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Introduction: The wide range of studies on air pollution requires accurate
and reliable datasets. However, due to many reasons, the measured concentra-
tions may be incomplete or biased. The development of an easy-to-use and
reproducible exposure assessment method is required for researchers. There-
fore, in this article, we describe and present a series of codes written in R
Programming Language for data handling, validating and averaging of PM
PM, , and O, datasets.

Findings: These codes can be used in any types of air pollution studies that
seek for PM and ozone concentrations that are indicator of real concentra-
tions. We used and combined criteria from several guidelines proposed by US
EPA and APHEKOM project to obtain an acceptable methodology. Separate
.csv files for PM, , PM, ; and O, should be prepared as input file. After the file
was imported to the R Programming software, first, negative and zero values
of concentrations within all the dataset will be removed. Then, only monitors
will be selected that have at least 75% of hourly concentrations. Then, 24-h
averages and daily maximum of 8-h moving averages will be calculated for
PM and ozone, respectively. For output, the codes create two different sets of
data. One contains the hourly concentrations of the interest pollutant (PM,,
PM, , or O,) in valid stations and their average at city level. Another is the
final 24-h averages of city for PM, and PM,  or the final daily maximum 8-h
averages of city for O,.

Conclusion: These validated codes use a reliable and valid methodology, and
eliminate the possibility of wrong or mistaken data handling and averaging.
The use of these codes are free and without any limitation, only after the cita-

tion to this article.

Introduction

gating the relationships between exposure to var-

Air pollution has been introduced as the fifth risk
factor for health in the world [1]. High concen-
trations of particulate matter with aerodynamic
diameter <10 pm (PM, ) and <2.5 pm (PM,,),
ozone (O,), nitrogen dioxide (NO,), etc. have
been recorded worldwide [2-4]. This has brought
a significant attention to air pollution research.
Many epidemiological studies have been investi-

ious air pollutants and different health outcomes
[5, 6]. Health impact assessment studies evalu-
ates the impact of reduction or increase in air
pollution levels caused by the environmental, in-
dustrial and political strategies and decisions. In
addition, the study on the temporal trends, spatial
variability, and affecting factors of air pollution is
always important in urban environments [7].
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The wide range of studies about air pollution re-
quires accurate and reliable datasets [8]. In ad-
dition to short-term campaigns of air quality
measurements for research purposes, many cities
provide continuous measurements using air qual-
ity monitoring stations. However, due to many
reasons such as power outage, device failure,
lack of calibration, etc., the collected data may
be incomplete or biased [9]. The use of this raw
data in research leads to the inaccurate, unreli-
able, and biased results. Therefore, an important
step in air pollution studies using the data from
air quality monitors is to handle and evaluate the
validity of raw datasets [10]. In addition, since
different types of air quality monitors have been
designed and operated, the certain types of moni-
tors should be selected for different research ob-
jectives [11-13]. In should be noted that these
procedures are different from those used in the
data audit of monitors after the data obtained.

Health-related agencies and organizations have
published several guidelines for air quality data
handling and validating, i.e. exposure assessment
[8, 11, 14]Work Package 5, Deliverable D5, April
2011. The main objective of these guidelines is
to obtain the air pollution concentrations that are
representative of the population’s average ex-
posure to air pollution [15]. The first criteria is
the selection of proper stations. For instance, the
proper stations for health impact assessment of
particulate matter, NO,, and ozone are urban, ur-
ban, and urban + suburban stations, respectively.
The second and main criteria in these guidelines
is the percentage of data completeness that are
proposed to be more than 50%, 75% or even 90%.
In addition, zero, negative and other logically in-
valid values that sometimes are present in dataset
should be deleted. Fourth, the concentrations of
pollutants should be averaged over certain time
periods. For particulate matter and ozone, 24-h

averages and maximum of 8-h moving averages
during a day are normally accepted. The averages
should be calculated only for days that 75% of
hourly concentrations (18 h) are present. In case
of 8-h averaging, the 8-h averages should be cal-
culated for those parts of a day that 75% of data
(6 h) are present.

In conclusion, exposure assessment is a highly
critical step in air pollution studies. Several theo-
retical guidelines are developed by national and
international agencies. However, those guide-
lines may not be applicable and feasible in most
cases, especially in other parts of the world. In
addition, the development of an easy-to-use and
reproducible exposure assessment method is re-
quired for researchers. Therefore, in this article,
we describe and present a series of codes written
in R Programming Language for data handling,

validating and averaging of PM, , PM, , and O,

10° 2.5°
datasets.

Software Description
The usage of software
We developed easy-to-use codes written in R Pro-
gramming Language for data handling, validat-
0 PM, ., and O,. These
codes can be used in any types of air pollution

ing and averaging of PM

studies that seek for PM and ozone concentra-
tions that are indicator for those concentrations
have been experienced in urban environments.
These studies can be epidemiological studies,
health impact assessments, spatiotemporal inves-
tigations, etc.

