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Organic toxicants and emerging contaminants in hospital interiors before and during the SARS-
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Abstract

Indoor pollution, and deposition dust (DD) in particular, are acquiring concern, due to long exposure time
and importance of intake by humans through contact and ingestion. Hospitals look a special category of sites,
owing to peculiar contaminants affecting them and to presence of people prone to adverse effects induced
by toxicants. Four in-field campaigns aimed at understanding the chemical composition of DD were
performed in five Italian hospitals. Measurements were performed before (autumn 2019), during (spring
2021) and after (winter 2022) the peak of SARS-CoV2, and when restrictions caused by pandemic were
revoked (winter 2023). Parallel measurements were made outdoors (2022), as well as in a university and a
dwelling. Targeted contaminants were n-alkanes and polycyclic aromatic hydrocarbons (PAHs), while iso- and
anteiso-alkanes were analyzed to assess the impact of tobacco smoking. Total n-alkanes ranged from 3.9+2.3
mg/g to 20.5%4.2 mg/g, with higher percentages of short chain homologues in 2019. PAHs ranged from
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
(2252 a.m.u.). According to Carbon Preference Indexes, alkanes originated overall from anthropogenic
sources. Microorganisms resulted to affect a hospital, and tobacco smoke accounted for ~4-20%o. of DD mass.
As for PAH sources, the diagnostic concentration ratios suggested the concourse of biological matter burning
and vehicle emission. Benzo[a]pyrene equivalent carcinogenic and mutagenic potencies of depositions at
hospitals ranged ~9-39 ug/g and ~15-76 pg/g respectively, which seems of concern for health. DD
composition in hospitals was different from that outside the premises, as well as that found at university and

at dwelling.

Key words: indoor pollution; deposition dust; carbon preference indexes; environmental tobacco smoke;

PAH diagnostic ratios; Benzo[a]pyrene equivalent carcinogenicity and mutagenicity.
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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.
BaP equivalent carcinogenicity and mutagenicity of dust ranged 9-39 ug/g and 15-76 ug/g, respectively.
Differences were found between samples collected before, during and after the SARS-CoV2 pandemic.
Hospital interiors resulted affected by tobacco smoke emissions.

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

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

Symbols: DD = deposition dust; PM = particulate matter; SPM = suspended particulate matter; HOS= hospital;
PHR = private home (dwelling); UNI = university; nCi = n-alkane with carbon number equal toj; iCi = iso-alkane
with carbon number equal to j; aCi = anteiso-alkane with carbon umber equal to i; PAHs = polycyclic aromatic
hydrocarbons; FLN = fluorene; PHE = phenanthrene; AN = anthracene; MPA = methyl-

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

benz[a]anthracene; CHR = chrysene; BbF = benzo[b]fluoranthene; BjF = benzo[jlfluoranthene; BkF
benzo[k]fluoranthene; B[a]F = benzo[a]fluoranthene; BeP = benzo[e]pyrene; BaP = benzo[a]pyrene; PER =
perylene; IP = indeno[1,2,3-cd]pyrene; DBA = dibenz[a,h]anthracene; BPE = benzo[ghilperylene; IDW =

infection disease ward; NSW = neonatal surgery ward.

1. Introduction:

Until the second half of the last century, air pollution was ascribed overall to external atmosphere, and
interiors needed to be preserved by intrusion of toxicants. Hence, normative addressed its concern to
emissions and intakes (“inputs”, i.e., the resulting concentrations of toxic substances in the air) (European
Parliament 2004, 2008, 2016, 2019, 2020, 2021; EPA 2016a, 2016b; WHO 2021a, WHO 2021b; OSHA 20223,
OSHA 2022b). The sole exceptions were workplaces and fires (OSHA 2022a; OSHA 2022b). Because of that,
pollution tends to decrease in developed countries with regard to air concentrations of airborne particulate,
sulfur and carbon monoxide. Further efforts aim at reducing the occurrence of nitrogen oxides, ozone, and
carbon dioxide in the air, and improving the use of eco-friend technologies. Internal locations seem to suffer
an opposite trend. There, ascertained pollutants continue to exist owing to traditional sources, e.g. boilers,
heaters, ovens, tobacco smoking, while new generations of contaminants have begun to affect the sites (EPA
2011; EPA 2022; Scibor et al. 2019; Feng et al. 2021; BLF 2022a; BFL 2022b). In conclusion, nowadays humans

are exposed predominantly to harmful action of indoor contaminants, whose impact on health and
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environment is enhanced by the time of exposure (Wallace et al. 2003; Scibor et al. 2019; Melymuk et al.
2020; Feng et al. 2021).

Usually, investigations treating indoor pollution are focused on gaseous toxicants (e.g., ozone, nitrogen
oxides, CO, VOCs including carbonyls) and/or chemical constituents of deposition dust (DD) and suspended
particulate. Other important topics are the indoor/outdoor chemical relationships, the patterns of intrusion,
dilution and venting of toxicants, and the influence of surfaces, light, thermal/barometric gradients and
oxidants. (Fine et al. 1999; Daer et al. 2011; Romagnoli et al. 2014; Zhu et al. 2015; Boudehane et al. 2016;
Romagnoli et al. 2016; Baures et al. 2018; Mohammadyan et al. 2019; Cheng et al. 2021; Dingle et al. 2021;
Palmisani et al. 2021; Yu et al. 2021; Arfaeinia et al. 2022; Esplugas et al. 2022). Interiors are studied also with
regard to contamination by bacteria, molds, fungi, spores and pets (Jacobs et al. 2014; Baures et al. 2018;
Scibor et al. 2019; Wu et al. 2021). Finally, incremental exposure, intake rate and health risk associated to
indoor pollution have been calculated for several toxicants (Cao et al. 2019; Raju et al. 2020; Wu et al. 2021).
In this context, homes and schools are the most investigated categories of indoor locations. (Morey et al.
2001; Ayoko et al. 2003; Butte 2003; Morawska and He 2003; Morawska and Salthammer 2003; Singh and
Sioutas 2003; Weschler et al. 2011; Peng et al. 2012; Annesi-Maesano et al. 2013; Kedidji et al. 2013;
Blanchard et al. 2014; de Gennaro et al. 2014; Jacobs et al. 2014; Morgan et al. 2014; Romagnoli et al. 2014;
Hazrati et al. 2016; Maragkidou et al. 2017; Lucattini et al. 2018; Ali 2019; Bennett et al. 2019; Norbak et al.
2019; Lucialli et al. 2020 ; Nandan et al. 2021; Shen et al. 2022). Investigations have been performed in
vehicles and public estates including shopping and sport centers, churches, and offices. (Wallace et al. 2003;
Zhao et al. 2007; Morgan et al. 2014; Qi et al. 2014; Rabhi et al. 2018; Yadav et al. 2018; Sanchez-Pinero et
al. 2020; Feng et al. 2021). Other studies developed tools to monitor air quality, or strategies aimed at
improving it (Settimo 2017, Rautiainen et al. 2019; Akova et al. 2022; Bager et al. 2022; Dragan et al. 2022).
Surprisingly, much less attention has been paid to pollution inside hospitals, despite segments of population
(i.e., children, elderly, immunosuppressed and sick people, addicts), which suffer particularly the impact of
toxicants, frequent daily these structures and are exposed to special contaminants like pharmaceuticals (e.g.,
radioactive, psychotropic and antibiotic chemicals, anesthetic gases) and psychotropic substances.

In conclusion, scientific literature about alkanes and PAH associated to hospital DD is scarce, although several
investigations have concerned regulated pollutants (PMio, PM25s, NO,, Os, VOCs, carbonyls and pathogens)
(Dewerk et al. 1978; Lillquist et al. 199;, Bérubé et al. 2003; Wang et al. 2006a; Wang et al. 2006b; Singh et
al. 2009; Jerusalem and Galarpe 2015; Abedi et al. 2021; Gunathilake et al. 2022).

Internal locations are affected by the same categories types of contaminants of outdoor environments (e.g.,
non-polar hydrocarbons, polycyclic aromatic hydrocarbons, clay, metal and glass particles, back suspended

soil, carbonaceous aerosol, allergens, biogenic pathogens). Nevertheless, from the quantitative point of view
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the two types of environment are very distinct. In the absence of point sources (e.g. gas and coal fueled
ovens, fireplaces), some toxicants (O3, NO,, CO) exist overall outdoors, whilst other chemicals (e.g.,
phthalates and plasticizers, tobacco smoke residues) are up to thousand times more abundant in internal
locations. That depends overall on the direct impact of people and organisms living, working, and moving
there. Humans, until now considered the “targets” of toxicants, are responsible for the existence and fate of
many substances that determine the chemical profile and toxic properties of their places of life [Nicolaides
1974; Peck 2006; Dubocq et al. 2021; Morrison et al. 2021). For instance, interiors appear all the time affected
by long-chain acids, alcohols, amides, and aldehydes, which are lipid components of skin and hairs. Other
chemicals affecting dust and air are personal care and cosmetic substances, house cleaning agents, furnishing
and building products [Ramos et al. 2015; Mitro et al. 2016; Tran et al. 2016; Lucattini et al. 2018; Tran et al.
2021). Further factors controlling the chemistry of interiors are the morphology of the sites, in particular of
spaces, surfaces, walls and windows, the temperature and pressure gradients, the ventilation rate and
geometry.

In internal locations, DDs play a role more important than outdoors with regard to chemical signature of the
sites and the impact on human health (Thatcher et al. 1995; Morawska et al. 2017; Bjornsdotter et al. 2018;
Lunderberg et al. 2020; Price et al. 2019; Luo et al. 2020; Melymuk et al. 2020; Yang et al. 2020; Yang et al.
2022). In fact, though DD include large portions of coarse particles, these latter tend to remain in the air
much more than outside, because they are back suspended many times thanks also to action of living
organisms living there. Thus, the contribution of DD and its coarse fraction to ambient toxicity raises. It has
been calculated that while the intake of toxicants at open air depends on inhalation at ~98%, in interiors the
contact and ingestion routes are favoured up to exceed 50% of the total, because people can swallow up to
one hundred milligrams of DD per day (Khpalwak et al. 2019).

As a part of the PIRENEI Project (Presenza d’Inquinanti Regolamentati, Nuovi ed Emergenti nell'Indoor)
undertaken by CNR IlA in cooperation with of Sapienza University of Rome, Dept. of Chemistry, we carried
out a study aimed at exploring the chemical contour of internal locations of hospitals. Our concern was
focused on DDs and organic substances associated with them. This approach did not account for the whole
physical-chemical mechanisms and toxicity developing in the hospitals. Nevertheless, in order to clarify the
contribution of DD to exposure to toxicants it was necessary to understand its composition in terms of both
emerging contaminants and regulated pollutants. Four main categories of chemicals were investigated, i.e.,
non-polar hydrocarbons (linear and branched alkanes), PAHs, psychotropic substances and polar/very polar
compounds (e.g., phthalate esters); besides, the analysis of untargeted substances provided preliminary

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

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

2. Experimental

2.1. Chemical compounds targeted for this study

In this paper, our focuses were linear alkanes from pentadecane (nCis) to hexatriacontane (nCsg) and PAHs
with molecular weights ranging from 166 to 278 a.m.u. (i.e., from fluorene to dibenz[a,h[anthracene)
associated to deposition dust (DD); moreover, 2-methyl (iso-) and 3-methyl (anteiso-) alkanes were
investigated within the Cy-C34 range. The same lists of compounds were analyzed in PM recovered from
absolute filters of ventilation systems at the fifth hospital.

