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Abstract 9 

Indoor pollution, and deposition dust (DD) in particular, are acquiring concern, due to long exposure time 10 

and importance of intake by humans through contact and ingestion. Hospitals look a special category of sites, 11 

owing to peculiar contaminants affecting them and to presence of people prone to adverse effects induced 12 

by toxicants. Four in-field campaigns aimed at understanding the chemical composition of DD were 13 

performed in five Italian hospitals. Measurements were performed before (autumn 2019), during (spring 14 

2021) and after (winter 2022) the peak of SARS-CoV2, and when restrictions caused by pandemic were 15 

revoked (winter 2023). Parallel measurements were made outdoors (2022), as well as in a university and a 16 

dwelling. Targeted contaminants were n-alkanes and polycyclic aromatic hydrocarbons (PAHs), while iso- and 17 

anteiso-alkanes were analyzed to assess the impact of tobacco smoking. Total n-alkanes ranged from 3.9±2.3 18 

mg/g to 20.5±4.2 mg/g, with higher percentages of short chain homologues in 2019. PAHs ranged from 19 

0.24±0.22 mg/g to 0.83±0.50 mg/g, with light congeners (≤228 a.m.u.) always exceeding the heavy ones 20 

(≥252 a.m.u.). According to Carbon Preference Indexes, alkanes originated overall from anthropogenic 21 

sources. Microorganisms resulted to affect a hospital, and tobacco smoke accounted for ~4-20‰ of DD mass. 22 

As for PAH sources, the diagnostic concentration ratios suggested the concourse of biological matter burning 23 

and vehicle emission. Benzo[a]pyrene equivalent carcinogenic and mutagenic potencies of depositions at 24 

hospitals ranged ~9-39 g/g and ~15-76 g/g respectively, which seems of concern for health. DD 25 

composition in hospitals was different from that outside the premises, as well as that found at university and 26 

at dwelling.  27 

 28 

Key words:  indoor pollution; deposition dust; carbon preference indexes; environmental tobacco smoke; 29 
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n-Alkanes and PAHs in deposition dust of hospitals ranged ~4-21 mg/g and 0.24-0.83 mg/g, respectively. 34 

BaP equivalent carcinogenicity and mutagenicity of dust ranged 9-39 g/g and 15-76 g/g, respectively. 35 

Differences were found between samples collected before, during and after the SARS-CoV2 pandemic.  36 

Hospital interiors resulted affected by tobacco smoke emissions. 37 

n-Alkane and PAH fingerprints in the hospitals were distinct from that at the university and a dwelling. 38 

Alkane and PAH loads and fingerprints were different in hospital deposition and suspended particulate.  39 

 40 

 41 

Symbols: DD = deposition dust; PM = particulate matter; SPM = suspended particulate matter; HOS= hospital; 42 

PHR = private home (dwelling); UNI = university; nCi = n-alkane with carbon number equal to i; iCi = iso-alkane 43 

with carbon number equal to i; aCi = anteiso-alkane with carbon  umber equal to i; PAHs = polycyclic aromatic 44 

hydrocarbons; FLN = fluorene; PHE = phenanthrene; AN = anthracene; MPA = methyl-45 

phenanthrene/anthracene; FA = fluoranthene; PY = pyrene; CPP = cyclopentapyrene; BaA = 46 

benz[a]anthracene; CHR = chrysene; BbF = benzo[b]fluoranthene; BjF = benzo[j]fluoranthene; BkF = 47 

benzo[k]fluoranthene; B[a]F = benzo[a]fluoranthene; BeP = benzo[e]pyrene; BaP = benzo[a]pyrene; PER = 48 

perylene; IP = indeno[1,2,3-cd]pyrene; DBA = dibenz[a,h]anthracene; BPE = benzo[ghi]perylene; IDW = 49 

infection disease ward; NSW = neonatal surgery ward. 50 

 51 

 52 

1. Introduction:  53 

Until the second half of the last century, air pollution was ascribed overall to external atmosphere, and 54 

interiors needed to be preserved by intrusion of toxicants. Hence, normative addressed its concern to 55 

emissions and intakes (“inputs”, i.e., the resulting concentrations of toxic substances in the air) (European 56 

Parliament 2004, 2008, 2016, 2019, 2020, 2021; EPA 2016a, 2016b; WHO 2021a, WHO 2021b; OSHA 2022a, 57 

OSHA 2022b). The sole exceptions were workplaces and fires (OSHA 2022a; OSHA 2022b). Because of that, 58 

pollution tends to decrease in developed countries with regard to air concentrations of airborne particulate, 59 

sulfur and carbon monoxide. Further efforts aim at reducing the occurrence of nitrogen oxides, ozone, and 60 

carbon dioxide in the air, and improving the use of eco-friend technologies. Internal locations seem to suffer 61 

an opposite trend. There, ascertained pollutants continue to exist owing to traditional sources, e.g. boilers, 62 

heaters, ovens, tobacco smoking, while new generations of contaminants have begun to affect the sites (EPA 63 

2011; EPA 2022; Ścibor et al. 2019; Feng et al. 2021; BLF 2022a; BFL 2022b). In conclusion, nowadays humans 64 

are exposed predominantly to harmful action of indoor contaminants, whose impact on health and 65 
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environment is enhanced by the time of exposure (Wallace et al. 2003; Ścibor et al. 2019; Melymuk et al. 66 

2020; Feng et al. 2021). 67 

Usually, investigations treating indoor pollution are focused on gaseous toxicants (e.g., ozone, nitrogen 68 

oxides, CO, VOCs including carbonyls) and/or chemical constituents of deposition dust (DD) and suspended 69 

particulate. Other important topics are the indoor/outdoor chemical relationships, the patterns of intrusion, 70 

dilution and venting of toxicants, and the influence of surfaces, light, thermal/barometric gradients and 71 

oxidants. (Fine et al. 1999; Daer et al. 2011; Romagnoli et al. 2014; Zhu et al. 2015; Boudehane et al. 2016; 72 

Romagnoli et al. 2016; Baures et al. 2018; Mohammadyan et al. 2019; Cheng et al. 2021; Dingle et al. 2021; 73 

Palmisani et al. 2021; Yu et al. 2021; Arfaeinia et al. 2022; Esplugas et al. 2022). Interiors are studied also with 74 

regard to contamination by bacteria, molds, fungi, spores and pets (Jacobs et al. 2014; Baures et al. 2018; 75 

Ścibor et al. 2019; Wu et al. 2021). Finally, incremental exposure, intake rate and health risk associated to 76 

indoor pollution have been calculated for several toxicants (Cao et al. 2019; Raju et al. 2020; Wu et al. 2021).  77 

In this context, homes and schools are the most investigated categories of indoor locations. (Morey et al. 78 

2001; Ayoko et al. 2003; Butte 2003; Morawska and He 2003; Morawska and Salthammer 2003; Singh and 79 

Sioutas 2003; Weschler et al. 2011; Peng et al. 2012; Annesi-Maesano et al. 2013; Kedidji et al. 2013; 80 

Blanchard et al. 2014; de Gennaro et al. 2014; Jacobs et al. 2014; Morgan et al. 2014; Romagnoli et al. 2014; 81 

Hazrati et al. 2016; Maragkidou et al. 2017; Lucattini et al. 2018; Ali 2019; Bennett et al. 2019; Norbàk et al. 82 

