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Abstract
No measurements of airborne particles have been done in Iran previously. Start-
ing characterization of aerosol particles in a completely new geographical area,
a suitable and important measurement parameter is the aerosol particle number
size distribution. This can be used to indirectly infer climate- and health effects
of the particles. These measurements are often accomplished with the help of an
SMPS (Scanning Mobility Particle Sizer) instrument. A collaboration between
Lund University and Razi University located in the large town Kermanshah in
Iran was initiated. A previously used SMPS system in the Lund University
laboratory was set up. Students at Razi University were trained to construct an
SMPS system of their own to be used in Kermanshan by mimicking the Lund
SMPS instrument.

Measurements in Kermanshah were performed with a PSAP (Particle soot
absorption photometer) at an urban background environment and at street level.
This instrument determines the black carbon particle concentration through the
light absorbing properties. In this way it can help determine part of the chem-
ical constituent in particles, which are detrimental for human health through
inhalation in the respiratory tract.

The black carbon mass concentrations at street level were 0.1 and 0.6 ug/m3

during a three hour measurement period during two different days in February
2017. In the urban background environment the concentrations were close to
zero during three different days in November 2016. The reason for the distinctly
different measurement values in February at street level could not be concluded
based on the short time period of measurement.
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1 Introduction
1.1 Background
Airborne particles affect both the climate and human health. They are haz-
ardous to inhale and have a cooling effect on the climate, hence counteracting
global warming (SMHI 2011). To map the particle concentrations globally is
therefore important.

In the Middle East, only a few measurements on air pollution have been
done, and even fewer on airborne particles. Measurements have been done in
the capital of Jordan, Amman, (Hussein et al. 2011) and in rural areas in the
western parts of the Middle East (Lihavainen et al. 2016), and several Arab
countries in west Asia (Roumie et al. 2016). These have all shown high levels of
pollution, 75 ·103 to 120 ·103 particles/cm3 during traffic rush hours (Hussein et
al. 2011), and PM10 of 95 µg/m3 and PM2.5 of 33 µg/m3 at ambient conditions
(Lihavainen et al. 2016). No measurements of airborne particles have been done
in Iran, but nothing suggests that the levels would be lower there.

1.2 Purpose
The Division of Ergonomics and Aerosol Technology and the Division of Nuclear
Physics at Lund University wanted to start long term measurements of aerosols
in Iran. To do this Lund University wanted to start a collaboration with an
Iranian university, so Razi University was reached out to. Razi were interested,
so it was decided that the measurements should take place there. The contact
between the universities was set up and maintained by Arash Gharibi, who is
affiliated with Lund university. The budget for this project was low, so it was
agreed to initiate the measurements in Iran with the help of a diploma work in
Lund, which resulted in this project report. Also old and broken instruments
were loaned to Razi where they were repaired and serviced to working condi-
tion. Razi university eventually had all the components needed to set up a
scanning mobility particle sizer (SMPS), which is a high precision instrument
that is used to measure the particle number size distribution. A particle soot
absorption photometer (PSAP) was also borrowed to measure the soot particle
mass concentration.

The main purpose is to start long-term measurements of the number and
mass size distribution and soot particle mass concentration of airborne particles
outside Razi University in Kermanshah, Iran. The results from the measure-
ments will show the particle concentrations, which in turn will indicate how
much the particles affect the health of the population, how they affect the cli-
mate, and what the sources of the particles are. It is believed that the main
sources are industries, traffic, and dust from the desert (Hussein et al. 2011;
Roumie et al. 2016; Lihavainen et al. 2016; NASA 2017)

Before the SMPS in Iran could be put together, an old SMPS system, similar
to the one in Iran, in Lund was repaired and serviced to working condition.
With this experience Razi could be instructed on how to set up the SMPS
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system in Iran. Routines for how to calibrate the instruments in Iran will also
be established. Some initial measurements with the PSAP are to be taken in
Kermanshah to give a first insight to the particle concentrations there. The goal
is to have the measurements in Kermanshah running for decades to come.
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2 Theory
2.1 Aerosols

Figure 1: BSE image of
particles collected during
two different dust storms
(Blanco et al. 2003).

An aerosol is a collection of liquid or solid parti-
cles suspended in air. To be regarded as aerosols
the particles need to be airborne long enough
to be observed or measured. The size range of
aerosols is approximately 0.001 to 100 µm. Exam-
ples of aerosols are airborne dust particles, soot
from combustion processes, pollen, salt particles
formed from ocean spray, and clouds. How they
affect the climate and human health vary greatly
depending on their physical and chemical proper-
ties (Hinds 1999a).

