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ABSTRACT
Accurate analysis of pollution on human-wellbeing needs high-resolution measurements. Customary air quality
observation stations give correct pollution levels however as a result of their distributed distribution they cannot capture
the extremely resolved spatial variations inside cities. Similarly, dedicated field campaigns will use tens of measurement
devices and acquire extremely dense spatial coverage however usually preparation has been restricted to short periods
of no over few weeks. Nowadays, advances in communication and sensory technologies change the preparation of dense
grids of wireless distributed air observation nodes; however their detector ability to capture the spatiotemporal waste
product variability at the sub-neighborhood scale has never been completely tested. This study reports close
measurements of volatilized air pollutants by a network of six wireless multi-sensor miniature nodes that are deployed in
three urban sites, regarding a hundred and fifty m apart. We have a tendency to demonstrate the network's capability to
capture spatiotemporal concentration variations at an exceptional fine resolution however highlight the necessity for a
frequent unmoved activity to take care of the consistency of some sensors. Consequently, a procedure for a field activity
is projected and shown to enhance the system's performance. Overall, our results support the compatibility of wireless
distributed detector networks for measurement urban pollution at a sub-neighborhood spatial resolution that suits the
need for extremely spatiotemporal resolved measurements at the breathing-height once assessing exposure to urban
pollution.
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INTRODUCTION
Ambient pollution results from emissions of numerous pollutants from totally different stationary and mobile
sources, and from chemical reactions between primary pollutants that kind secondary pollutants, like
tropospheric gas. The dispersion and also the generation of close pollutants area unit extremely affected by
native (micro-) meteoric conditions (wind speed, radiation, humidity, temperature). consequently, urban air
quality is characterized by high spatial and temporal variability

Evidences of adverse health effects from exposure to close gaseous pollutants (e.g. carbon dioxide- CO2,
nitrogen dioxide- NO2; carbon monoxide-CO, Ozone- O3) and particulate matter (PM) are based air pollutant
[1][2]. Typically, Crouse et al [3] found that pollution connected exposure metrics utilized in environmental
medicine studies area unit based mostly either on short term sampling or on pollutant measurements by
commonplace air quality observance (AQM) stations over extended time periods. Standard AQM instruments
give correct measurements however suffer from limited preparation because of their largeness, high price and
also the skilled maintenance needs. This limits the AQM network capability to adequately capture the
extremely resolved air waste product special variations. Intensive sampling campaigns use an oversized
variety of sensors deployed at high density however area unit restricted to comparatively short periods (~
fourteen days), and overtimes to integrative menstruation over the total amount [4]. Consequently, correct
exposure assessment and also the study of air pollution-health association’s area unit still a difficult task [5].
To tackle these limitations, recent environmental health studies incorporated proxy indicators of private
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exposure to traffic connected pollution, like distance of the residence to the near-by road and alternative land
use parameters [4]. Yet, the relationships between these surrogates and also the individual's exposure area unit
principally stationary and depend upon the selection of variables that area unit enclosed in model (in half,
supported knowledge availability). Exposure estimation supported geospatial interpolation techniques that
generate pollution maps from AQM knowledge is additionally common [6][7][8].However, these strategies
area unit dramatically littered with the stations' location [9]. Clearly, increasing the special density of the
measurements can lead to special interpolation with smaller uncertainty. However may be economically
possible solely by preparation of inexpensive instruments. Yet, such inexpensive devices could suffer from
poor accuracy, lack of lustiness, and restricted longevity, therefore protruding on their preparation flexibility
and on the network scaling up.

Recent advances in sensing element and communications technologies have created the deployment of multi-
sensor environmental wireless distributed sensor networks (WDSNs) possible, and opened a replacement front
within the pollution and exposure assessment arena. Ahuja k. et al [10] introduced the traditional data analysis
with respect to methods to sensor data analytics. Lee et al [11] has studied that evaluated WDSN capabilities
during a controlled research laboratory environment stressed the necessity for a standardization method so as
to sustain reliable measurements. Williams et al[12] used Field deployments of low-priced air quality device
networks measure close O3 levels by metal-oxide micro-sensors and CO, NO and NO2 by electro-chemical or
metal-oxide [13]probes planned standardization processes that area unit applicable for controlled research
laboratory surroundings however fell short compared to information collected at a collocated normal AQM
station. Ahuja Kavita et al[14] have applied the Air Quality measurement and their risk of to be pollutant in
future which effect on human life and health which is adapted by the United States Environmental Protection
Agency, to the metropolitan city of Gujarat. The work was analyzed from September 2016 To December 2016
period of time on data provided by the Surat Municipal Cooperation. Tsujita et al. [15] recommended a field
standardization approach wherever the metal-oxide NO2 device baseline is adjusted to the typical price of 4
close AQM stations during time periods within which the NO2 concentrations area unit low (b10 ppb) and
homogeneous conditions apply. Yet, the strategy is meant to figure on low NO2 concentrations whereas the
WDSN NO2 detection limit is often ten ppb. This renders the strategy irrelevant. More-over, this
standardization technique has been tested solely on one device and has been applied to this wireless network.