2019; Lucialli et al. 2020 ; Nandan et al. 2021; Shen et al. 2022). Investigations have been performed in 83 

vehicles and public estates including shopping and sport centers, churches, and offices. (Wallace et al. 2003; 84 

Zhao et al. 2007; Morgan et al. 2014; Qi et al. 2014; Rabhi et al. 2018; Yadav et al. 2018; Sanchez-Pinero et 85 

al. 2020; Feng et al. 2021). Other studies developed tools to monitor air quality, or strategies aimed at 86 

improving it (Settimo 2017, Rautiainen et al. 2019; Akova et al. 2022; Baqer et al. 2022; Dragan et al. 2022). 87 

Surprisingly, much less attention has been paid to pollution inside hospitals, despite segments of population 88 

(i.e., children, elderly, immunosuppressed and sick people, addicts), which suffer particularly the impact of 89 

toxicants, frequent daily these structures and are exposed to special contaminants like pharmaceuticals (e.g., 90 

radioactive, psychotropic and antibiotic chemicals, anesthetic gases) and psychotropic substances.  91 

In conclusion, scientific literature about alkanes and PAH associated to hospital DD is scarce, although several 92 

investigations have concerned regulated pollutants (PM10, PM2.5, NO2, O3, VOCs, carbonyls and pathogens) 93 

(Dewerk et al. 1978; Lillquist et al. 199;, Bérubé et al. 2003; Wang et al. 2006a; Wang et al. 2006b; Singh et 94 

al. 2009; Jerusalem and Galarpe 2015; Abedi et al. 2021; Gunathilake et al. 2022).  95 

Internal locations are affected by the same categories types of contaminants of outdoor environments (e.g., 96 

non-polar hydrocarbons, polycyclic aromatic hydrocarbons, clay, metal and glass particles, back suspended 97 

soil, carbonaceous aerosol, allergens, biogenic pathogens). Nevertheless, from the quantitative point of view 98 
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the two types of environment are very distinct. In the absence of point sources (e.g. gas and coal fueled 99 

ovens, fireplaces), some toxicants (O3, NO2, CO) exist overall outdoors, whilst other chemicals (e.g., 100 

phthalates and plasticizers, tobacco smoke residues) are up to thousand times more abundant in internal 101 

locations. That depends overall on the direct impact of people and organisms living, working, and moving 102 

there. Humans, until now considered the “targets” of toxicants, are responsible for the existence and fate of 103 

many substances that determine the chemical profile and toxic properties of their places of life [Nicolaides 104 

1974; Peck 2006; Dubocq et al. 2021; Morrison et al. 2021). For instance, interiors appear all the time affected 105 

by long-chain acids, alcohols, amides, and aldehydes, which are lipid components of skin and hairs. Other 106 

chemicals affecting dust and air are personal care and cosmetic substances, house cleaning agents, furnishing 107 

and building products [Ramos et al. 2015; Mitro et al. 2016; Tran et al. 2016; Lucattini et al. 2018; Tran et al. 108 

2021). Further factors controlling the chemistry of interiors are the morphology of the sites, in particular of 109 

spaces, surfaces, walls and windows, the temperature and pressure gradients, the ventilation rate and 110 

geometry.  111 

In internal locations, DDs play a role more important than outdoors with regard to chemical signature of the 112 

sites and the impact on human health (Thatcher et al. 1995; Morawska et al. 2017; Björnsdotter et al. 2018; 113 

Lunderberg et al. 2020; Price et al. 2019; Luo et al. 2020; Melymuk et al. 2020; Yang et al. 2020; Yang et al. 114 

2022). In fact, though DD include large portions of coarse particles, these latter tend to remain in the air 115 

much more than outside, because they are back suspended many times thanks also to action of living 116 

organisms living there. Thus, the contribution of DD and its coarse fraction to ambient toxicity raises. It has 117 

been calculated that while the intake of toxicants at open air depends on inhalation at ~98%, in interiors the 118 

contact and ingestion routes are favoured up to exceed 50% of the total, because  people can swallow up to 119 

one hundred milligrams of DD per day (Khpalwak et al. 2019). 120 

As a part of the PIRENEI Project (Presenza d’Inquinanti Regolamentati, Nuovi ed Emergenti nell’Indoor) 121 

undertaken by CNR IIA in cooperation with of Sapienza University of Rome, Dept. of Chemistry, we carried 122 

out a study aimed at exploring the chemical contour of internal locations of hospitals. Our concern was 123 

focused on DDs and organic substances associated with them. This approach did not account for the whole 124 

physical-chemical mechanisms and toxicity developing in the hospitals. Nevertheless, in order to clarify the 125 

contribution of DD to exposure to toxicants it was necessary to understand its composition in terms of both 126 

emerging contaminants and regulated pollutants. Four main categories of chemicals were investigated, i.e., 127 

non-polar hydrocarbons (linear and branched alkanes), PAHs, psychotropic substances and polar/very polar 128 

compounds (e.g., phthalate esters); besides, the analysis of untargeted substances provided preliminary 129 

information about the occurrence of fragrances, flame retardants, cosmetics, solar screens, plasticizers, 130 
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antioxidants and stabilizers). Alkanes and PAHs are the subject of this paper, while a second article treating 131 

the other classes of targeted and untargeted chemicals has been submitted to ESPR (Ref.: ESPR-D-23-22979). 132 

 133 

 134 

2.  Experimental 135 

2.1. Chemical compounds targeted for this study 136 

In this paper, our focuses were linear alkanes from pentadecane (nC15) to hexatriacontane (nC36) and PAHs 137 

with molecular weights ranging from 166 to 278 a.m.u. (i.e., from fluorene to dibenz[a,h[anthracene) 138 

associated to deposition dust (DD);  moreover, 2-methyl (iso-) and 3-methyl (anteiso-) alkanes were 139 

investigated within the C29-C34 range. The same lists of compounds were analyzed in PM recovered from 140 

absolute filters of ventilation systems at the fifth hospital. 141 

All chemical standards necessary for this study (perdeuterated alkanes nC16, nC18, nC20, nC26 and nC32; 142 

deuterated FLN-D10, PHE- D10, ANT- D10, FA- D10, PY- D10, CHR- D12, PER- D12 and DBahA- D14) were from MDS 143 

Isotopes and Chiron Norway (purchased from Chemical Research 2000 s.r.l., Rome, Italy). Neutral alumina 144 

type 90 for column chromatography , native nC8-nC40 Mix, 16 Priority EPA PAH standard plus BeP mixtures 145 

were produced by Accustandard (purchased from Unilab Scientifica s.r.l., Gravina di Catania), Sigma (Merk 146 

Life Sciences, Milan) and Superchrom, Milan. Solvents (2,2,4-trimethylpentane, n-hexane, dichloromethane, 147 

acetone, methanol, chloroform and water) were of residue analysis purity grade, produced by ROMIL and 148 

purchased from DELTEK s.r.l., Pozzuoli, Italy.  149 

 150 

2.2. Localization of the sites under study 151 

Three out of five hospitals situated in two Italian cities were investigated in Nov. 2019, May 2021 and Feb. 152 

2022, i.e., respectively, before the SARS-CoV2 pandemic, at a steady state phase of it, and during a temporary 153 

drop of infections. The fourth hospital was investigated in the spring 2021, and the fifth one in Feb. 2020. 154 

