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Abstract— Polycyclic aromatic hydrocarbons (PAHs) 

are semi-volatile organic compounds and present widely in 

ambient atmosphere. Due to the fact that PAHs are widely 

distributed in the environment and some species of them are 

carcinogenic, they are very important for human health and 

environment. High volume cascade impactor was used to 

collect the particulate matters according to particle size 

fractions between February 2013 and June 2014, in 

Istanbul. Particulate matters were collected according to 

size ranges >7.2 μm, 7.2 - 3 μm, 3 - 1.5 μm, 1.5 - 0.95 μm, 

0.95 - 0.49 μm, <0.49 μm. 15 PAH species were analyzed in 

samples. Average of total PAH concentrations were found 

as 31.62 ng/m3. Total PAH size distribution was found 

between 0.95-1.5 μm. All investigated ring PAH species 

showed single modal distribution in size range of 0.95-1.5 

μm. 4, 5 and 6-ring PAH species have high concentration in 

almost each size range. According to the obtained results, 4, 

5, 6-ring PAHs are abundant on the particles below 3 μm 

when compared to 3-ring PAHs.    Despite being abundant 

of 4, 5, 6-ring PAH types in each size range, 4 and 6-ring 

PAHs have less TEF values than 5-ring PAH types. 

Respirable carcinogenic PAH species were found in 

İstanbul urban area.   

Keywords—PAHs, particle size distribution, PM2.5, TEF. 

I.  Introduction 
In the past century, anthropogenic emissions which 

lead to formation of PM, have been  dramatically 

increased and consequently resulted in adverse effects on 

health, visibility in urban and rural areas, acid deposition 

and the world's radiation balance [1],[2],[3],[4]. There 

can be diverse effects of PM on human health, the 

highest hazard given to health is through the respiratory 

system [5]. 

In order to understand the possible health effects of 

particulate matter, the size distribution information of the 

particulate matter is needed to be known [6]. This 

information is crucial because these pollutants contribute 

to the ecosystem and enter the human respiratory system 

[7],[8],[9]. Particle size distribution determines the air 

movement of the particles, their dry or wet deposition 

properties, atmospheric residence times and their 

deposition to the lungs [8],[10],[11],[12].  

PAHs are emitted to the atmosphere from several 

natural and anthropogenic sources such as transportation, 

residential heating, wood burning, agricultural waste 

incineration, forest fires, land, sea and air vehicles, power 

plants, cigarette smoke, waste incineration plants, asphalt 

roads [13],[14],[15],[16]. 
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As PAHs are widespread in the environment and 

some species of them are carcinogenic, they are regarded 

as very important pollutants [8],[13]. Due to their 

carcinogenic and mutagenic properties PAHs are widely 

studied in the scientific community [17],[18]. The US 

EPA classified 16 of the PAHs as priority pollutants due 

to their high carcinogenic potential and mutagenic 

properties [19],[20],[21].  

Risk assessment of human PAH exposure can be 

assessed by size distribution [7]. PAHs predominantly 

contribute to fine aerosols (Dp < 2 µm) [6],[17]. Fine 

particles can reach the pulmonary alveoli [6]. Larger 

particles are retained in the upper respiratory tract and is 

excreted in the sputum [7]. Deposition fluxes of PAHs in 

the human respiratory tract reveal the major contributors 

to the whole toxicity related to regions [22].  

A number of studies related to size distribution of 

PAHs were made in the world. In these researches, 

particulate matters were collected by using size-

segregated impactors. Seasonal concentrations and 

distribution modals of particulate matters were evaluated 

[8],[22],[23],[24],[25],[26],[27],[28]. 

The aim of this study is to determine the size 

distribution of PAHs in a metropolitan city. Size 

distribution results of PAHs were evaluated according to 

ring number. The data presented here will also help to 

understand the potential health risk of PAHs on particular 

phase. A number of studies about PAHs have been 

conducted in Turkey but they are generally related to 

particle/gaseous phase and dry/wet deposition 

[29],[30],[31],[32]. Moreover, this research is the first 

PAH research depending on particle fraction in Turkey. 

