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Abstract

Background: In recent years, new findings on the relationship between human health and air pollutants
have emerged, underscoring the necessity for appropriate site selection of air monitoring stations.
Methods: This analytical-cross-sectional study aimed to compare the concentration levels of PM
and PM, ,, as measured by weight method, with data collected from an air quality monitoring station
(AQMS) in Tehran. Initially, data were collected from the Tarbiat Modares AQMS. The accuracy of this
data was then evaluated using a high-volume sampler and Grimm dust monitor situated approximately
200 meters away from the Tarbiat Modares station. The study period was between June 2017 and
October 2017, and the frequency of sampling was every six days according to the instructions.

Results: The results revealed that the average concentration levels of PM,, as measured during the
sampling period by the high-volume sampler, the Grimm device, and the air quality measurement
station, were 143.54+33.84, 70.95+7.06, and 110.06+27.08 pg.m>, respectively. The highest daily
concentration of PM, j was recorded by the high-volume sampler device at 197.12 pg.m>.

Conclusion: This study found a weak correlation between the aerosol concentration data obtained
from the monitoring station and those obtained from the Grimm device and the high-volume sampler.
Therefore, it is crucial to ensure the quality control and assurance of data collected from monitoring
stations for accurate decision-making and planning.

Keywords: Air pollution, Particulate matter, Validation study, Dust, Cross-sectional studies

Citation: Aboosaedi Zahra, Naddafi K, Nabizadeh Nodehi R, Hassanvand MS, Faridi S, Aliannejad R.
Investigating the performance of urban air quality monitoring station in measuring PM2.5 and PM10:
a case study in Tehran, Iran. Environmental Health Engineering and Management Journal 2023; 10(4):
451-458. doi: 10.34172/EHEM.2023.48.

Article History:

Received: 8 May 2023
Accepted: 16 July 2023
ePublished: 14 October 2023

*Correspondence to:
Kazem Naddafi,
Email: knadafi@tums.ac.ir

Introduction
Air pollution is the first leading environmental risk factor

10 and 2.5 um (PM, and PM, ). This is due to the rapid
and unsustainable industrialization and urbanization,

for health (1). The exposure to air pollutants imposes
different health effects on humans, depending on the
composition, exposure level, exposure duration, exposure
frequency, and toxicity of the pollutant of interest (2,3).
The International Agency on Cancer Research (IARC)
has classified air pollution and particulate matter as
a carcinogen for humans (Group I) (4). Numerous
studies have estimated that the number of excess deaths
attributed to ambient air pollution ranges from 7 to 8.9
million deaths per year (5).

Tehran, Iran’s capital and most populous city, is dealing
with high concentrations of air pollution, especially
particulate matter with an aerodynamic diameter less than

the mounting number of motorized transportation
means, and dust episodes (6-9). Air pollution in Tehran
has been one of the main challenges for the government,
policymakers, and the public during the last decades.
Several studies have been conducted on different aspects
of particulate air pollution in Tehran, including chemical
characteristics of PM (10-12), source apportionment of
PM, , (13,14), and estimating the health impacts attributed
to the short- and long-term exposure to PM (7,15,16).
However, there are still areas with insufficient or lack of
knowledge.

Understanding the temporal and spatial variations of
pollutants within the urban environment is of critical
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importance for any strategy and plan toward reducing
air pollution levels, promoting air quality, and protecting
public health (17). Continuous air quality monitoring is a
primary tool for assessing air pollution patterns (18). This
is performed by temporary and fixed air quality monitors
(AQMs) located in residential, suburban, and industrial
areas (17,19). However, a significant problem for AQMs is
the lack of a complete dataset, i.e., the presence of missing
values. This could be due to equipment malfunctions,
calibration issues, operation and maintenance needs,
computing errors, filter changes, or power outages (20,21).