Two hospitals were investigated also in the late winter 2023, when pandemic was formally concluded in Italy 155 

and the obligation to wear facial masks was abrogated. During 2022 and 2023 experiments, DDs were 156 

collected inside the hospitals and outdoors, close to main buildings of the estates. All hospital agencies were 157 

public and served wide districts of the cities with their surroundings (Supplementary Table ST1). Dust was 158 

collected in hospital locations used for distinct purposes (churches, ward corridors, ticket and teaching rooms 159 

and entrance halls). Parallel measurements were carried out at a university and a private dwelling in order 160 

to investigate the peculiarities of pollution inside the hospitals.  All sites and locations are reported in Table 161 

1. The dwelling hosted two no smoking people and was situated in a residential district, 15 m above the 162 
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ground; it was rarely exposed to rush vehicle traffic. As for university, DD samples were collected at the 163 

Department of Chemistry building, facing an internal avenue and situated far from rush traffic streets. 164 

 165 

Table 1. Sites and locations investigated for the purposes of this study. 166 

 167 

 168 

2.3. Collection procedures of DD and SPM. 169 

As for university and the dwelling, we adopted the same procedure followed in previous investigations 170 

(Romagnoli et al. 2016). It consisted of collecting DD from suitable surfaces (flat, >0.25 m2 large, sited at 1.5-171 

2.0 m above the ground and >1m far from large obstacles, from windows and doors), where aluminum 172 

holders (30x40 cm, provided with 6 cm high walls). After 15 days of exposure, holders were withdrawn, 173 

wrapped in aluminum foils and sealed in PTFE plastic bags, and finally were stored in freezer (<-16°C) until 174 

chemical analysis. For hospitals, we applied a distinct dedicated procedure, because it was impracticable to 175 

expose long time the collection devices, owing to legislation pertaining to respect of privacy. Longer periods 176 

of collection were hindered also by the frequent cleaning of surfaces (once or twice per day) required to 177 

Cleaning Service Agencies of all premises investigated. In this case, the targeted surfaces (0.50 m2 each) were 178 

wiped on the day preceding the collection, and left to gather depositions over 24 h. Afterwards, DD samples 179 

were recovered by wiping the surfaces with ultra-clean quartz strips (30x80 mm) cut from silica fiber filters 180 

type QR-100 (Advantec MFS, Dublin, California, purchased from Fisher Scientific, Segrate, Italy) previously 181 

baked 12 h at 350°C. After removal of large particles by means of tweezers, the matter collected was wrapped 182 

in aluminum foil, sealed in PTFE bag and stored in the freezer until chemical analysis.  183 

Suspended particulate matter of HOS_5 was recovered through mechanical removal from absolute filters 184 

housed in the cleaning/venting systems of two wards, dedicated to infection disease treatments and 185 

neonatal surgery. In this way, we could bypass the active collection of airborne particles through pumping 186 

and filtering air by means of aspirating devices, and we prevented problems related to people privacy and to 187 

interference with normal activity of workers. Anyway, the presence of mechanical obstacles and grids and 188 

the geometry of gas ducts lead to enrich predominantly fine and ultra-fine particles on absolute filters. 189 

Caution was dedicated to cleanness of tools used for this operation as well to disposal of residues. 190 

 191 

 192 

2.4. Chemical characterization of particulates 193 

Analytical procedures were developed at CNR-IIA in the frame of European and Italian research projects 194 

(PSALM Project 2009; Ariadrugs Project 2010; LIFE+EXPAH Project 2011) and extensively described elsewhere 195 
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(Balducci et al. 2012; Cecinato et al. 2012; Cecinato et al. 2014a; Romagnoli et al. 2014; Balducci et al. 2017; 196 

Boudehane et al. 2016; Romagnoli et al. 2016; Rabhi et al. 2018]. Briefly, the samples were spiked with a 197 

mixture of internal reference compounds for analysis and extracted in ultra-sonic bath with a mixture of 198 

dichloromethane, acetone and methanol. After reduction close to dryness under a gentle flow of nitrogen at 199 

room temperature, the residue was dissolved with n-hexane and transferred to a neutral alumina column, 200 

from which four fractions of polarity were eluted with isooctane, n-hexane/dichloromethane (20:80), 201 

dichloromethane/acetone (50:50) and dichloromethane/acetone/methanol in sequence (30:55:15). 202 

(Supplementary Material, &1). The first fraction contained non-polar hydrocarbons, and PAHs were in the 203 

second one; finally, the eluates were evaporated and back dissolved in chloroform for instrumental analysis. 204 

Polar and very-polar substances were eluted with the third and fourth fractions, respectively.   205 

Instrumental analyses were performed by means of capillary gas chromatography coupled with mass 206 

spectrometric detection (GC-MSD), by using a Thermo GC-MS Ultra coupled to a DSQII mass spectrometer, 207 

and a Thermo GC Trace-1310 coupled to TSQ8000 Evo MSD triple quadrupole MSD, both equipped with a 208 

DBX type column purchased from Agilent, Milan. (For further information, see Supplementary Material &1). 209 

 210 

Alkanes: With regard to non-polar fraction, the concern was focused on n- (linear), iso- (i.e., 2-methyl) and 211 

anteiso- (3-methyl) alkanes. n-Alkanes are a general index of pollution induced both by anthropogenic and 212 

biogenic sources. Light alkanes affect the environment overall in the gaseous form, while >C14 homologues 213 

exist both as gaseous and particulate. As for iso- and anteiso- isomers, the percent distribution of compounds 214 

belonging to C28-C34 range allows estimating the impact of tobacco smoking on the environment (Cecinato et 215 

al. 2022 b). For our purposes, CPI16 and CPI25 carbon preference indexes (Alves et al. 2001, Cecinato et al. 216 

2022a, b) and per thousand content of tobacco smoke (‰ETS) were calculated through applying the 217 

following formulas (1-3): 218 

 219 

CPI16 =
 nC16 + nC18 + nC20 + nC22 

2∗(𝑛C15 + nC17 + nC19 +n C21)
+  

nC16 + nC18 + nC20 + nC225

2∗(𝑛C17+ nC19 + nC21 + nC23)
         (1), 220 

 221 

CPI25 =
 nC25 + nC27 + nC29 + nC31 + nC33 + nC35

2∗(𝑛C24 + nC26 + nC28 +n C30 + nC32 + nC34)
+  

nC25 + nC27 + nC29 + nC31 + nC33 + nC35

2∗(𝑛C26 + nC28 + nC30 + nC32 + nC34 + nC36)
         (2), 222 

 223 

‰ETS = TSI * ‰[(nC21-nC36)]/25.8          (3) 224 

where: 225 

TSI = ⅓ ∗ (
𝐴

1.36
+

𝐵

9.85
+

𝐶

1.29
) ∗ 1000 226 



8 
 

and: 227 

aCj, iCj and nCj are the anteiso-, iso- and normal- Cj alkane, respectively.  228 

A = ⅙ (iC29/nC29+aC30/nC30+iC31/nC31+aC32/nC32+iC33/nC33+aC34/nC34), 229 

B = ⅙ (iC29/aC29+aC30/iC30+iC31/aC31+aC32/iC32+iC33/aC33+aC34/iC34), 230 

C = ⅙ (aC30/nC30+aC32/nC32+aC34/nC34+aC29/nC29+aC31/nC31+aC33/nC33), 231 

‰[nC21-nC36) = per thousand content of nC21÷nC36 alkanes in particulate matter.  232 

(Rem.: For the meaning of 25.8, 1.36, 9.85 and 1.29 at denominators see Cecinato et al. 2022 b).  233 