II.  Materials and Methods  

A. Sampling Station  
Sampling area was chosen as Yildiz Technical 

University Davutpasa Campus.  Campus is located next 
to Topkapi where the predecessor industrial area of 
Istanbul is. There are numerous of small and medium 
scale enterprises and they still continue processing 
although large-scale factories stopped their production 
activity. As seen in the figure below, there are intercity 
bus terminal to the north of the sampling location, 
residential area is intensely to the west and north, 
industrial area is to the east and south.   
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Figure 1. Sampling station location 

B. Sampling and Analysis 
High volume cascade impactor (Staplex brand) was 

used to collect the particulate matters according to their 

particle size fractions. The samples were collected 

between February 2013 and June 2014. Sampling were 

performed once a week through 38 weeks. Cascade 

impactor was operated at a flowrate of 1.1 m
3 

min
-1

. 30 

hours of sampling period is sufficient to be able to 

determine all targeted PAH type. The particles were 

collected in 6 sizes.  5 stages of the impactor enable the 

separation of the particles by inertial impaction 

mechanism, while the sixth stage uses the filtration 

mechanism to collect the particles. Cut diameter of the 

stages are  7.2 μm, 3 μm, 1.5 μm, 0.95 μm, 0.49 μm, 

<0.49 μm, respectively. Totally 228 air samples were 

collected and analysed.  Gravimetric measurements were 

done by AND GR-202 analytical microbalance. Glass 

fiber filter (GFF) was used to collect the particles. Before 

sampling process, GFFs were wrapped by an aluminum 

foil and heated at 450
0
C in a furnace for 6 hours to 

remove any organic residuals. Then, the filters were 

conditioned at 50±5% relative humidity and 20±2
0
C 

temperature.  

Extraction and analysis of the samples were 

performed in accordance with the following methods. 

GFFs of the cascade impactor were placed in glass jars 

and were extracted with 50 ml 1:4 dichloromethane 

(DCM) / petroleum ether (PE), with the addition of 1 ml 

surrogate standard in an ultrasonic bath for half an hour. 

After that, 50 ml solvent mixture were added again and 

extraction was continued for another half an hour. Total 

extraction time was 1 hour. Surrogate standards were 

acenaphthene-d10, phenanthrene-d10, chrysene-d12, 

perylene-d12 of 4 ng µl
-1

. All samples were concentrated 

using a rotary evaporator and were reduced to 5 ml. After 

that, the solvent mixture was changed into hexane (HEX) 

with the addition of 15 ml HEX and this step was 

repeated twice. The final solution was reduced to 2 ml 

using a gentle pure nitrogen blow down system 

[14],[33],[34]. 

The next step is clean-up procedure. Samples were 

passed through alumina and silicic acid column and were 

separated into fractions. 3 g silicic acid (3 % water), 2 g 

neutral alumina (6 % water) and 2 g Na2SO4 were placed 

in to the column, respectively. Prior to the fractionation 

the columns were eluted with 20 ml PE and 20 ml DCM. 

Then, the sample in 2 ml HEX was poured to the column 

and PAHs were eluted with 20 ml DCM. This solution 

contains the PAH fraction. The final extracts were 

exchanged into HEX and concentrated to 1 ml under 

gentle nitrogen blow down system. At the final stage 

internal standard mixture of pyrene-d10 of 4 ng/µl were 

spiked for volume correction. 

Quantification of PAH concentrations were 

determined by gas chromatograph (GC) Perkin Elmer 

Clarus 500 equipped with a Clarus 560S Mass 

Spectrometer (MS) detector. HP-5MS, 30 m x 0.25 mm x 

0.25 µm, was used as a capillary column. The inlet 

temperature of the GC oven was 250
0
C. The oven 

temperature program used in the PAH analysis was 50
0
C 

(1 min), 25
0
C/min to 200

0
C, 8

0
C/min from 200 to 300

0
C 

and remain 5.5 min at 300
0
C. The mass inlet line 

temperature was kept at 180
0
C and the source 

temperature at 200
0
C. The carrier gas was ultra pure 

helium (He) at 1.0 ml/min flow. Splitless injection was 

used. GC were performed in SIR (Selected Ion 

Recording) mode. Seven different level of standards were 

prepared ranging between 0.05 and 10 ng/µl for 

calibration procedure. After each 10 sample injections, 

stability was checked with the medium standard 

injection. The average determination coefficient value of 

the calibration curve (r
2
) was 0.995. 

Acenaphthylene (Acy), acenaphthene(Ace), fluorene 

(Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene 

(Flt), pyrene (Pyr), benz(a)anthracene (BaA), chrysene 

(Chr), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene 

(BkF), benzo(a)pyrene (BaP), indeno(1,2,3-c,d)pyrene 

(IcdP), dibenz(a,h)anthracene (DahA) and 

benzo(g,h,i)perylene (BghiP) were analysed in GC-MS. 