Air pollution studies on improving air quality
management actions, determining long-term trends, and
locating possible sources of pollution could lead to more
efficient regulations on air quality (18). Establishing a
network of AQMs in each city is an infrastructural action
in the management of air quality. The objectives for such
a network include quantifying the effect of air pollution
control strategies using monitoring and evaluating the
trend of changes and fluctuations, identifying the hazards
for human ecosystems, determining the population
exposure and assessing the effect of air pollution on
human health, providing public informing and warning
systems, developing a reliable dataset for research in areas
with no AQMs, source apportionment of air pollutants,
and evaluating the compliance with national standards
and international guidelines. Tehran’s Air Quality
Control Company (TAQCC), which operates a network
of AQMs in Tehran, possesses similar objectives (7).
Epidemiological studies consistently present cutting-edge
findings on the association between air pollutants and
health (22). These studies necessitate appropriate siting
and planning of AQMs to secure precise and accurate
pollutant measurements. Employing more precise,
accurate, and reliable tools for assessing the effects of
pollutants on health leads to estimates that more closely
reflect actual conditions (23). The reliability of AQMs
data depends primarily on the location of the AQMs
site, followed by the efficient operation and maintenance
of these facilities. A few organizations in Tehran are
measuring air pollution levels for several years. However,
their datasets have been questioned in terms of reliability,
mainly due to the lack of on-time and proper calibration,
insufficiently trained employees, and inadequate financial
resources. This study aimed to measure PM,  and PM, .
concentrations in an area in Tehran and compare the
obtained values with the reported concentrations in a
nearby AQM.

Materials and Methods

Sampling location

The present study was conducted on one of the AQMs in
Tehran. The sampling site for this study was located on
the rooftop of one building in Shariati Hospital of Tehran.
This building is located 200 m from the Tarbiat Modares

(TB) AQM. The building’s height was about 12 meters,
and there was no obstacle for the sampler in a radius of 8
m (Table 1). In total, 21 samples were taken and compared
to the TB monitor. During the study period, the average,
maximum, and minimum air temperatures were 26.78,
38.00, and 17.00°C, respectively (Table 2). Figure 1 shows
the sampling location for the present study.

Sampling strategy

PM,, and PM,, concentrations were measured using a
high-volume samplerand a portable PM monitor (GRIMM
Aerosol Spectrometer, model 11E, Grimm Aerosol
Technik GmbH, Ainring, Germany). Using the portable
PM monitor, PM,, PM, ., and PMI concentrations were
measured simultaneously. This device automatically stores
the values in its memory, capable of calculating averages
over several seconds, minutes, hours, and even days. Also,
using temperature, pressure and humidity sensors, the
standard conditions can be easily calculated and included
in the measurements. Operating on the principle of laser
measurement, this device counts particles and measures
their diameters. The measurement rules in this device are
in accordance with the USEPA and European Union rules
and standards. This device uses light scattering technology
to count particles (24). According to the environmental
air standard method of the American Environmental
Organization, it is used for sampling suspended particles
in the ambient air. The engine of the device is designed for
high-speed, continuous 24-hour sampling.

In addition, a high-volume air sampler was used to
collect PM, mass. The sampler ran using a glass fibre
filter (fiberglass filter with dimensions of 203 x 254 mm)
under an airflow of 1.3-1.7 m*/min (1400 m’/d). High-
volume devices underwent calibration whenever the
sampling device’s location changed or any device repairs

Table 1. Characteristics of the sampling site

Parameter Information/Value

Location site Tarbiat Modares Monitor

Distance to the sampling site 200 m

Distance to highway 150 m
Longitude 51.3' degree
Latitude 35.7' degree

PM, ; instrument Met One BAM-1020, USA

PM,, instrument Environment SA, MP 101 M, France

Table 2. Descriptive statistics of meteorological parameters during the
study period

Parameter Average SD Minimum Maximum Median
(D%")y femperature 567 55  17.0 380 285
Wind speed (m/s) 25 1.3 1.9 4.7 23
Visibility (m) 10.1 0.3 9.3 10.9 9.7
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Figure 1. The sampling location for the present study

and servicing took place, especially when replacing the
device’s suction pump. Calibration was also done before
initiating the measurement, with a separate calibration
curve being prepared and drawn anew each time the
device was calibrated. There is a relationship between
the flow rate measured by the device’s stability section
(apparent flow rate) and the device’s actual flow rate
(25). Based on the EPA’s instruction, the samples were
collected every six days from June 2017 to October 2017
(five months). Each sampling session was initiated from
morning until the next 24 hours.

