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Abstract: Thisstudy aims to develop a methodology for the qualitative and quantitative determination of 19
polycyclic aromatic hydrocarbons (PAHS) in particulate matter (PM). The procedure is based onactive samplingon
aglassfiberfilter for 24h, by a high volume pump, followed by ultrasonic extraction, purification by column
chromatographyand GC-MS analysis. The developed methodologywas validatedin terms of linear range, limit of
detection, limitofquantification, precisionand accuracy ofeachofthe 19 analytes. The limit ofdetection and the
limit of quantificationwere, in the rangeof0.9 to 4.3 pg uL ™ and 2.7 to 13.0 pguL™, respectively, as the lowest
valueswereregisteredfor phenantrene and the highestfor coronene. The developedmethod could be defined as
accurate and precise for the 19 analytes tested, as a recoveryof80-120%and relativestandarddeviation bellow
6% were achieved. It was successfully applied to urban PM samples and the results showed that none of the
detected PAHs concentrations exceeded the average annual concentration limit of 1 ng m™for benzo[a]pyrene.
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INTRODUCTION

Air quality is an important factor for a healthy environment as it has a direct impact on the
ecological balance and affects human health (Montafno-Soto, Garza-Ocanas, Badillo-Castafeda,
& Garza-Ulloa, 2017). United States Environmental Protection Agency considered six criteria air
pollutants, i.e ground-level ozone, particulate matter, carbon monoxide, lead, sulfur dioxide and
nitrogen dioxide (US EPA, 2018). In particular, pollutions by PM pose a great risk to human
health, since the exposure to PM with an aerodynamic diameter below 10 um (PMjo) and
especially with an aerodynamic diameter below 2.5 um (PMgys) leads to an increased incidence
of lung cancer and mortality due to problems with the cardiovascular system (Abou Chakra,
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Joyeux, Nerri¢re, Strub, & Zmirou-Navier, 2007; Li et al., 2010; Pozzi, De Berardis, Paoletti, &
Guastadisegni, 2005).

In the recent years, researchers have focused their efforts on establishing the chemical
composition of the various PM fractions in order to define their toxicity. The acknowledged
compounds related to PM toxicity are aldehydes, ketones, benzene, dioxins, PAHS, nitro (nitro-
PAH) and oxidized (quinone) derivatives.

PAHs and their derivatives are a group of several hundred chemically related compounds
having different structure, environmental stability and toxicity and are generated by the
incomplete combustion of organic matter (Abdel-Shafy & Mansour, 2016). PAHs are known to
have carcinogenic and mutagenic effects and are potent immunosuppressants. In general, as their
molecular weight increases, carcinogenicity of PAHs also increases, while their toxicity
decreases (Ravindra, Sokhi, & Van Grieken, 2008). The current European Union Directive
proposed benzo[a]pyrene as a marker for the carcinogenic risk of polycyclic aromatic
hydrocarbons in ambient air and set a target value of 1 ng m3 as a total content in the PMyg
fraction. In addition, each Member State should monitor other relevant PAHs such as
naphthalene, chrysene, benzo[a]anthracene, benzo[k]fluoranthene, benzo[b]fluoranthene, etc.
The major difficulty in determination PAHs quantities in airborne PM is related to their
extremely low concentrations (ppb to ppt levels). In this regard, the development of analytical
methods for quantitative and qualitative determination of PAHSs in ambient air, and in particular
in PM, is an up-to-date research topic. Hence, the purpose of the present study is the
development of an adequate analytical method for qualitative and quantitative determination of
polycyclic aromatic hydrocarbons in airborne PM; s and PMyy.

EXPOSITION
Materials

Internal standard mix containing naphthalene-d8, acenaphthene-d10, phenanthrene-d10,
chrysene-d12, perylene-d12, and certified reference materials containing 19 PAHSs, listed in
Table 1, were supplied by Sigma-Aldrich. Dichloromethane (GC grade), glass wool (silanized),
sodium sulphate anhydrous (puriss. p.a. grade) and amber vials were purchased from Sigma-
Aldrich as well. The proposed methodology consists of the following steps: particulate matter
sampling, ultrasonic assisted solvent extraction, sample clean-up and concentration, followed by
GC-MS analysis.

