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1. Introduction 

Noise is defined as unwanted noise that interferes with normal 

activities such as sleep, thinking, concentration, studies and recre-

ation besides being the root cause of disturbance and annoyance 

[1-2]. Nowadays, due to the rapid growth of urbanization and sub-

sequent environmental understanding, public health is under a 

huge threat and this leads to environmental control measures that 

are supposes to minimize the pollution load. Among the various 

pollutants, noise is consider under the air (prevention and control 

of pollution) Act, 1981 [3]. In recent times, the environmental 

noise become steadily increased both in intensity and spread, 

which has emerged as a matter of grave concern for society [4-5]. 

According to studies conducted by the European Environmental 

Agency, the main source of environmental noise generated by ve-

hicular transport [6]. Noise level greater than 75 dB (A) is enough 

to cause annoyance, aggressive behaviour and sleep disorder [7-8]. 

Moreover, continuous exposure to noise level of 65 dB (A) leads 

to hypertension, and when the exposure level increases to 75 dB 

(A), it may additionally raise stress level, cause abnormal heart 

rates and even result in loss of hearing [9].  However, environ-

mental regulating authority, WHO, clearly recommended that 30 

dB (A) in resting room during night time for good quality of sleep 

and less than 35 dB (A) in classroom is the appropriate level of 

noise for proper teaching-learning process. World Health Organi-

zation also recommended that less than 40 dB (A) should be the 

average noise level at the outside of bedroom in order to avoid the 

adverse health effect during night time [10]. 

According to Mondal [11], huge increase of vehicle population 

in Indian cities and towns are due to rapid urbanisation and indus-

trialisation. Various types of environmental noise from sources 

such as railways, road traffic, construction activities and aircraft 

etc., have been found to directly affect reading [12]. It has also 

been reported that noise level of around 70 dB (A) outside schools 

leads to a drastic fall in children’s attention [13-14]. Previous stud-

ies [15-16] also pointed out that high frequency noise was found to 

adversely affect cognitive ability and academic performance of 

school children, in addition to reducing their level of motivation. 
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According to Babisch [17], associated with traffic noise is car-

diovascular disease along with some non-chemical outcomes such 

as anxiety, stress, annoyance, sleep disturbance etc. [18-19]. Very 

recently, it has also been reported that noise is also related to un-

desirable metabolic outcomes [20]. Similarly, Sorensen et al. [21] 

established a positive relationship between road traffic noise and a 

higher risk of diabetes as well as higher BMI and waist circumfer-

ence [22-23].  Previously Eriksson et al. [24] reported that aircraft 

noise was closely related to waist circumference. Apart from these, 

road traffic noise exerted a strong influence on the physiological 

processes of human beings. In other words, this means that noise 

has a direct relationship with the secretion and proper functioning 

of hormones. Vehicular noise is closely linked with sleep disturb-

ance [19]. Improper or irregular sleep pattern is due to dysfunc-

tioning of various hormones such as leptin and ghrelin, which are 

directly associated with human metabolism [25-26]. Sleep re-

freshes and energises the body and mind and inadequate and im-

proper sleep leads to reduced energy expenditure, altered ther-

moregulation and increased fatigue [27]. 

Many sectors of our society are severely affected by intense 

noise. However, this noise also impacted on cognitive and intellec-

tual activity of students also [28]. Therefore, a comprehensive as-

sessment of noise is the highest priority among the researchers. 

Noise can be precisely recorded through a geographical form 

which is coloured according to the noise level in the targeted area. 

However, this graphical form may be represented by contour lines, 

which may be used to make a boundary between different noise 

levels in an area. Very recently, noise and urban planning have ex-

tensively studied based on noise mapping [29-30]. Various noise 

parameters such as Leq, L90, L50, L10, NC, TNI, NPL etc., were 

extensively used for better assessment of road traffic noise and 

their impact on society. 

Burdwan city (23º14’N, 87º52’ E) is the district headquarters of 

Purba Bardhaman district and a municipality in the state of West 

Bengal. This city is situated 100 km away from the state capital, 

Kolkata. According to the census report [31], the population of the 

city is 347016 and the total area is 26.30 km2. The mean elevation 

is 30 m above mean sea level. A sharp growth of vehicular 

transport in the last decade results in a significant increase of traffic 

noise in the city. The adverse impact of increased noise levels due 

to exponential growth of vehicular population was highlighted in 

previous works [32-34], which also clearly demonstrated, the re-

sultant noise levels were much higher than the threshold noise level. 

