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Euxaplotieg

Apxka, Ba nBela va suxaplotiow tn Kabnyntpla pou Apladvn Apyupakn yla tn
BonBela oe 6oL autr TNV Mopeila PEXPL TNV OAOKARPWON TNG SUTAWMATIKAG OV Epyaocia.
ErutAéov, Ta atopa tng opadag tou Dustsafe project yia g Swpedv avaAUOELG TWV OLKLAKWVY
OKOVWV YLt OALKEG CUYKEVTPWOELG. AKOWN, Ba nBeha va suxaplotiow tn Qwtelvry Mnotoou
yla tnv BonBela ¢ otig Slopbwaoelg Kot oTig avaAUCELG TNEG POYVNTIKNAG ETULOEKTIKOTNTAG OF
oAa ta Selypata, onwg emiong kat tov Evotpatio Kelemeptln ywa tnv Bonbela katd t
ouyypadn tng SUTAWMATIKAG Hou €peuvag. AKOun tnv Xapd Kumpitidou yia tnv BonBela tng
oTNV aTouLKn amoppodnon kat otn dtadikaacia Blonpoofaciudtnrag.

MNepattépw, Ba nBela va adlepwow avtn T SUTAWUATIKA OTOUC XOPNyoug Hou,
Xapahaumo MTtoAAr kat Avtpn MToAAR, 0TV UTTOAOLTTN OLKOYEVELA HOU Kal oToug $piAoug
HOU Ttou He otrpléav og 0AoL auth Tnv Stadikacia og GAOUG TOU TOUELS.
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MepiAnyn

O mpocSLoplopog TWV SUVNTLKA TOELKWY OTOLXELWV 0TO €600 KL 0TNV OLKLAKK OKOVN
elval amapaitntn yla tnv afloAdynon Twv KvdUvwv yLa tnv avBpwrvn uyeia. Itnv napoloa
epyooia €€ETAOTNKE N MEPUMTWON OOTIKWY KOl METAAAEUTIKWVY TIEPLOXWV TNG KUTpou pe
OTOXOUC Q) TNV EKTLUNON TIEPLEXOUEVWY SUVNTIKA TOEIKWV oTolxelwv (ATZ) oto €6adoc yupw
oo TO eyKOTOAEAELUUEVO peTaAAelo yxaAkoU tng KokkivomeloUAOG OTNV TEPLOXN TOU
Mutoepou, B) Tn LEAETN yLa MpwTN POoPA TNG cUOTACNG TNG OLKLOKAG OKOVNG OTLG TIEPLOXEG TOU
Mutogpou, TnG Asukwolag Kal tng Aepeaoou, kat y) tn Sltepeuvnon ¢ BlompooBaciuotntag
Twv ATZ &la tng otopatikng odou oto £€dadog tou MIToeEpoU KOl OTN OKOVN TWV TPLWV
TLEPLOXWV HEAETNG. Eyve emiong ekTinon TG emKvOUVOTNTAC yLa TNV UYELD TatSLwv nALKiog
<2 €tn pe Baon tnv npotewvopevn pebodoloyia tou S1eBvolc Epyou DUST SAFE. Ot LETPNOELG
OUYKEVTWOEWV oTolxelwv ota Selypata mou cuAAEXOnkav (22 Seiypata edadoug kat 38
Selypata olkLaKNAG oKOVNG) TAALOWWONKAV e LETPHOELG LAYVNTIKNAG ETLOEKTIKOTNTAC O SUO
OUXVOTNTEC WOTE Vo SlepeuvnOel n oxéon UETOEY TIEPLEXOUEVWV OTOLXELWV KOL LAyVNTIKWY
KOKKWV. EAEyxBnke emiong n opuktoAoyio twv Selypdtwv PE xpron mMeplOAACLUETPLOG
oktivwv X Kot HeTprBnke To pH Omou umnpxe apKeTo Selypa.

Ot SLAUEDEG TLMEC TWV OUYKEVIPWOEWV OTOLXElWV META amo SlaAutomoinon He
Bac\ikd LOwp ota edadika delypata and 1o Mitoepd Bpednkav loeg pe 4, 26, 85, 960, 20,
6, 75 mg/kg ywa ta As, Cr, Cu, Mn, Ni, Pb, Zn avtiotolya oL omoleg elvol CUYKPIOLUEC PE AUTEG
ano mponyoUueveg £peuveg oe €dadn tng Kumpou. Avtiotolxa ota Ssiypata okovng ol
SLAUEODEC TIUEG HETA amd avaAuon ¢dBoplopopetpiog aktivwy X Bpébnkav 4, 120, 114, 302,
57, 21, 516 mg/kg ywa ta As, Cr, Cu, Mn, Ni, Pb, Zn. H 0TQTLOTIKA ) CUGXETLON TWV TAPAUETPWY
TIoU UEAETABNKaAV 0T okovn KaTESELEE TPELG SLakpLtég opadeg otolxeiwv: Pb—As, Zn—Cu kall
Mn-Fe-Ni-Cr Kal oL OTole¢ MAPATEUTOUV O SLAPOPETIKEC AVOPWITOYEVEIG KAl YEWYEVELG
TINYEC MPOEAEUONG TWV OTOlXElwv. H otatiotiky opadomoinon oto €dadog Stadépel Kat
mBava oxetiletal e To HETAAAEU A TTOU PLAOEEVEL n TiEpLOXN, TN YEWAOYLA TNE TTEPLOXNC TOU
MttogepoU aAAd kal Tnv avBpwrivn dpactnplotnta otnv meploxn. Ta vPnAotepa enineda
BlompooPaciudtntag, wg Tmoocootd Ttou  PeudooAlkol Teplexopévou oto  €dadog,
npoodlopiotnkav yia ta Zn (59%), Cr (35%), Ni (30%). Ztnv olklakn okovn unAd mocootd
BompooBaciuodtntag mpoodlopiotnkav ywa ta Zn (98%), Ni (52%), Cu (42%). Ta
amoteAéopata £6€l€av OTL N OLKLOKI) OKOVN TTIOU HEAETHONKE BploKETAL EVIOG TWV ETUTPETTWV
erumédwv Kwduvou eudaviong Kapkivou yla OAa to OTOLXEld, €vw, WC TPOG TO HN-
KapKLVoyovo eminedo kwvbuvou BpEBnke OTL TO XpwHLO €XEL TIG UPNAOTEPEG TIUEG TIBava
AOyw tou yewAoylkoU urtoBaBpou, alAd dev umtepPaivel TO EMITPETTO OPLO.