Sampling, sample preparation and analysis

The PM, 5 and PMy were collected on glass fiber filters, 47 mm for 24 h, using air sampler
OPSIS SM200 with flow rate about 2.3 Nm? hl. All collected samples were stored at 3-4°C prior
to analysis.

In order to extract the PAHSs of interest ultrasonic assisted extraction was carried out using
10 ml dichloromethane, followed by a purification step via column chromatography, as the
column was packed with glass wool and 0.5 g of anhydrous sodium sulphate. The cleaned
extracts were further concentrated by nitrogen purging to about 300-500 uL, and diluted to
exactly 1000 uL prior to GC-MS analysis.

Thermo Scientific Trace 1300 gas chromatograph equipped with a TG-5ms, non-polar
capillary column (30mx0.25mmx0.25 pum - 5% diphenyl, 95% dimethylpolysiloxane) in tandem
with a TSQ 8000 Mass Spectrometer was used for the PAH analysis. A volume of 1 uL was
injected in the splitless mode at inlet temperature of 280°C and carrier gas (He) flow rate of 1.2
mL min-L. Initial oven temperature was 100°C and increased up to 300°C at ramp rate of 10°C
min and held for 15 min at the final temperature. The mass spectrometer was operated in the
electron impact ionization mode at 70 eV, the ion source temperature was 220°C and transfer
line temperature was 250°C. PAHs quantification was carried out in Selected Ion Monitoring
(SIM) mode. For each PAH, one ion for quantification and two ions for qualification were
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selected for SIM mode. Table 1 summarizes the data of the investigated PAHs and the selected
qualifier and quantifier ions.

Method validation

The developed methodology was validated in terms of linear range, sensitivity, limit of
detection and limit of quantification, precision and accuracy of each of the 19 analytes. The
sensitivity, limit of detection and limit of quantification were determined based on calibration
curve results as described by Araujo (Araujo, 2009). The precision and accuracy in terms of
relative standard deviation and analytical recovery, respectively, were determined on the basis of
the results for 5 parallel runs of blank filters spiked with the 19 PAHSs of interest, analyzed in
triplicates.

Table 1. Studied PAHs and their selected ions for GC-MS analysis in SIM mode

Monitored SIM lons

Ne|Compound ig?{:jjl MW| RT . .
Quantifier | Qualifier
1 [Naphthalene CoHg | 128 4.15 128 129, 127
2 |Acenaphthylene C,Hg | 152 7.12 152 151, 153
3 |Acenaphthene C,H, |154| 7.53 154 153, 152
4 |Fluorene C.H, |166| 865 166 165, 167
5 |Phenanthrene C.Hy, |17810.84 178 176, 179
6 |Anthracene C.H,, |178|10.94 178 176, 179
7 |Fluoranthene CeHipo | 202 |13.67 202 101, 203
8 |Pyrene CH, |202 (1418 202 101, 203
9 |Benzo[a]anthracene CeHy, | 228 |17.09 228 226, 229
10 (Chrysene CeHy, |228(17.18 228 226, 229
11 [Benzo[b]fluoranthene C,Hy, | 252 |19.53 252 113, 126
12 |Benzo[k]fluoranthene C,oHy, | 252 |19.58 252 113, 126
13|Benzo[e]pyrene C,oHy, | 252 |20.09 252 113, 126
14 |Benzo[a]pyrene C,oHy, |252|20.19 252 113, 126
15 [Perylene C,Hy, | 252 |20.36 252 113, 126
16 |Indeno[1,2,3-cd]pyrene | C,,H,, | 276 |22.90 276 138, 277
17 |Dibenzo[a,h]anthracene| C,,H,, | 278 | 22.99 278 139, 279
18 |Benzo[ghi]perylene C,H,, |276|23.63 276 138, 277
19 |Coronene C,H, [300|29.64| 300 150, 301

The quantification of the investigated analytes was performed via the internal standard
method (with 5 deuterated standards), using a 5 point calibration graph (from 10-100 pg uL1)
based on the analyte/internal standard concentration ratio relative to the corresponding
analyte/internal standard peak area ratios. The derived calibration graph was linear with a
determination coefficient above 0.991. The limit of detection and the limit of quantification of
the analytical method were, in the range of 0.9 to 4.3 pg puL! and 2.7 to 13.0 pg pL?,
respectively, as the lowest calculated values were for phenantrene and the highest for coronene.
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The developed method could be defined as accurate and precise regarding the 19 investigated
PAHSs, as a recovery of 80-120% and relative standard deviation bellow 6% was achieved. Table
2 shows results of these investigations.