The ambient air sample at the measurement station
is directed through sampling probes into one or more
analyzers situated within the air quality monitoring
station (AQMS). Usually, the particle analyzer has an
independent probe. For these analyzers, the sample air
enters a section termed the “flow distributor” via the
probe, then, it proceeds into the gas analyzers through
distinct pipes. These analyzers immediately determine
the concentration of pollutants following the sample’s
analysis, and the ensuing data are typically transferred
to the section responsible for data maintenance and
storage. Ultimately, the monitoring data can be accessed
and utilized via the reporting software on the computer
within the station (26). Since the objective of this study
was to compare the measured concentrations of PM with
those formally reported from an AQM, the PM, and
PM, . concentrations reported by the Tarbiat Modares
station were acquired from the TAQCC. The data for air
temperature, wind speed, visibility, and precipitation were

obtained from the Mehrabad Airport’s meteorological
station.

Mass analysis of PM
Before sampling, the glass fibre filters were kept at a
temperature of 550 °C for 5 hours. For cooling, the filters
were held at a temperature range of 22 to 24 °C and relative
humidity of 50% (+5) for 48 hours. Then, the filters were
weighed using a microbalance (Mettler-Toledo Inc).
After PM, sampling, the filter was kept at a temperature
of 22-24 °C and relative humidity of 50% (+5) for 48
hours. Afterward, the filters were weighed using the
microbalance (Mettler-Toledo Inc). PM mass was
calculated considering the primary and secondary mass
of filters.

Statistical analysis

The concentrations reported from TB monitor
were statistically compared to and validated by the
concentrations obtained from the high-volume sampler
(as the standard method) and portable PM monitor.
Data handling and statistical analysis were performed
using Excel (Microsoft Office 2013, Microsoft, US.) and
R Programming Software (R v4.1.1 for Windows). In all
analyses, a significance level of 0.05 was considered.

Results

PM concentrations

The present study was conducted on one of the AQMs
in Tehran. In total, 21 samples were taken and compared
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to the TB monitor. During the study period, the average,
maximum, and minimum air temperatures were 26.78,
38.00, and 17.00°C, respectively. The averages ( + standard
deviation) of the PM, concentrations for the TB monitor,
high-volume sampler, and portable PM monitor were
110.06£27.08, 70.96+7.06, and 143.54+33.80 ug/m’
respectively (Table 3). The maximum and minimum
concentrations of PM were recorded by the high-volume
sampler (197.12 pg/m?) and portable PM monitor (62.09
ug/m?), respectively (Table 3).

In addition, the average (zstandard deviation)
concentrations of PM,, in TB monitor and high-
volume sampler were 35.30+£8.50 and 20.80+4.20 pg/
m’, respectively. The highest concentration of PM,, was
observed in TB monitor (53.08 pg/m?) (Table 3).

The box plots in Figure 2 present the median, 25"
percentile, 75" percentile, minimum, and maximum
concentrations of PM, and PM, in the TB monitor and
sampling site. In this plot, the dotted horizontal lines,
indicating the total concentrations of PM, and PM,
show the amount of PM data exceeding the relevant
standard values.

Table 3. PM,; concentrations observed in TB monitor and high-volume
sampler and PM,; concentrations observed in TB monitor and portable
PM monitor

PM10 PM2.5
Parameter High- Portable Portable
TB. volume PM TB_ PM
monitor N monitor .
sampler monitor monitor
Average 110 143.5 70.9 35.3 20.8
Median 101.2 139.7 68.3 33.0 19.3
Standard 27 33.8 7 8.5 42
deviation
Variance 733.5 1145.4 49.8 72.5 17.7
Minimum 70.7 98.7 62 19.1 16.3
Maximum 176.6 1971 89 53 30.3
Sl S
2 -
= 8 -
£
B,
.
= i
g 4 S —
T T T
Grimm Hi-Volume Station

Monthly variations of PM

Fluctuations of monthly concentrations of PM , and
PM, . during the study period were evaluated. For the
high-volume sampler, the minimum and maximum
monthly concentrations of PM,  were observed in July-
August (134.32+17.32 pg/m®) and October-November
(185.60+3.04 pg/m?), respectively. In the case of TB
monitor (155.80 ug/m*) and the portable monitor (81.65
pg/m’), the maximum monthly PM,  concentrations
were also observed in October-November. However, the
minimum concentrations of TB monitor (93.22 ug/m?)
and the portable monitor (62.09 pg/m?) occurred in June-
July.

For PM,, particles, the minimum monthly
concentrations of TB monitor (25.44 ug/m’) and the
portable monitor (18.60 ug/m?) were recorded from June
to August.

