n
 А 10,7 7,3 7,0 9,8 

Т 63,1 63,7 63,2 60,6 

М 16,7 16,6 18,0 13,5 

D 8,4 10,6 9,3 11,9 

I 1,1 1,8 2,5 4,2 

2 = 73,96,  s/s = 12, Р = 0,013 

Note: A - asthenoid T - thoracic, M - muscle, D – digestivny, I – indefinite 
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Table 6: Indicators of adaptive capacity of rural schoolchildren taking into account the ecological trouble. 

feature RSES MSES HES All the children 

        

trial Stange 46,1 16,14 45,9 15,89 42,9 15,40 43,5 15,57 

trial Genchi 21,6 7,77 22,3 8,42 20,9 7,79 21,1 7,88 

MoL,сек 0,70 0,075 0,74 0,109 0,73 0,106 0,72 0,104 

MoS,сек 0,66 0,078 0,67 0,090 0,68 0,009 0,66 0,095 

AMoL, % 28,1 5,98 27,8 8,56 27,6 6,88 27,7 7,04 

AMoS, % 37,8 10,67 35,0 8,96 34,8 8,44 35,1 8,77 

VRL, сек 0,33 0,074 0,33 0,076 0,33 0,073 0,33 0,073 

VRS, сек 0,25 0,064 0,26 0,056 0,27 0,067 0,27 0,066 

INL. у.е. 67,2 28,41 64,2 30,83 64,3 30,18 64,6 30,07 

INS. у.е. 134,4 88,26 113,7 60,09 108,8 57,87 111,8 61,95 

 

 On the basis of personal data vykipirovki medical records Center - rovya healthy children Arzamas (f. 

number 002-TsZ/u-2, MZ Russia from 19.08.2009 № 597), revealed that 11.8% of rural students live in single-

parent families. For evaluating adaptation options have compared indicators of hemodynamics, functional tests 

and Stange Genchi and CIG children and adolescents who have one or both parents. The study identified a trend 

best functionality in schoolchildren from intact families on most parameters characterizing the ability to adapt to 

the environment (Table 7). 

 
Table 7: Indicators of adaptive capacity of rural schoolchildren taking into account the social situation. 

feature 1 - incomplete family 2 - complete family All the children 

      

trial Stange 43,0 16,74 43,6 15,37 43,5 15,57 

trial Genchi 20,7 7,72 21,2 7,90 21,1 7,88 

HR 80,6 11,49 79,1 11,74 80,7 11,68 

SBR 108,5 11,89 107,2 11,71 107,2 11,74 

DBR 71,3 10,01 70,8 9,12 70,9 9,35 

Mo,сек 0,73 0,106 0,73 0,104 0,72 0,104 

AMo, % 28,9 6,93 26,7 7,06 27,7 7,04 

VR, сек 0,31 0,070 0,34 0,074 0,33 0,073 

IN. у.е. 65,5 31,98 62,8 29,20 64,6 30,07 

 

Conclusions: 

1. Comparative analysis between BL and BW 4 samples showed greater variability BW, as a response to 

environmental factors than BL. Between girls from different areas of environmental -being unfavorable 

differences are less pronounced than among boys. 

2. The influence of environmental factors on the rate of biological development, manifested in the increase in 

the number of pupils with extremes of development in areas of ecological trouble. 

3. Revealed that the social factor (the presence of one or both parents) has a greater impact on the level of 

adaptation capabilities of rural students than the ecological situation in the community. 

4. The study determined the effect of environmental factors on the BW and with a corresponding change in the 

shape of the body, determining the nature of somatotipiring rural students. Significant and measurable 

differences between the studied samples have been identified, which justifies the use of a single standard of 

physical development of rural students Nizhny Novgorod region, are the areas with harsh natural differences 

and an abundance of natural boundaries, reinforcing the contrast of environmental conditions in the areas of 

residence. 
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