The size of the aerosol is important as all
aerosol properties depend on it. Even the equa-
tions describing various aerosol properties may
change with the particle size, since the aerosol size
ranges over five orders of magnitude. Often equiv-
alent diameters and correction factors are used to
apply different aerosol theories to non-spherical
particles. An equivalent diameter is the diameter
of a sphere with the same value of a specific physi-
cal property as the non-spherical particle. (Hinds
1999a)

Figure 2: TEM image of a soot
particle (Gharibi 2006).

About 40 % of the mass of aerosols in the
troposphere, the atmospheric layer closest to
the earths surface, are coarse dust particles
generated by wind erosion. This mainly oc-
curs in dry and barren regions where little to
no vegetation exists that protects the ground
from the erosion. The erosion happens when
strong winds lift loose sand and dust parti-
cles up from the ground into the atmosphere.
The lifetime for dust in the atmosphere ranges
from a few hours to several days depending on
the particle size. (Terradellas, Nickovic, and
Zhang 2015)

Particles from traffic are either exhaust
particles or non-exhaust particles. Exhaust
particles are generated from the combustion
of the fuel, either directly in the combus-
tion process like soot particles or like sec-
ondary particles from volatile organic com-

pounds (VOC). Non-exhaust particles are generated from the brakes, tires, en-
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gine wear, and resuspension from the road. The mass of particulate matter
from exhaust and non-exhaust sources are about the same. Particle emissions
from vehicles make up a large part of the number concentration of the ultrafine
particles in an urban environment. The primary particles from the vehicles are
mainly soot agglomerates in the range of 40 to 100 nm, while the secondary
particles range between 3 and 30 nm. The emissions take place at ground level
and are therefore frequently inhaled by humans. (Tiitta 2009)

Figure 3: SEM photomicrograph
of an airborne iron particle (Xie
et al. 2005).

The particles emitted from industries
vary greatly depending on which industry
it is. An industry that produces power from
combustion of, by example, coal or oil will
produce particles very similar to traffic. A
paper mill on the other hand will emit a dif-
ferent composition of particles, and an iron
mill will also have a different emission pro-
file. A combined Iron and steel mill, which
is an industry present in Iran, emits parti-
cles mainly consisting of different metal ele-
ments, like Fe, Pb, Zn, and Ni. The emission
profile has modes at 0.45 µm, 4 µm, 6 µm,
and 1.2 µm (Dall’Osto et al. 2008).

The atmospheric organic particles emit-
ted from fossil fuel combustion and dust par-
ticles can work as nuclei for cloud formation, depending on their size, shape and
composition. Alteration of the droplets of the clouds affects their capacity to
absorb solar radiation, hence changing how much of the radiation that reaches
earths surface. The particles also affect the growth of cloud droplets, thus in-
fluencing the amount and position of rainfall (Terradellas, Nickovic, and Zhang
2015). Apart from the droplet formation, soot particles emitted from fossil fuel
combustion and dust particles are regarded as relatively good ice nucleation
for ice cloud formation (Huang et al. 2014). Dust and soot particles are also
warming the climate through absorption of solar radiation. The dust particles
are also able to reflect incoming solar radiation, thus contributing to a cooling
effect (Huang et al. 2014).

Airborne particles are a big health risk for humans. Particles can enter the
lungs through inhalation and deposit there. Particles of certain sizes deposits
deeper in the lung where they do more harm. Most of the coarse particles (larger
than 2.5 µm) and ultra fine particles (smaller than 0.01 µm) deposit higher up
in the respiratory system, in the head airways and tracheobronchial regions,
due to impaction and diffusion respectively. Particles between 0.1 and 1 µm
does not deposit to a large extent, but are mainly exhaled again. The alveolar
region is where the exchange to the blood stream takes place, particles between
0.01 and 0.1 µm mainly deposit (Hinds 1999b). Mortality, hospitalization and
disease are interdependent with levels of particulate matter (PM) in the air.
An increase of PM10 (PM for particles with diameter less than 10 µm) by 10
% raises the mortality by around 1 % (Kristensson 2003). Globally, 3 million
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premature deaths are caused by outdoor airborne particles with a diameter
of 10 µm or smaller, with the majority of those deaths occurring in middle-
and low-income countries (WHO 2017). The primary health effects on humans
are cancer, cardiovascular and pulmonary diseases, asthma, and reduced lung
function (Kristensson 2003).