All chemical standards necessary for this study (perdeuterated alkanes nCis, NCis, NCy, NCy and nCsy;
deuterated FLN-D1o, PHE- Do, ANT- Dyg, FA- D19, PY- D19, CHR- D13, PER- D1; and DBahA- D14) were from MDS
Isotopes and Chiron Norway (purchased from Chemical Research 2000 s.r.l., Rome, Italy). Neutral alumina
type 90 for column chromatography , native nCs-nCso Mix, 16 Priority EPA PAH standard plus BeP mixtures
were produced by Accustandard (purchased from Unilab Scientifica s.r.l., Gravina di Catania), Sigma (Merk
Life Sciences, Milan) and Superchrom, Milan. Solvents (2,2,4-trimethylpentane, n-hexane, dichloromethane,
acetone, methanol, chloroform and water) were of residue analysis purity grade, produced by ROMIL and

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

2.2. Localization of the sites under study

Three out of five hospitals situated in two Italian cities were investigated in Nov. 2019, May 2021 and Feb.
2022, i.e., respectively, before the SARS-CoV2 pandemic, at a steady state phase of it, and during a temporary
drop of infections. The fourth hospital was investigated in the spring 2021, and the fifth one in Feb. 2020.
Two hospitals were investigated also in the late winter 2023, when pandemic was formally concluded in Italy
and the obligation to wear facial masks was abrogated. During 2022 and 2023 experiments, DDs were
collected inside the hospitals and outdoors, close to main buildings of the estates. All hospital agencies were
public and served wide districts of the cities with their surroundings (Supplementary Table ST1). Dust was
collected in hospital locations used for distinct purposes (churches, ward corridors, ticket and teaching rooms
and entrance halls). Parallel measurements were carried out at a university and a private dwelling in order
to investigate the peculiarities of pollution inside the hospitals. All sites and locations are reported in Table

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

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

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

2.3. Collection procedures of DD and SPM.

As for university and the dwelling, we adopted the same procedure followed in previous investigations
(Romagnoli et al. 2016). It consisted of collecting DD from suitable surfaces (flat, >0.25 m? large, sited at 1.5-
2.0 m above the ground and >1m far from large obstacles, from windows and doors), where aluminum
holders (30x40 cm, provided with 6 cm high walls). After 15 days of exposure, holders were withdrawn,
wrapped in aluminum foils and sealed in PTFE plastic bags, and finally were stored in freezer (<-16°C) until
chemical analysis. For hospitals, we applied a distinct dedicated procedure, because it was impracticable to
expose long time the collection devices, owing to legislation pertaining to respect of privacy. Longer periods
of collection were hindered also by the frequent cleaning of surfaces (once or twice per day) required to
Cleaning Service Agencies of all premises investigated. In this case, the targeted surfaces (0.50 m? each) were
wiped on the day preceding the collection, and left to gather depositions over 24 h. Afterwards, DD samples
were recovered by wiping the surfaces with ultra-clean quartz strips (30x80 mm) cut from silica fiber filters
type QR-100 (Advantec MFS, Dublin, California, purchased from Fisher Scientific, Segrate, Italy) previously
baked 12 h at 350°C. After removal of large particles by means of tweezers, the matter collected was wrapped
in aluminum foil, sealed in PTFE bag and stored in the freezer until chemical analysis.

Suspended particulate matter of HOS_5 was recovered through mechanical removal from absolute filters
housed in the cleaning/venting systems of two wards, dedicated to infection disease treatments and
neonatal surgery. In this way, we could bypass the active collection of airborne particles through pumping
and filtering air by means of aspirating devices, and we prevented problems related to people privacy and to
interference with normal activity of workers. Anyway, the presence of mechanical obstacles and grids and
the geometry of gas ducts lead to enrich predominantly fine and ultra-fine particles on absolute filters.

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

2.4. Chemical characterization of particulates
Analytical procedures were developed at CNR-IIA in the frame of European and Italian research projects

(PSALM Project 2009; Ariadrugs Project 2010; LIFE+EXPAH Project 2011) and extensively described elsewhere
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(Balducci et al. 2012; Cecinato et al. 2012; Cecinato et al. 2014a; Romagnoli et al. 2014; Balducci et al. 2017,
Boudehane et al. 2016; Romagnoli et al. 2016; Rabhi et al. 2018]. Briefly, the samples were spiked with a
mixture of internal reference compounds for analysis and extracted in ultra-sonic bath with a mixture of
dichloromethane, acetone and methanol. After reduction close to dryness under a gentle flow of nitrogen at
room temperature, the residue was dissolved with n-hexane and transferred to a neutral alumina column,
from which four fractions of polarity were eluted with isooctane, n-hexane/dichloromethane (20:80),
dichloromethane/acetone (50:50) and dichloromethane/acetone/methanol in sequence (30:55:15).
(Supplementary Material, &1). The first fraction contained non-polar hydrocarbons, and PAHs were in the
second one; finally, the eluates were evaporated and back dissolved in chloroform for instrumental analysis.
Polar and very-polar substances were eluted with the third and fourth fractions, respectively.

Instrumental analyses were performed by means of capillary gas chromatography coupled with mass
spectrometric detection (GC-MSD), by using a Thermo GC-MS Ultra coupled to a DSQIl mass spectrometer,
and a Thermo GC Trace-1310 coupled to TSQ8000 Evo MSD triple quadrupole MSD, both equipped with a

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

Alkanes: With regard to non-polar fraction, the concern was focused on n- (linear), iso- (i.e., 2-methyl) and
anteiso- (3-methyl) alkanes. n-Alkanes are a general index of pollution induced both by anthropogenic and
biogenic sources. Light alkanes affect the environment overall in the gaseous form, while >C14 homologues
exist both as gaseous and particulate. As for iso- and anteiso- isomers, the percent distribution of compounds
belonging to C2s-C34 range allows estimating the impact of tobacco smoking on the environment (Cecinato et
al. 2022 b). For our purposes, CPlis and CPl;s carbon preference indexes (Alves et al. 2001, Cecinato et al.
2022a, b) and per thousand content of tobacco smoke (%oETS) were calculated through applying the

following formulas (1-3):

NnCye + NCyg + NCyo + NCx NnCye + NCig + NCyo + NCoas
CPlig = (1),
2%(NnCys + NCy7 + NCyo +n Cy1) 2%(nCy7+ NCyo + NCy1 + NCy3)
CPI NnCys + NCy7 + NCyg + NC31 + NC33 + NC3s nCys + NCy7 + NCyg + NC31 + NC33 + NCsas (2)
2 = 7’
> 2#%(nCys + NCyg + NCag +n C30 + NC3; + NC3s) 2%(nCy + nCag + NC30 + NC32 + NC3s + NC36)

%0oETS = TSI * %o[E(nC21—nC36)]/25.8 (3)

where:

A B c
TS|—1/3*(T36+E+729)*1000
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and:
aCj, iCj and nCj are the anteiso-, iso- and normal- Cj alkane, respectively.

A = % (iCa0/nCa9+aC30/NC30+iC31/NC31+aCs2/NC32+iC33/NCa3+aC34/NCs4),

B = % (iC20/aCa0+aCs0/iC30+iC31/aC31+aCs,/iCsp+iC33/aCaz+aCsa/iCaq),

C =% (aC3o/nCso+aCs2/nCsz+aCsa/nCsa+aCas/NCro+aCsi/nCa1+aCss/nCss),

%o[2(NC21-nC36) = per thousand content of nC,1+nCse alkanes in particulate matter.

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

Finally, an ancillary index adopted for the tobacco smoke occurrence was the nCs; exceedance vs. nCys and
nCsz homologues, calculated according to the formula (4):

ExCs1 = 2 * nC31/(nCae+nCs3). (4)
ExCs; values higher than 2.5 are typical of tobacco leaves and tobacco smoke (Cecinato et al. 2022 b).
Instrumental analysis was performed with MSD operated in scan mode, using deuterated homologues as
internal reference. Targeted compounds were identified through comparing the absolute and relative
retention times of authentic standards vs. reference compounds. Quantitative determinations were made
based on M/Z = 85 and 99 signals, compared with that of M/Z = 66 of reference compounds. In the case of
iso-and anteiso- alkanes, the response factors of the isomer n-hydrocarbons were corrected for the distinct
percentages of M/Z = 85 and 99 fragment ions.
With regard to limit of detection (LOD) and quantification (LOQ) assigned to each compound, the actual
concentration values depended on amount of matter and/or air volume enriched in each sample. In terms of
concentration of compounds in the hospital samples, the minimum LODs ranged from 0.6 ug/g for C17-Cy7 n-
alkanes to 1.0 pg/g for C15-C16 and C2s-Cs3 homologues, up to 3.0 pg/g for 2Cs4 n-alkanes. The respective LOQs
were ca. three times higher, i.e., 2 ug/g, 3 ug/g, and 10 ug/g, respectively. No interferences were observed
except a handful of cases where siloxane impurities affecting the sample extracts were co-eluted; that

hindered to determine Ci4 and sometimes Cys (for further information, see Supplementary Material, &1.1).

PAHs: PAHs were determined through operating MSD in SIM mode. Three M/Z ion current traces and the
retention time vs that of reference were used to identify targeted compounds. M/Z signals corresponding
to molecular weight (MW) were adopted for quantitative purposes. Eight perdeuterated PAHs were adopted
as reference compounds (Supplementary Material &1.2 and ST3); molecular ion trace (M/Z = MW) was
selected for quantification. The sample extracts held also volatile PAHs (naphthalene, methylnaphthalenes

and acenaphthene); however, evaporation losses during the analytical process hindered their quantification.
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Other PAHs (e.g., retene) were detected occasionally. Further information about PAH analysis is provided as
Supplementary Material &1.3.

The limits of quantification LOQs of PAHs at hospitals ranged from 1.2 ug/g for PHE, AN, FA and PY to 1.5
ug/g for FLN, BaA and CHR, to 2.0 ug/g for benzofluoranthenes and benzopyrenes, and up to 3.0 ug/g for IP,
BPE and DBA. Trace level interferences were found in blank samples relatively to PHE and PY, which were
subtracted in the quantitative determinations. The overall uncertainty of analysis for PAHs ranged from <15%

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

3. Results and discussion

3.1. n-Alkanes at HOS_1-HOS 4

The mean concentrations of total n-alkanes (Ci1s-Cs6 range) in DDs collected at HOS_1-HOS_4, university and
dwelling during the four measurement campaigns are shown in Fig. 1A, while the corresponding geometrical
mean and median values are reported in Supplementary Table ST4. The mean values of CPlis and CPlys
indexes as well as the estimated per thousands of tobacco smoke contribution to DD mass are shown in

FigurelB, 1C and 1D, respectively.

Fig. 1.