Doygun and kusat [8] highlighted that traffic noise was mainly to 

blame for the detrimental effects on heart rates and for causing 

hearing loss, among others. According to the World Health Organ-

ization guidelines [35] noise intensity in the environment in the vi-

cinity of schools should not exceed 35 dB (A).  

Noise mapping is very important to urban plan. In particular, 

structural and areas such as schools, hospitals and parks away from 

noise pollution are of primary concern. Generally GIS-based com-

mercial software was used to create noise maps, which consists of 

initially the production of grid points. These points are taken for 

bifurcation, it helps to explain a large area where the possibility of 

noise is risky and to determine the measurement points of noise 

disturbance [36]. Therefore, a comprehensive evaluation of the im-

pact of the noise generated by the road traffic on school children 

and on residents of the locality is absolutely necessary. Keeping 

this in mind, a study was conducted to evaluate the noise level, 

community health and noise mapping around ten selected schools 

located on busy roads in the city of Burdwan, West Bengal, India. 

2. Materials and Methods 

2.1. Overview and site selection 

Ten schools were selected near the urban roads in Burdwan 

town (location Fig. 1) were chosen for the field examination. The 

field position based on geographic location by GPS and road side 

congested area, where major road traffic noise produces around 

significant acoustic environments. This located area are mapped 

through Google Earth position based by QGIS software, which 

was shown in Fig. 2. All schools are near adjacent in sub-arterial 

roads, here dominating mainly road traffic noise and open area lo-

cal activity of noises that combined effect on a significant terms of 

annoyance. The weather parameters are measured during sampling 

time from the sample sights (Table S1). 

At the initial stage, the baseline data were collected from ten dif-

ferent places of Burdwan city. All the ten locations were selected 

as per the requirement of the present research and for the fulfill-

ment of the current objectives. All the  locations were near  

school buildings, namely 1) School H (23.26181°N, 87.83913°E), 

2) School B (23.23895°N, 87.86709°E), 3) School G (23.24281°N, 

87.85839°E), 4) School J (23.23734°N, 87.84987°E), 5) School E 

(23.24051°N, 87.85913°E), 6) School F(23.2427°N, 87.84376°E), 

7) School I (23.23527°N, 87.8612°E), 8) School C (23.24007°N, 

87.83354°E), 9) School A (23.23859°N, 87.87158°E) and 10) 

School D (23.2403°N, 87.86575°E). In the study area summary 

table (Table 1), it was noted that the road width varied from 3 m to 

24 m at the different study area locations. The narrowest road 

width was recorded at School D (3 m) and total vehicle density 

there was also low, 308 during the early morning time (8-9 a.m.). 

It was also interesting to note that only light vehicles were allowed 

to ply on that particular road, not heavy or medium vehicles. 

2.2. Noise Measurement 

Noise was recorded by a digital noise meter (Lutron SL-4030) 

and geographical location was recorded by GPS (GPS-12, Gar-

min). Mainly four time slots were considered (early morning: 8-9 

am; late morning: 11am-12 noon; afternoon: 2-3 pm; and evening 

time: 6-7 pm). Vehicle density was counted and recorded under 

three distinct categories as heavy, medium and light vehicles. 

2.3. Acoustic descriptors 

Different Acoustic descriptor such as Leq, L10, L50, L90, and 

Noise Climate (NC), Noise Pollution Level (NPL), and Traffic 

Noise Index (TNI) were calculated [37] by following standard for-

mula (Eq. 1-4): 
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Leq = 10log
1

(t2 - t1)
∫

p
A 
2 (t)

p
0

2
dt

t2

t1

      (1) 

TNI = 4 * (L90 - L10) + (L90 - 30)     (2) 

NPL = Leq + (L10 – L90)     (3) 

NC = (L10 – L90)     (4) 

Various noise descriptors [38] (Cohn and McVoy, 1982) are as 

follows: 

L10: A specified dB (A) level which is exceeded ten percent of 

the time during the whole period of measurement. 

L50: A specified dB (A) level which is exceeded fifty percent of 

the time. It is statistically the midpoint of the noise readings. 