Finally, an ancillary index adopted for the tobacco smoke occurrence was the nC31 exceedance vs. nC29 and 234 

nC33 homologues, calculated according to the formula (4): 235 

ExC31 = 2 * nC31/(nC29+nC33).                     (4) 236 

ExC31 values higher than 2.5 are typical of tobacco leaves and tobacco smoke (Cecinato et al. 2022 b). 237 

Instrumental analysis was performed with MSD operated in scan mode, using deuterated homologues as 238 

internal reference. Targeted compounds were identified through comparing the absolute and relative 239 

retention times of authentic standards vs. reference compounds. Quantitative determinations were made 240 

based on M/Z = 85 and 99 signals, compared with that of M/Z = 66 of reference compounds. In the case of 241 

iso-and anteiso- alkanes, the response factors of the isomer n-hydrocarbons were corrected for the distinct 242 

percentages of M/Z = 85 and 99 fragment ions.  243 

With regard to limit of detection (LOD) and quantification (LOQ) assigned to each compound, the actual 244 

concentration values depended on amount of matter and/or air volume enriched in each sample. In terms of 245 

concentration of compounds in the hospital samples, the minimum LODs ranged from 0.6 g/g for C17-C27 n-246 

alkanes to 1.0 g/g for C15-C16 and C28-C33 homologues, up to 3.0 g/g for ≥C34 n-alkanes. The respective LOQs 247 

were ca. three times higher, i.e., 2 g/g, 3 g/g, and 10 g/g, respectively. No interferences were observed 248 

except a handful of cases where siloxane impurities affecting the sample extracts were co-eluted; that 249 

hindered to determine C14  and sometimes C15 (for further information, see Supplementary Material, &1.1). 250 

 251 

PAHs: PAHs were determined through operating MSD in SIM mode. Three M/Z ion current traces and the 252 

retention time vs that of reference were used to identify targeted compounds.  M/Z signals corresponding 253 

to molecular weight (MW) were adopted for quantitative purposes. Eight perdeuterated PAHs were adopted 254 

as reference compounds (Supplementary Material &1.2 and ST3); molecular ion trace (M/Z = MW) was 255 

selected for quantification. The sample extracts held also volatile PAHs (naphthalene, methylnaphthalenes 256 

and acenaphthene); however, evaporation losses during the analytical process hindered their quantification. 257 
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Other PAHs (e.g., retene) were detected occasionally. Further information about PAH analysis is provided as 258 

Supplementary Material &1.3. 259 

The limits of quantification LOQs of PAHs at hospitals ranged from 1.2 g/g for PHE, AN, FA and PY to 1.5 260 

g/g for FLN, BaA and CHR, to 2.0 g/g for benzofluoranthenes and benzopyrenes, and up to 3.0 g/g for IP, 261 

BPE and DBA. Trace level interferences were found in blank samples relatively to PHE and PY, which were 262 

subtracted in the quantitative determinations. The overall uncertainty of analysis for PAHs ranged from <15% 263 

(PHE, FA, PY, CHR, BbF, BjF, BkF, BeP) to 15-20% (FLN, AN, BaA, BaP, PER, IP, BPE), to 22% (DBA). 264 

 265 

 266 

3. Results and discussion 267 

3.1. n-Alkanes at HOS_1-HOS_4 268 

The mean concentrations of total n-alkanes (C18-C36 range) in DDs collected at HOS_1-HOS_4, university and 269 

dwelling during the four measurement campaigns are shown in Fig. 1A, while the corresponding geometrical 270 

mean and median values are reported in Supplementary Table ST4. The mean values of CPI16 and CPI25 271 

indexes as well as the estimated per thousands of tobacco smoke contribution to DD mass are shown in 272 

Figure1B, 1C and 1D, respectively.  273 

 274 

Fig. 1. 275 

 276 

At HOS_1, total alkanes ranged from 3.0±2.0 mg/g (2022) to 8.9±4.8 mg/g (2023). At HOS_2, the minimum 277 

was equal to 6.9±4.9 mg/g (2022), and the maximum reached 20.5±14.7 mg/g; please to consider that this 278 

hospital was not investigated in 2023. At HOS_3, examined only in 2021, n-alkanes in dusts reached 18.6±14.7 279 

mg/g. At HOS_4, total load was as low as 4.0±2.5 mg/g in 2021, and as high as 14.1±5.8 mg/g in 2023. The 280 

variability among the loads of n-alkanes recorded at the single locations of hospitals was quite wide, ranging 281 

from 1.4 to 35.5 mg/g for neat concentrations, and ~40-85% for the respective standard deviations. 282 

Cumulatively, total n-alkane contents in deposition dusts reached 6.7±2.5 mg/g in 2019, 12.6±4.0 mg/g in 283 

2021, 7.2±4.3 mg/g in 2022, and 11.5±3.7 mg/g in 2023. The ratio between short-and long-chain alkanes 284 

(namely RLH = nC15÷nC23)/(nC24÷nC36)) at hospital was always higher during the 2019 campaign (RLH = 285 

0.24±0.07) than in 2021/2022 (0.09±0.02) and in 2023 (0.03±0.01). This finding could not only depend on the 286 

different seasonality of measurements, because ambient temperature in the premises was roughly constant 287 

during the entire year, but also on the different impact of microbial/bacterial emission (Kuhn et al. 2010; 288 

Aghadadashi et al. 2021). Presumably, that was the result of the improved cleaning policy of internal locations 289 

due SARS-CoV2 pandemic. In fact, CP16 values were higher in 2019 (2.0±0.3) than in 2021 (0.84±0.16), in 2022 290 
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(0.62±0.12) and 2023 (1.11±0.01) (Fig. 1B). This effect was less evident at the university and dwelling (CPI16 291 

equal to ~0.50 in 2019, ~1.16 in 2021, ~0.70 in 2022 and ~1.26 in 2023). 292 

Looking to CPI25 index, indicative of the prevalence of biogenic vs. anthropogenic emission sources (Fig. 1C), 293 

hospitals displayed analogous patterns up to 2022 but they did not in 2023. In fact, CPI25 values were, on the 294 

average, equal to ~1.3±0.2 in 2019, ~1.2±0.2 in 2021 and ~1.1±0.1 in 2022; instead, in 2023 this index was as 295 

low as 1.8 at HOS_4 and as high as 6.3 at HOS_1. According to CPI25 values, until 2022 anthropogenic emission 296 

prevailed vs. the biogenic one in all DDs (Alves et al. 2001; Yu et al. 2016, Khedidji et al. 2017, Kang et al. 297 

2018); some minor contribution was found only in HOS_4 during 2021, when CPI25 reached 1.5. By contrast, 298 

the 2023 campaign was characterized by the important contribution of biogenic alkanes (CPI25 ≥4). 299 

The per thousand contribution of tobacco smoke to total DD mass in the hospitals was analogous from 2019 300 

to 2022, ranging from ~16±9‰ to ~20±16‰, but it dropped in 2023 (~2.8±1.1‰). Since that could not 301 

depend on ambient temperature (2023 campaign corresponding to late winter), nor to amount of people 302 

frequenting hospitals (which were grown thanks to more freedom of access), presumably the improvement 303 

of cleaning and of smoking prohibition respect gave rise to this outcome. 304 

At HOS_4, total n-alkanes reached 8.6 mg/g in 2019 and 4.0 mg/g in 2021. There, an important improvement 305 

of internal air was revealed by the cut of CPI16 rate. In fact, its value dropped from 2.3 in 2019 to 0.8 in 2021. 306 