Ta euprpata ¢ epyaciag eivat xprnotua yla t dtaxeiplon kot tn peiwon tTwv mibavwv

KO UVWV TTOU TIPOKUTITOUV Ao €KBean o€ OKOVN E0WTEPLKOU XWPOU, AAAA KoL oo Ta
e6adn, evw tonoBetel Tnv KUmpo otov maykoopLo xaptn Sedopévwy oUOTACNC TNG OKLOKNG
oKOVNG o omolog sival StaBéoipog oto Sladiktuo péow tou €pyou DUST SAFE.

NE€eic KAELSLa: epIBAANOVTLKY) YEWXNUELD, EKTLLLON ETUKLVOUVOTNTOG YLa TNV LYELQ,
avBpwrmoyevn ¢ puMavon, YEWYEVAG pUTIAVON
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Abstract

The determination of potentially toxic elements in soil and household dust is crucial
for assessing risks to human health. This study examines urban and mining areas in Cyprus
with the objectives of a) assessing the levels of potentially toxic elements (PTEs) in the soil
around the abandoned copper mine in Kokkinopezoula in the Mitsero region, b) studying the
composition of household dust in Mitsero, Nicosia, and Limassol for the first time, and c)
investigating the bioaccessibility of PTEs through oral ingestion in Mitsero's soil and dust in
the three study areas. Health risk assessment for children under 2 years old was also
conducted based on the proposed methodology of the international project DUST SAFE. The
data set of elemental contents was accompanied by magnetic susceptibility measurements,
mineralogical analysis and pH measurements.

The median concentrations of elements after aqua regia dissolution in soil samples
from Mitsero were found to be 4, 26, 85, 960, 20, 6, 75 mg/kg for As, Cr, Cu, Mn, Ni, Pb, Zn,
respectively. Similarly, in dust samples, the median values after X-ray fluorescence analysis
were 4, 120, 114, 302, 57, 21, 516 mg/kg for As, Cr, Cu, Mn, Ni, Pb, Zn. Statistical correlation
of the studied parameters in dust revealed three distinct element groups: Pb-As, Zn-Cu, and
Mn-Fe-Ni-Cr, suggesting different anthropogenic and geogenic sources. Soil grouping differs,
possibly related to mining activities, the region's geology, and human activities. The highest
bioaccessibility percentages of pseudo-total content in the soil, were determined for Zn
(59%), Cr (35%), Ni (30%). In household dust, high bioaccessibility percentages were found for
Zn (98%), Ni (52%), Cu (42%). Health risk assessment for children indicated that the studied
household dust is within acceptable risk levels for all elements, while chromium for non-
carcinogenic risk, had the highest value for all elements, possibly due to the geological
substrate, but it did not exceed the limit.

The findings of this study are valuable for managing and reducing potential risks
arising from indoor dust and soil exposure. Moreover, it positions Cyprus on the global map
of household dust composition data, which is available online through the DUST SAFE project.

Key words: environmental geochemistry, health risk assessment, anthropogenic
contamination, geogenic contamination
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1. Introduction
1.1. Research background

Potentially toxic elements (PTEs) such as Pb, Cd, As, Cr, Ni, Cu, Mn, Fe, and Zn have
been the subject of various environmental geochemistry studies (Charlesworth et al. 2011;
Harb et al., 2015; Kelepertzis et al., 2021; Kelepertzis et al., 2020; Kelepertzis et al., 2019;
Kelepertzis et al., 2016; Kelepertzis & Argyraki, 2015; Wong et al., 2011) and they are common
contaminants of concern in soil and dust. Some PTEs, such as Zn, Cu, Mn, Cr, and Ni are
required in trace amounts by biological functions, whereas others, such as Pb, As, and Cd, are
harmful for health even at low concentrations. Pollution and degradation of various
environmental matrices, including soil and dust, are caused by PTEs originating from
geological or anthropogenic sources. PTEs are released into the environment because of
human activities, and some of them are harmful to humans, plants, and animals, so their
environmental behaviour and fate is a major global environmental and public health
challenge ((Kelepertzis et al., 2021; Wong et al., 2011). For example, when PTEs are released
into the atmosphere by combustion processes, they have a high solubility and reactivity,
particularly at low pH (Andonovska et al. 2015; Yoshinaga et al.,2014). They are quite mobile
and migrate from one reservoir to another as gases or as species adsorbed on suspended
particulate matter (Charlesworth et al. 2011; Harb et al.2015; Kelepertzis et al., 2021;

Kelepertzis et al., 2020; Kelepertzis et al., 2019; Kelepertzis et al., 2016; Wong et al., 2011).

PTEs, such as metals and metalloids, are among the most common chemical
constituents in soil that are associated with human activities (Martin et al., 2015; Wong et al.,
2011). Metal(loids) are continuously accumulating in urban soil from both localized and
diffuse sources, resulting in significant geographical variation (Wong et al., 2011). The soil
plays an important role for agricultural, environmental, land preservation, perspective
architecture, and urban activities. Urban soils are particularly affected by long-term or
immediate intense concentration of human activities in an area or in a natural landscape

(Andonovska et al. 2015; Cohen et al., 2021; Wragg et al., 2011).