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
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
hospital was not investigated in 2023. At HOS_3, examined only in 2021, n-alkanes in dusts reached 18.6+14.7
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
variability among the loads of n-alkanes recorded at the single locations of hospitals was quite wide, ranging
from 1.4 to 35.5 mg/g for neat concentrations, and ~40-85% for the respective standard deviations.
Cumulatively, total n-alkane contents in deposition dusts reached 6.7+2.5 mg/g in 2019, 12.6+4.0 mg/g in
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
(namely Ry = Z(nCis+nCa3)/Z(nCaa+nC36)) at hospital was always higher during the 2019 campaign (Ru =
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
different seasonality of measurements, because ambient temperature in the premises was roughly constant
during the entire year, but also on the different impact of microbial/bacterial emission (Kuhn et al. 2010;
Aghadadashi et al. 2021). Presumably, that was the result of the improved cleaning policy of internal locations

due SARS-CoV2 pandemic. In fact, CP1 values were higher in 2019 (2.0+0.3) than in 2021 (0.84+0.16), in 2022
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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 (CPli
equal to ~0.50 in 2019, ~1.16 in 2021, ~0.70 in 2022 and ~1.26 in 2023).

Looking to CPlys index, indicative of the prevalence of biogenic vs. anthropogenic emission sources (Fig. 1C),
hospitals displayed analogous patterns up to 2022 but they did not in 2023. In fact, CPl,s values were, on the
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
low as 1.8 at HOS_4 and as high as 6.3 at HOS_1. According to CPlys values, until 2022 anthropogenic emission
prevailed vs. the biogenic one in all DDs (Alves et al. 2001; Yu et al. 2016, Khedidji et al. 2017, Kang et al.
2018); some minor contribution was found only in HOS_4 during 2021, when CPl;s reached 1.5. By contrast,
the 2023 campaign was characterized by the important contribution of biogenic alkanes (CPl;s 24).

The per thousand contribution of tobacco smoke to total DD mass in the hospitals was analogous from 2019
to 2022, ranging from ~16+9%. to ~20116%o., but it dropped in 2023 (~2.8+1.1%o). Since that could not
depend on ambient temperature (2023 campaign corresponding to late winter), nor to amount of people
frequenting hospitals (which were grown thanks to more freedom of access), presumably the improvement
of cleaning and of smoking prohibition respect gave rise to this outcome.

At HOS_4, total n-alkanes reached 8.6 mg/gin 2019 and 4.0 mg/g in 2021. There, an important improvement
of internal air was revealed by the cut of CPl¢ rate. In fact, its value dropped from 2.3 in 2019 to 0.8 in 2021.
Presumably, the cleaning procedures of interiors were improved there during the period of study, according
to the fact that this hospital was a hub of SARS-CoV2 medical treatments. At the same hospital, DDs were
collected also outdoors of the premise, which allowed a sight comparison. Both total n-alkanes and %oETS
were lower outdoors (ca. 1.3 mg/g and 1.1%. of DD matter, respectively). This meant that organic matter in
general was more dispersed in outdoor dust (by a factor 4), and the contribution of ETS was even less.
Comparing the percent distribution of n-alkanes inside the hospitals during the 2019-2022 campaigns, a
stronger linear correlation was found between 2019 and 2021 (R? = 0.89), than with 2022 (R? =0.64). Even
less correlated, during 2022 campaign, were indoor PAHs (R%~0.36 for 2022 vs. 2019 and 2021) than between
2019 and 2021 (R?~0.90) (Figure 1B). This general behaviour could depend on two main factors, namely the
distinct impact of sources (in particular, the contribution of house heating in February), and the comfort
parameters, in particular the higher room temperatures of interiors in winter, which probably caused also

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

3.2. PAHs at HOS_1-HOS_4
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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
reported in Figure 2A, the respective BaP concentrations in Fig. 2B, and the associated toxicities in terms of
carcinogenic and mutagenic potencies in Fig. 2C and 2D, respectively. The respective geometrical means and

medians are provided in Supplementary Table ST5.

Figure 2.

PAH loads in the DD of the single rooms were widely variable, ranging from 75 to 1,505 ug/g, while hospital
means fell in the range 124143 to 557+82 pg/g. At HOS_1, mean DD bound PAHs were roughly constant from
2019 to 2022 (229422 ng/g) and grew in 2023 (475 ug/g). Instead, at HOS_2 PAHs were similar in 2019 and
2021 (385 pg/g) but dropped in 2022 (124 pg/g), and at HOS_4 decreased from 2019 (670 pg/g) to 2021 (376
ug/g) until 2022 (214 ug/g), afterwards PAHs raised again to 522 ug/g in 2023. Cumulatively, the decrease of
PAH loads in DD was observed at the hospitals from 2019 to 2022, followed by the increase in 2023. The
interiors of HOS_1 were, on the average, the least polluted, whilst those of HOS_4 were the most ones. BaP
was usually little in DD samples, the hospital means ranging from 4.1 to 16.5 ug/g, and all individual values
resulting <26 pg/g. The percentage composition of 3-, 4-, 5- and 6-ring PAHs favoured, in general, the first
group (ca. 39+4% of the total during 2019 and 50£2% in 2021), followed by 4-ring (25£9% in both years), 5-
ring (22+5% and 17+7% in the two years) and 6-ring compounds (14+5% and 81+2%, respectively).

Looking to PAH diagnostic ratios (Table 2), mean FA/(FA+PY), BaA/(BaA+CHR), IP/(IP+BPE) and BaP/(BeP+BaP)
rates remained almost unaltered in 2019, 2021 and 2022 at each of HOS_1, HOS 2 and HOS_4, while their
values changed in 2023, which suggests that the emission blend remained roughly constant. Instead,
PHE/ANT ratios changed widely. According to analysis of the above ratios (Tobiszewski and Namiesnik 2012;
Cecinato et al. 2014; Kang et al. 2018; Zhang et al. 2018), PAHs seemed to have of a twin nature, perhaps
depending on mean diameter of particles composing DD. As for light PAHs, which are preferably associated
to large particles, at least in 2019 and 2021 the sources were of overall pyrogenic. In fact, the PHE/ANT
concentration ratio was often <7.0, i.e., below the range (>10) linked to natural emission and petrogenic
burning; the sole exceptions were church and ticket room at HOS_2 and the ward hall at HOS_4 (2019) where
PHE/ANT reached ca. 13. Moreover, FA/PY ratio exceeded 0.5 (except in HOS_4 at ward, ratio = 0.41 during
2019).

Table 2. Mean PAH diagnostic ratio values calculated at HOS _1-HOS_4, university and dwelling from 2019 to
2023.
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Surprisingly variable (<0.5->6) were the CHR vs. BPE ratio rates. This diagnostic ratio is poorly investigated in
literature, nevertheless its value results >>2 in industrial emission, <0.5 in urban wastes and sewage sludge,
1.7-12 in vehicle emissions and ~1.0 in exhausts of oil and coal fueled heaters; anyway, this point probably
merits further investigations to be better elucidated. In conclusion, the PAH fingerprints suggest that two
main sources exist, the former pyrogenic (including bio-matter burnt), and the second related to petroleum
and/or vehicular; moreover, a minor contribution could derive from a third source, i.e., wastes. According to
that, the principal sources of alkanes and PAHs seemed to be external, though some contribution to the
petrogenic emission could come from candles (churches) and coffee machines (coffee bars and corridors). It
is well known that other important sources of pollution of interiors are human activities and in general the
presence of people. Nevertheless, that seems to influence overall the occurrence of polar and very polar
substances (e.g., plasticizers, flame retardants, building material and furniture, deodorants and cleaning
products, natural and cosmetic esters, psychotropic substances, etc.), whose concentration levels are usually
much higher indoors than outdoors. By contrast, except for microbiological activity and illegal tobacco
smoking, no important internal sources seemed to exist for alkanes and PAHSs. At this regard, it is worth to
note that food for patients and workers was not cooked inside hospitals (except at coffee bars), but prepared
outside even when consumed inside. We encountered an analogous problem when we detected much more
illegal drugs inside schools and homes than outdoors, despite they were not (ab)used indoors. Presumably,

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

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

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
(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);
however, the percent composition was different. CPl;s index was broadly similar in DD and SPM except at
entrance, where it exceeded 34; this finding was indicative of meaningful microbial/bacterial activity at all
locations, and an exceptional one at the hospital hall. Meanwhile, CPl,s and %oETS values calculated at IDW,
respectively equal to 4.2 vs. 1.2+0.2 everywhere, and 164%. vs. 7£5%. indoors and 16%o at the entrance,
revealed that the infection disease ward was characterized by the strong impact of tobacco smoke. There,
%o0ETS was over ten times that recorded in DD and at neonatal surgery. By contrast, the alkane composition

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

Table 3.
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The data concerning PAH loads in DD and SPM (Table 3) confirmed the panel presented by alkanes. In fact,
total PAHs reached 574+237 ug/g in DD of interiors and 1,394 ug/g at entrance, while SPM contained 497
ug/g of PAHs at NSW and 1,649 ug/g at IDW. BaP (14-23 ug/g) was similar at all locations except NSW (4.2
ug/g). PAH distribution of HOS_5 was particular; there, in deposition dust the 3-ring PAHs accounted for 49%
of the total and 6-ring compounds for 4% of the total, while in SPM they reached 27% and 1% of the total,
with the maximum corresponding to 5-ring PAHs (40%). The percentages of BaP and carcinogenic PAHs
(namely, BaA, BbF, BjF, BkF, BaP and IPY) ranged from 1.6% to 4.7% and from 17% to 29% of total PAHs,
respectively.

Looking to PAH diagnostic ratios, their values were analogous at all internal locations and the entrance (DDs),
while were peculiar at each of IDW and NSW (SPM). In this case, the usual low values of BaA/(BaA+CHR) ratio
(ranging 0.19-0.33) were typical of petrogenic sources and petrol combustion, and that was in accordance
with IP/BPE rate. The BaP/BeP ratio (~0.35) was compatible with vehicle emission, with perhaps some
incidence deriving from environmental decomposition of BaP; the low value of this ratio at IDW was in
accordance with the low percentages of BaP observed sometimes in tobacco smoke (Cecinato et al. 2022).
In general, neonatal surgery ward looked particular with regard to enhanced importance of petrogenic vs.

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

3.4. Health impact of PAHs associated to DD

The potential health impact for humans was calculated taking in account both carcinogenicity and
mutagenicity of PAH associated to deposition dust. For this purpose, the relative potencies of individual
substances vs. BaP were adapted from Richter-Brockmann and Achien, Durant and coworkers, and
Morakinyo and coworkers (Durant et al. 1996; Richter-Brockmann and Achien 2018; Morakinyo et al. 2020),

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

BaPE.r = PHE*0.001 + FA*0.08 + CPP*0.01 + BaA*0.1 + CHR*0.01 + BbF*0.1 + BjF*0.1 +
+ BkF*0.1 + BaP + IP*0.1 + DBA + BPE*0.009

BaPEmu = CPP*6.9 + BaA*0.082 + CHR*0.17 + BbF*0.25 + BjF*0.26 + BkF*0.11 + BeP*0.002 +
+ BaP +IP*0.31 + DBA*0.29 + BPE*0.19

The mean values of carcinogenic (BaPEc.r) and mutagenic (BaPEmu) potencies calculated for HOS_1-HOS 4

hospitals, university and dwelling are reported in Figure 2C-2D.
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As hospital mean values, BaPE.r and BaPEmy ranged ~9-37 ug/g and 15-87 ug/g, respectively. BaP alone
contributed for 24-51% to total carcinogenic load (mean =39%), and 11-38% to total PAH mutagenicity (mean
= 25%); important contributions came from DBA in the first case, and from CPP and benzofluoranthenes in
the second one. As for HOS_5 (Table 3), BaP equivalent carcinogenicity and mutagenicity were equal to 50433
ug/g and to 69439 ug/g in DD indoors, to 21 ug/g and 19 ug/g at NSW, and to 118 ug/g and 221 ug/g,
respectively, in IDW. Hence, both BaPE.r and BaPEm, were maximum in SPM from IDW, and minimum in
SPM from NSW; this could indicate that NSW cleaning was more effective, whilst tobacco smoke contributed

also to overall toxicity of IDW.