Presumably, the cleaning procedures of interiors were improved there during the period of study, according 307 

to the fact that this hospital was a hub of SARS-CoV2 medical treatments. At the same hospital, DDs were 308 

collected also outdoors of the premise, which allowed a sight comparison. Both total n-alkanes and ‰ETS 309 

were lower outdoors (ca. 1.3 mg/g and 1.1‰ of DD matter, respectively). This meant that organic matter in 310 

general was more dispersed in outdoor dust (by a factor 4), and the contribution of ETS was even less.  311 

Comparing the percent distribution of n-alkanes inside the hospitals during the 2019-2022 campaigns, a 312 

stronger linear correlation was found between 2019 and 2021 (R2 = 0.89), than with 2022 (R2 ≈0.64). Even 313 

less correlated, during 2022 campaign, were indoor PAHs (R2≈0.36 for 2022 vs. 2019 and 2021) than between 314 

2019 and 2021 (R2~0.90) (Figure 1B). This general behaviour could depend on two main factors, namely the 315 

distinct impact of sources (in particular, the contribution of house heating in February), and the comfort 316 

parameters, in particular the higher room temperatures of interiors in winter, which probably caused also 317 

the drop of particulate 3-ring PAHs (FLN, PHE and ANT).  318 

 319 

 320 

 321 

3.2. PAHs at HOS_1-HOS_4 322 
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PAHs associated to DD samples of HOS_1 to HOS_4, UNI_1 and PRH_1 (means and standard deviations) are 323 

reported in Figure 2A, the respective BaP concentrations in Fig. 2B, and the associated toxicities in terms of 324 

carcinogenic and mutagenic potencies in Fig. 2C and 2D, respectively. The respective geometrical means and 325 

medians are provided in Supplementary Table ST5. 326 

 327 

Figure 2. 328 

 329 

PAH loads in the DD of the single rooms were widely variable, ranging from 75 to 1,505 g/g, while hospital 330 

means fell in the range 124±43 to 557±82 g/g. At HOS_1, mean DD bound PAHs were roughly constant from 331 

2019 to 2022 (229±22 g/g) and grew in 2023 (475 g/g). Instead, at HOS_2 PAHs were similar in 2019 and 332 

2021 (385 g/g) but dropped in 2022 (124 g/g), and at HOS_4 decreased from 2019 (670 g/g) to 2021 (376 333 

g/g) until 2022 (214 g/g), afterwards PAHs raised again to 522 g/g in 2023. Cumulatively, the decrease of 334 

PAH loads in DD was observed at the hospitals from 2019 to 2022, followed by the increase in 2023. The 335 

interiors of HOS_1 were, on the average, the least polluted, whilst those of HOS_4 were the most ones. BaP 336 

was usually little in DD samples, the hospital means ranging from 4.1 to 16.5 g/g, and all individual values 337 

resulting <26 g/g. The percentage composition of 3-, 4-, 5- and 6-ring PAHs favoured, in general, the first 338 

group (ca. 39±4% of the total during 2019 and 50±2% in 2021), followed by 4-ring (25±9% in both years), 5-339 

ring (22±5% and 17±7% in the two years) and 6-ring compounds (14±5% and 8±2%, respectively).  340 

Looking to PAH diagnostic ratios (Table 2), mean FA/(FA+PY), BaA/(BaA+CHR), IP/(IP+BPE) and BaP/(BeP+BaP) 341 

rates remained almost unaltered in 2019, 2021 and 2022 at each of HOS_1, HOS_2 and HOS_4, while their 342 

values changed in 2023, which suggests that the emission blend remained roughly constant. Instead, 343 

PHE/ANT ratios changed widely. According to analysis of the above ratios (Tobiszewski and Namieśnik 2012; 344 

Cecinato et al. 2014; Kang et al. 2018; Zhang et al. 2018), PAHs seemed to have of a twin nature, perhaps 345 

depending on mean diameter of particles composing DD. As for light PAHs, which are preferably associated 346 

to large particles, at least in 2019 and 2021 the sources were of overall pyrogenic. In fact, the PHE/ANT 347 

concentration ratio was often <7.0, i.e., below the range (>10) linked to natural emission and petrogenic 348 

burning; the sole exceptions were church and ticket room at HOS_2 and the ward hall at HOS_4 (2019) where 349 

PHE/ANT reached ca. 13. Moreover, FA/PY ratio exceeded 0.5 (except in HOS_4 at ward, ratio = 0.41 during 350 

2019).  351 

 352 

Table 2. Mean PAH diagnostic ratio values calculated at HOS_1-HOS_4, university and dwelling from 2019 to 353 

2023. 354 

 355 
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Surprisingly variable (<0.5->6) were the CHR vs. BPE ratio rates. This diagnostic ratio is poorly investigated in 356 

literature, nevertheless its value results >>2 in industrial emission, <0.5 in urban wastes and sewage sludge, 357 

1.7-12 in vehicle emissions and ~1.0 in exhausts of oil and coal fueled heaters; anyway, this point probably 358 

merits further investigations to be better elucidated. In conclusion, the PAH fingerprints suggest that two 359 

main sources exist, the former pyrogenic (including bio-matter burnt), and the second related to petroleum 360 

and/or vehicular; moreover, a minor contribution could derive from a third source, i.e., wastes. According to 361 

that, the principal sources of alkanes and PAHs seemed to be external, though some contribution to the 362 

petrogenic emission could come from candles (churches) and coffee machines (coffee bars and corridors). It 363 

is well known that other important sources of pollution of interiors are human activities and in general the 364 

presence of people. Nevertheless, that seems to influence overall the occurrence of polar and very polar 365 

substances (e.g., plasticizers, flame retardants, building material and furniture, deodorants and cleaning 366 

products, natural and cosmetic esters, psychotropic substances, etc.), whose concentration levels are usually 367 

much higher indoors than outdoors. By contrast, except for microbiological activity and illegal tobacco 368 

smoking, no important internal sources seemed to exist for alkanes and PAHs. At this regard, it is worth to 369 

note that food for patients and workers was not cooked inside hospitals (except at coffee bars), but prepared 370 

outside even when consumed inside. We encountered an analogous problem when we detected much more 371 

illegal drugs inside schools and homes than outdoors, despite they were not (ab)used indoors. Presumably, 372 

once these chemicals entered the buildings, they were removed with more difficulty than outdoors. 373 

 374 

3.3. Particulate organic compounds at HOS_5: a comparison between DD and SPM  375 

In the case of HOS_5 (Table 3), total n-alkane loads in DD of interiors (mean = 7.3 mg/g) and in SPM at IDW 376 

(6.5 mg/g) were similar, as well as alkanes in DD at the entrance (16.7 mg/g) and in SPM at NSW (18.8 mg/g); 377 

however, the percent composition was different. CPI16 index was broadly similar in DD and SPM except at 378 

entrance, where it exceeded 34; this finding was indicative of meaningful microbial/bacterial activity at all 379 

locations, and an exceptional one at the hospital hall. Meanwhile, CPI25 and ‰ETS values calculated at IDW, 380 

respectively equal to 4.2 vs. 1.2±0.2 everywhere, and 164‰ vs. 7±5‰ indoors and 16‰ at the entrance, 381 

revealed that the infection disease ward was characterized by the strong impact of tobacco smoke. There, 382 