In comparison to natural and agricultural soils, urban soil inherits some of the parent
rock's features, but it is also influenced by the surrounding microenvironment and the

formation process. Furthermore, PTE contaminated soils are typically found around mining
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areas, posing major environmental and public health risks. The environmental risks refer to
the acute and chronic toxicity caused by high PTE concentrations in plants, animals, aquatic
creatures, and microbes (Hadjipanagiotou et al., 2020). Mine wastes, which include ore,
gangue, industrial minerals, loose sediment, mill tailings, metallurgical slag and wastes, ash,
processing chemicals and fluids, usually carry high levels of PTEs (Cohen et al., 2021;
Hadjipanagiotou et al.,2020; Hudson-Edwards, 2016). The spread of PTE-containing soil
particles is attributed to several processes such as plant uptake, groundwater leaching, and
wind erosion. PTEs in soil are dispersed among diverse fractions and forms with varying
solubility and reactivity (Rodrigues et al., 2010), especially on sites near mine wastes

(Hadjipanagiotou et al., 2020).

House dust is another urban environmental compartment that typically includes
outside and interior sources. House dust is a heterogeneous collection of organic and
inorganic particles that serves as a reservoir for a variety of contaminants. The contaminants
that may be encountered in a living space include PTEs, plastic additives, semivolatile and
nonvolatile pesticides, flame retardants, and persistent organic pollutants, such as polycyclic
aromatic hydrocarbons and polychlorinated biphenyls (KurtKarakus, 2012; Turner et al.,
2011). Those particles may enter the interior environment via soil and road dust particulates
remaining on footwear and by wind diffusion (Kelepertzis et al., 2021), but also may originate
from indoor activities. Research interest concerning the composition of house dust has been
on a rise during recent years, especially because of the noted health risks from exposure to
PTEs laden finely grained material globally as reported in the recent worldwide Dust Safe

study (Isley et al., 2021).

1.2 Research rational and objectives

Cyprus presents an interesting case study to examine PTEs content and their distribution
in soil and house dust. The geochemical atlas of Cyprus soil has demonstrated that areas of
elevated PTEs content are spatially correlated with the abandoned copper mines at
Kalavassos and Kokkinopezoula, near Mitseros village (Cohen et al.,, 2012). Furthermore,
recent urban geochemistry studies at Nicosia and Limassol have resulted in the detailed soil
geochemical mapping of major Cyprus cities (Zissimos et al. 2018, Zissimos et al. 2021). The

availability of these data sets, combined with the extensive exposure of ophiolite rocks of
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Troodos Mountain (Figure 1.1) provide the rational of research to answer questions related
to potential effects of geology and mining legacy to soil and house dust PTEs content. Also,
this study provides the opportunity to compare house dust concentrations from Cyprus with

the global dataset of DustSafe (Isley et al., 2021).
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Figure 1.1. Geological map of Cyprus Island (Cohen et al., 2011) and study areas of the present

research.

Within this frame, the specific objectives of the research were:

a) To perform a focused soil geochemical survey in the Mitsero area, near the
Kokkinopezoula abandoned copper mine and compare PTEs soil content with
concentration levels of the Cyprus Geochemical Atlas,

b) To study for the first time the composition of house dust in Mitseros, Nicosia and
Limassol and compare the PTEs contents with those in soils of Cyprus and other
datasets worldwide,

c) To explore the factors affecting the oral bioaccessiblity of PTEs in house dust and soil

samples and estimate the health hazards from potential exposure to PTEs.

AVGERINOS PITSILLIS MSC DISSERTATION 10



Geochemistry and oral bioaccessibility of potentially toxic elements in soil and house dust of Cyprus: Comparison of urban and abandoned Cu-mine areas. NKUA2023

2. Literature review
2.1 Contaminated soil and dust as exposure media affecting human health.

Soil and street dust particles are the most common sources of interior house dust.
Studies have discovered a general positive relationship between the content of Cr, Cu, Ni, Pb,
and Zn in indoor and outdoor dusts, indicating automobile emissions and attritions as their
source from worn car motors and metal-plated car parts, which can then transfer them into
the living space on shoes or clothes (Charlesworth et al. 2011; Harb et al., 2015; Lisiewicza et
al., 2000; Mercier et al 2011; Sabzevari & Sobhanardakani, 2018). When external particles
enter the house, they mingle with the internal component to generate a complicated mixture
of house dust. Wind, vehicular and pedestrian traffic, and street-sweeping operations in
urban areas can easily mobilize a complex mixture of deposited airborne particles, displaced
urban soil particles, and biogenic materials (such as weathered rock fragments and plant
fragments) (Charlesworth et al. 2011; Shi et al. 2008). Furthermore, emissions from manmade
materials can all contribute to the composition of urban dust ( Charlesworth et al. 2011; Harb
et al.,, 2015; Kelepertzis et al., 2021; Kelepertzis et al., 2020; Kelepertzis et al., 2019;
Kelepertzis et al., 2016; Kelepertzis & Argyraki, 2015; Lisiewicza et al., 2000; Mercier et al
2011; Sabzevari & Sobhanardakani, 2018).

Indoor sources of harmful elements in household dusts include cigarette smoking,
cosmetics, paint chips, municipal waste incineration, construction and building renovations,
all of which result in higher Cd, Zn, and Cr levels (Charlesworth et al. 2011; Harb et al., 2015;
Lisiewicza et al.,2000; Mercier et al 2011). As a result, worn building, furnishing and carpet
materials, as well as tenant activities, might result in an increase in PTEs content. All of the
above-mentioned media are likely to be found in dust that accumulates over time on surfaces

in homes (Harb et al., 2015; Lisiewicza et al.,2000).