2.2 SMPS
The scanning mobility particle sizer (SMPS) measures the particle number size
distribution in a sample. The most simple set up for an SMPS system is depicted
in figure 4.

Figure 4: Schematic of the most simple SMPS set up. Here Qp is the sample
flow, Qa is the flow with the chosen particles, Qa is the excess flow and Qe is
the sheath flow

The three main parts of the SMPS are the charger, the differential mobility
analyzer (DMA), and the condensation particle counter (CPC). A polydisperse
aerosol (an aerosol consisting of particles of several sizes) enters the SMPS.
It passes through the diffusion dryer to remove all excess water from the flow.
Thereafter, it passes through the charger which charges the particles to a known
charge distribution. Then the aerosol enters the DMA, which selects particles
of one electrical mobility, i.e. the speed with which the charged particles travel
through an electrical field. Thereafter the aerosol enters the CPC which counts
the particles, giving a number concentration for the incident aerosol flow.

If the charge of a particle is known, it is possible to determine the particles’
size from measurement of its electrical mobility. Hence it is vital to be able to
produce a known charge distribution to conduct characterization of the electrical
mobility. There are two main types of chargers: the unipolar charger and the
bipolar diffusion charger. The unipolar charger gives all the charged particles the
same polarity while the bipolar diffusion charger, sometimes called an aerosol
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neutralizer, produces charged particles of both polarities. The fraction, P , of
particles of size dp in nanometers that carries i charges is given by: (Flagan
2011)

P (dp, i) = 10
∑5

j=0
aj,i(log10dp) (1)

where the the parameter aj,i is given in table 1.

k -2 -1 0 1 2
a0,k -26.3328 -2.3197 -0.0003 2.3484 -44.4756
a1,k 35.9044 0.6175 -0.1014 0.6044 79.3772
a2,k -21.4608 0.6201 0.3073 0.4800 -62.8900
a3,k 7.0867 -0.1105 -0.3372 0.0013 26.4492
a4,k -1.3088 -0.1260 0.1023 -0.1553 -5.7480
a5,k 0.1051 0.0297 -0.0105 0.0320 0.5049

Table 1: The coefficients aj,i (Flagan 2011).

In the DMA the particles are separated depending on their electrical mobil-
ity. In figure 5, an illustration of a DMA cross section can be seen.

Figure 5: Illustration of the principles of a DMA.

A voltage is applied on the rod in the middle of the DMA. This produces a
symmetric electric field which causes the charged particles to move towards the
rod. If they move at the right speed, they will leave the DMA through a slit.
How fast the particles move towards the middle of the DMA depends on the
field strength and the electrical mobility of the particle. The electrical mobility,
denoted Z, is given by: (Flagan 2011)
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Z = ieCc(Kn)
3πηdp

(2)

where i is the number of charges, e = 1.609 · 1019C is the elementary charge,
η is the gas viscosity, dp is the equivalent particle diameter, and Cc(Kn) is the
Cunningham slip correction factor, depending on the Knudsen number, which
in turn is given by: (Flagan 2011)

Cc = 1 +Kn · (α+ β · e− γ
Kn ) (3)

where the coefficients α = 1.142, β = 0.558, and γ = 0.999 are experimen-
tally determined. The Knudsen number is given by: (Flagan 2011)

Kn = 2λ
dp

(4)

where λ is the mean free path in the medium. For a set up where the sheath
flow, Qs, is equal to the excess flow, Qe, and hence the two aerosol flows are the
same, the mobility can also be expressed as (Flagan 2011):

Z = Qsln(r1/r2)
2πV L (5)

where r1 is the inner diameter of the DMA, r2 is the outer diameter, V is the
voltage on the inner rod, and L is the length of the DMA. (Flagan 2011). Com-
bining equation 2 and 5, an expression for how the applied voltage corresponds
to the particle diameter is produced:

V = 3πηdp
ieCc(Kn) · Qsln(r1/r2)

2πL (6)

This way, a specific particle size can be selected by changing the voltage on
the DMA through the voltage supplier.