‰ETS was over ten times that recorded in DD and at neonatal surgery. By contrast, the alkane composition 383 

of SPM at NSW was analogous to that of DD of interiors.  384 

 385 

Table 3. 386 

 387 
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The data concerning PAH loads in DD and SPM (Table 3) confirmed the panel presented by alkanes. In fact, 388 

total PAHs reached 574±237 g/g in DD of interiors and 1,394 g/g at entrance, while SPM contained 497 389 

g/g of PAHs at NSW and 1,649 g/g at IDW. BaP (14-23 g/g) was similar at all locations except NSW (4.2 390 

g/g). PAH distribution of HOS_5 was particular; there, in deposition dust the 3-ring PAHs accounted for 49% 391 

of the total and 6-ring compounds for 4% of the total, while in SPM they reached 27% and 1% of the total, 392 

with the maximum corresponding to 5-ring PAHs (40%). The percentages of BaP and carcinogenic PAHs 393 

(namely, BaA, BbF, BjF, BkF, BaP and IPY) ranged from 1.6% to 4.7% and from 17% to 29% of total PAHs, 394 

respectively.  395 

Looking to PAH diagnostic ratios, their values were analogous at all internal locations and the entrance (DDs), 396 

while were peculiar at each of IDW and NSW (SPM). In this case, the usual low values of BaA/(BaA+CHR) ratio 397 

(ranging 0.19-0.33) were typical of petrogenic sources and petrol combustion, and that was in accordance 398 

with IP/BPE rate. The BaP/BeP ratio (~0.35) was compatible with vehicle emission, with perhaps some 399 

incidence deriving from environmental decomposition of BaP; the low value of this ratio at IDW was in 400 

accordance with the low percentages of BaP observed sometimes in tobacco smoke (Cecinato et al. 2022). 401 

In general, neonatal surgery ward looked particular with regard to enhanced importance of petrogenic vs. 402 

pyrogenic sources (see at this regard PHE/ANT, BaA/(BaA+CHR) and IP/(IP+BPE) ratios). 403 

 404 

3.4. Health impact of PAHs associated to DD 405 

The potential health impact for humans was calculated taking in account both carcinogenicity and 406 

mutagenicity of PAH associated to deposition dust. For this purpose, the relative potencies of individual 407 

substances vs. BaP were adapted from Richter-Brockmann and Achien, Durant and coworkers, and 408 

Morakinyo and coworkers (Durant et al. 1996; Richter-Brockmann and Achien 2018; Morakinyo et al. 2020), 409 

the second one being an extended PAH list of that proposed by Nisbet and Lagoy (Nisbet and Lagoy 1992).  410 

 411 

BaPEcar = PHE*0.001 + FA*0.08 + CPP*0.01 + BaA*0.1 + CHR*0.01 + BbF*0.1 + BjF*0.1 + 412 

            + BkF*0.1 + BaP + IP*0.1 + DBA + BPE*0.009 413 

 414 

BaPEmut = CPP*6.9 + BaA*0.082 + CHR*0.17 + BbF*0.25 + BjF*0.26 + BkF*0.11 + BeP*0.002 +  415 

             + BaP + IP*0.31 + DBA*0.29 + BPE*0.19 416 

 417 

The mean values of carcinogenic (BaPEcar) and mutagenic (BaPEmut) potencies calculated for HOS_1-HOS_4 418 

hospitals, university and dwelling are reported in Figure 2C-2D. 419 
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As hospital mean values, BaPEcar and BaPEmut ranged ~9-37 g/g and 15-87 g/g, respectively. BaP alone 420 

contributed for 24-51% to total carcinogenic load (mean = 39%), and 11-38% to total PAH mutagenicity (mean 421 

= 25%); important contributions came from DBA in the first case, and from CPP and benzofluoranthenes in 422 

the second one. As for HOS_5 (Table 3), BaP equivalent carcinogenicity and mutagenicity were equal to 50±33 423 

g/g and to 69±39 g/g in DD indoors, to 21 g/g and 19 g/g at NSW, and to 118 g/g and 221 g/g, 424 

respectively, in IDW. Hence, both BaPEcar and BaPEmut were maximum in SPM from IDW, and minimum in 425 

SPM from NSW; this could indicate that NSW cleaning was more effective, whilst tobacco smoke contributed 426 

also to overall toxicity of IDW. 427 

 428 

3.5. Inter-year comparison 429 

Considering together the three hospitals investigated with at least three field campaigns (HOS_1, HOS_2 and 430 

HOS_4), total alkanes in DD were equal to 6.7±2.5 mg/g in 2019, to 12.6±8.2 mg/g in 2021, 7.2±4.3 mg/g in 431 

2022, and 11.5±3.7 mg/g in 2023. n-Alkanes displayed a trend distinct from that of PAHs, which accounted 432 

for 431±220 g/g in 2019, 369±92 g/g in 2021, 181±49 g/g in 2022, and 498±33 g/g in 2023. The percent 433 

distribution of alkanes was approximatively bell shaped, though in 2021 a trace of high vegetation emission 434 

was perceptible looking to the maximum centered at n-C31. In general, long-chain alkanes were predominant 435 

vs. short-chain homologues, these latter accounting for <3-7% of the total in all samples. Only nC16, nC18 and 436 

nC20 were of concern in 2019, confirming the occurrence of microbial/microbiological emission. 437 

As for PAHs (Figure 1B), total loads were analogous in 2019 and 2021, however the percent distribution 438 

presented some differences; in particular, the percentages of light PAHs (from FLN to PY) were higher in 2019 439 

and 2022, and the heavy ones (from BaA to DBA) in 2021. In general, the ratio of low vs. high molecular 440 

weight PAHs was 1.8±0.3 at HOS_1 and HOS_2, and 3.1±1.1 at HOS_4. All findings confirmed differences in 441 

the emission source contributions during the two campaigns. 442 

Looking, wherever feasible, to individual locations, total alkanes decreased in churches and wards, while 443 

increased in the ticket rooms, presumably due to higher frequentation by people and higher direct air 444 

exchange with outdoors. The behaviour of PAHs was less intelligible, because the trend changed with the 445 

year and type of interior. Both profiles of n-alkane and PAH percentages had similarities at churches and 446 

ticket rooms and were more distinguishable in the hospital wards. Strong linear correlation existed at HOS_5 447 

between mean n-alkanes in DD and SPM, (R >0.90), but it did not between PAHs (R ~0.40). 448 

 449 

 450 

3.5 Indoor-outdoor relationships of n-Alkanes and PAHs at hospitals 451 
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During February 2022 and 2023, a purpose of investigation at HOS_1, HOS_2 and HOS_4 was to understand 452 

the relationships existing between DD composition in interiors (i.e., church, ward, coffee bar and ticket room) 453 

and outdoors, at the gardens surrounding the main hospital premises (Table 4).  454 

Indoor DD loads of n-alkanes exceeded the outdoor ones at all hospitals in 2022 and were similar in 2023; 455 

instead, PAHs were more indoors than outdoors at HOS_1 and HOS_4, and less at HOS_2, in 2022; in 2023, 456 