PTEs pollution is now affecting public health in the air and ground environment
(Charlesworth et al., 2011; Hadjipanagiotou et al., 2020; Kelepertzis et al., 2019; Kurt-Karakus,
2012; Sabzevari & Sobhanardakani, 2018). The persistence of these contaminants in the
urban environment for an extended period of time, as well as their proximity to people, may
increase the urban population's exposure to certain elements. Trace elements related with

fine particulates and of toxicological concern have been linked to sinusitis, asthma, chronic
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bronchitis, pneumonia, lung bleeding, cancer, and brain haemorrhage in occupational
settings (Charlesworth et al., 2011). Trace metal exposure is also becoming recognized as a
new risk factor for neurodegeneration and neurotoxicity. Trace metal levels, such as
manganese (Mn), copper (Cu), and zinc (Zn), have been linked to amyotrophic lateral sclerosis
(ALS). Manganese has been linked to Parkinson's disease, while Pb has been linked to adult
cognitive decline and Alzheimer's disease. As a result, the discovery of high trace metal
concentrations in soils and the workplace environment is a catalyst for taking steps to

regulate, limit, and mitigate exposures across a lifetime (Isley et al., 2022, Turner, 2011).

Chemical components from dust and soil can enter the human body through eating,
contact with the skin, or breathing (Yoshinaga et al., 2014). Because of outdoor and indoor
activities, oral ingestion is almost always the most important pathway of exposure for
children, especially toddlers, who spend the majority of their time in playgrounds or on floors,
mouthing hands and other objects such as toys, or eating food contaminated by hands. They
can unintentionally ingest house dust and soil particles (Bo Li et al., 2015; Ljung et al., 2007;

Sabzevari & Sobhanardakani, 2018; Turner, 2011; Yoshinaga et al., 2014).

Following exposure, a PTE's potential to cause harm for health is determined by its
chemical speciation and ability to get mobilized in the human gastrointestinal system. For
evaluating the risks associated with oral exposure to environmental pollutants, the concepts
of bioaccessibility and oral bioavailability are critical. The amount of PTE that may be dissolved
in human gastrointestinal fluids is known as oral bioaccessibility (Bo Li et al., 2015; Ljung et
al., 2007; Sabzevari & Sobhanardakani, 2018; Turner, 2011; Wagg et al., 2011). Thus,
bioaccessibility represents the maximum amount of a potential pollutant that can be
absorbed through the intestine. The gut epithelium can only absorb a small percentage of
these bioaccessible pollutants. Inorganic pollutants are then transferred to the liver for
biotransformation via the portal vein. The bioavailable fraction is the portion of the parent
chemical that reaches the systemic circulation. To test the human bioaccessibility of trace
metals in soils and dusts, several in vitro digestive models have been applied (Luo et al., 2012;

Yoshinaga et al., 2014).

Thus, bioaccessibility is an important characteristic to examine for risk assessment
purposes because it is one of the primary factors determining the bioavailable fraction (Wagg

et al., 2011). Single, laboratory-based extraction processes and in vitro digestion models have
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been devised to provide a conservative evaluation of the relative threat to ecological and
human receptors as scientific methods for evaluating the bioavailability of PHEs. The
simplified extraction test (SBET) is used to examine human oral bioaccessibility, providing
useful information about PTE solubility in a medium that is comparable to acid stomach fluids
(Ibanez et al., 2015; Kelepertzis and Argyraki, 2015; Kelepertzis et al., 2019; Kelepertzis et al.,
2021; Luo et al., 2012).

Lately, the possibility to use simpler methods to overcome the laborious chemical-
laboratory procedures has been explored. For example, magnetometry is now being used
more frequently in research on environmental contaminants. Magnetic susceptibility is
affected by physicochemical properties, temperature, biological and human activities
(Murthuza et al.,, 2022). Anthropogenic magnetic inputs are responsible for the higher
magnetic enrichment in soil and dust (Jordanova et al., 2014; Murthuza et al., 2022; Schmidt
et al.2004), whilst the mean mass specific magnetic susceptibility has been observed to have
a positive correlation with population size (Jordanova et al., 2014). Besides, it is a known fact
that the waste materials and pollutants from manufacturing processes and mining include a
significant magnetic component along with many other ingredients (Rutkowski et al., 2020;
Hanesch et al., 2007; Jordanova et al., 2012). For instance, magnetite and hematite are
products of the burning of fossil fuels and they are formed via the oxidation of iron sulphides
during high temperature combustion (Hanesch et al., 2007). In addition, vehicle emissions
such as vehicular exhaust are sources of anthropogenic magnetic particles (Murthuza et al.,

2022).

Measuring magnetic susceptibility is a quick and inexpensive technique for
determining the level of environmental contamination (Hanesch et al., 2007; Petrovsky et al.,
2000). The method utilizes the consequence of superior magnetic signature of the polluted
sources due to the incorporation of strongly magnetic fraction from anthropogenic effects
into the total magnetic signal (Jordanova et al., 2014). Furthermore, magnetic particles serve
as carriers for various pollutants such as PTEs, which can be absorbed in ferro(i)magnetic
phases (Jordanova et al., 2012; Petrovsky et al.,2000; Yang et al 2017), so the magnetic

susceptibility could be used to identify hot spots of iron and associated heavy metal(oid)s,

AVGERINOS PITSILLIS MSC DISSERTATION 13



Geochemistry and oral bioaccessibility of potentially toxic elements in soil and house dust of Cyprus: Comparison of urban and abandoned Cu-mine areas. NKUA2023

such as Cu, Pb, Zn, Ni, As (Hanesch et al., 2007; Jordanova et al., 2014; Schmidt et al.2004;
Yang et al 2017).