The CPC counts the particles of one electrical mobility departing from the
DMA. The incoming aerosol passes through a saturator block where alcohol
evaporates into the aerosol flow, saturating it with vapor. The flow then moves
into a condenser tube where the alcohol condenses onto the particles. This
makes all the particles large enough to be detected by light-scattering. The
enlarged particles pass through laser light, and light scatters off them. The
scattered light is redirected to a photo detector, which converts the light to
electric pulses that serves as counts of the particles (TSI 1999).

A computer with a LabVIEW program is used to control the set up. The
computer is connected to the voltage supplier and the CPC through a DAQ-
card. Through the data acquisition card (DAQ-card), the computer reads the
counts from the CPC and controls the voltage scanning of the voltage supplier.

The data inversion for the SMPS is very complex. This is due to the con-
tinuous scanning of the voltage in the SMPS. The process for this is in depth
described by Wang and Flagan (Wang and Flagan 1990) and is implemented in
the LabVIEW program to give the correct particle diameter for each applied
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voltage. The inversion takes into account the transport time inside the DMA
and the applied voltage change during this transport, the smearing time (the
delay time inside the CPC due to the flow mixing inside it), counting time (the
time slot when the CPC accumulates counts) and counting efficiency (the effi-
ciency for the CPC counting of particles depending on their size) of the CPC, the
sampling line losses, the tube plumbing delays, and the DMA transfer function
regarding DMA diffusion broadening and losses.

2.3 PSAP
Black carbon is emitted in incomplete combustion processes. Black carbon is
only 10 % of the mass concentration of aerosols in the atmosphere in Europe,
yet it has a large positive radiative forcing. (Zanatta et al. 2016)

Black carbon absorbs light over the whole solar spectrum. A filter based
method is most often used to measure aerosol light absorption. The filter is used
to sample ambient air. A light source and photo detector is used to measure the
change in filter transmittance, or reflection, due to deposited particles on the
filter. The Particle Soot Absorption Photometer (PSAP) is such a filter based
instrument, which is commonly used. (Arnott et al. 2006)

To calculate the mass concentration of black carbon in the air, the absorption
coefficient, σap, for a specific wavelength, λ, is divided with the mass absorption
cross-section, MAC, for λ: (Zanatta et al. 2016)

mEC =
σλap

MACλ
(7)

This is only valid for wavelengths where the absorption is dominated by black
carbon. The MAC-value is usually given for the wavelength 637 nm. (Zanatta
et al. 2016)

The PSAP, though, measures the attenuation coefficient, σλatn, and not the
absorption coefficient. This can be converted to the needed value using the
Bond correction. The raw absorption coefficient σλap,raw can be derived from
σλatn by: (Zanatta et al. 2016)

σλap,raw = σλatn −K1σsp
K2

(8)

where K1 and K2 are constants, and σsp is the scattering coefficient for the
aerosol. The product K1σsp corrects for light scattering from the aerosol being
read as absorption, and K2 corrects for multiple scattering. The PSAP can
operate on many different wavelengths, though 525 nm is a usual one. For this
wavelength K1 = 0.02 and K2 = 1.22. (Zanatta et al. 2016)

The raw absorption factor need to be converted from the wavelength of the
PSAP to 637 nm. This is done with: (Zanatta et al. 2016)

σλ2
ap,raw = σλ1

ap,raw

(
λ1

λ2

)AAE
(9)
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where λ1 is the wavelength of the PSAP, λ2 = 637 nm, and AAE = 1 is the
absorption Ångstrom exponent of unity. Lastly, to get the accurate absorption
coefficient, σλap a correction factor for the PSAP, CFPSAP , needs to be applied:
(Zanatta et al. 2016)

σλap =
σλap,raw
CFPSP

(10)
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3 Method
3.1 The Lund SMPS System
The SMPS is set up to perform first an up scan, and then a down scan of the
voltage in the DMA. The DMA is a single Vienna type DMA with inner radius
2.5 cm, outer radius 3.3 cm and length 28 cm. The CPC used is a TSI 3025A
Ultrafine condensation particle counter. It has a built in pump, and regulates
its own flow. The aerosol flow is set to 1.5 l/min, this flow then splits in three
in the CPC: a bypass flow of 1.2 l/min, a sheath flow of 0.27 l/min and one flow
of 0.03 l/min that enters the optics where the particles are detected.

The DMA is set up with a closed loop system for the sheath and excess
flows, described by Jokinen and Mäkelä (Jokinen and Mäkelä 1996). This loop
contains a filter, so no particles enter the DMA through the sheath flow, a
pump, a dryer, and a needle valve. The needle valve will act as a critical orifice,
keeping the flow through the loop nearly constant (Hinds 1999c). The pump is
tested according to appendix A and the sheath flow is set to 8 l/min.