3.5. Inter-year comparison

Considering together the three hospitals investigated with at least three field campaigns (HOS_1, HOS 2 and
HOS_4), total alkanes in DD were equal to 6.712.5 mg/g in 2019, to 12.6+8.2 mg/g in 2021, 7.2+4.3 mg/g in
2022, and 11.5+3.7 mg/g in 2023. n-Alkanes displayed a trend distinct from that of PAHs, which accounted
for 4314220 pg/gin 2019, 369492 ug/gin 2021, 181449 pug/g in 2022, and 498433 pg/g in 2023. The percent
distribution of alkanes was approximatively bell shaped, though in 2021 a trace of high vegetation emission
was perceptible looking to the maximum centered at n-Cs;. In general, long-chain alkanes were predominant
vs. short-chain homologues, these latter accounting for <3-7% of the total in all samples. Only nCy6, NC15 and
nCy were of concern in 2019, confirming the occurrence of microbial/microbiological emission.

As for PAHs (Figure 1B), total loads were analogous in 2019 and 2021, however the percent distribution
presented some differences; in particular, the percentages of light PAHs (from FLN to PY) were higher in 2019
and 2022, and the heavy ones (from BaA to DBA) in 2021. In general, the ratio of low vs. high molecular
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
the emission source contributions during the two campaigns.

Looking, wherever feasible, to individual locations, total alkanes decreased in churches and wards, while
increased in the ticket rooms, presumably due to higher frequentation by people and higher direct air
exchange with outdoors. The behaviour of PAHs was less intelligible, because the trend changed with the
year and type of interior. Both profiles of n-alkane and PAH percentages had similarities at churches and
ticket rooms and were more distinguishable in the hospital wards. Strong linear correlation existed at HOS 5

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

3.5 Indoor-outdoor relationships of n-Alkanes and PAHs at hospitals
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During February 2022 and 2023, a purpose of investigation at HOS_1, HOS_2 and HOS_4 was to understand
the relationships existing between DD composition in interiors (i.e., church, ward, coffee bar and ticket room)
and outdoors, at the gardens surrounding the main hospital premises (Table 4).

Indoor DD loads of n-alkanes exceeded the outdoor ones at all hospitals in 2022 and were similar in 2023;
instead, PAHs were more indoors than outdoors at HOS_1 and HOS_4, and less at HOS_2, in 2022; in 2023,
PAHs were less indoors everywhere. Outside hospitals, n-alkanes displayed the typical fingerprint of
petrogenic emission with some natural contribution (CPl;s ~1.4-1.9). That was confirmed by the outdoor
values of PHE/(PHE+ANT) and IP/(IP+BPE) ratios; also the percentages of 3-, 4-, 5- and 6-ring PAHs were
distinct in HOS_1 and similar at HOS_2 and HOS_4.

Table 4. Alkane and PAH loads in DD outside HOS 1, HOS 2, HOS 4, university and dwelling, and mean

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

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

Mean n-Alkanes and PAHs associated to DD collected at UNI_1 during 2019, 2021 and 2023 as well as at
PRH_1in 2021-2023 are reported in Fig. 1A and Fig. 2A, respectively.

At university the minimum of n-alkanes was touched in 2023 (3.1+0.2 mg/g) and the maximum in 2019
(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-
Alkanes had similar contents but distinct molecular fingerprints at hospitals and university during 2019
(~6.7+2.5 mg/g vs. 6.0 mg/g as total, CPlyg~ 2.120.3 vs. 0.5, CPlys ~ 1.3+0.2 vs. 2.1). Instead, during the second
campaign total alkanes were more at hospitals (~12.6%8.2 mg/g vs. 2.7+1.5 mg/g elsewhere), while the
fingerprints were quite similar (CPlig ~0.8-1.2, CPl;s ~1.2).

%oETS in dusts at university ranged ~11-18%o over the four years, and at dwelling was equal to 3.5-4.0%. in
2021 and 2023, to 6.9%0 in 2022. Thus, the contribution of ETS to dust in hospitals was not so different from
that found elsewhere in 2019, ranging from 16%o. to 19%e., and distinct in 2021 (20+15%e. vs. 7£5%). In 2022
and 2023, DD-bound n-alkanes at hospitals were more than at dwelling and university (7.2+4.3 vs. 2.9 and
11.5+3.7 vs. 2.4+1.0 mg/g, respectively), whilst CPly (~0.6 in 2022 and ~1.2 in 2023), CPlys (~1.1in 2022 and
~4.2 in 2023) were similar. %oETS was more at hospitals than at dwelling and university in 2022 (~16%9 vs.
6.9) and less in 2023 (~2.8 vs. ~4-13).

In conclusion, until 2022 %0ETS at hospitals was higher than elsewhere up to 2022, but lower in 2023. Worth
of note, all sites experienced the presence of smoking markers only due to transport there of tobacco

residues from outside; however, the impact of this source was much more evident in the public premises.
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This situation changed in 2023, when %oETS at hospitals was similar to that recorded just outside the
premises both in the same year and in 2022.

As for PAHSs, total contents at hospitals were less than at university in 2019 (430+220 ug/g vs. 640 ug/g), and
more than university and dwelling in 2021 (369192 ug/g vs. 290435 ug/g). Instead, in 2022 and 2023 the
loads of PAHs in DD from hospitals and elsewhere were analogous (181 ug/g vs. 185 ug/g and 49833 ug/g
vs. 493180 ug/g, respectively). The rates of PAH diagnostic ratios were not so different, except
FA/(FA+PY),which was higher in the university interiors. Worth of note the DD at dwelling, which contained
only 1.5-2.9 mg of alkanes per gram, was affected by similar or higher loads of PAHs than university and
hospitals, although it was a non-smoker home. Percent distribution of PAHs was quite similar at hospitals
and university in 2019 (Pearson correlation coefficient R = 0.79) and hospitals and the dwelling in 2021 (R =
0.85), but not at hospitals and university in 2021 (R = 0.55).

Looking to toxicity of dusts, mean BaPE..r and BaPEn. reached 55 ug/g and 109 ug/g, respectively, in the
interiors of university during 2019, i.e. more than at hospitals (3216 ng/g and 49412 pg/g, respectively). By
contrast, during 2021 and 2023 both quantities were analogous (BaPE..: ca. 26 pg/g at university and 23
ug/g at hospitals; 47 ug/g and 37 ug/g, respectively, in 2022; BaPEmy: 43 ug/g at university vs. 38 ug/g at
hospitals in 2023). At dwelling, BaPE..r and BaPEm, were quite similar in 2021 and 2022 (~18+2 pg/g and
27+3 ug/g, respectively), but much higher in 2023 (ca. 37 ug/g and 87 ug/g). In conclusion, PAH associated
DD toxicity at hospitals was similar or just lower than at university and dwelling during all campaigns of

measurements.

3.7. Comparison of hospital records with literature data

Alkanes are not specifically reported among targeted and untargeted chemicals identified in indoor dust
(Fuentes-Ferragud et al. 2023; Song et al. 2023). Meanwhile about PAHs, a handful of papers report the
concentrations and associated toxicities in DDs collected overall inside houses; e.g., 16 priority PAHs ranged
from 0.03 to 0.46 ug/g in interiors of Khorramabad, Iran (Dalvand et al. 2023). In Jeddah, Saudi Arabia, PAHs
ranged 2.55-9.15 ng/g in the houses and were equal to 4.02+1.25 ng/g in a mosque (Kadi et al. 2018). Wang
and coworkers found 54.1+48.3 ug/g, as average, in eight Chinese cities (Wang et al. 2023). In all cases,
dermal contact and non-dietary ingestion were estimated to account for the majority of associated toxicity
of interiors (Cao et al. 2019, Mosallei et al. 2023). Worth of note, all the above PAH concentration values
were ca. one order of magnitude lower than those detected in Denmark and abroad before 2010 (PY, <0.01-

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

In conclusion, insufficient information is available about the alkane and PAH concentration levels in hospital
dusts, except that provided by studies conducted by Algerian research teams (Boudehane et al. 2016; Rabhi
et al. 2018; Gheriani et al. 2022). Nevertheless, to introduce a comparison it is needed to take in account the
distinct units of measure of contaminant loads in the environment that were adopted in the abovementioned
studies, i.e. amount per square meter of settling surface (mg/m? or ng/m?), or deposition velocity
[mg/(m?*day) or ng/(m?*day)]. At this regard, we adopted the same approach employed to investigate polar
organics associated to DD (Ref.: ESPR-D-23-22979 and reference herein). According to the same parameters
there reported, the deposition velocity of dusts was =0.2-0.5 mg/(m? day), total n-alkanes reached =0.5-2.0
mg/g both in Ouargla (Boudehane et al. 2016) and Touggourt (Gheriani et al. 2022), while total PAHs ranged
=5-20 ug/g and =2-60 ug/g, respectively, in the two cities. Instead, in Bourouba, Algiers metropolitan (Rabhi
et al. 2018), n-alkanes were as high as 0.5-6 mg/g, and PAHs 20-80 ug/g, with CPls ranging between 1.4 and
1.8.

In conclusion, both n-Alkane and PAH loads in DDs of Algerian and Italian hospitals were of the same order
of magnitude. The molecular fingerprints of n-alkanes there were roughly similar to those found in Italian
hospitals (CPls ranging 1.2-1.8), indicating the predominance of anthropogenic sources with an irregular
minor contribution of biogenic emission; instead, the release of light alkanes from microorganisms was not
observed in Touggourt (CPlis <0.1). With regards to PAHs, the molecular fingerprints were different in the
three Algerian cities (in Ouargla: mean FA/(FA+PY) ~0.45, IP/(IP+BPE) ~0.55, BaP/(BeP+BaP) ~0.4; in
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,
IP/(IP+BPE) ~0.66, BaP/(BeP+BaP) ~0.21-0.32). Cumulatively, the PAH fingerprints calculated for Algerian DDs
were distinct from those observed in Italy and seemed to suggest that the contribution of petrogenic sources
was more important than that of the pyrogenic ones in Ouargla and Touggourt, while the contrary occurred
in Algiers. Finally, according to BaP/BeP ratio a longer ageing of particle associated PAHs characterized

Algerian dusts.