L90: A specified dB (A) level which is exceeded ninety percent 

of the time during the whole period of measurement. 

Leq: The equivalent continuous dB (A) level which has the 

source energy as the original fluctuating noise for the same period 

of time.  

2.4. Community study 

Community study was conducted by following the standard pro-

cedure [39]. A questionnaire was constructed in English and then 

translated into Bengali. The questionnaire consists both open-

ended and structured questions covering the areas like demo-

graphic characteristics, economical status, type of house including 

total windows and doors number and direction of windows, dis-

tance from road, health status, comfort of the working environment, 

sound sources as well as noise related problems. The entire inter-

action with the roadside inhabitants were random. Every question 

had three options (yes/ no/ never) following the three point Likert 

scale. 

 

 

Fig. 1. Study area location map 
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2.5. Assessment of acoustic comfort 

From the previous literature, the questionnaires were perfectly 

designed for different schools from urban area, sampling points, 

size of campus, number of students, and adjacent road noise levels. 

All sights were selected by the survey contents and collected basis 

of information according to age, gender, weight, and academic 

achievements in class, which including the question, (i) is class 

room either noisy or quiet? (ii) Is class most annoyed during 

study/examination/ lessening? (iii) Which vehicles noise more ef-

fectiveness to annoyance? (iv) Vehicle abundance and open noise 

availability, (v) classroom size and student availability? (vi) Les-

son time and disturbance? etc. Total 100 questionnaires were is-

sued and 50 students were selected randomly each classes. The se-

lected class not be measured on ages, but classes were chosen from 

based V to class VII. From 500 number of students are evaluated, 

whereas 53.33% of male and 46.77% of female. The questions 

were consisted of simple question answers pattern with single 

choice answer pattern. For acoustic comforts to different noise 

sources, such as highly annoyed, rather annoyed, moderate, and 

comfortable. Finally, the mean value were collected to evaluate the 

comfort score of all school.  

2.6. Interpolation methods onto noise mapping 

Noise mapping was done with the help of ArcGIS 10.3 software 

using IDW interpolation method. This study was compared with 

noise mapping in the time variances, whereas early morning, late 

morning, afternoon time, and evening time. The noise values were 

computed using as Lmin, Lmax and Leq.  This method was pro-

duced for optimum results, which comparison between 10 differ-

ent schools according to noise level. Inverse distance weighted 

(IDW) as interpolation method using points, the noise value was 

carried out at point i (N0), which are calculated from following 

equation  

                                                 (5) 

Where, expression as n, Ni, Pi were represented according to the 

number of measurement points, positions of the noise value in 

number i, and the weight of the noise at i position, respectively. 

The weight Pi was calculated from Eq. (6), which is based on dis-

tance function into reference point and the interpolation point, dis-

tance between closer points to higher point.   

          (i=1, 2, 3, 4, 5…..n)                      (6) 

Where, di is distance into horizontal and interpolation point re-

garding (x0, y0) and corresponding reference points at (xi, yi), k 

namely the power of the distance and expressed as . Pi was calcu-

lated using the Gaussian function expressed as:                                                                  

(i=1, 2, 3, 4, 5…..n)                          (7) 

This IDW method, the reference points around the interpolation 

point was used to estimate noise value. The reference point was 

conducted from study area (schools), and interpolation was col-

lected and mapped into contour plot for area pointing.  

2.7. Statistical analysis 

 The collected data were analyzed by applying basic statistics 

with the help of SPSS software (SPSS 2.0). Pearson correlation 

and one-way ANOVA with significant level p < 0.005 was consid-

ered. Origin 8.5 software was used for construction of all figures 

and for formula writing, MATLAB software was used.  