A DAQ-card 3036A is used to connect the instruments to the computer where
LabVIEW 8.6.1 is run. The calibration curve for the CPC that is used needs to
be entered into the program, to give true particle concentrations. This particular
model of CPC does not need to have the internal temperatures controlled, but
manages that itself. But if the temperatures need to be controlled, a direct
connection between the computer and CPC can be set up.

The SMPS was tested and calibrated to make sure that it performed to the
desired level. The procedures for this are described in detail in appendices B,
C, and D.

3.2 The measurement site in Iran
Due to technical problems and delays, measurements in Iran could only be
performed with the local PSAP. The PSAP has not yet been calibrated locally
and operates at the wavelength 525 nm.

The measurement site in Kermanshah represents the exposure to particles in
a typical Iranian urban area. Kermanshah, the capital of Kermanshah Province,
is located in the west of Iran and is marked on the map in figure 7. Kermanshah
has about 850,000 inhabitants, making it a fairly large city. Kermanshah has a
moderate and mountainous climate and its climate is classified as a hot summer
Mediterranean climate. Due to its altitude and exposed location to western
winds, Kermanshah has high levels of precipitation.

The PSAP was placed both at street level and at an urban back ground site
to take measurements over 3 hour periods. The street level measurements were
performed in Golrizan boulevard, in the center of Kermanshah, and the urban
background site is at Taghebostan which is located just north of the city. Both
these locations are marked in figure 6.

Due to there only being one PSAP, the measurements were taken at different
dates for the two sites. The urban background was measured 2016/11/27 be-
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Figure 6: Map over Kermanshah with the two measurement sites market out
with Golrizan boulevard in the middle and Taghebostan in the north.(Map data:
Google)

Figure 7: Map over Iran with Kermanshah marked with a red dot (Dedering
2008).

tween 09:50 and 12:50 and 2016/11/29 between 09:00 and 12:00, and 2016/12/07
between 10:45 and 13:45 local time. The street level measurement was taken
2017/02/16 between 10:15 and 13:15, and 2017/02/28 between 10:15 and 13:15
local time.
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4 Result and discussion
4.1 The Lund SMPS System
Since the TSI UCPC 3025A has a low flow through the optics where the particles
are detected, the measured size distributions become very noisy. This can be
reduced by averaging several consecutive measurements. On the other hand this
leads to a lower time resolution.

The size calibrations for the SMPS were performed with Polystyrene Latex
(PSL) spheres of 100 nm, 200 nm, and 500 nm. The SMPS shows a 10-15
% larger particle size than the one actually generated. This is not ideal, but
within acceptable perimeters, though it is important to note this when using
the instrument for future measurements.

In figure 8, the curves for the PSL 100 nm spheres are plotted. The scan time
is set to 3 minutes for one up or down scan. In figure 8a the raw concentration
can be seen. The peaks for the up scan and down scan coincide, which is
important. If they do not, there is something major at fault with the SMPS,
either with the instruments or the settings. The peak for this scan is at 113 nm.
The lower peak at about 80 nm is due to the doubly charged incident particles.
The plot for the inverted concentration is shown in figure 8b.

(a) Plot of the raw concentration. (b) Plot of the inverted concentration.

Figure 8: Plots of the measured concentration of generated aerosol with 100 nm
PSL particles. The vertical line in the figures indicates the actual size of the
particles, 100 nm.

The graphs for the measurement of 200 nm PSL particles are displayed in
figure 9. Figure 9a shows the raw concentration, with the main peaks at 222
nm for the up and 228 nm for the down scan. This is not a perfect overlap, but
it is close enough to be acceptable. The peak at approximately 150 nm is due
to doubly charged particles. I have not been able to figure out the reason for
the peak at 500 nm diameter during up scans. It did show up during all the,
about 10, performed up scans for the generated 200 nm aerosol. The inversion
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of the concentration is shown in figure 9b.

(a) Plot of the raw concentration. (b) Plot of the inverted concentration.

Figure 9: Plots of the measured concentration of generated aerosol with 200 nm
PSL particles. The vertical line in the figures indicates the actual size of the
particles, 200 nm.