C.  Quality Assurance/Quality 
Control (QA/QC) 
All samples were spiked with surrogate standards to 

calculate the recovery efficiency prior to the extraction 

process. Achieved efficiency values were shown in 

Figure 2. Blue bars represent average recovery values of 

the surrogates and whiskers extending from the bars 

represent standard deviations. 

Limit of detection (LOD) values were calculated for 

each specie as average blank concentrations plus three 

times of the standard deviations [33],[35]. Sample 

concentrations detected under the LOD value were 

ignored. Blank samples were collected for each set of 

analysis. All results were blank corrected.   
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Figure 2. Surrogate standards recovery percentages 

III.  Results and Discussions 
PAHs are found in both fine and coarse particle size 

ranges. PAHs which comprise of such as combustion 

sources are usually formed in fine particle size, then grow 

and can become coarse particles or low molecular weight 

PAHs can evaporate from fine particles, then condensate 

on the coarse particles  and so they may be present in 

coarse particles [13]. 

Using the achieved data for each impactor stage, 

particle size distributions and PAHs are plotted on a 

dC/dlogDp vs logDp graph. The results are shown in 

Figure 3 and Figure 4. 

 

 

Figure 3. Particle size distributions of particulate matter 

 

 

Figure 4. Particle size distributions of ƩPAHS 

Different size distribution modes were present for 

particles and PAHs. Ambient particles likely have 3 

modes. The first mode has cut-off diameter of 3 µm. This 

fraction represents wind blown dusts. The second mode 

has 0.95 µm cut-off diameter. This fraction is 

corresponding to accumulation mode particles. At last, 

third peak occurs <0.49 µm. However, a clear peak is not 

present due to last stage cut-off value of the impactor. On 

the other hand, PAHs have one dominant peak at 0.95 

μm. Carbon content of the aerosol sizes affects the 

partitioning of semi volatile organic compounds between 

gas and particle phases [36]. In urban areas fine particles 

are mostly consist of organic carbon [37]. Hence, PAHs 

in fine particles seem to be more dominant in this study. 

Two different representation were prepared 

considering particulate matter masses and PAH masses. 

In Figure 5, ratio of PAH masses relative to particulate 

masses for each stage was given. It is seen that particles 

having mass median diameter of 0.49 µm have the 

highest PAH enrichment which gives an idea that the 

corresponding stage is dominated by accumulation mode 

PAHs.  Possible source seems to be combustion but the 

source and the receptor (sampling point) have enough 

distance to grow a PAH containing nuclei mode into 

accumulation mode. In figure 5, it can come to mind why 

<0.49 µm (back-up filter) stage does not have high ratios 

if finer fractions have high concentrations of PAHs. The 

reason of this low mass ratios is higher mass collection in 

<0.49 µm stage. The other stage collects the particles by 

impaction mechanism while the last stage collects 

filtration mechanism. The particulate matter 

concentrations of other stages are in the range 2.8-36.2 

µg/m
3
 while the back-up concentrations are in 12.4 - 54.2 

µg/m
3
. Higher mass concentrations lead to lower mass 

ratios in figure. 

 

Figure 5.PAH mass ratios 

In Figure 6, PAH concentrations ratios related to 

stage concentrations were shown.  Particles under 0.49 

µm size have the highest concentrations in all of the stage 

concentrations and these ratios are gradually decreasing 

from this diameter until particle diameter 7.2 µm. After 

7.2 µm diameter a small amount of increase was shown. 

The reason may be the upper cutting diameter for this 

stage which is not certain and lots of particles (>7.2 µm) 

have larger size ranges than other stages and this may 

cause an increase. Both Figure 4 and 5 reveal that 

particular PAHs are dominated in fine fractions and the 

same size range ( 0.49 -0.95 µm) are seen the highest 

from the two figures.  
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Figure 6. PAH stage concentrations ratio 

Atmospheric PAHs tend to partition between gas and 

particle phases. In a study, carcinogenic 5-6 rings PAH 

species are reported to be dominant particularly in the 

accumulation mode (particle diameter 0.5-1μ) [6]. 

Particle size distributions of the particles depend on 

formation processes, sources, atmospheric conditions and 

a number of physical features of particles. Particle size 

distribution of PAHs depending on their ring numbers 

were given in Figure 7. 

