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Abstract
Background: The air quality and its impact on the environment, especially on human health, are considered as a significant issue
of concern by major public and governmental organizations. Therefore, monitoring of air pollutants is necessary to design control
plans. This study aimed to evaluate the criteria for pollutants in the ambient air of Babol city.
Methods: This descriptive and cross-sectional study was conducted on 136 samples obtained from 17 sampling stations during 2013,
and the samples were collected using the respective devices on the site. The data were analyzed by ANOVA using Excel and SPSS
software. Then, the results were compared with the national environmental protection agency (EPA) standards.
Results: Among the samples obtained from 8 sampling stations, the maximum mean concentration of particulate matter (PM) was
0.0285 ± 0.007 µg/m3 in Shohada square, and the minimum was 0.024 ± 0.009 µg/m3 at the station at Mohammad Hassan Khan
bridge; these are lower than the standard values. Also, the amount of carbon monoxide, nitrogen dioxide, and sulfur dioxide in all
stations was zero, so the air quality index (AQI) was less than 50 in all cases.
Conclusions: The findings of this research show that the measured concentration of particles and other pollutants was less than
the EPA and WHO standards; therefore, Babol has clean and healthy air.
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1. Background
Today, one of the most important environmental problems in the major cities of the world is poor air quality.
The adverse air conditions cause a wide range of acute and
chronic health effects, even leading to death due to respiratory and cardiovascular diseases (1, 2). Air pollution accounted for 6% of the total mortality or more than 40,000
cases per year in Austria, Switzerland, and France (3). Important pollutants such as carbon monoxide (CO), particulate matter (PM), sulfur oxides (SOx ), and nitrogen oxides
(NOx ) are not part of the natural composition of air, and
thus, their presence in the atmosphere is the result of industrial development, population growth, increased use
of energy sources, and so on (1).
Epidemiological studies at a university of the United
Kingdom have shown the relationship between particulate air pollution and disease exacerbation, with a rise in
the disease not confined to people with respiratory illness

and, also, an increase in the number of deaths from cardiovascular and respiratory diseases among the elderly. Harvard University in the United States conducted a study in
six cities and indicated that long-term air pollution is associated with traffic and mortality (4).
Another study in the Netherlands illustrated the direct
relationship between long-term exposure to air pollution
and increased mortality (5). Scientists found that PM could
increase the oxidized phospholipids in the lungs, resulting
in a systemic cellular inflammatory response (6).
Conclusive evidence has indicated that air pollution
increases the risk of cardiovascular diseases. Exposure to
air pollution is related to activation of inflammatory pathways, endothelial injury and dysfunction, production of
reactive oxygen species, changes in blood coagulation factors, and arterial vasoconstriction (7).
Since infants and children breathe much faster than
adults do, they are exposed more to air pollutants than
adults. This increases their contact with any pollutant in
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the air. Moreover, children are more sensitive to the effects
of air pollution on their immune system as the body organs are not fully developed (8).
Also, CO, NO2 , SO2 , and the total concentration of PM
during the first trimester of pregnancy are risk factors for
low birth weight infants (9).
Since the air quality directly affects the health of people, awareness regarding the air quality is considered as
one of the basic rights of people. On the one hand, one of
the duties of the Ministry of Health is to provide for and
maintain and improve the public health and on the other
hand, to know the effects of air pollutants and the exposure
of citizens to them.
2. Objectives
In the current study, we aimed to investigate the air
quality index (AQI), considering that no research has been
carried out in this field so far.

agency (EPA) standard using the standard table of clean
air, and then, the air quality was determined in accordance
with the related standard (10, 11).

4. Results
The levels of CO, NO2 , and SO2 at all stations were close
to zero (Table 1). The maximum mean concentration of PM
was 0.0285 ± 0.007 µg/m3 in Shohada square, and the minimum was 0.024 ± 0.009 µg/m3 at the station at Mohammad Hassan Khan bridge; these are lower than the standard values.
Also, the PM concentration was highest at 18:00 - 20:00
hours and lowest at 14:00 - 16:00 hours, being 0.0286 ±
0.087 µg/m3 and 0.0195 ± 0.0091 µg/m3 , respectively (Table 2). Moreover, regarding the relationship between the
PM concentration and days of the week, the highest concentration of PM, 0.028 ± 0.0079 µg/m3 , was seen on
Wednesday, and the lowest, 0.244 ± 0.0085 µg/m3 , was
seen on Friday (Table 3).