3. Results and discussion 

3.1. Field measurement acoustic results 

From field acoustic results, the maximum vehicle density in the 

early morning (8-9 a.m.) slots were recorded at School B and out 

of a total of 3294, the category wise composition of vehicles was 

Fig. 2. Study of noise located sights and 2D overview maps of the ten roadside schools 
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2% heavy, 12.2% medium and 85.8% light vehicles per hour (Ta-

ble 1). Similarly, other high vehicle density zones were at School 

H (5.4% heavy, 11.3% medium and 83.3% light vehicles per hour), 

School G (0.1% heavy, 1.5% medium and 98.4% light vehicles per 

hour), School J (1.2% heavy, 6% medium and 92.8% light vehicle 

per hour), School E (0.8% medium and 99.2% light vehicle per 

hour), School F(0.2% heavy, 1.4% medium and 98.4% light vehi-

cle per hour), School I (0.1% heavy, 0.7% medium and 99.2% light 

vehicle per hour), School C (0.5% heavy, 1.4% medium and 98.1% 

light vehicle per hour), School A (0.1% heavy, 2.5% medium and 

97.4% light vehicle per hour) and School D (100% light vehicle 

per hour). This was followed by recording late morning data in all 

the studied locations. It was amply clear from road surface charac-

teristics data that in all the study areas, the road surfaces were rea-

sonably smooth except near School G, School I and School D. 

Around 75% of the roadside buildings at the different locations 

were found to be two-storeyed brick and mortar houses and were 

situated on an average 1.5m away from the road. Most of the build-

ings (around 85%) had roadside windows and only around 15% of 

the buildings had road facing glass windows. It is apparent from 

Fig. S1, the traffic noise index was high in the afternoon at all the 

studied locations. In order to assess the overall impact of noise on 

the academic atmosphere, several Acoustic descriptors such as Leq, 

L10, L50, and L90 were calculated and the results have been pre-

sented in Table 2. It may be noted that Leq values varied from 69.7 

dB (A) to 86.9 dB (A), L10 values varied from 83.5 dB (A) to 96.2 

dB (A), L50 values varied from 58.9 dB (A) to 75.5 dB (A) and 

L90 values varied from 52.6 dB (A) to 63 dB (A) respectively. 

Similarly, Noise Pollution Level (NPL), Traffic Noise Index (TNI) 

and Noise Climate (NC) were also analyzed and the results are as 

depicted in Fig. S2-S4. The results clearly indicate that out of the 

ten locations, Noise Pollution Level was the highest at School B 

(NPL 115.7 dB (A)). This can perhaps be attributed to heavy vehi-

cle density and motor bike horn (Heavy vehicle 2%, Medium ve-

hicle 12.2% and light vehicle 85.8% per hour) owing to its location 

near G. T. Road, an arterial road in the city (Fig.S4). Traffic noise 

is a problem common to all developed and developing nations [12, 

40]. The graphical presentation of Noise Pollution level (NPL) and 

Traffic Noise Index (TNI) are as depicted and it is clear that noise 

pollution is the highest in the afternoon. 

Fig. 3 Noise discharges by different types of vehicles in studied locations 
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Similarly, during the late morning hour (11 a.m.-12 p.m.), the 

maximum vehicular density of 4736 per hour was also recorded at 

School B and the composition of vehicles was 2.1% heavy, 11% 

medium and 86.9% light vehicles per hour (Table 1).  Vehicular 

density in the said time slot at other locations were as follows;  At 

School H (4.8% heavy, 10.4% medium and 84.8% light vehicles 

per hour), School G (1.7% medium, 98.3% light vehicles per hour), 

School J (1% heavy, 6% medium and 93% light vehicles per hour), 

School E (1.2% medium and 98.8% light vehicles per hour), 

School F(0.1% heavy, 1.4% medium and 98.5% light vehicles per 

hour), School I (0.2% heavy, 1.2% medium and 98.6% light vehi-

cles per hour), School C (0.7% heavy, 2.9% medium and 96.4% 

light vehicles per hour), School A (0.2% heavy, 3.4% medium and 

96.5% light vehicles per hour) and at School D (100% light vehi-

cles per hour). It was been found that Leq value varied from 68 dB 

(A) to 84.9 dB (A), L10 varied 83.2 dB (A) to 95.9 dB (A), L50 

varied from 57.4 dB (A) to 73.7 dB (A) and L90 varied 55.4 dB 

(A) to 66.6 dB (A). The highest Noise Pollution Level (NPL) 

found at School G [NPL 115.8 dB (A)], because of that the partic-

ular school was situated in a very congested area (Road width-

4.5m) with the concentration of a very large number of health in-

stitutions. Main noise pollution sources of this area are ambulance 

and motor bike horn (Medium vehicle 32 and light vehicles 1906 

per hour). TNI and NC were also found to be high at School G 

(TNI 158.8 dB (A) and NC 31.5 dB (A)) (Fig. S1 & S3). 