The use of household dust as a sampling medium to measure human exposure to
anthropogenic metal(loids) is gaining popularity globally (Ibanez et al., 2010; Kelepertzis et
al., 2019; Kelepertzis et al., 2021; Turner, 2011). In comparison to other types of dust, house
dust may be more harmful to human health because individuals spend more than half of their
time indoors (Ibanez et al., 2010; Isley et al., 2022; Kelepertzis et al., 2019; Kelepertzis et al.,
2021; Turner, 2011). The research of indoor dust is crucial for figuring out the source,
distribution, and quantity of PTE exposure because humans spend a large portion of their
time indoors and PTE in the settled house dust can accumulate in humans through inhalation,
ingestion, or skin contact absorption (Sabzevari & Sobhanardakani, 2018). As a result,
assessments of PTEs levels in indoor environment dust are quickly expanding globally (Ibanez
et al., 2010; Isley et al., 2022; Sabzevari & Sobhanardakani, 2018). In the areas where the
study is conducted and in Cyprus generally, no study has been carried out on the potentially

toxic elements contained in household dust.

2.1 Previous Studies on Soil geochemistry in Cyprus

A geochemical mapping program has been implemented for creating the geochemical
atlas of Cyprus (Cohen et al., 2011). The influence of geology and anthropogenic effects on
soil geochemistry has been determined. The results of this program provide that major,
minor and trace element geochemistry in soils across Cyprus are dominated by the parent
lithology (Cohen et al 2011; Cohen et al.,2012). Subsequently, in urban and industrial areas
there are elevated levels of some metals, including Pb, Hg, Sn, As and Cu (Cohen et al., 2011;
Cohen et al., 2012; Cohen et al., 2012; Zissimos et al., 2018; Zissimos et al., 2020). Mining
activities have also contributed increased elemental concentrations in soils (Cohen et al.,
2011; Cohen et al., 2012; Cohen et al., 2012). The natural concentration of elements in Cyprus
soils varies by orders of magnitude depending on the parent material and the subsequent
soil-forming processes. The anthropogenic geochemical influences on soils in Cyprus outside
the major urban areas, industrial and mining sites are minor compared with the effects of

parent lithology (Cohen et al., 2011; Cohen et al.,2012; Cohen et al., 2012).
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2.1.1 Mine legacy in Cyprus and Mitseros area

The Troodos Ophiolite (TO) can be classified into basaltic pillow lavas that are
overlaying, ultramafic and mafic cumulate units, the mafic sheeted dyke complex, and related
ferruginous sediment units (Cohen et al., 2012). Numerous Cyprus-type Volcanogenic Massive
Sulphides’ (VMS) deposits, including the Kokkinopezoula deposit, are found in the basaltic
pillow lavas of TO (Adamides, 2010; Galanopoulos et al., 2019). The mineralization is hosted
within the extrusive volcanic sequence (Lower Pillow Lavas) of the Late Cretaceous Troodos
ophiolite, being genetically related to contemporaneous submarine hydrothermal activity
(Martin et al., 2019). The ore bodies are fault controlled and mushroom-shaped, comprising
a lens of massive sulphide ore consisting mainly of pyrite, chalcopyrite and minor bornite and
sphalerite (Galanopoulos et al., 2019). Immediately beneath the massive pyritic lens, a
complex network of quartz and sulphide veins — with pyrite as the predominant sulphide
mineral —exists, cutting through intensively propylitised basalts (Galanopoulos et al., 2019;
Martin et al., 2019). This complex network, with sulphur content between 15 and 35 wt%,
narrows downwards and becomes poorer in pyrite. This association of pyrite and quartz veins
is known as stockwork-type mineralization which represents the feeder zone for the overlying
massive sulphide lens. Most of the deposits are overlain by a manganese-poor, iron-rich
sediment, which commonly contains sulphides (ochre) or/and manganese- and iron-rich
sediment devoid of sulphides (umbers) and unmineralized Upper Pillow Lavas (Galanopoulos

et al., 2019; Robertson and Hudson, 1973).

More than 30 massive sulphide ore bodies ranging in size between several thousands
of tonnes to 16 million tonnes, with an average copper content between 0.5 to 4.5 wt%, have
been mined in the TO and many other exploration targets have been reported. As a result of
the extensive mining activity and the closure of mines, abandoned open pits are scattered
around Troodos Mountain, whereas mine waste spoils surround open pits. Open pits have
been flooded with acidic water, while the mine waste spoils react with the environment
releasing potentially toxic metals to the surrounding soils and the open-pit lakes
(Galanopoulos et al., 2019 and references therein). Twelve of these primary deposits
(Adamides, 1984) have been exploited this way. These deposits, apart from Cu also contain

high levels of Zn, Ag, and Au, but relatively lower levels of Pb (Constantinou and Govett, 1972,
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1973). Umbers have increased Cu, Zn, Pb, Ba, V, Co, and Ni contents that are strongly
connected with Fe and are frequently associated with hydrothermal venting near the VMS

mineralization (Robertson and Hudson, 1973).

The Kokkinopezoula deposit is located on the northern side of TO, in the Mitseros
region (Figure 2.1). It was mined until the middle of the 1960s and produced about 6Mt at 0.2
% wt. copper (Adamides,13). On the northern and southern edges of the pit, there are
enormous amounts of mining waste. Intense acid leaching is visible on the pit walls and waste

heaps due to the oxidation of pyrite and chalcopyrite, which transforms primary

Mitsero area

S )
Google'Earth L
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Figure 2.1. Map showing location of Mitsero and the abandoned Cu mine of Kokkinopezoula.

Source Google Earth.

sulphides into secondary Fe oxyhydroxides and sulphates (Cohen et al.,, 2012). The mine
wastes contain extremely high levels of Cu and other chalcophile elements, just as other

abandoned deposits to the east of Kokkinopezoula.

According to Cohen et al. (2012), all of Cyprus' abandoned copper mines show

elevated soil copper levels up to two kilometres from the exposed mineralization and the
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mining operations, but there are little signs of pollution or naturally high soil copper levels

beyond this point.

2.1.2 Nicosia

Nicosia (Lefkosia), the largest city of Cyprus (www.census2021.cystat.gov.cy;

published 18/05/2022) is described as a discontinuous urban fabric of residential and
commercial areas in the northern half, while a mixture of agriculture, forested areas and
woodlands dominate to the south, with some industrial, commercial and residential areas

along the main roads (Zissimos et al., 2018) (Figure 2.2).