3. Methods
This non-interventional, descriptive, and crosssectional study was conducted in Babol in 2013. Babol
is divided into four districts. There are 2 stations in each
district, and 17 samples were collected from each station.
Totally, 136 samples were collected during the year. As the
maximum pollution in Babol city was expected to be in the
central squares due to the heavy traffic and car volumes
and high pollution, most of the samples were collected
at different hours of the day and on different days of the
week from the main squares.
Along with the device (The devices used for air pollution measurement were thermometers and humidity meters), temperature and humidity sensors were used. It was
easy to calculate the standard conditions, and these were
included in the measurements. Micro Dust Pro, Cassella,
UK, instrument was used to measure the concentration
of the inhaled particles whose aerodynamic diameter was
less than 10 microns. This instrument was designed to
measure the concentration of the inhalable particles and
the mean particle density every 10 seconds.
The measured values were transferred to a computer
and analyzed. This instrument can be used for sampling of
different types of dust. The instrument is equipped with
a polyurethane filter and a pump for sampling particulate
matter. The airflow rate was 2 L/min. Finally, the mass concentration of PM10 was calculated using a standard gravimetric procedure.
The data were analyzed by ANOVA using Excel and SPSS
software. The concentration of the pollutants was compared with the United States environmental protection
2

5. Discussion
The maximum mean concentration of PM10 was 0.0285
ppm in Shohada square whereas the minimum was 0.024
ppm at the station at Mohammad Hassan Khan bridge;
these concentrations are lower than the standard values.
The concentration was highest at 18:00 - 20:00 hours and
lowest at 14:00 - 16:00 hours.
Regarding the relationship between the PM concentration and weekdays, the highest concentration of PM was
seen in the middle days of the week, and the lowest was
at the end days of the week. In 2006, a maximum 24-hour
concentration of PM10 was 150 ppm according to the EPA
standard whereas the WHO 24-hour standard is 50 µg/m3 .
In both cases, the amount of PM was lower than the standards (10, 12).
Shahsavani et al. evaluated the PM concentrations in
Ahvaz in 2010 and concluded that the mean concentration
of PM10 was 319.6 ± 407.7 µg/m3 . The maximum amount
of PM10 was 496 µg/m3 , which was due to large amounts of
dust originating from the deserts of Iraq (13).
In a study by Leili et al. on the PM concentration and
air quality of Tehran in 2006 - 2007, it was reported that
the minimum and maximum concentrations of PM at 5 stations in Tehran was 55.31 and 67.76 µg/m3 , respectively. According to the EPA standard, 67% and 25% of the measurements were higher than the standard at stations 1 and 2
(14).
Another study on AQI and PM concentration in Arak
reported the minimum and maximum concentration of
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Table 1. The Concentration of SO2 , NO2 , and CO in ppm at Different Days of the Week at All Stations
Days of the Week

PM Level, ppm

No. of Samples
Minimum

Maximum

Mean

SD

0

0

0

0

16

Saturday
Sunday

32

0

0

0

0

Monday

24

0

0

0

0

Thursday

15

0

0

0

0

Wednesday

24

0

0

0

0

Thursday

26

0

0

0

0

Friday

32

0

0

0

0

Table 2. PM10 Concentration (µg/m3 ) at Different Times of a Day
Hours of the Day