This paper presents an analysis of measurements obtained by an AQ-WDSN. The network was deployed
in inner-city neighborhood, with a typical mixture of quiet residential areas, busy traffic routes, a neighbor-
hood industrial space, education establishments, river front areas, etc. every node contained multiple
sensors, but during this work we have a tendency to concentrate on measurements of CO2, O3, NO2, and
particulate Matter. The study aims were to look at the suitableness of metal-oxide detector network
for menstruation waste matter levels and capturing their spatiotemporal concentration variability, and to
develop a reliable field standardization procedure for the sensors.

MATERIALS AND METHODS

INTER-CONNECTION BETWEEN AIR POLLUTANTS
Correlation is used to test relationships between quantitative variables or categorical variables. Correlations
sense an important role as the prediction of future behavior by finding the relationship between variables. So,
the inter-connection can be found out using measurement of correlations between major air pollutants.

DATA COLLECTION AND STORAGE USING SENSOR NETWORK
Air pollution measures should be constant and at regular intervals as the changes in air occurs frequently. The
change of Air quality depends on a variety of factors and the factors are related to time, duration, air wind
speed, air wind direction, presence of rain, humidity etc. Thus, it is essential to obtain the data from the
sensors at ordinary intervals and store them in database.
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Fig 1: Sensor connectivity
The system need to obtain real time data collection and storage in database at fix intervals. The real – time
system for recording the data of Air quality measurement works in combination of sensors which are
individual for all six parameters of Air Quality measurement. The working and functionality of all these
sensors are different from each-other. These six sensors are installed together at same place and the output
signal of sensors are recorded and passed to the node connected to them through serial port. These signals are
recorded by the software at regular interval and transfer these data to the Server which is connected to the
node through a network. As shown in Fig 1 it depicts that six sensors are connected with the node and the
node is connected with the Centralize Database. The data obtained at regular interval is stored at the Database
Server which is connected with the Nodes through the network. Apart from these six sensors, there are two
more sensors which note the PM2.5 and PM10 as well as temperature, Humidity, light intensity and connected
with the node. These data are essential for measurement of AQI.

STUDY AREA
The study area is Surat city, is an Indian port city. It is the economic capital and former state the Indian State
of Gujarat. It is the administrative capital of the Surat District.The city is located 284 kilometers (176 mi)
south of the state capital, Gandhinagar; 265 kilometers (165 mi) south of Ahmedabad; and 289 kilometers
(180 mi) north of Mumbai. The city centre is located 22 km (14 mi) south of the Tapti River [16]. Surat has a
tropical savanna climate, moderated strongly by the Sea to the Gulf of Cambay. The summer begins in early
March and lasts till June. April and May are the hottest months, the average maximum temperature being
37 °C (99 °F). Monsoon begins in late June and the city receives about 1,200 millimeters (47 in) of rain by the
end of September, with the average maximum being 32 °C (90 °F) during those months. October and
November see the retreat of the monsoon and a return of high temperatures till late November. Winter starts in
December and ends in late February, with average mean temperatures of around 23 °C (73 °F), and negligible
rain.

Fig 2: Map of study region
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STUDY DESIGN AND SITE DESCRIPTION
Data collected using three sensors placed at three different locations in the city are recorded and obtained at
regular intervals. The areas are chosen based on different climate situations. These are i) Udhna- area with
mix of industries and residency also; ii) Adajan- area at tapti river bank with only residency and iii) Ringroad-
area with the textiles markets and lot of humidity. So, we have focused initially on three different kinds of
areas for climate and pollutant measurements of the city.
Three sensors at different locations record the Environmental variables data at regular intervals. These
intervals are not uniform. Data stored are filtered and Data of Interest are obtained. The data collected for
these three filters are of month October. The data obtained for all three sensors are stored in tabular format by
eliminating unwanted data attributes. For the purpose of data analysis, the database is stored into tabular form
with precision of 4 digit accuracy.
Further, the data are extracted based on the Month and stored month wise for each year. Month-wise data are
further stored into six groups based on the time intervals. The time sections are shown as follows:

Table 1. Data Reading Time Intervals
Duration Description

T1 12 pm to 5 pm Afternoon hours
T2 5 pm to 8 pm Evening -Peak Hours
T3 8 pm to 11 pm Late evening -Moderate time
T4 11pm to 6 am Night hours
T5 6 am to 9 am Early Morning Hours
T6 9 am to 12 pm Morning Peak Hours

As shown in Table 1, total six slots are arranged for the purpose of biphergation of database for Monthly
analysis. It can be observed that T2 and T6 are peak-hours where the maximum vehicle traffic is available.
For the purpose of this data segmentation for six slots as shown in Table 1, the data stored is aggregated and
three observations are obtained. These three observations are Max, Min and Average. Time-slot data
observations are obtained for the nine parameters which are used for the purpose of AQI(Air Quality Index)
measurement.