 

 

Figure 7. Size distributions relative to ring numbers 

3, 4, 5, 6-ring PAH species exhibit a single mode 

distribution at 0.95 – 1.5 μm range. Finer fractionations 

could help this peak clearly but the cascade impactor 

which we used didn’t allow that happen. Zhou et al., 

(2005) reported that, 2 and 3-ring PAHs showed bimodal 

distribution, 4-ring PAH species showed unimodal 

distribution in their study [38].  In the same study, 5-6 

ring PAH species again showed unimodal distribution. 

Current results are similar to the data in their study for 4, 

5, 6-ring PAH species. Chrysikou et al. (2009) found that 

size distribution of all PAHs species were in single mode 

for 0.95-1.5 μm size range in Greece [8]. In this study, 

results were found to be in line with the results in Greece 

for total PAH size distribution. In both studies, single-

mode distribution were found at 0.95 μm.  

In Figure 8, low molecular weight of 3-ring PAHs 

generally have high concentration levels at both coarse 

and fine particle size range. 3-ring PAH species emerge 

from nucleus mode, then they may be adsorbed onto 

coarse particles due to their volatility [13]. High 

concentrations of 3-ring PAH's at coarse mode can be 

explained by this situation. In Figure 8; 4, 5 and 6-ring 

PAH species show similar increasing tendency towards 

to smaller particle sizes. 5-ring PAH species have the 

highest concentrations in every size ranges. 4 and 6-ring 

PAH species concentrations are nearly close to each other 

in every size ranges.  5-6 ring PAH species tend to 

remain in fine fraction due to high molecular weight and 

low volatility [9],[13]. Mostly, particle diameters below 2 

μm and 5-6 ring PAHs are carcinogenic [8],[9]. In the 

acquired data, it is observed that, there is an increase in 5 

and 6 ring PAHs from 3 μm towards the smallest particle 

diameter.  

 

Figure 8. PAH concentrations relative to ring numbers 

Also, it is important to say that BaP average 

concentration is 3,24 ng/m
3
 . This value is higher than 

desired target value (1 ng/m
3
) in Air Quality Assessment 

and Management Regulation (AQAMR) in Turkey [39]. 

5 and 6-ring PAH species concentrations except DbA 

were higher concentrations than other PAH species in 

Table 1. While Acy, Flu, Pyr, BkF, 

dibenz[a,h]anthracene, indeno [1,2,3-cd] pyrene are 

reported to be indicator of traffic emissions, BgHip are 

reported to be in the presence of gasoline and diesel 

combustion [40],[41]. Also, dibenz[a,h]anthracene is 

generated through LPG combustion processes [41]. 

Fluoranthene and pyrene are always indicators of coal 

burning [15]. General observation for 5-6 ring PAH 

species shows that they are originated from traffic 

emissions. 

Industrial sites located in the Davutpaşa  region are: 

the automotive industry, metallurgical industry, textile, 

machinery, packaging, washing knitwear, socks textile, 

metal coatings industry. 3-ring PAHs could be released 

from the surrounding industries. Automotive, textile, 

metal coatings can cause these emissions. 5-6 ring PAHs 

are generally reported to be traffic emissions. Sampling 

station is close to the central coach station of Istanbul.  

These sources are said to be the main emission sources 

for PAH species.  
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Table 1. Similar studies and comparison 

 
[42, 43] 

A. Calculation of Toxicity Potential of 
PAHs 
PAHs are highly carcinogenic potential group of 

compounds. Each compound in this group have a 

different carcinogenic potential. In this study, 

carcinogenic potentials of PAHs in each size range 

depends on the size distribution of particulate matters 

were calculated by multiplying atmospheric PAH 

concentrations and Toxic Equivalent Factor (TEF)  [44] 

and were given in Table 2 as  benzo[a]pyrene equivalent 

concentrations (BaPE). 

Table 2. BaP equivalent concentrations related to particle cut diameter  

PAH 

specie

s 

  BaP equivalent concentrations (ng/m3) 