4. Conclusions

Deposition dusts of hospital Interiors resulted to contain important loads of alkanes (up to exceeding 20 mg/g
as mean site value) and PAHs (up to 670 ug/g). Light homologues (Cis-C24) accounted for ~5-31% of total
alkanes, depending on the year time and the site investigated. Though the principal source of n-alkanes was

all the time petrogenic (CPl,s ~1.1), the contributions of microbiological activity (CPlis >2) and environmental
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tobacco smoke (%oETS >10%0 and up to 42%.) were detectable during the 2019-2021 campaigns. Starting
from 2022, both CPlis and ETS%o tended to drop to =1.0 and =3, respectively, in contrast with the increased
frequentation of visiting people, and seemed to trace the general improvement of cleaning and access
procedures adopted.

Despite the limited number of sites and locations investigated, DDs at hospital displayed, on the average,
analogous loads of alkanes and PAHs as at the university but more than at the dwelling.

In terms of mass concentrations in DD, alkanes and PAHs in DDs at HOS_5 were of the same order of
magnitude as in SPM. Nevertheless, the two hospital wards investigated displayed very distinct chemical
profiles; in fact, SPM composition in NSW resulted quite similar to that of DD in interiors, whilst that in IDW
was very different, due to important impact of tobacco smoke recorded there.

Owing to potential intake of PAHs through contact and non-dietary ingestion, the respective exposure
suffered by people working or frequenting hospitals should be taken in account to preserve health. In fact,
BaPEc.r and BaPEmy: associated to deposition dust of the hospitals were equal to ~9-37 pg/g and 15-87 ng/g,
respectively, i.e. of the same order of magnitude of those determined at the university and no-smoker home.
With regard to the impact of SARS-CoV2 pandemic on air quality of hospital interiors, the total concentrations
of alkanes, PAHs and BaPE-toxicity exhibited a decrease from 2019 to 2021, and this trend was confirmed in
2022. This behaviour could depend on the severe limits imposed to presence of visitors in hospitals during
2021; nevertheless, the improvement of housecleaning strategies implemented by Hospital Administration
Boards has presumably contributed to mitigate the exposure to living pathogens, as indexed by the decrease
of CPls index rates. Both alkanes and PAHs grew again by a factor >2.0 from 2022 to 2023, and then also
BaPEcar and BaPEmy: did. That could depend on the general increase of pollution in the two years, as suggested
by the outdoor DD loads, however the in/out concentration ratios more favorable in 2023 confirmed the
effectiveness of cleaning of locations of hospitals.

Even considering the difficulty of undertaking this type of investigation without interfering with privacy as
well as management policies of hospitals, further extensive studies are seen as crucial to warrant the safety
and wellbeing of people working in the hospitals or resorting to their services. That looks important today
(2023 and beyond), because the SARS2-CoV disease has renewed its strength, presents various mutation
forms, and probably will continue to hit the world population. In conclusion, we think that studies of this type
are suitable for promoting the right cleaning of hospitals, providing extensive information to people there,
and regulating the access of people to hospital premises and services. All of these factors tend to preserve

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

18



583

584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615

5. References

Abedi B, Azadi D, Hajihossein R, Khodashenas S, Ghaffari K, Mosayebi M (2021). Isolation and molecular
identification of Acanthamoeba spp. From hospital dust and soil of Khomein, Iran, as reservoir for nosocomial
infection. Parasite Epidemiol Control 15, e00224; https://doi.org/10.1016/].parepi.2021.e00224.
Aghadadashi V, Mehdinia A, Molaei S (2021) Normal alkanes in sediments from the Persian Gulf: spatial
pattern and implications for autochthonous, allochthonous, and petroleum-originated contaminants.
Environ Monit Assess 193:364; https://doi.org/10.1007/s10661-021-09122-x.

Akova |, Kilic E, SUmer H, Keklik¢i T (2022). Prevalence of sick building syndrome in hospital staff and its
relationship with indoor environmental quality. Int J Env Health Res 32, 1204-1219. https://doi.org/
10.1080/09603123.2020.1862067.

Ali N (2019). Polycyclic aromatic hydrocarbons (PAHs) in indoor air and dust samples of different Saudi
microenvironments; health and carcinogenic risk assessment for the general population. Sci Total Environ
696, 133995; https://doi.org/10.1016/j.scitotenv.2019.133995.

Alves C, Pio C, Duarte A (2001) Composition of extractable organic matter of air particles from rural and urban
Portuguese areas. Atmos Environ 35:5485-5496; https://doi.org/10.1016/51352-2310(01)00243-6
Annesi-Maesano |, Baiz N, Banerjee S, Rudnai P, Rive S (2013). Indoor air quality and sources in schools and
related health effects. J Toxicol Environ Health B, 16, 491-550; https://doi.org/
10.1080/10937404.2013.853609.

Arfaeinia L, Tabatabaie T, Miri M, Arfaeinia H (2022). Bioaccessibility-based monitoring and risk assessment
of indoor dust-bound PAHs collected from housing and public buildings: Effect of influencing factors. Environ
Res 204 B, 112039; https://doi.org/ 10.1016/j.envres.2021.112039.

AriaDrugs Project (Occurrence of licit and illicit drugs in the air of eight Italian cities) (2010). https://www.
politicheantidroga.gov.it/media/1796/capv2.pdf (last accessed November 03, 2022).

Ayoko GA, Uhde E (2003). Organic compounds adsorbed on particles and settled house dust. In: Indoor
environment: airborne particles and settled dust, L Morawska and T Salthammer Eds, Wiley VCH Publ, Ch.
3.1, pp. 141-166. Online ISBN 9783527610013; https://doi.org/10.1002/9783527610013.ch3a.

Balducci C, Cecinato A, Paolini V, Guerriero E, Perilli M, Romagnoli P, Tortorella C, Nacci RM, Giove, A, Febo
A (2017). Volatilization and oxidative artifacts of PM bound PAHs at low volume sampling (2): Evaluation and
comparison of mitigation strategies effects; https://doi.org/10.1016/j.chemosphere.2017.09.062.

Balducci C, Perilli M, Romagnoli P, Cecinato A (2012). New developments on emerging organic pollutants in
the atmosphere. Environ Sci Pollut Res 19, 1875-1884 (2012). https://doi.org/10.1007/s11356-012-0815-2.
Bager NS, Mohammed HA, Albahri AS, Zaidan AA, Al-qaysi ZT, Albahri OS (2022). Development of the Internet

of Things sensory technology for ensuring proper indoor air quality in hospital facilities: Taxonomy analysis,

19


https://doi.org/%2010.1080/09603123.2020.1862067
https://doi.org/%2010.1080/09603123.2020.1862067
https://doi.org/
https://www/
https://doi.org/10.1007/s11356-012-0815-2

616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648

challenges, motivations, open issues and recommended solution. Measurement 192, 110920.
https://doi.org/10.1016/ j.measurement.2022.110920.

Baures E, Blanchard O, Mercier F, Surget E, le Cann P, Rivier A, Gangneux JP, Florentin A (2018). Indoor air
quality in two French hospitals: Measurement of chemical and microbiological contaminants. Sci Total
Environ 642, 168-179; https://doi.org/10.1016/ j.scitotenv.2018.06.047.

Bennett J, Davy P, Trompetter B, Wang Y, Pierse N. Boulic M, Phipps R, Howden-Chapman P (2019). Sources
of indoor air pollution at a New Zealand urban primary school; a case study. Atmos Pollut. Res 10, 435-444,
https://doi.org/10.1016/j.apr.2018.09.006.

BéruBé KA, Richards RJ, Jones T, Moreno T, Thomas S, Nevalainen A (2003). Analysis of chemical and
biological properties. In: Indoor environment: airborne particles and settled dust, L Morawska and T
Salthammer Eds, Wiley VCH Publ, Ch. 2.4, pp. 105-140. Online ISBN 9783527610013;
https://doi.org/10.1002/9783527610013.ch2d.

Bjornsdotter MK, Romera-Garcia E, Borrull J, de Boer J, Rubio S, Ballesteros-Gémez A (2018). Presence of
diphenyl phosphate and aryl-phosphate flame retardants in indoor dust from different micro-environments
in Spain and the Netherlands and estimation of human exposure. Environ Int 112, 59-67;
https://doi.org/10.1016/j. envint.2 017.11.028.

Blanchard O, Glorennec P, Mercier F, Bonvallot N, Chevrier C, Ramalho O, Mandin C, Le Bot B (2014).
Semivolatile organic compounds in indoor air and settled dust in 30 French dwellings. Environ Sci Technol 48,
3959-3969; https://doi.org/10.1021/es405269q.

BLF (2022a). British Lung Foundation. Indoor air pollution. What is indoor air pollution?
https://www.blf.org.uk/support-for-you/indoor-air-pollution/about-indoor-air-pollution; last accessed Jan.
20, 2022.

BLF (2022b). British Lung Foundation. Indoor air pollution. What are the causes and effects?
https://www.blf.org.uk/support-for-you/indoor-air-pollution/causes-and-effects; last accessed Jan. 20,
2022.

Boudehane A, Lounas A, Moussaoui Y, Balducci C, Cecinato A (2016) Levels of organic compounds in interiors
(school, home, university and hospital) of Ouargla city, Algeria. Atmos Environ 144:266—273. https://doi.org/
10.1016/j.atmosenv.2016.08.031A.

Butte W (2003). Reference values of environmental pollutants in house dust. In: Indoor environment:
airborne particles and settled dust, L Morawska and T Salthammer Eds, Wiley VCH Publ, Ch. 4.3, pp. 407-435.
Online ISBN 9783527610013; https://doi.org/10.1002/9783527610013.ch4c.

Byrne MA, Goddard AJH, Lange C, Roed J (1995). Stable tracer aerosol deposition measurements in a test

chamber. J Aerosol Sci 1995, 26, 645-653; https://doi.org/10.1016/0021-8502(95)00003-U.

20


https://doi.org/10.1016/%20j.measurement.2022.110920
https://doi.org/%2010.1016/j.atmosenv.2016.08.031A
https://doi.org/%2010.1016/j.atmosenv.2016.08.031A

649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680

Cao Z, Wang M, Chen Q, Zhu C, Jie J, Li X, Dong X, Miao Z, Shen M, Bu Q (2018). Spatial, seasonal and particle
size dependent variations of PAH contamination in indoor dust and the corresponding human health risk.
Science of The Total Environment 653, 423-430; https://doi.org/10.1016/j.scitotenv.2018.10.413.

Cecinato A, Bacaloni A, Romagnoli P, Perilli M, Balducci C (2022a). Molecular signatures of organic
particulates as tracers of emission sources. Environ Sci Pollut Res 29, 65904-65923;
https://doi.org/10.1007/s11356-022-21531-0.

Cecinato A, Bacaloni A, Romagnoli P, Perilli M, Balducci C (2022b). Indexes of tobacco smoke contribution to
environmental particulates based on molecular fingerprints of alkanes. Environ Sci Pollut Res 29, 43048
43057; https://doi.org/10.1007/s11356-021-16617-0.

Cecinato A, Balducci C, Mastroianni D, Perilli M (2012). Sampling and analytical methods for assessing the
levels of organic pollutants in the atmosphere: PAH, phthalates and psychotropic substances: a short review.
Environ Sci Pollut Res 19, 1915-1926; https://doi.org/10.1007/s11356-012-0959-0.