Nicosia area 07 e S E Bp YRS S0 Legend
7 ] o . ? Nicosia

Urban fabric of Nicosia
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Figure 2.2. Google Earth map showing the urban fabric of Nicosia.

The geology of the region is mainly carbonate-rich lithologies that were deposited in
shallow marine environments, submarine conglomerate, subareal terrace deposits or
alluvium. The Apalos and Nicosia formations’ calcarenite and siliciclastic rocks, as well as some
conglomerate made up of a combination of TO-derived mafic intrusive and basaltic volcanic
material, constitute the foundation of the city’s eastern side (Zissimos et al., 2018). Cyprus’s
soil features, which generally lack the preservation of residual soil profiles, reflect the young
age of the terrane (Mid-Miocene) (Cohen et al., 2011). Massive chalky soil (calcisol) is

produced by the carbonate-rich units on hill slopes, while terra rossa (chromic luvisol) is
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produced over exposed carbonates in places with flat topography (Cohen et al.,, 2011;

Hadjiparaskevas, 2008).

The distribution of the major and the majority of the trace elements in the soil of
Nicosia is controlled by geogenic processes. This reflects the parent lithology’s makeup and
the adsorption or precipitation on Fe/Mn oxides or carbonates. In different areas of the city,
anthropogenic contributions to soil element levels can be seen. This is especially obvious for
trace elements since their concentration in the local geological units is often quite low. When
compared to parklands, forests, and agricultural areas, industrial, commercial, and residential
districts in cities have varyingly higher levels of environmental concern (Cohen et al., 2012;
Zissimos et al., 2018). In Cyprus, Ni and Cr are tightly correlated with one another in the soil
and are connected to ultramafic lithologies. While Pb is obviously higher in residential areas,
Zn values tend to be moderately elevated in industrial, commercial, and, to a lower extent,
residential regions. Additionally, there are significant concentrations of As in the material

used to fill some school yards and playgrounds (Zissimos et al., 2018; Zissimos et al., 2020).

2.1.3 Limassol

Limassol (Lemesos), which is one of the island’s major economic, real estate,
commercial, tourism, and shipping hubs, is situated on Cyprus’ southern coast and stretches
from the Troodos Mountains’ edge to the water (Zissimos et al., 2020) (Figure 2.3). Marine
carbonates of the Pakhna and Lefkara formations, as well as younger carbonate-rich strata on
the northern slope and alluvium-colluvium cover on the coastal plains, make up the majority

of the region’s geology.
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Figure 2.3. Google Earth map showing the urban fabric of Limassol.

The geochemistry of soils formed from the carbonates and the TO units is very
different (Ren et al., 2015). Although the underlying primary material may have been
transported as alluvium and colluvium, the soils of the Limassol region are primarily residual.
Recognizable A and C horizons (calcaric regosols) are frequently produced by soil profile
development, with rare exposures of somewhat ferruginous B horizons (calcaric cambisols).
Carbonate-rich units are related to chalky soil characteristics (Hadjiparaskevas, 2008).
Industrial sectors, which include industries for processing various raw materials and light
engineering work are located within the urban net of Limassol. Lead, Sn, Zn, and Hg are all
noticeably higher at the industrial zone locations, while Cr and Ni are also somewhat raised
(Zissimos et al., 2020). The As and Sb levels in the Limassol soils are low and consistent across
lithologies and varied land uses. The playgrounds for kids are the exception, having much
higher values and a peak of 47 mg/kg As (Zissimos et al., 2020). Due to the use of materials
from basalt or basaltic soil quarries, with traces of the Cyprus-style base metal mineralisation
element suite, school grounds have a very distinct chemistry with higher Cu, Fe, Ti, Al, Mn, Zn
and S, but lower Ba and Ca contents than most other land use areas (Zissimos et al., 2020).
Near vehicle repair shops or firms that sell replacement components, Pb levels are at their

highest.
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3. Materials and Methods

3.1 Sample collection and preparation for analysis
3.1.1 Sails

Soil sampling was carried out in an area of 2 km?, near the abandoned copper mine of
Mitseros in Cyprus. The sampling area of Mitseros is located at a distance of less than one
kilometre from the abandoned mine of Kokkinopezoula. The area was divided into 28 cells
with dimensions 370 m x 370 m and one sample was collected in the centre of each cell (Figure
3.1). If the sampling spot was inaccessible, the sampling location was shifted to the nearest
available space of soil material. A total of 28 composite topsoil samples were collected in the
summer of 2021. Stainless steel sampling equipment was used in order to collect the soil
samples. Each soil sample was made up of four 250 g sub-samples collected from the four

corners of a 5 m square.

Legend
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Figure 3.1 Map of the soil sampling in Mitsero area. Blue dots represent previously collected

soil sample locations for the Cyprus geochemical map.
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In the field, samples were sieved to <2 mm. The coordinates, sampler, soil colour, and
complete site descriptions, including land use, were all recorded, and snapshots were
captured at each sampling site. Duplicate sampling took place at 9 randomly selected sites,
roughly 5 meters away from the initial sampling location while keeping the same 370 x 370
m sampling cell. To eliminate cross contamination, all the equipment was carefully cleaned
between the samples and Google map was used to record the exact geographical coordinates
for each soil sample, as well as the field observations. Additionally, for the sake of reference,

sampling sites were photographed (Figure 3.2).

After collection, the samples were transported to the Laboratory of Economic Geology
and Geochemistry (LEGG), NKUA for the pre-analysis procedures. In a laboratory TEMA mill,
the samples were ground to <75 pum. The <2 mm fraction was kept for the physiochemical
tests while the fine powder fraction was used for chemical analysis and mineralogical

investigation.