7,2 µm 

3       

µm 1,5 µm 

0,95 

µm 

0,49 

µm 0,2 µm 

ACE 0,0000 0,0000 0,0001 0,0000 0,0000 0,0000 

FL 0,0001 0,0001 0,0001 0,0001 0,0000 0,0001 

PHE 0,0001 0,0001 0,0001 0,0001 0,0001 0,0002 

ANT 0,0007 0,0013 0,0005 0,0011 0,0003 0,0008 

FLT 0,0001 0,0001 0,0001 0,0002 0,0003 0,0005 

PYR 0,0001 0,0002 0,0001 0,0003 0,0003 0,0005 

BaA 0,0171 0,0123 0,0234 0,0325 0,0489 0,0628 

CHR 0,0013 0,0013 0,0022 0,0038 0,0069 0,0094 

BbF 0,0403 0,0294 0,0439 0,0649 0,1023 0,1736 

BkF 0,0355 0,0286 0,0412 0,0631 0,1046 0,1491 

BaP 0,2767 0,1940 0,3213 0,5326 0,8762 1,0345 

IcdP 0,0327 0,0264 0,0372 0,0576 0,0911 0,1214 

DbA 0,2564 0,1816 0,3432 0,2835 0,3246 0,3386 

BghiP 0,0039 0,0028 0,0041 0,0061 0,0092 0,0141 

Total 0,6649 0,4781 0,8175 1,0461 1,5649 1,9056 

     When Table 2 was examined, it was seen that the total 

of BaP equivalent concentrations in all size fractions 

ranges from 0.6649 to 1,906 ng/m
3
. The highest two 

concentrations of PAHs in each size range have been 

determined as  BaP and DbA. Also, percent values of 

PAH species in all sizes were calculated for easy 

evaluation of the data. These values ranged from  39.3%  

(1.5 µm) to 55.99%  (0,49 µm) for BaP when these 

valuse changed between  41.99 % (1,5 µm)and 17.76% 

(0,2 µm) for DbA. The remaining percentages were 

distributed among the other types of PAHs in values 

between 0.01 and 9.11%. Although DbA average 

concentrations are lower other than 5-ring PAH species 

(Table 1), its relative contribution to the carcinogenic 

potential is stronger due to its high TEF. 

In another study in Istanbul, BaP equivalent 

concentrations were found as 1.14-3.68 ng/m
3
  in total 

suspended particulate matter (TSP) and gas phase. At the 

same study, the highest two concentrations of BaP 

equivalent concentrations have been determined as  BaP 

and DbA [30]. The same species were highest 

concentrations in our study, too.  
In a study in Konya from Turkey, BaP equivalent 

(BaPE) concentrations  have been determined as 2.019 
ng/m

3
 ve 13 ng/m

3  
for different areas [32]. BaPE 

concentrations were found as the following in different 
countries; in the range of 0.1-2.63 ng/m

3 
in Italy by 

Lodovici and his friends (2003) [45], 0.711 ng/m
3 

in 
Spain by Vera Castellano and his friends (2003) [46], 
4,11 ng/m

3 
in indoor air study which was used cascade 

impactor by Zhang et. al., (2012) [12], in the range of 
0.14-3.59 ng/m

3 
in China by Zhao et al., (2011) [27]. 

Various BaPE concentrations have been determined 
depending on countries. Different values are due to not 
only the different geography but also using alternative 
particle collection methods.  

IV.  Conclusion 
In previous studies in Turkey, PAH concentrations 

were found in particulate or gas phase. In this study, the 

concentrations of PAHs in particulate matter collected in 

a specific size range were investigated. Average particle 

size of all PAH species ranges between 0.95-1.5 μm. This 

range is important since it is respirable particulate matter 

size range. PAH species in similar features were grouped 

according to the number of rings. All researched ring 

PAHs show mono modal distribution in size range of 

0.95-1.5 μm. 4, 5 and 6-ring PAH species have high 

concentrations almost in every size range. Especially 

high molecular weight PAHs are generally related to 

particulate matter and therefore it can threaten human 

health by inhalation. Particle diameters which are lower 

than 2 micrometers and are 5-6 ring of PAHs; are 

carcinogenic. It was observed that when particle size 

decreases, 5-6 ring PAHs concentrations increase. 

Toxicity equivalency factors of PAHs were calculated 

and the highest values were obtained for BaP and DbA. 

In spite of being lower concentrations is ambient air, it is 

remarkable for DbA having high TEF values. BaP 

average concentration was found higher than target value 

in AQAMR in Turkey. Inhalation of particulate matters 

containing toxic organic components threat to human 

health. Researches on PAH concentrations of respirable 

particles are very important in terms of understanding the 

effects on human health.  
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[High molecular weight PAHs are generally 

related to particulate matter and therefore it can 

threaten human health by inhalation. Particle 

diameters which are lower than 2 micrometers 

and are 5-6 ring of PAHs; are carcinogenic. It 

was observed that when particle size decreases, 

5-6 ring PAHs concentrations increase.] 