The methods and equations used

We used and combined criteria from several
guidelines proposed by US EPA and APHEKOM
project to obtain an acceptable methodology [8,
11]Work Package 5, Deliverable D5, April 2011
plicable in many cities and for many datasets.
Fig. 1 shows the flow diagram of inputs, calcula-
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tion steps, and outputs of codes presented in this
article. It should be noted that all of these steps
will be accomplished automatically, once after
the user opens the codes in R Programming soft-
ware, and runs them.

In case of input file, for PM and O, separate .csv
files should be prepared. This comma delimited
.csv file that should be named “Dataset” consists
of unlimited number of columns that each col-
umn contains hourly concentrations of PM or O,
in each monitor. Each column should have a title,
i.e. the name of monitor. The user should set the
working folder of R software to the folder that
“Dataset” exists, using these steps: file > Change
dir.

After the file was imported to the R Programming
software, first, negative values of concentrations
within all the dataset will be removed. Second,
zero concentrations in the dataset will be deleted.
After the logically invalid values were removed
from each monitor, only monitors will be selected
that have at least 75% of hourly concentrations,
i.e. do not have more than 25% missing concen-
trations. Fourth, the concentration of pollutant in
each hour among all the monitors will be averaged
to obtain the hourly concentration at city levels.
Then, 24-h averages and daily maximum of 8-h
moving averages will be calculated for PM and
ozone, respectively. For calculating 24-h aver-
ages of PM, and PM, ,
arithmetic averages of concentrations during
each day. Finally, 365 or 366 daily (24-h) aver-
ages will be calculated for a whole year. For cal-

the codes calculates the

culating daily maximum of 8-h moving averages
of O,, first, the codes calculates the arithmetic
8-h moving averages during each day. For each
day, twenty-four 8-h moving averages will be ob-
tained in this step. Then, the maximum of those
8-h moving averages in each day will be selected
and reported as the “daily maximum of 8-h mov-

ing average” of ozone. Finally, 365 or 366 daily
maximum of 8-h averages will be selected for a
whole year.

For output, the codes create two different sets of
data. One contains the hourly concentrations of
the interest pollutant (PM, ;, PM, ,, or O,) in valid
stations and their average at city level. Another is
the final 24-h averages of city for PM, and PM,
or the final daily maximum 8-h averages of city
for O,. These two file will be in the .csv format.

Advantages and limitations

These codes solve a major problems for research-
ers working on air pollution. These validated
codes use a reliable and valid methodology, and
eliminate the possibility of wrong or mistaken
data handling and averaging. The user has the
least involvement in the process, and only should
prepare a raw dataset, and enter and run the codes
in the R Programming software. Another advan-
tage is the generation of two different sets of data
that can cover the users’ requirements for their
research purposes. In addition, the use of these
codes do not need any other packages, and all the
calculations are set to be performed only by using
built-in codes of R.

However, the use of these codes may have some
limitations. First, the user should have some ba-
sic knowledge about how to work with R Pro-
gramming software. Although, these codes re-
quire very low levels of R knowledge. Second,
researchers may want to conduct their studies on
other pollutants rather than PM, , PM, , and O,,
and this methodology cannot cover their needs.
Of course, that can be the subject of future devel-
opments of these series of codes.

Practical usage of software

In this section, we present and test the instruc-
tion and performance of the codes developed for
the validation of PM , PM, ,
tions. Fig. 2 shows an example of input data for

and O3 concentra-
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the codes. This prototype dataset is actually the
real PM, | concentrations recorded in 27 air qual-
ity monitors of Tehran during 2017-2018. Every
column belongs to the hourly concentrations of
PM,, in a specific monitor. The same format
should be provided for PM  and O, data. This

comma delimited .csv file should be named as
“Dataset”.

Then, the user should set the working folder of R
software to the folder that the “Dataset” file exist.
Fig. 2 shows the procedure for setting the direc-
tion of working folder in R software.

Input data: Hourly concentrations of PM,,, PM, 5, or O, in a .csv file

Y

|' 1. Deletion of negative values ]

i

2. Deletion of zero values

o

Y

|. 3. Selecting only stations with minimum 75% data completeness |

Y

4. Averaging hourly concentrations of all stations )
to obtain hourly concentrations of all city

/4—‘
| PM.gor PM, 5 |

y
|' 5.1. Calculating 24-h averages ]

| 05 |

| 5.1. Calculating 8-h moving averages for each day ]

'

5.2 Selecting maximum of 8-h averages in each day ‘

6. Outputs:
1- Hourly concentrations of valid stations in a csv file
2- Daily (24-h) averages of city in a .csv file

6. Outputs:
1- Hourly concentrations of valid stations in a csv file
2- Maximum of daily 8-h averages of city in a .csv file