Table 2. Analytical characteristics of the method

Data based on5

parallel samples,

Ne (Chemical compound R2 Sensitivity. LOD_l -0 anaflyzedBtlmes

ng mL Precision| Accuracy
ng mLtng m3| % %

1 |Naphthalene 0.9995| 0.0087 1.09 3.32 |0.058| 3.00 119.61
2 |Acenaphthylene 0.9987| 0.0123 1.66 503 |0.088| 1.16 95.21
3 |Acenaphthene 0.9994| 0.0091 1.11 3.38 [0.059| 1.59 98.77
4 |Fluorene 0.9983| 0.0100 1.94 | 587 |0.103| 5.93 109.62
5 [Phenanthrene 0.9996( 0.0092 0.90 274 [0.048| 0.77 93.14
6 JAnthracene 0.9986( 0.0071 1.77 535 [0.094| 1.33 89.19
7 |Fluoranthene 0.9976( 0.0061 2.28 6.92 [0.121]| 2.30 112.43
8 [Pyrene 0.9967| 0.0064 2.68 8.11 [0.142| 2.59 113.84
9 [Benzo[a]anthracene  ]0.9969| 0.0071 2.59 7.85 [0.137| 1.96 91.17
10 |Chrysene 0.9988| 0.0103 1.64 497 10.087 | 151 85.97
11,12 Benzo[b,k]fluoranthene [0.9981| 0.0231 2.06 6.23 [0.109| 1.63 189.27
13 |Benzo[e]pyrene 0.9961| 0.0106 2.94 8.90 |0.156| 2.67 93.62
14 |Benzo[a]pyrene 0.9968| 0.0095 2.67 8.08 |0.141| 1.90 92.10
15 [Perylene 0.9991] 0.0089 140 | 424 10074 2.36 97.22
16 |Indeno[1,2,3-cd]Pyrene(0.9983| 0.0083 1.91 579 |0.101| 3.06 98.23
17 |Dibenzo[a,h]anthracene(0.9954| 0.0064 317 | 959 [0.168| 2.66 102.19
18 |Benzo[ghi]perylene 0.9971| 0.0084 2.51 7.60 [0.133] 3.47 99.90
19 |Coronene 0.9917| 0.0044 429 | 12,99 |0.227| 4.01 94.42

LOD-Limit of determination:;

LOQ-Limit of quantification;

The results for 11,12 Benzo[b,k]fluoranthene represent the results for both, i.e.
Benzo[b]fluorantheneand Benzo[k]fluoranthene,or their sum since these compounds co-
elluted and could not be separated under current GC-MS conditions.

Application of the elaborated analytical method to real PM samples

During the analysis of real samples, it was found that the only compound, which is
regulated by the Bulgarian legislation - benzo[a]pyrene (average annual concentration limit - 1
ng m3 according to Ordinance No.11 of 14.05.2007) had a concentration of about 0.18 ng m3.
Amongst analyzed 19 PAHSs, 11 compounds were above the limit for quantification in real PM; 5
and PMy, samples collected in Dolno Ezerovo Quarter, Burgas while the rest compounds were
below the limit of detection. The highest registered levels of PAHs were those of fluoranthene
and pyrene, followed by chrysene and benzo[b,k]fluoranthene. There are no significant
differences in the PAHSs distribution pattern detected in the case of PM,s and PMy samples. It is
important to mention that all quantified polycyclic aromatic compounds were below the average
annual concentration limit for benzo[a]pyrene of 1 ng m3. The PAHSs concentrations in PM, 5
and PMy, are shown in Figures 1 and 2.
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Fig. 1. PAHs concentration in PM; 5 Fig. 2. PAHs concentration in PMy,

CONCLUSION

The qualitative and quantitative determination of specific pollutants such as PAHs in PM
is important for assessing ambient air quality. Conducting detailed monitoring in this regard
would clarify the sources of pollution and the impact of specific meteorological conditions in the
urban environment, which in turn would lead making adequate management decisions to
improve the quality of life.
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