Cecinato A, Guerriero E, Balducci C, Muto V (2014a). Use of the PAH fingerprints for identifying pollution
sources. Urban Climate 10, 630-643. https://doi.org/10.1016/].uclim.2014.04.004.

Cecinato A, Romagnoli P, Perilli M, Patriarca C, Balducci C (2014b). Psychotropic substances in indoor
environments. Environ Int 71, 88-93; https://doi.org/10.1016/j.envint.2014.06.008.

Cheng MH, Chiu CH, Chen CT, Chou HH, Pao LH, Wan GH (2021). Sources and components of volatile organic
compounds in breast surgery operating rooms. Ecotoxicol Environ Saf 209, 111855; https://doi.org/
10.1016/j.ecoenv.2020.111855.

Daher N, Ruprecht A, Invernizzi G, De Marco C, Miller-Schulze J, Heo JB. Shafer MM, Schauer JJ, Sioutas C
(2011). Chemical characterization and source apportionment of fine and coarse particulate matter inside the
refectory of Santa Maria Delle Grazie church, home of Leonardo Da Vinci’s “Last Supper”. Environ Sci Technol
45, 10344-10353; https://doi.org/ 10.1021/es202736a.

Dalvand N, Sobhanardakani S, Sadr MK, Cheraghi M, LorestaniB (2023) Concentrations, source
apportionment and health risk assessment of polycyclic aromatic hydrocarbons (PAHSs) in household dust
samples, the case of city of Khorramabad, Iran. Polycyclic Aromatic Compounds (in press, available online);
https://doi.org/10.1080/10406638.2023.2228453.

de Gennaro GL, Dambruoso PR, Loiotile AD, Di Gilio A, Giungato P, Tutino M, Marzocca A, Mazzone A,
Palmisani J, Porcelli F 82014). Indoor air quality in schools. Environ Chem Lett 12, 467-482; https://doi.org/
10.1007/s10311-014-0470-6.

Dewerk Neal A, Wadden RA, Rosenberg SH (1978). Evaluation of indoor particulate concentrations for an

urban hospital. Am Ind Hygiene Assoc J 39, 578-582. https://doi.org/10.1080/0002889778507812.

21


https://doi.org/10.1016/j.uclim.2014.04.004
https://doi.org/10.1080/10406638.2023.2228453
https://doi.org/10.1080/0002889778507812

681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713

Dingle JH, Kohl L, Khan N, Meng M, Shi YA, Pedroza-Brambila M, Chow CW, Chan SWH (2021). Sources and
composition of metals in indoor house dust in a mid-size Canadian city. Environ Pollut 289, 11786;
https://doi.org/10.1016/j.envpol.2021.117867.

Dragan P, Markic¢ N, Stojanovi¢ Bjeli¢ L, Rahman Farooqi ZU (2022). Ventilation strategies for healthy indoors
in hospitals. In: Viruses, bacteria and fungi in the built environment, designing healthy indoor environments.
Woodhead Publishing Series in Civil and Structural Engineering Publ, Chapter 12, pp 273-287.
https://doi.org/10.1016/B978-0-323-85206-7.00010-1.

Dubocq F, Karrman A, Gustavsson J, Wang T(2021). Comprehensive chemical characterization of indoor dust
by target, suspect screening and nontarget analysis using LC-HRMS and GC-HRMS. Environ. Pollut 276,
116701; https://doi.org/10.1016/ j.envpol.2021.116701.

Durant JL, Busby WF Jr., Lafleur AL, Penman BW, Crespi CL (1996). Human cell mutagenicity of oxygenated,
nitrated and unsubstituted polycyclic aromatic hydrocarbons associated with urban aerosols. Mutat Res/Gen
Toxicol 371, 123-157; https://doi.org/10.1016/50165-1218(96)90103-2.

EPA (2011). US Environmental Protection Agency. Office of Health, and Environmental Assessment. Exposure
Assessment Group. Exposure Factors Handbook, Vol. 90. No. 106774. EPA/600/R-090/052F.

EPA (2016a). US Environmental Protection Agency. Air Quality Planning and Standards;
https://www3.epa.gov/airquality/cleanair.html; (last accessed: 17 Jan. 2022).

EPA (2016b). US Environmental Protection Agency. Air Quality Planning and Standards;
https://wwws3.epa.gov/airquality/emissions.html; (last accessed: 17 Jan. 2022).

EPA (2022) US Environmental Protection Agency Report on the Environment. Indoor air quality;
https://www.epa.gov/report-environment/indoor-air-quality. (last accessed: 21 Jan. 2022).

Esplugas R, Rovira J, Mari M, Arribas JF, Eljarrat E, Domingo JL, Schuhmacher M (2022). Emerging and legacy
flame retardants in indoor air and dust samples of Tarragona Province (Catalonia, Spain). Sci Total Environ
806, 15049; https://doi.org/10.1016/j.scitotenv.2021.150494.

European Parliament (2004). Directive 2004/107/EC of the European Parliament and of the Council of 15
December 2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in
ambient air. http://data.europa.eu/eli/dir/2004/107/0j; (last accessed: 17 Jan. 2022).

European Parliament (2008). Directive 2008/50/EC of the European Parliament and of the Council of 21 May
2008 on ambient air quality and cleaner air for Europe. http://data.europa.eu/eli/dir/2008/50/0j (last
accessed: 17 Jan. 2022).

European Parliament (2016). Directive (EU) 2016/802 of the European Parliament and of the Council of 11
May 2016 relating to a reduction in the sulphur content of certain liquid fuels; http://data.europa.eu/eli/dir/
2016/802/0j (last accessed: 17 Jan. 2022).

22


https://doi.org/10.1016/B978-0-323-85206-7.00010-1

714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744

European Parliament (2019). Regulation (EU) 2019/1242 of the European Parliament and of the Council of
20 June 2019 setting CO2 emission performance standards for new heavy-duty vehicles and amending
Regulations (EC) No 595/2009 and (EU) 2018/956 of the European Parliament and of the Council and Council
Directive 96/53/EC PE/60/2019/REV/1; http://data.europa.eu/eli/reg/2019/1242/0j (last accessed: 17 Jan.
2022).

European Parliament (2020). Consolidated text: Regulation (EC) No 715/2007 of the European Parliament
and of the Council of 20 June 2007 on type approval of motor vehicles with respect to emissions from light
passenger and commercial vehicles (Euro 5 and Euro 6) (Text with EEA relevance) Text with EEA relevance.
http://data.europa.eu/eli/reg/2007/715/ 2020-09-01 (last accessed: 17 Jan. 2022).

European Parliament (2021). Regulation (EU) 2021/1119 of the European Parliament and of the Council of
30 June 2021 establishing the framework for achieving climate neutrality and amending Regulations (EC) No
401/2009 and (EU) 2018/1999 (‘European Climate Law’); http://data.europa. eu/eli/reg/2021/1119/0j; (last
accessed: 17 Jan. 2022).

Feng S, Shen X, Hao X, Cao X, Li X, Yao X, Shi Y, Lv T, Yao Z (2021). Polycyclic and nitro-polycyclic aromatic
hydrocarbon pollution characteristics and carcinogenic risk assessment of indoor kitchen air during cooking
periods in rural households in North China. Environ Sci. Pollut Res 28, 11498-11508; https://doi.org/
10.1007/ s11356-020-11316-8.

Fine PM, Cass GR, Simoneit BRT (1999). Characterization of fine particle emissions from burning church
candles. Environ Sci Technol 33, 14, 2352—-2362; https://doi.org/10.1021/es981039v.

Fogh CL, Byrne MA, Roed J, Goddard, AJH. (1997). Size specific indoor aerosol deposition measurements and
derived 1/O concentrations ratios. Atmos Environ 31, 2193-2203; https://doi.org/10.1016/51352-
2310(97)00037-X.

Fuentes-Ferragud E, Miralles P, Lépez A, Ibafiez M, Coscolla C (2023). Non-target screening and human risk
assessment for adult and child populations of semi-volatile organic compounds in residential indoor dust in
Spain. Chemosphere 340, 139879; https://doi.org/10.1016/j.chemosphere.2023.139879.

Gheriani A, Boudehane A, Lounas A, Balducci C, Cecinato A, Khadraoui A (2022). n-Alkanes and polycyclic
aromatic hydrocarbons in deposition dust and PM1o of interiors in Touggourt Region, Algeria. Arch Environ
Contamin Toxicol; https://doi.org/10.1007/s00244-022-00954-3.

Gunathilake TMSU, Ching YC, Kadokami K (2022). An overview of organic contaminants in indoor dust, their
health impact, geographical distribution and recent extraction/analysis methods. Environ Geochem Health

44, 677-713. https://biblioproxy.cnr.it:2481/10.1007/s10653-021-01013-x.

23


https://biblioproxy.cnr.it:2481/10.1007/s10653-021-01013-x

745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

Hazrati S, Rostami R, Farjaminezhad M, Fazlzadeh M (2016). Preliminary assessment of BTEX concentrations
in indoor air of residential buildings and atmospheric ambient air in Ardabil, Iran. Atmos Environ 132, 91-97;
https://doi.org/10.1016/j.atmosenv.2016.02.042.

Jacobs J, Borras-Santos A, Krop E, Taubel M, Leppanen H, Haverinsen-Shaughnessey U, Pekkanen J, Hyvarinen
A, Doekes G, Zock JP, Heederik D (2014). Dampness, bacterial and fungal components in dust in primary
schools and respiratory health in schoolchildren across Europe. Occup Environ Med 71, 704-712.
http://dx.doi.org/10.1136/0emed-2014-102246.

Jerusalem JG, Galarpe VRKR (2015). Determination of formaldehyde in air in selected hospital-histopathology
laboratories in Cagayan de Oro, Philippines. J Chem Health Saf 22, 10-14. https://doi.org/
10.1016/j.jchas.2014.07.012.

Kadi MW, Ali N, HMSA Albar (2018). Phthalates and polycyclic aromatic hydrocarbons (PAHSs) in the indoor
settled carpet dust of mosques, health risk assessment for public. Science of The Total Environment 627, 134-
140; https://doi.org/10.1016/j.scitotenv.2018.01.146.

Kang M, Ren L, Ren H, Zhao Y, Kawamura K, Zhang H, Wei L, Sun Y, Wang Z, Fu P (2018) Primary biogenic and
anthropogenic sources of organic aerosols in Beijing, China: insights from saccharides and n-alkanes. Environ
Pollut 243:1579-1587; https://doi.org/10.1016/j.envpol.2018.09.118.

Khedidji S, Balducci C, Ladji R, Cecinato A, Perilli M, Yassaa N (2017). Chemical composition of particulate
organic matter at industrial, university and forest areas located in Bouira province, Algeria. Atmos Pollut Res
8, 474-482. http://dx.doi.org/10.1016/j.apr.2016.12.005.

Khedidji S, Ladji R, Yassaa N (2013). A wintertime study of polycyclic aromatic hydrocarbons (PAHs) in indoor
and outdoor air in a big student residence in Algiers, Algeria. Environ Sci Pollut Res 20, 4906—4919;
https://doi: 10.1007/s11356-012-1430-y.