Fig. 1. Flow diagram of inputs, calculation steps, and outputs
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2 25 14.00 8.80 9.01 15.36 23.97 42.31 17.75 6.27
3 25 13.00 3.83 22.38 10.75 13.72 37.43 13.24 8.50
4 22 19.00 14.85 20.35 8.20 10.11 32.97 10.07 12.71
5 17 22,00 30.86 12.95 12.56 3.16 16.72 38.67 17.72 16.21
6 17 18.00 22.59 14.90 2203 2.30 22.68 25.54 22.06 9.12
7 2 18.00 28.50 18.91 18.54 2.44 18.11 27.72 13.52 4.69
3 2 17.00 11.60 10.80 10.20 3.28 19.37 23.01 11.78 443
9 22 18.00 16.43 14.92 14.78 2.38 17.10 21.46 10.06 279
10 7 18.00 9.55 17.10 212 16.75 29.76 17.91 235
11 13 21.00 12.90 1145 12.32 2.98 24.77 16.56 2175 4.83
12 15 22.00 21.37 10.41 12.52 218 21.55 13.91 12.97 20.59
13 3 24.00 15.48 17.15 11.20 2.97 13.05 9.54 1113 14.76
14 5 18.00 25.36 10.94 7.75 2.61 7.78 8.45 9.78 8.97
15 6 10.00 3.33 9.75 2.89 24.53 7.29 6.46 6.85
16 12 5.00 3.88 9.52 3.68 26.38 7.58 6.05 18.55
17 15 4.00 5.10 5.91 11.74 15.47 13.85 5.87 19.28
18 10 5.00 4.53 4.43 15.61 11.75 24.34 3.88 11.33
19 7 4.00 7.99 2.36 9.94 11.59 25.25 3.83 7.61
20 9 5.00 18.42 4.44 6.10 11.81 22.90 5.93 4.75
21 13 8.00 18.99 7.73 7.34 11.79 22.68 8.57 9.30
22 10 6.00 6.58 17.59 7.48 10.40 28.86 13.46 5.83
23 11 8.00 6.34 10.94 11.54 8.48 19.51 10.51 10.05
Dataset [©) 1 v

READY

] M -+ 100%

Fig. 2. An example of input data for the validation formula

Once the direction folder was set, the user should
copy and paste the codes to R editor. Fig. 4 shows
the codes for PM, , validation in R editor. The
six un-selected lines above are the guide to use
the codes. The blue-highlighted part is the codes
that user should select and run. After running the
codes, R automatically loads the “Dataset”, and
performs all of the calculation steps, and creates
two different sets of outputs as it was mentioned
before. The same process can be performed for
PM,, and O,.

Tables 1 and 2 show the outputs of validation
codes in form of .csv files. In Table 1, the hourly
concentrations of 15 valid air quality monitors
and hourly averages of city are presented. Re-
member that the initial raw data contained the
data from 27 monitors, that validation codes have

excluded 12 invalid monitors. In Table 2, another
outputs of validation codes are illustrated. This
.csv file includes daily averages of PM, , in the
city. Similar files will be created for PM, and
ozone, except that in case of ozone, the daily av-
erage file includes 365 (or 366) daily maximum
of 8-h moving averages.

Availability and requirements

The package of three sets of codes for valida-
tion PM , PM,  and O, datasets are available
at: (https://bit.ly/2sJtAi5). The codes will be
also freely available upon request from the cor-
responding author (Mostafa.hadei@gmail.com).

These codes have been written using R Program-
ming Language. The use of these codes are free
and without any limitation, only after the citation
to this article.
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ey T . WA
Edit View Misc Packages Windows Help File Edit View Misc Packages Windows Help

Source R code...
New script
Open script... (E= EEl = R R Console
Display file(s)... g .

Browse For Folder
Load Workspace...
Save Workspace... Ctrl+5 Change working directory to:
Load History...
Save History... 18 Computer
e > & Ln(a\Dfsk @]

> = Local Disk (D:)
Print... Ctrl+P > = Archive (E5)
Save to File... b New Velume (F:)
Exit 4 = Local Disk (G:)
> 5 DVD RW Drive (H:)
Folder:  Computer
Cancel
Fig. 3. Setting the direction of working folder in R Fig. 4. Codes for PM, , validation in R editor
software

Table 1. Output: hourly concentrations of valid air quality monitors and hourly averages of city

PONAK SHARIF  MASUDIE PASDARAN BEHESTI Hourly Average

1 16.00 18.00 14.00 8.80 15.36 16.10
2 20.00 19.00 13.00 3.83 10.75 14.43
3 22.00 19.00 19.00 14.85 8.20 16.00
4 23.00 10.00 22.00 30.86 13.56 17.03
5 18.00 8.00 18.00 22.59 22.03 16.05
6 11.00 13.00 18.00 28.50 18.54 16.31
7 11.00 14.00 17.00 11.60 10.20 13.68
8 16.00 14.00 18.00 16.43 14.78 14.40
9 21.00 12.00 18.00 NA 17.10 15.10
10 21.00 10.00 21.00 18.90 12.32 14.94
11 19.00 16.00 23.00 21.37 12.52 14.53
12 15.00 NA 24.00 15.48 11.20 13.14
13 20.00 15.00 18.00 25.36 7.75 13.62
14 12.00 14.00 10.00 3.33 NA 8.19
15 8.00 13.00 5.00 3.88 NA 7.07
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Table 2. Output: daily averages of PM, . in the city

Daily Averages

1 12.33
2 8.82
3 11.84
4 12.46
5 16.29
6 19.26
7 19.54
8 16.07
9 14.62
10 13.46
11 19.70
12 16.55
13 16.32
14 14.02
15 20.17
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