RESULTS AND DISCUSSION
For pilot analysis, the observations are shown in Table-2 and Table-3 which are for the month of October of
2014. These database observations are obtained for the pilot analysis. AS shown in Table-.2, the Reading, R-
10 is pertaining to October month of year 2014. For every Time slot, relevant Max, Min and Average
observations are obtained for the Sensor-3.
As shown in Table-2, the readings are for four important parameters namely Temperature, Humidity, Dew and
CO2. However, in case of Table-3, the readings are pertaining to three parameters namely CO (Carbon
Monoxide) , NO2 and CH4. Table- 4 shows the observations pertaining to Pb(lead), SO2 (Sulphur Dioxide),
O3(Ozone), (particulate matter less than 2.5 µg/m3)PM2.5 and PM10(particulate matter between 2.5 and 10
µg/m3) observations.

Table 2. Parameter observations for October-2014 for six Time Slots
Ocotber-2014 Readings

Temperature Humidity Dew CO2
Max Min Avg. Max Min Avg. Max Min Avg. Max Min Avg.

12 pm to 5 pm 34.62 29.51 32.64 72.25 62.05 66.02 25.93 24.68 25.50 380.66 363.41 375.42

5 pm to 8 pm 34.32 33.4 33.16 62.85 59.93 64.18 25.42 25.11 25.43 385.76 374.30 378.16

8 pm to 11 pm 33.78 32.94 33.42 63.53 61.45 62.25 25.45 25.11 25.30 386.40 377.21 382.83

11pm to 6 am 33.47 32.31 32.88 66.36 62.89 64.41 25.76 25.04 25.29 390.48 373.26 383.86

6 am to 9 am 33.03 31.8 32.28 67.62 65.14 66.57 25.85 24.79 25.34 388.24 377.21 382.93

9 am to 12 pm 33.09 31.11 32.31 70.42 65.5 67.24 26.16 24.98 33.21 381.45 363.41 374.80
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Table 3. Parameter observations for October-2014 for six Time Slots

CO NO2 CH4

Max Min Avg. PM10 PM2.5 Avg. Max Min Avg.

12 pm to 5 pm 4.11 3.08 3.58 73 27.1 0.20 498.31 171.82 312.19

5 pm to 8 pm 4.99 4.20 3.99 64 24.0 0.16 1017.62 539.38 499.68

8 pm to 11 pm 5.14 4.54 4.76 65 24.2 0.10 1138.55 722.59 861.16

11pm to 6 am 5.46 4.83 5.13 68 25.1 0.10 1421.70 908.73 1136.69

6 am to 9 am 4.64 3.87 4.24 69 25.5 0.18 780.30 399.64 573.75

9 am to 12 pm 3.87 3.40 3.63 72 26.5 0.23 399.64 248.14 319.91

Table 4. Parameter observations for October-2014 for six Time Slots

PM

PM10 PM2.5

12 pm to 5 pm 73.46 27.08333

5 pm to 8 pm 64.06 23.95

8 pm to 11 pm 64.74 24.17667

11pm to 6 am 67.57 25.12

6 am to 9 am 68.83 25.54

9 am to 12 pm 71.63 26.47333

Based on the data available for Table-2, 3 and 4, the inferences can be obtained are: Temperature and
Humidity parameters are observed to have very strong negative correlation. Shown in Fig 3, the correlation
observed is -0.971. It shows very strong negative correlation and thus, we can conclude that with rise in
temperature, Humidity is inversely affected. When temperature is down, the Humidity is increased.

Fig 3 : Correlation Between Humidity and Temperature for six slots.
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It is observed that, Temperature and Dew have moderate downhill correlation. The correlation observed for
the October data for six time slots are narrated in Fig 4.This moderate downhill correlation is not very
significant for the Data analysis of October, 2014 and can be ignored for observation. However, we can also
infer from this observations that, with rise in Temperature, the Dew factor is negatively reacting but not very
significant. It is also important to note that for Slot T-5 and T-6, the due factor is significantly higher where as
the temperature rise is not very significant.

Fig 4: Correlation among Temperature and Dew for six slots.
Humidity and Dew factor correlation is obtained to be -0.5737. This shows negative moderate correlation. As
shown in Fig 5, it is evident that for slot T-5 and T-6, Dew and Humidity factors are significantly inversely
observed. However, for slot T-1 to T-4, the inverse correlation is very insignificant.