PM Level, µg/m3

No. of Samples

6-8

30

Minimum

Maximum

Mean

SD

0.012

0.040

0.0269

0.0064

8 - 10

25

0.015

0.039

0.0266

0.0067

10 - 12

17

0.009

0.034

0.0258

0.0073

12 - 14

9

0.009

0.047

0.0282

0.0011

14 - 16

17

0.005

0.038

0.0195

0.0091

16 - 18

15

0.015

0.041

0.028

0.0075

18 - 20

23

0.010

0.040

0.0286

0.0087

Table 3. PM10 Concentration (µg/m3 ) in Different Days
Days of the Week

PM Level, µg/m3

No. of Samples
Minimum

Maximum

Mean

SD

Saturday

8

0.012

0.047

0.025

0.0102

Sunday

18

0.007

0.039

0.026

0.009

Monday

10

0.009

0.041

0.025

0.0087

Thursday

15

0.020

0.037

0.027

0.0056

Wednesday

18

0.013

0.040

0.028

0.0079

Thursday

41

0.009

0.040

0.026

0.0080

Friday

26

0.005

0.0037

0.0024

0.0085

PM10 to be 34.33 and 100.1 µg/m3 , respectively. The cleanest air conditions were in December, and the highest levels
of PM were in June, which is contrary to the results of the
current study because Arak has heavy industries and is a
desert with high sandy wind and pollution (15).
The results of a study in Sri Lanka in 2012 on the concentration of pollutants in the residential and central areas of the city showed that the concentration of PM in the
residential areas was greater than that in the central parts
(16).
Based on the results of the present study, the levels of
CO, NO2 , and SO2 at all stations were close to zero, which
Int J Health Life Sci. 2018; 4(1):e79606.

is lower than the standard. One of the most important pollutants entering into the atmosphere via transportation of
vehicles is CO.
However, the CO level was zero in the numerous measurements performed at the stations as most of the measurements were carried out at the height of 1.5 m from
the ground. Since CO moves rapidly into the air after release with respect to the temperature, the zero levels measured is expectable. But this result is different from that
of Naddafi in Tehran in 2009 since Tehran has the largest
number of vehicles and industries in the suburb, and the
geographical location of Tehran causes the high concentra3
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Table 4. PM10 Concentration (µg/m3 ) at Different Stations
Station

PM Level, µg/m3

No. of Samples

17

Velayat Square

Minimum

Maximum

Mean

SD

0.012

0.039

0.025

0.0094

Keshvari Square

17

0.013

0.040

0.0277

0.0077

Shahid Bazaz Square

17

0.009

0.037

0.0246

0.009

Hamzekola Square

17

0.005

0.041

0.0267

0.010

Shohada Square

17

0.020

0.047

0.0285

0.007

Baghferdos Square

17

0.014

0.037

0.0268

0.005

Mohammad Hassan Khan Bridge

17

0.007

0.038

0.024

0.009

Amol Stop

17

0.009

0.034

0.258

0.0057

Table 5. Equipment Used in this Study to Collect the Samples
Pollutant Type

Measuring Instrument

Made in

Mark

NO2

NO2 Analyzer

Korea

tes electrical electronic crop

SO2

SO2 Analyzer

Korea

tes electrical electronic crop

CO

CO Analyzer

Taiwan

tes electrical electronic crop

CO2

CO2 Analyzer

Korea

tes electrical electronic crop

PM10

MicroDust Pro, Cassella, UK

Ukraine

tion of CO while there are no such conditions in Babol (17).

5.1. Conclusion

The AQI of Babol was lower than the standard, and the
percentage of measured days was clean air (AQI < 50). In a
study titled “The comparison of air quality between Tehran
and Isfahan and some suggested strategies for its improvement in 1999,” the air quality in these two cities was determined using the standard pollutant index, and the concentration of the pollutants according to the calculated index
was 329 days in Tehran and 34 days in Isfahan, which exceeded the standard (18).

The measured values at all stations were lower than the
standards of the EPA, which indicates that the air of Babol
is clean, but considering the importance of the issue of air
pollution and the limitations of the current research, it is
better to perform further research on organic pollutants
such as BTXE and other pollutants.

Another study compared the air quality in Tehran in
2006, 2007, and 2008 and demonstrated that the AQI was
higher and lower than the standard (AQI < 100) in 71.5%
(261 days) and 28% (104 days) of the cases in 2006, respectively.
The AQI was higher and lower than the standard in
59.72% (218 days) and 40.28% (147 days) of the cases in 2007,
respectively (19).
Rafieinia et al. conducted a study titled “Comparative
investigation of health quality of air in Tehran, Isfahan and
Shiraz metropolises in 2011 - 2012” and illustrated that the
AQI in Tehran, Isfahan, and Shiraz was higher than the EPA
standard of Iran (AQI > 100) for 341, 323, and 85 days, respectively, and PM was a major pollutant in these cities on
most days (20).
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