Figure 10 displays the graphs for the measurements of 500 nm PSL particles.
The peak from the particles in figure 10a is at 570 nm for both the up and down
scan. In the plot for the inverted concentration in figure 10b, the curve ends
before it even reaches 500 nm, which means that it is not possible to see the peak
for these PSL particles in this graph. The reason for this is that the inversion
decreases the interval.

(a) Plot of the raw concentration. (b) Plot of the inverted concentration.

Figure 10: Plots of the measured concentration of generated aerosol with 500
nm PSL particles. The vertical line in the figures indicates the actual size of
the particles, 500 nm.

Figure 11 shows four graphs from measurements of the indoor air in the
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aerosol lab in Lund. The raw concentration can be seen in figure 11a, which
displays one up and one down scan in different colors, and figure 11b, which
displays the averaged concentration over two scan cycles (up-down up-down).
There is considerably less noise in the averaged graph, as expected, though
the time resolution is decreased from 3 minutes down to 12. Figures 11c and
11d show the inverted concentrations for the non-averaged and averaged raw
concentrations respectively.

(a) Plot of the raw concentration. (b) Plot of the averaged raw concentration
over two measurement cycles.

(c) Plot of the inverted raw concentration. (d) Plot of the inverted averaged concen-
tration.

Figure 11: Plots of the measured concentration of the ambient indoor air in the
aerosol lab in Lund.

The aerosol number concentration measured with the SMPS in the aerosol
lab was 1070 particles/cm3 while the concentration measured with only the
UCPC was 1450 particles/cm3. The measurements were done several more
times, and the SMPS constantly measures about 30 % lower concentrations
than the UCPC irrespective of time and concentration. I have not been able to
find out what this big particle loss is due to.
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4.1.1 Further improvements of the Lund SMPS

The SMPS set up in Lund is in working order now, though it has some major
weaknesses.

The first weakness is the low level of counted particles through the SMPS
compared to what the CPC detects on its own. The cause of the low levels
should be investigated as well as how it can be fixed. I can think of three
different reasons for the low concentrations: 1 a particle loss in the DMA or
the tubing, 2 the inversion not compensating enough for particle losses or, 3 the
charger not charging the particles to the predetermined charge distribution.

The next weakness is that you have to choose between high noise levels or a
low time resolution. This could be solved by changing the CPC to one that has
a higher internal aerosol flow. There is also a function in the LabVIEW program
to increase the measurement time for each particle size. This would also decrease
the noise, but also still result in a low time resolution. This function does not
work properly, though, so it could be valuable to try to repair.

Lastly, the weakness of characterizing the particles diameter as 10-15 %
larger than it actually is. There is value in investigating why this is and trying
to fix it. Possible causes are that the dimensions for the DMA differ between
the actual DMA and the input in the program, or the DMA not managing to
apply the correct voltage quick enough.

4.2 Measured levels of soot i Kermanshah
Figure 12 shows the attenuation coefficient measured with the PSAP for the
two different sites, the street level site and the urban background site, at two of
the dates over the times the measurements took place.

Figure 12: Graphs over the attenuation coefficient over the time it was measured
with the PSAP.

The measured attenuation coefficient is fluctuating a lot for both the sites,
and is negative for a lot of the measurement on the background site and some on
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the street level site. This is probably due to it not being calibrated. One possible
reason for this is the filter getting a high pressure and curve when mounted, and
becoming more flat during the measurement. This can be examined by trying
to insert the filter several times and noting if it makes a difference, as well as
letting the measurement take place over several hours and seeing if it evens out
later on. An other possible reason is that the light sources are not positioned
correctly, and this is easily checked by just looking at them. But most important
is to take a closer look at the instrument to determine what is the problem with
it, and performing tests with generated soot particles, zero-particle filters and
so on.

The urban background has a slight downwards trend, which can be a sign of
higher concentrations even there during the rush hours earlier in the day. The
street level measurements do not have a trend, and the urban background is
also relatively constant in the later part of the measurement, which is expected
since they are taken over the middle of the day when typically the traffic levels
are more or less constant.