Daily variations of PM

Figures 3 and 4 illustrate the variations of PM,  and PM,
concentrations on different days of the week. The middle
days of the week (Tuesday and Wednesday, based on
the Persian calendar) showed higher concentrations of
PM, possibly due to the more vehicle transportation and
traffic within the city. Conversely, weekends (Thursday
and Friday, according to the Persian calendar) recorded
lower PM concentrations. This could be due to reduced
transportation within the city, as most people typically
choose to travel or remain at home during the weekends.

Comparing to the national standard and WHO guideline
The guideline values set by the World Health Organization
(WHO) for PM,  and PM, , (24 hours) are 25 and 15 pg/
m® (27), respectively. The National Standards of Iran
for PM,; and PM,, (24 hours) are 150 and 35 pg/m’,
respectively. The daily average concentrations of PM,  in
TB monitor (110.06 ug/m?), high-volume sampler (70.94
pg/m?), and portable monitor (70.94 pg/m?®) were higher

50

pmzs (ug/md)
n
1

30
|

20
1

T T
Grimm Station

Figure 2. Box plot for comparing PM, (left) concentrations in TB monitor, high-volume sampler, and portable PM monitor; Box plot for comparing PM,

(right) concentrations in TB monitor and portable PM monitor
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Figure 3. Daily variations of PM,  in TB monitor, high-volume sampler,
and portable PM monitor
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Figure 4. Daily variations of PM, , in TB monitor and portable PM monitor

than the WHO’s guideline and lower than that of Iran’s
National Standards. In addition, the daily PM,, mean in
TB monitor (34.14 ug/m®) and portable monitor (20.59
pg/m?®) was higher than the WHO’s guideline and still
lower than Iran’s National Standards.

Validation of TB monitor
Table 4 presents the intra-class correlation (ICC)
between the concentrations of PM, and PM,, in
various measurements. ICC coefficients show a weak
correlation between TB monitor and the results of
this study. The ICC coefficients for TB monitor-high
volume sampler, TB monitor-portable monitor, and
high volume sampler-portable monitor were 0.39, 0.21,
and 0.13, respectively. These results indicate that TB
measurements are inconsistent with those from the
high-volume sampler, as the gold standard. Additionally,
there was a weak correlation between the high-volume
sampler and portable monitor measurements (0.13 for
PM, and 0.2 for PM,,). This might be attributable to
their different measurement mechanisms (gravimetric in
the high-volume sampler versus light scattering in the TB
monitor and Grimm instrument). Another factor could
be the significant discrepancy in the airflow of the devices
(around 1 m*/min in the high-volume sampler versus 1.2
L/min in the portable monitor).

Table 5 presents the Lin’s concordance correlation
coefficient (CCC) between measurements in TB monitor

Table 4. Intra-class correlation (ICC) for the concentrations of PM,; and
PM, . between TB monitor, high-volume sampler, and portable monitor

High-volume Portable PM

PM/Station .
sampler monitor

TB monitor

PM

10

TB monitor 1 0.3 0.2
High-volume sampler - 1 -
Portable PM monitor - 0.1 1
PMZ.S

Portable PM monitor 0.2 - 1

Table 5. The Lin’s concordance correlation coefficient (CCC) between TB
monitor, high-volume sampler, and portable monitor

TB high- TB High-volume
volume portable sampler —
sampler monitor portable monitor
Confidence interval 95% 0.01-0.5 0.1-0.2 0.00 - 0.05
Error correction factor 0.6 0.1 0.06
Peargqn s correlation 0.4 0.6 0.4
coefficient
Concordance correlation 03 0.09 0.1

coefficient

and the present study. The CCC indicated a weak
correlation between TB monitor and the results of this
study. The CCCs for TB monitor-high volume sampler,
TB monitor-portable monitor, and high volume sampler-
portable monitor were 0.28, 0.02, and 0.19, respectively.

According to Table 4, the ICC for PM, , measurements
in TB monitor and portable monitor was 0.23, indicating
a weak correlation between the two datasets. This
indicates that the PM, , concentrations obtained from the
TB monitor are inconsistent with those measured by the
portable PM monitor.