Figure 3.2. Photographs from the sampling procedure
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3.1.2 House dust

Within the urban net, dust samples were collected from 42 homes in the areas of

Nicosia (n=10), Limassol (n=23), and Mitsero (n=9) (see map https://iupui-earth-

science.shinyapps.io/MME Global/). Participants were selected through and open call for

volunteer citizen scientists. They filled in an online survey

(https://www.mapmyenvironment.com/homebiome/home-biome-submission/) and handed

in their vacuum cleaner bags. In the laboratory (NKUA), vacuum cleaner bags were cut-
opened under a fume cupboard and the contents were sieved to < 250 um using single-use
polypropylene mesh. Subsequently, each sieved dust sample was sealed in a plastic bag and
labelled. A survey was designed to gather data from the occupant to evaluate household
characteristics and personal behaviours. The information included: the house’s floor level,
footwear within the house, the number of people (specified by the number of kids), the
house’s surface area, recent refurbishment activity, the existence of a pet, smoking activity,
and the house’s age. Furthermore, residents of the house gathered the samples by cleaning
the floor surfaces of all rooms, at least once a week, within a specific period window; from

May 2021 to September 2021.

3.2 Analytical methods

The different analytical methods applied to the samples are presented in Table 3.1. A
selected set of samples were analysed, using X-ray powder diffraction (XRD) and XRD patterns
were determined with Eva software. Furthermore, all soil and dust samples (when there was
enough quantity) were measured for magnetic susceptibility (see details in 3.3). The soil pH
was determined with a bench-top pH meter after mixing soil or dust with deionised water in

an 8:20 solid to water extract ratio.

Table3.1 Analytical methods applied to the samples of this research. Sample description is

based on field observations.

AA | sampleID | XRD | Magnetic susceptibility | Aqua regia ICP-AES) | XRF | SBET | pH Sample description
1 MSS01 v v v v | Topsoil of Mitsero
2 MSS02 v v v v v | Topsoil of Mitsero
3 MSS03 v v v | Topsoil of Mitsero
4 MSS04 v v v v | Topsoil of Mitsero
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AA | sampleID | XRD | Magnetic susceptibility | Aqua regia ICP-AES) | XRF | SBET | pH Sample description
5 MSS05 v v v v" | Topsoil of Mitsero
6 MSS06 v v v v" | Topsoil of Mitsero
7 MSS07 v v v v" | Topsoil of Mitsero
8 MSS08 v v v v | Topsoil of Mitsero
9 MSS09 v v v v | Topsoil of Mitsero
10 MSS10 v v v | Topsoil of Mitsero
11 MSS11 v v v" | Topsoil of Mitsero
12 MSS12 v v v v" | Topsoil of Mitsero
13 MSS13 v v v" | Topsoil of Mitsero
14 | Mss14 v v v" | Topsoil of Mitsero
15 MSS15 v v v v | Topsoil of Mitsero
16 MSS16 v v v v | Topsoil of Mitsero
17 MSS17 v v v v | Topsoil of Mitsero
18 MSS18 v v v v" | Topsoil of Mitsero
19 MSS19 v v v v" | Topsoil of Mitsero
20 | MSS20 v v v v | Topsoil of Mitsero
21 MSS21 v v v v | Topsoil of Mitsero
22 MSS22 v v v v | Topsoil of Mitsero
23 MSS23 v v v v | Topsoil of Mitsero
24 MSS24 v v v | Topsoil of Mitsero
25 MSS25 v v v" | Topsoil of Mitsero
26 MSS26 v v v | Topsoil of Mitsero
27 MSS27 v v v v | Topsoil of Mitsero
28 MSS28 v v v v | Topsoil of Mitsero
29 MSS29 v v v | Topsoil of Mitsero
30 MSS30 v v v | Topsoil of Mitsero
31 MSS31 v v v v" | Topsoil of Mitsero
32 MSS32 v v v v | Topsoil of Mitsero
33 MSS33 v v v | Topsoil of Mitsero
34 | MSS34 v v v v | Topsoil of Mitsero
35 MSS35 v v v | Topsoil of Mitsero
36 MSS36 v v v v | Topsoil of Mitsero
37 MSS37 v v v | Topsoil of Mitsero
38 | LimDSO1 v v v v | House dust of Limassol
39 | LimDS02 v v v House dust of Limassol
40 | LimDSO03 v v House dust of Limassol
41 | LimDS04 v v v House dust of Limassol
42 | LimDS05 | v v v v | House dust of Limassol
43 | LimDS06 v House dust of Limassol
44 | LimDS07 v v House dust of Limassol
45 | LimDS08 v v v House dust of Limassol
46 | LimDS09 v v v House dust of Limassol
47 | LimDS10 v v v House dust of Limassol
48 | LimDS11 v v v v | House dust of Limassol
49 | LimDS12 v v v v | House dust of Limassol
50 | LimDS13 v v v v" | House dust of Limassol
51 | LimDS14 v v v House dust of Limassol
52 | LimDS15 v v | House dust of Limassol
53 | LimDS16 v v v House dust of Limassol
54 | LimDS17 v v v House dust of Limassol
55 | LimDS18 v v House dust of Limassol
56 | LimDS19 v v House dust of Limassol
57 | LimDS20 v v | House dust of Limassol
58 | LimDS21 v v House dust of Limassol
59 | LimDS22 v v House dust of Limassol
60 | LimDS23 v House dust of Limassol
61 MDS01 v v v House dust of Mitsero
62 MDS02 v v House dust of Mitsero
63 | MDSO03 v v v v House dust of Mitsero
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AA | sampleID | XRD | Magnetic susceptibility | Aqua regia ICP-AES) | XRF | SBET | pH Sample description
64 MDS04 4 4 v House dust of Mitsero
65 MDS05 v v v House dust of Mitsero
66 MDS06 v v v House dust of Mitsero
67 MDS07 v v v House dust of Mitsero
68 MDS08 v v v House dust of Mitsero
69 MDS09 v v v House dust of Mitsero
70 | NicDSO1 4 4 v House dust of Nicosia
71 | NicDS02 4 4 v House dust of Nicosia
72 | NicDSO03 v v v House dust of Nicosia
73 | NicDS04 v v v v House dust of Nicosia
74 | NicDS05 v House dust of Nicosia
75 | NicDS06 v v v House dust of Nicosia
76 | NicDS07 v v v House dust of Nicosia
77 | NicDS08 v House dust of Nicosia
78 | NicDS09 v House dust of Nicosia
79 | NicDS10 v v House dust of Nicosia
80 | NicDS11 v v House dust of Nicosia