An average of the attenuation coefficient for the entire measurement time
was calculated. The Bond correction, described in section 2.3, was applied to the
attenuation coefficient. The values used were CFPSAP = 2 and MAC637 = 10
m2/g. Since the scattering coefficient is not known, two extremes were applied:
σsp,1 = 0 Mm-1 which corresponds to no scattering, and σsp,1 = 33 Mm-1 which
is a high scattering value measured in Spain (Mogo et al. 2017) which has a
lot of airborne dust. The scattering coefficient from Spain is measured at 550
nm (Mogo et al. 2017), which is 25 nm longer than what the PSAP operated
at, but the probable scattering source is dust particles which have a very low
dependence on the wavelength (Pandolfi et al. 2017) so it should still be relevant.
The resulting carbon mass concentrations are presented in table 2.

high σsp low σsp

Street level (2017/02/16) 0.610 µg/m3 0.633 µg/m3

Street level (2017/02/28) 0.100 µg/m3 0.122 µg/m3

Urban background (2016/11/27) -0.064 µg/m3 -0.042 µg/m3

Urban background (2016/11/29) -0.017 µg/m3 0.006 µg/m3

Urban background (2016/12/07) -0.028 µg/m3 -0.006 µg/m3

Table 2: The calculated carbon mass concentrations for the two different mea-
surement sites and for two different scattering values.

As can be seen, the value of the scattering coefficient results in a relatively
small difference of the carbon mass concentration. The fluctuations of the mea-
sured attenuation coefficient is probably a more significant error source than
the scattering coefficient.

The cause for the negative values for the urban background site is unknown,
but is probably due to the calibration. Though, the levels of both black carbon
and scattering particles were also probably low the days those measurements
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were taken. The reason for the distinctly different measurement values at street
level could not be concluded based on the short time period of measurement.

Measurements from different cities can be used to compare to the street level
black carbon concentration. In Hyderabad in India, a city with a population
of 5.7 million, an average mass concentration of 12 µg/m3 has been measured
within the urban center, and Anantapur also in India, with 0.5 million inhabi-
tants, has an average of 0.85 µg/m3 measured at the southern edge of the city
(Badarinath et al. 2008). In downtown Helsinki in Finland, with 630,000 inhab-
itants, an average black carbon concentration of 1.38 µg/m3 has been measured
(Pakkanena et al. 2000). Kermanshah is a city of 850,000 inhabitants. The mea-
sured value of 0.6 µg/m3 and 0.1 µg/m3 at street level is a little low compared
to this, but in the same size range. One reason for the relatively low values ate
that the measurements in Kermanshah are taken in the middle of the day, away
from rush hours, when the traffic intensity is generally lower. Though, since
the measurements in Kermanshah only are taken over a few hours, while the
concentrations in the other cities are over a far longer time, direct comparisons
are difficult to make.

OC/EC filters will soon be available to determine the specific MAC-value
in Kermanshah, Iran. This will increase the accuracy of the black carbon mass
concentration from the PSAP. The SMPS in Iran is almost completed, the only
component missing is the charger. Though, this is actively worked upon, and
hopefully the SMPS system will be operational shortly. A cascade impactor
is also being set up for usage, providing an ability to measure the mass size
distribution.

The Aerosol Association in the Middle East and North Africa (AAMENA), is
a network for aerosol research in the Middle East and North Africa. Its co-chairs
are Professor Najat Saliba and Professor Tareq Hussein, and it was created 2014.
Its objectives are: to raise the awareness of air pollution in the region, promote
aerosol research and collaboration in the region, being a scientific body for policy
makers, and being a link between researchers and international environmental
agencies as WHO, WMO, and more (Terradellas 2017). There are plans to join
this network. This will in time increase the coverage of measurements of aerosol
particles, for the sake of both the climate and health effects.
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5 Conclusions
To reiterate, the Lund SMPS is restored to working order, but still has some
improvements that can be implemented.

Putting together an SMPS system at Razi University to be able to measure
the number size distribution there is under way, and will probably be finalized
shortly. Routines to calibrate the SMPS has been set up to facilitate the process
at Razi University.

The black carbon concentration of around 0.6 µg/m3 at street level is low,
but not unreasonable. This might be due to the short duration of the mea-
surements, them taking place outside of rush hour. To get a more thorough
understanding of the black carbon levels and fluctuations, further and more
long lasting measurements should be conducted. Preferably two PSAP should
be available to measure the street level concentration and the background con-
centrations simultaneously. Hopefully, soon a cascade impactor and an SMPS
will be able to be used for further measurements in Kermanshah, Iran.
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Appendices
A Instructions for testing the sheath flow pump
The aim of testing the pump is to determine if it performs to the expected levels.
The set up for testing the pump is depicted in figure A1

Figure A1: Overview of the pump testing setup. The P in the figure denotes
the local pressure and Q the flow.