Khpalwak W, Jadoon WA, Abdel-dayem SM, Sakugawa H (2019). Polycyclic aromatic hydrocarbons in urban
road dust, Afghanistan: Implications for human health. Chemosphere 218, 517-526.
https://doi.org/10.1016/ j. chemosphere 2018.11.087.

Kuhn TK, Krull ES, Bowater A, Grice K, Gleixner G (2010). The occurrence of short chain n-alkanes with an
even over odd predominance in higher plants and soils. Org Geochem 41, 88-95.
https://doi.org/10.1016/j.orggeochem.2009.08.003.

Ladji R, Yassaa N, Balducci C, Cecinato A (2014). Particle size distribution of n-alkanes and polycyclic aromatic
hydrocarbons (PAHS) in urban and industrial aerosol of Algiers, Algeria. Environ Sci Pollut Res 21, 1819-1832;
https://doi.org/10.1007/s11356-013-2074-2.

24


https://doi.org/%2010.1016/j.jchas.2014.07.012
https://doi.org/%2010.1016/j.jchas.2014.07.012
https://doi.org/10.1016/j.scitotenv.2018.01.146
https://doi.org/10.1016/
https://doi.org/10.1016/j.orggeochem.2009.08.003

776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808

Langer S, Weschler CJ, Fischer A, Beko G, Toftum J, Clausen G (2010). Phthalate and PAH concentrations in
dust collected from Danish homes and daycare centers. Atmos Environ 44, 2294-2301;
https://doi.org/10.1016/j.atmosenv.2010.04.001.

Life+EXPAH Project (Population Exposure to PAH) (2011). Reference: LIFEO9 ENV/IT/000082;
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=3756
(last accessed November 03, 2022).

Lillquist DR, Lee IS, Ramsay IR, Boucher KM, Walton ZL, Lyon IL (1998). A Comparison of indoor/outdoor PMg
concentrations measured at three hospitals and a centrally located monitor in Utah. Applied Occupat Environ
Hygiene 13, 409-415. https://doi.org/10.1080/1047322X.1998.10389565.

Lucattini L, Poma G, Covaci A, de Boer J, Lamoree MH, Leonards PEG (2018). A review of semi-volatile organic
compounds (SVOCs) in the indoor environment: occurrence in consumer products, indoor air and dust.
Chemosphere 201, 466-482. https://doi.org/10.1016/j.chemosphere.2018.02.161.

Lucialli P, Marinello S., Pollini E, Scaringi M, Zauli Sajani S, Marchesi S, Cori L (2020). Indoor and outdoor
concentrations of benzene, toluene, ethylbenzene and xylene in some Italian schools evaluation of areas with
different air pollution. Atmos Pollut Res 11, 1998-2010; https://doi.org/ 10.1016/j.apr.2020.08.007.
Lunderberg DM, Kristensen K, Tian Y, Arata C, Misztal PK, Liu Y, Kreisberg N, Katz EF, DeCarlo PF, Patel S,
Vance ME, Nazaroff WW, Goldstein AH (2020). Surface emissions modulate indoor SVOC concentrations
through volatility-dependent partitioning. Environ Sci Technol 54, 6751-6760; https://dx.doi.org/10.1021/
acs.est.0c00966.

Luo K, Zeng D, Kang Y, Lin X, Sun N, Li C, Zhu M, Chen Z, Man YB, Li H (2020). Dermal bioaccessibility and
absorption of polycyclic aromatic hydrocarbons (PAHSs) in indoor dust and its implication in risk assessment.
Environ Pollut 264, 114829; https:// doi.org/10.1016/j.envpol.2020.114829.

Maragkidou A, Arar S, Al-Hunaiti A, Ma Y, Harrad S, Jaghbeir O, Faouri D, Hameri K, Hussein T (2017).
Occupational health risk assessment and exposure to floor dust PAHs inside an educational building. Sci Total
Environ 579, 1050-1056. http://dx.doi.org/10.1016/].scitotenv.2016.11.055.

Melymuk L, Demirtepe H, Jilkova SR (2020). Indoor dust and associated chemical exposures. Curr Opin
Environ Sci Health 15, 1-6; https:// doi.org/10.1016/j.coesh.2020.01.005.

Mitro SD, Dodson RE, Singla V, Adamkiewicz G, EImi AF, Tilly MK, Zota AR.(2016). Consumer product
chemicals in indoor dust: A quantitative meta-analysis of U.S. studies. Environ Sci Technol 19, 10661-10672;
https://doi.org/10.1021/acs.est.6b02023.

Mohammadyan M, Keyvani S, Bahrami A, Yetilmezsoy K, Heibati B, Godri Pollitt KJ (2019). Assessment of
indoor air pollution exposure in urban hospital microenvironments. Air Qual Atmos Health 12, 151-159;

https://doi.org/10.1007/s11869-018-0637-6.

25


https://biblioproxy.cnr.it:2481/10.1080/1047322X.1998.10389565
https://doi.org/10.1016/j.chemosphere.2018.02.161

809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841

Morakinyo OM, Mukhola MS, Mokgobu MI (2020). Concentration levels and carcinogenic and mutagenic risks
of PM2.5-bound polycyclic aromatic hydrocarbons in an urban—industrial area in South Africa. Environ
Geochem Health 42, 2163-2178; https://doi.org/10.1007/s10653-019-00493-2.

Morawska L, Ayoko GA, Bae GN, Buonanno G, Chao CYH, Clifford S, Wierzbicka A (2017). Airborne particles
in indoor environment of homes, schools, offices and aged care facilities: The main routes of exposure.
Environ Int 108, 75-83; https://doi.org. 10.1016/j.envint.2017.07.025.

Morawska L, He C (2003). Particle concentration levels and size distribution characteristics in residential and
non-industrial workplace environments. In: Indoor environment: airborne particles and settled dust, L
Morawska and T Salthammer Eds, Wiley VCH Publ, Ch. 3.3, pp. 190-224, online ISBN 9783527610013.
https://doi.org/10.1002/9783527610013.ch3.c.

Morawska L, Salthammer T (2003). Fundamentals of indoor particles and settled dust. In: Indoor
environment: airborne particles and settled dust, L Morawska and T Salthammer Eds, Wiley VCH Publ, Ch. 1,
pp. 1-46. Online ISBN 9783527610013; https://doi.org/10.1002/9783527610013.ch1.

Morey PR, Elliott Horner E, Epstien BL, Worthan AG, Black MS (2001). Indoor Air Quality In Nonindustrial
Occupational  Environments. John Wiley & Sons Publ, Online ISBN 9780471125327;
https://doi.org/10.1002/0471435139.

Morgan MK, Wilson NK, Chuang JC (2014). Exposures of 129 preschool children to organochlorines,
organophosphates, pyrethroids, and acid herbicides at their homes and daycares in North Carolina. Int J
Environ Res Publ Health 11, 3743-3764. http://doi.org/10.3390/ijerph110403743.

Morrison GC, Eftekhari A, Majluf F, Krechmer JM (2021). Yields and variability of ozone reaction products
from human skin. Environ Sci Technol 55, 179-187; https://dx.doi.org/ 10.1021/acs.est.0c05262.

Mosallaei S, Hashemi H, Hoseini M, Dehghani M, Naz A (2023). Polycyclic Aromatic Hydrocarbons (PAHSs) in
household dust: The association between PAHs, Cancer Risk and Sick Building Syndrome. Build Environ 229,
109966; https://doi.org/10.1016/j.buildenv.2022.109966

Nandan A, Siddiqui NA, Singh C, Aeri A (2021). Occupational and environmental impacts of indoor air
pollutant for different occupancy: a review. Toxicol Environ Health Sci 13, 303-322;
https://doi.org/10.1007/s13530-021-00102-9.

Nicolaides N (1974). Skin lipids: their Biochemical uniqueness. Science 186, 19-26; https://doi.org/
10.1126/science.186.4158.19.

Nisbet ICT, LaGoy PK (1992). Toxic equivalency factors (TEFs) for polycyclic aromatic hydrocarbons (PAHSs).
Regulat Toxicol Pharmacol 16, 290-300; https://doi.org/10.1016/0273-2300(92)90009-X.

Norback D, Lu C, Zhang Y, Li B, Zhao Z, Huang C, Zhang X, Qian U, Sun Y, Wang J, Liu W. Sundell J, Deng Q

(2019). Sources of indoor particulate matter (PM) and outdoor air pollution in China in relation to asthma,

26


https://doi.org/
https://doi.org/

842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873

wheeze, rhinitis and eczema among pre-school children: Synergistic effects between antibiotics use and PMig
and second hand smoke. Environ Int 125, 252-260; https://doi.org/10.1016/j.envint.2019. 01.036.

OSHA (2022a). US Department of Labor, Occupational Safety and Health Administration. Law and
Regulations; https://www.osha.gov/laws-regs; (last accessed: 17 Jan. 2022).

OSHA (2022b). US Department of Labor, Occupational Safety and Health Administration. Indoor Air Quality;
https://www.osha.gov/indoor-air-quality; (last accessed: 17 Jan. 2022).

Palmisani J, Di Gilio A, Viana M de Gennaro G.L, Ferro A (2021). Indoor air quality evaluation in oncology units
at two European hospitals: Low-cost sensors for TVOCs, PM;s and CO; real-time monitoring. Build Environ
205, 108237; https://doi.org/10.1016/ j.buildenv.2021.108237.

Peck AM. (2006). Analytical methods for the determination of persistent ingredients of personal care
products in environmental matrices. Anal Bioanal Chem 386, 907-939; https://doi.org/10.1007/s00216-006-
0728-3.

Peng H, Yang Y, Liu M, Zhou JL (2012). PAHs in indoor dust samples in Shanghai’s universities: levels, sources
and human exposure. Environ Geochem Health 34, 587-596; https://doi.org/10.1007/s10653-012-9456-0.
Price DJ, Day DA, Pagonis D, Stark H, Algrim LB, Handschy AV, Liu S. Krechmer JE, Miller SL, Hunter JF, de
Gouw JA, Ziemann PJ, Jimenez JL (2019). Budgets of organic carbon composition and oxidation in indoor air.
Environ Sci Technol 53, 13053-13063; https://doi.org/ 10.1021/acs.est.9b04689.

PSALM Project (2009). Psychotropic substances in the air: Levels and Means. https://www.cnr.it/it/focus/
046-5/droghe-da-abuso-in-atmosfera (last accessed November 03, 2022).

Qi H, Li WL, Zhu NZ, Ma WL, Liu LY, Zhang F, Li YF (2014). Concentrations and sources of polycyclic aromatic
hydrocarbons in indoor dust in China. Sci Total Environ 491-492, 100-107; https://doi.org/10.1016/
j.scitotenv.2014.01.119.

Rabhi L, Lemou A, Cecinato A, Balducci C, Cherifi N, Ladji R, Yassaa N (2018). Polycyclic aromatic
hydrocarbons, phthalates, parabens and other environmental contaminants in dust and suspended
particulates of Algiers, Algeria. Environ Sci Pollut Res 25, 24253-24265; https://doi.org/10.1007/s11356-018-
2496-y.

Ramos S, Homem V, Alves A, Santos S (2015). Advances in analytical methods and occurrence of organic UV-
filters in the environment -A review. Sci Total Environ 526, 278-311; https://doi.org/10.1016/
j.scitotenv.2015.04.055.