Fig 5. Correlation among Humidity and Dew for six slots.
Considering the correlation among the Temperature and CO2, it is observed that there is very weak uphill
correlation is observed. For the all six slots, it is evident that very weak correlation is observed. The
correlation among CO2 and Temperature is observed to be 0.3408. However, considering the correlation
among Temperature and NO2, very strong and significant negative correlation is observed. The observation
depict that the correlation is observed to be -0.749. It is very strong downhill correlation. These infer that with
increase in temperature, the NO2 is likely to be decrease. It is evident and can be seen very clearly from the
Fig 6.
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Fig 6 (a): Correlation among Temperature, CO2 and CH4 for six slots (b): Correlation among
Temperature and NO2 for six slots

Considering the Temperature and CH4, weak positive correlation is observed. The observation is 0.4978
which is significantly low and depicts low correlation. It is observed from Fig 7 that strong negative
correlation is found among Humidity and NO2. It is observed to be -0.749.

Fig 7. Correlation among Humidity and NO2 for six slots
Considering the Dew, Humidity and Temperature factors, it can be observed from temperature and Humidity
are inversely varying. The correlation can be depicted from  Fig 8. Correlation among them is very strongly
negative. However, temperature and dew are moderately negative. Humidity and due factors are moderately
positive correlations.

Fig 8. Correlation among Temperature, Humidity and Dew for six slots
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As shown in Table 5, correlations among various parameters are shown. The Correlation can depict between
the air pollutants:

Very strong negative correlation is observed among the Temperature and Humidity (-0.97128). Similarly,
very strong negative downhill is observed among Temperature and NO2(-0.74873), Temperature and PM10(-
0.76589) and Temperature and PM2.5 (-0.76589).

Very strong positive correlation is observed among Humidity and NO2(0.859692). However, significantly
negative correlations are observed among Humidity and CO(-0.65854) and among Humidity and CH4(-
0.6432).

Strong positive correlation is observed among Humidity and PM10(0.792556) and also among Humidity and
PM2.5(0.792556).

Table 5. Correlation among AQI parameters.

Temp. Humidity Dew CO2 CO NO2 CH4 PM10 PM2.5

Temp. 1

Humidity -0.97128 1

Dew -0.50879 0.573679 1

CO2 0.34083 -0.53645 -0.6085 1

CO 0.499382 -0.65854 -0.48692 0.914688 1

NO2 -0.74873 0.859692 0.651874 -0.82119 -0.93372 1

CH4 0.497778 -0.6432 -0.46861 0.870603 0.99314 -0.93204 1

PM10 -0.76589 0.792556 0.440136 -0.58803 -0.59493 0.67751 -0.55298 1

PM2.5 -0.82476 0.864081 0.465369 -0.62304 -0.65087 0.748494 -0.60935 0.989525 1

The Dew factor correlation with CO2 and CO is observed to be negative. However, It is important to note that
correlation among Dew and CO is observed to be -0.6085 which is moderately negative and significant.
Correlation among Dew and NO2 is observed to be 0.651874, which is significantly positive correlation.

It is also observed that among CO2 and CO, very strong positive correlation exists. The correlation is
observed to be 0.914688 and observed to be very strong positive. Similarly, among, CO2 and CH4, very
strong positive (0.8706) correlation exists. However, among CO2 and NO2(-0.82119), very strong negative
correlation exists.

It is also very important to see the correlation among CO2 and PM10 and CO2 and PM2.5 compared to the
CO and PM10 and CO and PM2.5. In case of CO2 and PM10, moderate negative (-0.58803) correlation is
observed where as in case of CO2 and PM2.5 significant negative (-0.62304) correlation is observed.
However, in case of CO and PM10 , moderately positive correlation (0.5949) is observed. Even, in case of CO
and PM2.5, significantly positive correlation (0.65087) is observed.

Very strong negative correlation is observed among NO2 and CH4 which is observed to be -0.93204. Incase
of correlation among NO2 with PM10 and PM2.5, strong positive correlation is observed which is 0.67751
and 0.748494 respectively.

Correlation among CH4 with PM10 and PM2.5 is observed to be 0.55298 and 0.60935 which is moderately
positive. It is also important to note that very strong positive correlation is observed (0.9894525) among
PM10 and PM2.5.

CONCLUSION AND FUTURE ENHANCEMENT
We have demonstrated the suitability of sensors for measuring urban air pollutant levels and their correlation
between them. The work was implemented for some specific areas and with regular time interval of
observation. Hence, the use of AQ-WDSN has a huge potential for providing intra-urban concentrations of
airborne pollutants at an unprecedented resolution, capturing their fine and dynamic spatial variability at a



1027 Kavita K. Ahuja, N. N. Jani

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

very high temporal resolution. The work will be extended with the air quality measurement for long period of
time i.e. observations of month to month and finally to the seasonal which leads to yearly air quality
measurement.
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