Discussion

The results of this study showed that PM, concentrations
obtained from TB monitor are consistently lower than
those measured by the high-volume sampler. There was
a distance and height difference between the locations of
two devices that can contribute somehow to the difference
in the PM concentrations. Goudarzi et al conducted a
study on the validation of PM measurements in Tehran
and found that the PM,  concentrations reported by
TAQCC may not be reliable due to the lack of instrument
sensitivity, as similar concentrations were reported
for several consecutive hours (28). In another study,
PM,, PM,,, and PM, concentrations were measured
simultaneously using a high-volume sampler and Grimm
portable PM monitor. The results indicated a significant
difference between the measurements of the two devices
since higher concentrations were observed by the high-
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volume sampler (29).

Fluctuations of monthly concentrations of PM, and
PM, . during the study period were evaluated. For the high-
volume sampler, the minimum and maximum monthly
concentrations of PM,  were observed in July-August
and October-November, respectively. In the case of TB
monitor and the portable monitor, the maximum monthly
PM, concentrations were also observed in October-
November. However, the minimum concentrations of TB
monitor and the portable monitor occurred in June-July.
The maximum monthly PM, ., concentrations were also
observed in October-November. Fossil fuels are the major
sources of ambient fine particles (PM,, and PM,). It can
be posited that during the colder months (such as October
and November), an increase in the burning of fossil fuels
is experienced. This escalation in emissions, coupled with
the phenomenon of atmospheric inversion, leads to the
consequent accumulation of particulate matter in the
atmosphere during these chillier seasons. The topography
of Tehran, being surrounded by mountains, is further
seen to exacerbate these unfavorable conditions.

The daily average concentrations of PM,  in TB monitor
high-volume sampler and portable monitor were higher
than the WHO’s guideline and lower than that of Iran’s
National Standards. In addition, the daily PM,, mean in
TB monitor and portable monitor was higher than the
WHO’s guideline and still lower than Iran’s National
Standards. Between 2012 and 2017, the annual mean
concentrations of PM, , PM, , and No, in Tehran were
higher than the WHO or quality guideline values. The
authors stated that the annual average concentrations
of PM, were between 78.9 and 89.9 ug/m’from 2012 to
2017. By contrast, the PM, _ concentration declined 14.3%
from 2012 to 2017. The annual mean concentration of
ambient No, was increased during six years (2012-2017)
(23).

With regard to the PM, validation data measured at
the monitoring station, it was consistently observed that
the station reported a lower concentration than the actual
concentration indicated by the reference device, namely
the high-volume sampler device. It is important, however,
to take into account the differences in height and distance
between the high-volume sampler and the monitoring
station, as these variables are likely to contribute to the
observed discrepancies between the results from the high-
volume sampler and those from the monitoring station.

In the study by Goudarzi et al on the validation of PM
measurement in Tehran, based on statistical analysis and
the consistent readings taken by the Air Quality Control
Company at different times, it has been concluded that
the data published by this company regarding PM, lacks
the necessary credibility due to the absence of sensitivity
in the device for recording and measuring fluctuations.

In the study of Goudarzi et al on the validation of PM
concentrations in Tehran based on the statistical analyses

and the stability of the readings taken by the air quality
control company at different times on a specific duration,
that indicates the lack of device sensitivity in recording
and measuring fluctuations, the data published by this
company lacks the necessary credibility regarding PM,
(28).

Limitations of this study

In terms of the data measured by the authors, the errors
related to measurement and calibration and maintenance
issues of the devices were observed. The authors have
no information regarding the collocated data of the
instruments, flow calibration, and quality assurance
and quality control (QA/QC) at the network level.
Furthermore, according to personal communication with
the technical officer of the AQMSs, it was conveyed that
QA/QC procedures adhered to are exactly as specified
in the manual of monitoring instruments used at each
AQMS.

Conclusion

The objective of this study was to evaluate the condition
of the measuring stations. The findings have apprised the
accountable entities in this field about the essentiality of
placing increased emphasis on the crucial matter of QA/
QC at these stations.

The results of this study showed that there is a weak
correlation between the PM concentration reported by
an urban monitoring station with the concentration
measured by a high-volume sampler and a portable PM
monitor. The urban monitor (TB monitor) recorded
lower PM levels compared to the high-volume sampler
as the standard method. It should be noted that parts of
this difference can be due to the distance between the
two devices, the small sample size, and the insufficient
duration of the study. Future studies can focus on these
limitations. Based on this study, it is necessary to control
the quality and guarantee the quality of the measurements
in the TB monitor and other monitors of the Tehran air
quality monitoring network.
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