In the afternoon period, the highest vehicle density of 4308 was 

recorded at School B and the composition of vehicles was 2.6% 

heavy, 9% medium and 88.4% light vehicles per hour (Table 1). 

Similarly, other locations were also found such as School H (7.6% 

heavy, 14.6% medium and 77.8% light vehicles per hour), School 

G (0.3% heavy, 2.2% medium, 97.5% light vehicles per hour), 

School J (0.5% heavy, 7.9% medium and 91.6% light vehicles per 

hour), School E (0.8% medium and 99.2% light vehicles per hour) 

(Fig. S4), School F(0.1% heavy, 1.8% medium and 98.1% light 

vehicles per hour), School I (0.1% heavy, 0.5% medium and 99.4% 

light vehicles per hour), School C (0.8% heavy, 1.6% medium and 

97.6% light vehicles per hour), School A (0.4% heavy, 2.5% me-

dium and 97.1% light vehicles per hour), School D (100% light 

vehicles per hour) (Fig. S4). During afternoon time, vehicle den-

sity was found to decrease more or less at all locations. It was rec-

orded that Leq value varied from 67.1 dB (A) to 107.4 dB (A), L10 

varied from 78.1 dB (A) to 117.9 dB (A), L50 varied from 56.6 dB 

(A) to 86.3 dB (A), L90 varied from 48.1 dB (A) to 79.2 dB (A), 

NPL varied from 146.1 dB (A) to 93.7 dB (A), TNI from 204.3 dB 

(A) to 119.4 dB (A) and NC varied from 43.4 dB (A) to 23.8 dB 

(A). NC was found to be the highest at School I. Banerjee et al. [32] 

mentioned that the TNI was lower level of in the industrial town 

of Asansol, India. Noise discharges by different types of vehicles 

were studied in locations wise and highest showed noise intensity 

from ambulance siren (100-110 dB) [41] (Fig. 3). 
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During evening (6-7 p.m.), vehicle density was noticeably lower 

and noise pressure level also was markedly less. Vehicle density at 

those ten zones during the period were followed : School H (6.6% 

heavy, 15.4% medium and 78% light vehicles per hour), School B 

(2.6% heavy, 14% medium and 83.4% light vehicles per hour), 

School G (1% medium, 99% light vehicles per hour), School J (0.2% 

heavy, 3.2% medium and 96.6% light vehicles per hour), School 

E (0.8% medium and 99.2% light vehicles per hour), School F(1.1% 

medium and 98.9% light vehicles per hour), School I (1.2% me-

dium and 98.8% light vehicles per hour), School C (5% heavy, 1.5% 

medium and 98% light vehicles per hour), School A (1.9% me-

dium and 98.1% light vehicles per hour), School D (100% light 

vehicles per hour) (Fig.2). In the said time interval, Leq varied be-

tween 80.96 dB (A) to 72.02 dB (A), L10 varied between 78.5 dB 

(A) to 94.1 dB (A), L50 varied from 70.2 dB (A) to 61.3 dB (A), 

L90 varied from 61.5 dB (A) to 55.4 dB (A), NPL varied from 

113.7 dB (A) to 94.9 dB (A), TNI varied from 162.2 dB (A) to 

107.7 dB (A) and NC varies from 32.7 dB (A) to 19.7 dB (A). The 

leq value at all locations was found to exceed the permissible limit 

of ambient air quality standards as adopted by MoEF [3]. Accord-

ing to WHO [35], the noise pollution negatively impacted on urban 

environment and community health. 

Statistical analysis of various noise parameters are presented in 

Table 3. It was clearly demonstrated that L50, L90, Leq and NPL 

are not statistically significant (p < 0.007, p < 0.930, p < 0.885. and 

p < 0.111) between different time periods of recording the noise in 

selected study points. However, NC and TNI showed statistically 

significant (p < 0.001, and p < 0.003) between different time period. 

A gain Post hoc test revealed that the NC at afternoon statistically 

(p < 0.05) different from late morning and evening time. Similarly, 

traffic noise index showed significantly different from late morn-

ing and evening time. Almost similar observation was reported by 

Esmeray et al. [12]. 