The mixing chamber eliminates the pulsating flow from the pump, and the
needle is used to regulate the flow. The bubble testing point is used to test how
stable the pump is by putting a bubble of liquid over the protruding tube and
checking that it does not move significantly.

To see if the pump preforms to the values set by the producer, the values
from the performed test can be compared to a graph from the producer. An
example of such a graph can be seen in figure A2.

Figure A2: Curve for a pump with flow on the y-axis and pumped pressure on
the x-axis.

Use the needle valve to regulate the pressure and flow. Compare the resulting
values with the ones from the producer. The pump will usually be a bit lower
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than the producers’ specifications, but if it is much lower it needs to be serviced.
Often the producers use the flow at the pressure P1, Q1, and not at the

atmospheric pressure, P2. We will have to use the ideal gas law to convert the
producers’ specified flow at P1 to our measured flow, P2. This is done by:

P1 · ∆V1

∆t = P2 · ∆V2

∆t (A2)

where P1 and P2 are the pressures as specified in figure A1 and V1 and V2
are the volumes on the two sides of the needle valve and the pump. Rewritten
this becomes:

Q2 = P1 ·Q1

P2
(A2)
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B Instructions for calibration of the voltage out-
put

The voltage output needs to be calibrated to make sure that the voltage that
the SMPS-program specifies is the voltage actually applied in the DMA.

The computer should be connected to the voltage supplier, but the voltage
supplier should not be connected to the DMA. Open the "Measurement & Au-
tomation explorer" on the computer. There you open "Data neighborhood" in
the leftmost menu, and thereafter select the "Global virtual channels" option.
Then choose the global channel that you want to calibrate. In figure B1 a screen
cap of the Measurement & Automation explorer with the relevant channel open
can be seen.

Figure B1: Screen shot of the Measurement & Automation explorer with the
channel chosen.

Enter a voltage value into the top left box and press "apply value to channel"
and "run". Measure the output voltage from the voltage supplier with a volt
meter. The output should be within 2 % of the set voltage. If it is not, you can
create and edit a custom scaling. This can be done in the down right corner of
the window in figure B1. This will open the window depicted in figure B2. Here
you can set the slope and an offset for the scaling of the output voltage until it
is within the desired range.
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Figure B2: Screen shot of the Measurement & Automation explorer in the
custom scaling window
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C Instructions for size calibration of the SMPS
To perform the size calibration of the SMPS, aerosol particles of a known size
need to be generated. This is usually done with Polystyrene Latex (PSL)
spheres, which can be bought in a multitude of different sizes. The setup for
how to aerosolize these PSL particles can be seen in figure C1.

Figure C1: Setup for aerosolizing PSL particles.

Air at a high pressure is passed through a filter to remove all preexisting
particles from the air flow. The needle valve is used to regulate the pressure
entering the system. The high pressure air enters a liquid through a nozzle. The
liquid consists of purified water and PSL spheres of a known size. Here water
droplets containing PSL particles are produced. They travel with the air flow
into an aerosolizing nozzle that generates aerosols with only one PSL sphere
per aerosol. Thereafter the air flow enters the mixing chamber where clean and
dried compressed air can be let in through a needle valve to dilute the aerosol
gas to desired concentrations. At the same time the aerosol particles are dried.
From there the aerosol can enter the SMPS and the excess gas will leave the
mixing chamber through a filter. This prevents high pressure in the SMPS.

With this setup running, do a complete scan with the SMPS. The peak
that can be seen in the scan should be centered around the size of the used
PSL spheres. If the sizes do not agree, check that all the flows and the DMA
dimensions are correct in the SMPS program. If everything is in order and the
difference still remains, the difference should be noted whenever the SMPS is
used for measurements.
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D Instructions for number calibration of the SMPS
The most simple way to calibrate the total number concentration for an SMPS
system is to use compare the concentration to the CPC concentration measured
with the same CPC as in the SMPS.

Measure a polydisperse aerosol with the SMPS. Compare the concentration
with one measured with the CPC which is directly connected to the aerosol.
The number concentration from the SMPS and the CPC will rarely be exactly
the same but should be within 10-20 % of each other.

This calibration can be performed either by measuring a generated polydis-
perse aerosol, or the ambient air. Though, if performed on the ambient air it
needs to be a day with few to no particles with a diameter below 20 nm. These
particles are difficult to treat in the SMPS program, in the inversion routine,
and can give a difference in the number concentration even though there is not
anything wrong with the SMPS.
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