PAHs were less indoors everywhere. Outside hospitals, n-alkanes displayed the typical fingerprint of 457 

petrogenic emission with some natural contribution (CPI25 ~1.4-1.9). That was confirmed by the outdoor 458 

values of PHE/(PHE+ANT) and IP/(IP+BPE) ratios; also the percentages of 3-, 4-, 5- and 6-ring PAHs were 459 

distinct in HOS_1 and similar at HOS_2 and HOS_4. 460 

 461 

Table 4. Alkane and PAH loads in DD outside HOS_1, HOS_2, HOS_4, university and dwelling, and mean 462 

indoor/outdoor ratios, during the 2022 and 2023 measurement campaigns.  463 

 464 

 465 

3.6 n-Alkanes and PAHs at the university and the dwelling, and peculiarities of hospital interiors 466 

Mean n-Alkanes and PAHs associated to DD collected at UNI_1 during 2019, 2021 and 2023 as well as at 467 

PRH_1 in 2021-2023 are reported in Fig. 1A and Fig. 2A, respectively.  468 

At university the minimum of n-alkanes was touched in 2023 (3.1±0.2 mg/g) and the maximum in 2019 469 

(6.0±1.0 mg/g); at dwelling, mean n-alkanes ranged from 1.5±0.3 mg/g (2021) to 2.9±1.3 mg/g (2022). n-470 

Alkanes had similar contents but distinct molecular fingerprints at hospitals and university during 2019 471 

(~6.7±2.5 mg/g vs. 6.0 mg/g as total, CPI16 ~ 2.1±0.3 vs. 0.5, CPI25 ~ 1.3±0.2 vs. 2.1). Instead, during the second 472 

campaign total alkanes were more at hospitals (~12.6±8.2 mg/g vs. 2.7±1.5 mg/g elsewhere), while the 473 

fingerprints were quite similar (CPI16 ~0.8-1.2, CPI25 ~1.2).  474 

‰ETS in dusts at university ranged ~11-18‰ over the four years, and at dwelling was equal to 3.5-4.0‰ in 475 

2021 and 2023, to 6.9‰ in 2022. Thus, the contribution of ETS to dust in hospitals was not so different from 476 

that found elsewhere in 2019, ranging from 16‰ to 19‰, and distinct in 2021 (20±15‰ vs. 7±5‰). In 2022 477 

and 2023, DD-bound n-alkanes at hospitals were more than at dwelling and university (7.2±4.3 vs. 2.9 and 478 

11.5±3.7 vs. 2.4±1.0 mg/g, respectively), whilst CPI16 (~0.6 in 2022 and ~1.2 in 2023), CPI25 (~1.1 in 2022 and 479 

~4.2 in 2023) were similar. ‰ETS was more at hospitals than at dwelling and university in 2022 (~16±9 vs. 480 

6.9) and less in 2023 (~2.8 vs. ~4-13).  481 

In conclusion, until 2022 ‰ETS at hospitals was higher than elsewhere up to 2022, but lower in 2023. Worth 482 

of note, all sites experienced the presence of smoking markers only due to transport there of tobacco 483 

residues from outside; however, the impact of this source was much more evident in the public premises. 484 
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This situation changed in 2023, when ‰ETS at hospitals was similar to that recorded just outside the 485 

premises both in the same year and in 2022.  486 

As for PAHs, total contents at hospitals were less than at university in 2019 (430±220 g/g vs. 640 g/g), and 487 

more than university and dwelling in 2021 (369±92 g/g vs. 290±35 g/g). Instead, in 2022 and 2023 the 488 

loads of PAHs in DD from hospitals and elsewhere were analogous (181 g/g vs. 185 g/g and 498±33 g/g 489 

vs. 493±80 g/g, respectively). The rates of PAH diagnostic ratios were not so different, except 490 

FA/(FA+PY),which was higher in the university interiors. Worth of note the DD at dwelling, which contained 491 

only 1.5-2.9 mg of alkanes per gram, was affected by similar or higher loads of PAHs than university and 492 

hospitals, although it was a non-smoker home. Percent distribution of PAHs was quite similar at hospitals 493 

and university in 2019 (Pearson correlation coefficient R = 0.79) and hospitals and the dwelling in 2021 (R = 494 

0.85), but not at hospitals and university in 2021 (R = 0.55).  495 

Looking to toxicity of dusts, mean BaPEcar and BaPEmut reached 55 g/g and 109 g/g, respectively, in the 496 

interiors of university during 2019, i.e. more than at hospitals (32±6 g/g and 49±12 g/g, respectively). By 497 

contrast, during 2021 and 2023 both quantities were analogous (BaPEcar: ca. 26 g/g at university and 23 498 

g/g at hospitals; 47 g/g and 37 g/g, respectively, in 2022; BaPEmut:  43 g/g at university vs. 38 g/g at 499 

hospitals in 2023).  At dwelling, BaPEcar and BaPEmut were quite similar in 2021 and 2022 (~18±2 g/g and 500 

27±3 g/g, respectively), but much higher in 2023 (ca. 37 g/g and 87 g/g). In conclusion, PAH associated 501 

DD toxicity at hospitals was similar or just lower than at university and dwelling during all campaigns of 502 

measurements.  503 

 504 

 505 

3.7. Comparison of hospital records with literature data  506 

Alkanes are not specifically reported among targeted and untargeted chemicals identified in indoor dust 507 

(Fuentes-Ferragud et al. 2023; Song et al. 2023). Meanwhile about PAHs, a handful of papers report the 508 

concentrations and associated toxicities in DDs collected overall inside houses; e.g., 16 priority PAHs ranged 509 

from 0.03 to 0.46 g/g in interiors of Khorramabad, Iran (Dalvand et al. 2023). In Jeddah, Saudi Arabia, PAHs 510 

ranged 2.55-9.15 g/g in the houses and were equal to 4.02±1.25 g/g in a mosque (Kadi et al. 2018). Wang 511 

and coworkers found 54.1±48.3 g/g, as average, in eight Chinese cities (Wang et al.  2023). In all cases, 512 

dermal contact and non-dietary ingestion were estimated to account for the majority of associated toxicity 513 

of interiors (Cao et al. 2019, Mosallei et al. 2023). Worth of note, all the above PAH concentration values 514 

were ca. one order of magnitude lower than those detected in Denmark and abroad before 2010 (PY, <0.01-515 

1.33 g/g; BaA, 0.02-0.57 g/g; BaP, 0.12-0.72 g/g) (Langer et al. 2010). Despite a direct comparison among 516 
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data collected at homes and hospitals was unreliable due to different contexts, PAH loads in DD were, on the 517 

average, higher in the hospitals. 518 

In conclusion, insufficient information is available about the alkane and PAH concentration levels in hospital 519 

dusts, except that provided by studies conducted by Algerian research teams (Boudehane et al. 2016; Rabhi 520 

et al. 2018; Gheriani et al. 2022). Nevertheless, to introduce a comparison it is needed to take in account the 521 

distinct units of measure of contaminant loads in the environment that were adopted in the abovementioned 522 

studies, i.e. amount per square meter of settling surface (mg/m2 or ng/m2), or deposition velocity 523 

[mg/(m2*day) or ng/(m2*day)]. At this regard, we adopted the same approach employed to investigate polar 524 

organics associated to DD (Ref.: ESPR-D-23-22979 and reference herein). According to the same parameters 525 

there reported, the deposition velocity of dusts was ≈0.2-0.5 mg/(m2 day), total n-alkanes reached ≈0.5-2.0 526 

mg/g both in Ouargla (Boudehane et al. 2016) and Touggourt (Gheriani et al. 2022), while total PAHs ranged 527 