3.2. IDW interpolating for Noise mapping 

For the purpose of acquiring comprehensive knowledge about 

the variations of vulnerable noise intensity at different locations of 

the study area, a contour map was drawn by the application of 

ArcGIS 10.3 software using IDW interpolation method. Four con-

tour maps were drawn for different time periods as vulnerability of 

noise pollution (early morning, late morning, afternoon and even-

ing) (Fig.4A). The results demonstrated for noise mapping in the 

early morning, it is clear that two locations namely, near School H, 

and School B were truly vulnerable. However, in the late morning, 

all the study areas showed high noise intensity except School F 

(Fig. 4B). In the afternoon session, only one area, the vicinity of 

School G showed highest noise intensity (Fig.4C). Whereas, the 

other study points showed moderate noise intensity.  A similar 

situation was observed in all areas except near School J, School C 

and School A, where intensity was found to have been reduced 

drastically in the evening time (Fig.4D). It is however interesting 

to note that noise intensity near School I and School B increased 

appreciably in the evening. Similar noise monitoring through noise 

mapping was done by Paschalidou et al. [42] at Egnatia motorway, 

northern Greece.   

 

 

 

 

 

Table 3 Acoustic Descriptors of different time with one way ANOVA studies 

Acoustic Descript

ors 
Early Morning Late Morning Afternoon Evening 

One Way ANOVA 

df=(3, 36) 

L10 
89.3 

(86.6, 92.0) 

88.2 

(86.0, 90.4) 

94.5 

(87.4,101.6) 

86.6 

(76.5, 96.6) 
F=2.479, p < 0.077 

L50 
66.1 

(62.2, 70.0) 

67.1 

(63.5, 70.6) 

67.3 

(61.5, 73.1) 

65.6 

(58.9, 72.3) 
F=0.148, p < 0.930 

L90 
58.2 

(55.9, 60.5) 

60.0 

(57.5, 62.5) 

58.7 

(53.5, 64.0) 

58.8 

(53.8, 63.7) 
F=0.215, p < 0.885 

Leq 
76.9 

(72.9, 81.0) 

77.9 

(74.2, 81.5) 

78.6 

(71.4, 85.8) 

76.5 

(69.7, 83.3) 
F=0.157, p < 0.924 

NC 
31.1ab 

(29.6, 32.6) 

28.2b 

(26.3, 30.2) 

35.7a 

(31.6, 39.9) 

27.8b 

(18.8, 36.9) 
F=6.448, p < 0.001 

TNI 
171.8ab 

(167.6, 176.0) 

142.8b 

(136.1, 149.6) 

171.7a 

(153.6, 189.8) 

140.1b 

(103.7, 176.5) 
F=5.767, p < 0.003 

NPL 
117.3 

(110.9, 123.7) 

106.1 

(102.3, 109.8) 

114.3 

(104.9, 123.7) 

104.4 

(91.5, 117.2) 
F=2.148, p < 0.111 
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3.3. Impact of noise on Community 

A community study was initiated at different places of Burdwan 

town, where noise from motor vehicles was recorded by noise me-

ters. Three distinct age groups were chosen for the community 

study and the age groups were 1) less than 30 years, 2) between 30 

to 60 years and 3) more than 60 years. Various health parameters 

such as irritation sleep disturbance, etc. and noise related problems 

were considered. A total of 236 people took part in the study. 52% 

of the respondents reported being extremely irritated by traffic 

noise and 8% of the respondents reported sleep disturbance due 

road traffic noise (Fig.S5). As we know that lack of sleep leads to 

many physiological problems like cardiovascular, endocrine, im-

mune and even nervous system disturbance including hypertension 

and anxiety [43-44]. Therefore, the diversity of non-auditory ef-

fects are more than auditory effects induced by traffic noise [45]. 