Rautiainen P, Hyttinen M, Ruokolainen J, Saarinen P (2019). Indoor air-related symptoms and volatile organic
compounds in materials and air in the hospital environment, Int J Env Health Res 29, 479-488.

https://doi.org/10.1080/09603123.2018.1550194.

27


https://www.cnr.it/it/focus/
https://doi.org/10.1080/09603123.2018.1550194

874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906

Richter-Brockmann S, Achten C (2018). Analysis and toxicity of 59 PAH in petrogenic and pyrogenic
environmental samples including dibenzopyrenes, 7H-benzo[c]fluorene, 5-methylchrysene and 1-
methylpyrene. Chemosphere 200, 495-503; https://doi.org/10.1016/j.chemosphere.2018.02.146.
Romagnoli P, Balducci C, Perilli M, Gherardi M, Gordiani A, Gariazzo C, Gatto MP, Cecinato A (2014) Indoor
PAHs at schools, homes and offices in Rome, Italy. Atmos Environ 92, 51-59;
https://doi.org/10.1016/j.atmosenv.2014.03.063.

Romagnoli P, Balducci C, Perilli M, Vichi F, Imperiali A, Cecinato A (2016). Indoor air quality at life and work
environments in Rome, Italy. Environ Sci Pollut Res. 23, 3503—3516; https://doi.org/10.1007/s11356-015-
5558-4.

Sanchez-Pinero J, Bowerbank SL, Moreda-Pineiro J, Lopez-Mahia P, Dean JR (2020). The occurrence and
distribution of polycyclic aromatic hydrocarbons, bisphenol A and organophosphate flame retardants in
indoor dust and soils from public open spaces: Implications for human exposure. Environ Pollut 266, 115372;
https://doi.org/10.1016/ j.envpol.2020.115372.

Scibor M, Balcerzak B, Galbarczyk A, Targosz N, Jasienska J. (2019). Are we safe inside? Indoor air quality in
relation to outdoor concentration of PM10 and PM2.5 and to characteristics of homes. Sustain. Cities Soc.
48, 101537; https://doi.org/10.1016/j.scs. 2019.101537.

Settimo G (2017). Existing guidelines for indoor air quality: the case study of hospital environments. In: Indoor
Air Quality in Healthcare Facilities, S. Capolongo et al. Eds, SpringerBriefs in Public Health, Chapter 2, 13-26.
https://doi.org/ 10.1007/978-3-319-49160-8_2

Shen M, Liu G, Zhou L, Yin H, Arif M, Leung KMY (2022). Spatial distribution, driving factors and health risks
of fine particle-bound polycyclic aromatic hydrocarbons (PAHs) from indoors and outdoors in Hefei, China.
Sci Total Environ 851, 158148; https://doi.org/10.1016/].scitotenv.2022.158148.

Singh A, Mishra RKS, Kushwaha | (2009). Dermatophytes, related keratinophilic and opportunistic fungi in
indoor dust of houses and hospitals (2009). Indian J Med Microbiol 27, 242-246.
https://doi.org/10.4103/0255-0857.53207.

Singh M, Sioutas C (2003).Assessment of Exposure to Airborne Particles. In: Indoor environment: airborne
particles and settled dust, L Morawska and T Salthammer Eds, Wiley VCH Publ, Ch. 4.1, pp. 357-386. Online
ISBN 9783527610013; https://doi.org/10.1002/9783527610013.ch4a.

Song Z, Shi M, Ren X, Wang L, Wu Y, Fan Y, Zhang Y, Xu Y (2023).An integrated non-targeted and targeted
analysis approach for identification of semi-volatile organic compounds in indoor dust. J Hazard Mat 459,
132202; https://doi.org/10.1016/j.jhazmat.2023.132202.

Thatcher TL, Layton DW (1995). Deposition, resuspension, and penetration of particles within a residence.

Atmos Environ 29, 1487-1497; https://doi.org/10.1016/1352-2310(95)00016-R.

28


https://doi.org/
https://doi.org/

907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938

Tobiszewski M, Namiesnik J (2012) PAH diagnostic ratios for the identification of pollution emission sources.
Environ Pollut 162:110-119. https://doi.org/10.1016/j.envpol.2011.10.025.

Tran TM, Minh TB, Kumosani TA, Kannan K (2016). Occurrence of phthalate diesters (phthalates), p-
hydroxybenzoic acid esters (parabens), bisphenol A diglycidyl ether (BADGE) and their derivatives in indoor
dust from Vietnam: Implications for exposure. Chemosphere 144, 1553-1559;
https://doi.org/10.1016/j.chemosphere.2015.10.028.

Tran TM, Tran-Lam TT, Mai HHT, Bach LHT, Nguyena HMN, Trinh HT, Dang LT, Minh TB, Quan TC, Hoang AQ
(2021). Parabens in personal care products and indoor dust from Hanoi, Vietnam: Temporal trends, emission
sources, and non-dietary exposure through dust ingestion. Sci Total Environ 761, 143274,
https://doi.org/10.1016/j.scitotenv.2020. 143274,

Wallace LA, Mitchell H, O’Connor GT, Neas L, Lippmann M, Kattan M, Inner-City Asthma Study ICA (2003).
Particle concentrations in inner-city homes of children with asthma: the effect of smoking, cooking, and
outdoor pollution. Environ. Health Perspec. 111, 1265-1272; http://www.ncbi.nlm.nih.gov/
pubmed/12842784.

Wang X, Bi X, Duohong Chen D, Sheng G, Fu J (2006). Hospital indoor respirable particles and carbonaceous
composition. Build Environ 41, 992-1000; https://doi.org/10.1016/j.buildenv.2005.04.024.

Wang X, Wang X, Qi J, Gong S, Wang C, Li L, Fan L, LiuH, Cao Y, Liu M, Han X, Su L, Yao X, Tysklind M, Wang X
(2023). Levels, distribution, sources and children health risk of PAHs in residential dust: A multi-city study in
China. Sci Total Environ 862, 160760; https://doi.org/10.1016/j.scitotenv.2022.160760.

Wang X, Xinhui Bi X, Sheng G, Fu J (2006). Hospital indoor PM1o/PM,s and associated trace elements in
Guangzhou, China. Sci Total Environ 366, 124-135; https://doi.org/10.1016/j.scitotenv.2005.09.004.
Weschler CJ, Langer S, Fischer A, Bekd G, Toftum J, Clausen G (2011) Squalene and cholesterol in dust from
Danish homes and daycare centers. Environ. Sci. Technol. 45:3872-3879; https://doi.org/10.1021/es103894r
WHO (2021a). World Health Organization. Ambient (outdoor) air pollution (22 September 2021).
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health; (last
accessed: 17 Jan. 2022).

WHO (2021b). World Health Organization. Air pollution is one of the biggest environmental threats to human
health, alongside climate change; https://www.who.int/news/item/22-09-2021-new-who-global-air-quality-
guidelines-aim-to-save-millions-of-lives-from-air-pollution; (last accessed: 17 Jan. 2022).

Wu Z. Lyu H, Liang W, Jing X, Wang Y, Ma X (2021). Microbial community in indoor dusts from university
dormitories: Characteristics, potential pathogens and influence factors. Atmos Pollut Res 12, 321-333;

https://doi.org/10.1016/j.apr.2020.12.018.

29


https://doi.org/10.1016/j.envpol.2011.10.025
http://www.ncbi.nlm.nih.gov/

939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963

Yadav IC, Devi NL., Li J, Zhang G (2018). Polycyclic aromatic hydrocarbons in house dust and surface soil in
major urban regions of Nepal: Implication on source apportionment and toxicological effect. Sci Total Environ
616-617, 223-235; https://doi.org/10.1016/j.scitotenv. 2017.10.313

Yang C, Harris SA, Jantunen LM, Kvasnicka J, Nguyen LV, Diamond ML (2020). Phthalates: Relationships
between air, dust, electronic devices, and hands with implications for exposure Environ Sci Technol 54, 8186—
8197; https://doi.org/10.1021/ acs.est.0c00229.

Yang J, Ching YC, Kadokam K (2022). Occurrence and exposure risk assessment of organic micropollutants in
indoor dust from Malaysia. Chemosphere 287, 132340; https://doi.org/10.1016/j.chemosphere.2021.
132340.

Yu X, Liu H, Kang F, Zhu B, Wu X, Han M, Hu C, Huang X, Wang L, Chu Y, Li J, Xie Z (2021). Air pollution in the
operating room: A case study of characteristics of airborne particles, PAHs and environmentally persistent
free radicals. Atmos Pollut Res 12, 101257; https://doi.org/ 10.1016/j.apr.2021.101257.

YuY, LiY, Guo Z, Zou H (2016) Distribution and sources of n-alkanes in surface sediments of Taihu Lake, China.
Arch Environ Protect 42(1):49-55; https://doi.org/10.1515/aep-2016-0006.

Zhang N, Cao J, Li L, Ho SSH, Wang Q, Zhu C, Wang L (2018) Characteristics and source identification of
polycyclic aromatic hydrocarbons and n-alkanes in PM2.5 in Xiamen. Aerosol Air Qual Res 18:1673—-1683.
https://doi.org/ 10.4209/aaqr.2017.11.0493.

Zhao Y, Hu M, Slanina S, Zhang Y (2007). Chemical compositions of fine particulate organic matter emitted
from Chinese cooking. Environ Sci Technol 41, 99-105; https://doi.org/10.1021/es0614518.

ZhuY, Yang L, Meng C, Yuan Q, Yan C, Dong C, Sui X, Yao L, Yang F, Lu Y (2015). Indoor/outdoor relationships
and diurnal/nocturnal variations in water-soluble ion and PAH concentrations in the atmospheric PM, of a
business office area in Jinan, a heavily polluted city in China. Atmos Res 153, 276-285; https://doi.org/
10.1016/j.atmosres. 2014.08.014.

30


https://doi.org/%2010.4209/aaqr.2017.11.0493
https://doi.org/

964
965
966
967
968
969
970
971
972
973
974
975
976
977

978
979
980
981
982

983
984
985
986
987
988

Table headings:

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

Table 2. Mean PAH diagnostic ratio values calculated at HOS_1-HOS_4, university and dwelling from 2019 to
2023.

Table 3. Mean (tstandard deviations ©), geometrical mean and median loads of alkanes and PAHs in
deposition dust and particulate from conditioning system absolute filters (suspended particulate) at hospital

HOS_5. For symbols, see the text.

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

respective indoor/outdoor ratios.
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Figure captions:

Fig. 1. Mean loads of individual n-alkanes (A), CPlis index (B), CPl;s index (C) and per thousands of
environmental tobacco smoke (D) in DD collected at hospitals HOS_1-HOS_4, university (UNI_1) and dwelling
(PRH_1) from 2019 to 2023.

Note. Amount of locations investigated per year and site (between parentheses are outdoor locations):
2019: HOS_1,n=4; HOS_2,n=5; HOS 4, n=4; UNI_1,n=4.

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.

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

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

Fig. 2. Mean PAHs (A) and B[a]P loads in deposition dusts collected at hospitals HOS_1-HOS_4, university
(UNI_1) and dwelling (PRH_1) from 2019 to 2023. Benzo[a]pyrene carcinogenic (BaPE.) and mutagenic

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