≈5-20 g/g and ≈2-60 g/g, respectively, in the two cities. Instead, in Bourouba, Algiers metropolitan (Rabhi 528 

et al. 2018), n-alkanes were as high as 0.5-6 mg/g, and PAHs 20-80 g/g, with CPI25 ranging between 1.4 and 529 

1.8. 530 

In conclusion, both n-Alkane and PAH loads in DDs of Algerian and Italian hospitals were of the same order 531 

of magnitude. The molecular fingerprints of n-alkanes there were roughly similar to those found in Italian 532 

hospitals (CPI25 ranging 1.2-1.8), indicating the predominance of anthropogenic sources with an irregular 533 

minor contribution of biogenic emission; instead, the release of light alkanes from microorganisms was not 534 

observed in Touggourt (CPI16 <0.1). With regards to PAHs, the molecular fingerprints were different in the 535 

three Algerian cities (in Ouargla: mean FA/(FA+PY) ~0.45, IP/(IP+BPE) ~0.55, BaP/(BeP+BaP) ~0.4; in 536 

Touggourt, FA/(FA+PY) ~0.45; IP/(IP+BPE) ~0.30; BaP/(BeP+BaP) ~0.19; in Bourouba, FA/(FA+PY) ~0.55-0.66, 537 

IP/(IP+BPE) ~0.66, BaP/(BeP+BaP) ~0.21-0.32). Cumulatively, the PAH fingerprints calculated for Algerian DDs 538 

were distinct from those observed in Italy and seemed to suggest that the contribution of petrogenic sources 539 

was more important than that of the pyrogenic ones in Ouargla and Touggourt, while the contrary occurred 540 

in Algiers. Finally, according to BaP/BeP ratio a longer ageing of particle associated PAHs characterized 541 

Algerian dusts.  542 

 543 

 544 

4. Conclusions 545 

Deposition dusts of hospital Interiors resulted to contain important loads of alkanes (up to exceeding 20 mg/g 546 

as mean site value) and PAHs (up to 670 g/g). Light homologues (C15-C24) accounted for ~5-31% of total 547 

alkanes, depending on the year time and the site investigated. Though the principal source of n-alkanes was 548 

all the time petrogenic (CPI25 ~1.1), the contributions of microbiological activity (CPI16 >2) and environmental 549 
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tobacco smoke (‰ETS >10‰ and up to 42‰) were detectable during the 2019-2021 campaigns. Starting 550 

from 2022, both CPI16 and ETS‰ tended to drop to ≈1.0 and ≈3, respectively, in contrast with the increased 551 

frequentation of visiting people, and seemed to trace the general improvement of cleaning and access 552 

procedures adopted. 553 

Despite the limited number of sites and locations investigated, DDs at hospital displayed, on the average, 554 

analogous loads of alkanes and PAHs as at the university but more than at the dwelling.  555 

In terms of mass concentrations in DD, alkanes and PAHs in DDs at HOS_5 were of the same order of 556 

magnitude as in SPM. Nevertheless, the two hospital wards investigated displayed very distinct chemical 557 

profiles; in fact, SPM composition in NSW resulted quite similar to that of DD in interiors, whilst that in IDW 558 

was very different, due to important impact of tobacco smoke recorded there.  559 

Owing to potential intake of PAHs through contact and non-dietary ingestion, the respective exposure 560 

suffered by people working or frequenting hospitals should be taken in account to preserve health. In fact, 561 

BaPEcar and BaPEmut associated to deposition dust of the hospitals were equal to ~9-37 g/g and 15-87 g/g, 562 

respectively, i.e. of the same order of magnitude of those determined at the university and no-smoker home.  563 

With regard to the impact of SARS-CoV2 pandemic on air quality of hospital interiors, the total concentrations 564 

of alkanes, PAHs and BaPE-toxicity exhibited a decrease from 2019 to 2021, and this trend was confirmed in 565 

2022. This behaviour could depend on the severe limits imposed to presence of visitors in hospitals during 566 

2021; nevertheless, the improvement of housecleaning strategies implemented by Hospital Administration 567 

Boards has presumably contributed to mitigate the exposure to living pathogens, as indexed by the decrease 568 

of CPI16 index rates. Both alkanes and PAHs grew again by a factor >2.0 from 2022 to 2023, and then also 569 

BaPEcar and BaPEmut did. That could depend on the general increase of pollution in the two years, as suggested 570 

by the outdoor DD loads, however the in/out concentration ratios more favorable in 2023 confirmed the 571 

effectiveness of cleaning of locations of hospitals.    572 

Even considering the difficulty of undertaking this type of investigation without interfering with privacy as 573 

well as management policies of hospitals, further extensive studies are seen as crucial to warrant the safety 574 

and wellbeing of people working in the hospitals or resorting to their services. That looks important today 575 

(2023 and beyond), because the SARS2-CoV disease has renewed its strength, presents various mutation 576 

forms, and probably will continue to hit the world population. In conclusion, we think that studies of this type 577 

are suitable for promoting the right cleaning of hospitals, providing extensive information to people there, 578 

and regulating the access of people to hospital premises and services. All of these factors tend to preserve 579 

from pandemic diffusion overall people the most susceptible to its harmful effects.      580 

 581 

 582 
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Table headings: 964 

 965 

Table 1. Sites and locations investigated for the purposes of this study.  966 

 967 

 968 

 969 

Table 2. Mean PAH diagnostic ratio values calculated at HOS_1-HOS_4, university and dwelling from 2019 to 970 

2023. 971 

 972 

 973 

 974 

Table 3. Mean (±standard deviations ), geometrical mean and median loads of alkanes and PAHs in 975 

deposition dust and particulate from conditioning system absolute filters (suspended particulate) at hospital 976 

HOS_5. For symbols, see the text. 977 

 978 

 979 

 980 

Table 4. Mean alkane and PAH loads in DD outside HOS_1-HOS_4 hospitals, university and dwelling, and 981 

respective indoor/outdoor ratios. 982 

 983 

 984 

 985 

 986 
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Figure captions: 989 

 990 

Fig. 1. Mean loads of individual n-alkanes (A), CPI16 index (B), CPI25 index (C) and per thousands of 991 

environmental tobacco smoke (D) in DD collected at hospitals HOS_1-HOS_4, university (UNI_1) and dwelling 992 

(PRH_1) from 2019 to 2023.  993 

 994 

Note. Amount of locations investigated per year and site (between parentheses are outdoor locations):  995 

2019:  HOS_1, n = 4; HOS_2, n = 5; HOS_4, n = 4; UNI_1, n = 4. 996 

2021: HOS_1, n = 3; HOS_2, n = 2; HOS_3, n = 3; HOS_4, n = 3 (+1); UNI_1, n = 4; PRH_1, n = 4. 997 

2022: HOS_1, n = 4 (+1), HOS_2, n = 5 (+1); HOS_4, n = 4 (+1); PRH, n = 4 (+1). 998 

2023: HOS_1, n = 3 (+1); HOS_4, n = 3 (+1); UNI_1, n = 3 (+1) ; PRH_1, n = 2 (+1). 999 

 1000 

 1001 

 1002 

 1003 

Fig. 2. Mean PAHs (A) and B[a]P loads in deposition dusts collected at hospitals HOS_1-HOS_4, university 1004 

(UNI_1) and dwelling (PRH_1) from 2019 to 2023. Benzo[a]pyrene carcinogenic (BaPEcar) and mutagenic 1005 

(BaPEmut) potencies are shown also (Figure 2C and 2D, respectively). 1006 

 1007 

 1008 

  1009 
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