Almost similar irritation status due under noise exposure was re-

ported by earlier researchers [46]. The recorded results showed that 

irritation due to noise exposure varied from 4.35% to 14.28% in 

the age group less than 30 years and the values ranged from 12.90% 

to 60.71%. The age group more than 60 years reported less irrita-

tion from noise exposure. The levels of irritation recorded in the 

study areas near School I and School G were 71% and 66% respec-

tively. The noise-induced sleep disorder, annoyance and stress 

were the main problems faced by the studied cohort [47, 35]. Pre-

vious research also demonstrated that road traffic noise could 

cause higher health risks such as diabetes [21], abnormal BMI and 

higher waist circumference [23] as well as sleep disturbance [19], 

etc. According to Pirrera et al. [48] noise is directly related to early 

awakening and sleep state changes. Insufficient sleep leads to dis-

ruption of secretion of hormones such as leptin and ghrelin which 

are also associated with metabolism [25-25], reduction of energy 

expenditure and increased fatigue [27]. However, Babish [49] also 

suggested that hormonal disruption might activate the hypothala-

mus-pitutary-adrenal (HPA) system which in turn led to enhance-

ment of such hormones as noradrenaline, adrenaline and cortico-

steroids.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Contour plot showing the noise mapping of ten selected schools (A) early morning time, (B) late morning, (C) afternoon 
time, and (D) evening time 
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3.4. Evaluation of acoustic comfort 

Acoustic comfort of the study schools were evaluated by consid-

ering various input variables (sampling points, size of campus, 

number of students, and adjacent road levels etc.) and results were 

depicted in Fig.5a. The assessment each student through question-

naires, all students are taken unformed at class bases, n=100, and 

calculated student activity during acoustic time. The results 

showed on affecting in classroom attention or classroom activity, 

10 schools were rectified the highest impact, when test or exercise 

time (45.55% ± 2.45) (Fig. 5b). Disturbances of student’s re-

sponses to rather annoyed suffer maximum school students, among 

51.33% regardless close to roadside noise. All zone of schools for 

aquatics comforts are interpreted using factor correlation, the high-

est comfort score showed corresponding as School G > School H 

> School B > School E > School J > School I > School C > School 

A > School D > School F, due to intensified gained of the noise 

level (LAeq). There are significance in terms of positive correla-

tion between acoustic comfort (EAC) and LAeq (R2 = 0.978, P < 

0.003) (Fig. 6). Each school for values are generated to mean value 

of EAC, therefore linear relationship between EAC and LAeq is 

presented as:                                                                     

EAC = 7.226 - 0.6478LAeq    (8) 

From the EAC values, it is clear that the School G has highest 

and School F is lowest. The lowest AEC for School F due to, 

acoustic comfort depends on room size, windows position and 

availability of students, length of road either congested or road dis-

tance from school building, low density of noise, positioning of 

road side, and class room size. According to Wen et al. [50], simi-

lar observation found and acoustic environment have significant 

role for education. All school students are separately evaluated 

through gender aspect, male students (31%) have highly disturb-

ance than the female students (24%) (Fig.S6). The observation is 

possible due to the fact the adolescent pupils could affected with 

psychological disturbance during exposure of intense noise, stu-

dents have more impact during education. Thus, further need to be 

improve or consider with various cultures, regions, and countries.  

4. Conclusions 

It may be concluded with a fair degree of accuracy that among 

the ten studied location, only five locations had lower vehicle den-

sity per hour (<1500) namely School D, School A, School C, 

School F and School J. On the contrary, very high vehicle density 

per hour (> 4500) was recorded at School H and School B. Present 

study also demonstrated that the average noise level in and around 

of roadside schools are well above the standard permissible level. 

Fig. 5 (A) Impact of noise in various class room basis their activity, (B) Student evaluation of acoustic comfort of their classroom in 10 
schools. 

Fig. 6 Correlation analysis of acoustic comfort in various measure-
ment LAeq values. 
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From the calculations of the various acoustic descriptors, it is re-

vealed that the inhabitants of all the ten studied locations were un-

der higher health risk. Similarly, noise climate data indicate that 

early morning and afternoon sessions are the worst among all the 

studied time intervals in respect of ambient noise. GIS model was 

also nicely predicted the noise vulnerability in and around the 

study area. A questionnaire study simultaneously revealed that ex-

cessive traffic noise caused irritation as well as sleep disorder. Fi-

nally, it is strongly suggested that the inhabitants of areas near the 

heavy vehicle zones should adopt certain measures to reduce noise 

intensity through reorientation of bedroom location, window open-

ing habit, use of glass cover in windows etc. There is ample scope 

for further field and experimental studies to evaluate the gravity of 

impact of vehicular (heavy and light) noise pollution on commu-

nity health and academic performance of school children. Further, 

research will focus on the strategies of reduction of noise level in 

and around of school building which may ultimately provide more 

pleasant and peaceful environment. 
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