A selection of 22 soil samples based on logistical considerations (i.e. available budget)
was sent to SGS Canada Minerals Burnaby for chemical analysis. Specifically, the pseudototal
content of PTEs in soil samples after dissolution by aqua regia (HNOs-HCI) were measured by
ICP-AES at SGS Laboratories Ltd in Canada. The concentrations of the major elements (calcium
(Ca), magnesium (Mg), aluminum (Al), iron (Fe), sulfur (S), and phosphorus (P)) were also
determined. The study focused on Arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu),
manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) content data. These eight trace
metal(oid)s were chosen because they are known to occur at potentially hazardous amounts
in soils and house dust context (Charlesworth et al., 2011; Harb et al., 2015; lbanez et al.,
2011; Isley et al., 2022; Kelepertzis et al., 2021; Kelepertzis et al., 2019; Kelepertzis & Argyraki,
2015; Liet al., 2015; Luo et al., 2012; Mercier et al., 2011; Sabzevari & Sobhanardakani, 2018;
Wragg et al., 2011; Yang & Cattle, 2015; Yoshinaga et al., 2014; Zissimos et al., 2018; Zissimos
et al., 2021). For quality control, duplicates, reference materials SRM (OREAS 260, 520a for

Soils), and reagent blanks were used.

Total chemical analysis of house dust samples for seven trace elements (As, Cr, Cu,
Mn, Ni, Pb, Zn) using energy-dispersive X-ray fluorescence spectrometry (EDXRF) has been
performed in the Laboratories of Northumbria University, Department of Geography and
Environmental Sciences, Engineering and Environment, Newcastle, UK according to the

analytical protocol of the Dust Safe study (Isley et al., 2021).
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All soil and dust samples were subjected to the Simplified Bioaccesibility Test (SBET)
inthe LEGG, NKUA. The SBET method, which simulates the low pH conditions of human gastric
solution, was used to test the oral bioaccessibility of PTEs (USEPA, 2013: Method 1340).0.5 g
of soil/dust was weighted in 50-mL centrifuge tubes and 50 mL of the 0.4 M glycine extraction
solution (adjusted to pH 1.5 with concentrated HCl) was added. The suspensions were shaked
in an orbital shaker for 1 hour at 37°C. The pH of the unfiltered suspensions was determined
using a pH electrode calibrated with standard solutions of pH 1 and 4, and all pH readings
were within 0.5 units of the starting pH (1.5). After extraction, a 10 mL aliquot was transferred
from the extraction bottle to a disposable 20 mL syringe and filtered using a Whatman® GD/X
0.22 um cellulose acetate disk filter (13 mm diameter). A Flame Atomic Absorption
Spectrophotometer (FAAS - Perkin Elmer Pinaacle 500) was used to measure the metal
concentrations in the filtered solution. The pH of the extraction residual fluid was then
determined to ensure that the final pH was within 0.5 pH units of the original. The experiment

was carried out at the LEGG, NKUA analytical facilities.

For quality control, blank samples and analytical duplicates were added to each
analytical batch. Moreover, the CRMs NIST 2710 and NIST 2709a were introduced in duplicate
for analysis at random positions. For each pair of duplicates, the relative percent difference

(RPD) was determined as an indicator of analytical precision.

3.3 Magnetic Susceptibility Measurement procedure

Samples were weighed, wrapped in cling film to keep them immobile, and put into 10
cm? cylindrical plastic pots. The Laboratory of Environmental Chemistry, National and
Kapodistrian University of Athens, used a dual frequency (0.465 and 4.65 kHz) Bartington
sensor to assess low field mass specific magnetic susceptibility. Low frequency or initial
magnetic susceptibility (x) is typically employed as a proxy for magnetic mineral concentration
and is frequently equated to magnetite content (Jordanova et al., 2014; Kelepertzis et al.,
2019). When magnetite is present in a sample, it will dominate the magnetic susceptibility
values. Smaller magnetic susceptibility values may arise from the presence of
antiferromagnetic and paramagnetic minerals. Finally, diamagnetic minerals, having typically

negative magnetic susceptibility values, will dilute the magnetic signal of the sample
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(Thompson and Oldfield, 1986). The findings were presented on a mass specific basis (10°¢ m?
kg?). The difference between low and high frequency susceptibility (frequency dependent
susceptibility x«) was determined and expressed as a percentage of the low frequency
susceptibility (x«%), (x«% = [(X-X~)/X]x100), where X and ¥ indicate magnetic susceptibility
values at 0.465 and 4.65 kHz, respectively.

3.4 Calculation of Enrichment Factor (EF) and Combined Pollution Index (CPI)

The enrichment factor (EF) and the related combined pollution index (CPI) was
determined for As, Cr, Cu, Ni, Pb, and Zn in each location to determine the impact of
anthropogenic activities on soil and dust concentrations (Isley et al.,2022; Kelepertzis et al.,
2019; Zissimos et al., 2018; Zissimos et al., 2020). Normalizing trace metal ratios to global
crustal values derived from relevant crustal evaluations in the literature for house dust and

the geochemical Atlas of Cyprus for soils yielded enrichment factors.
TE

(zp) SAMPLE
(IE
RE

EF =

)CURST

where TE represents the trace element concentration in dust or soil and RE represents the

respective concentration of a reference element.

Due to its correlation with natural soil sources and the lowest variability compared to other
analysed trace metals, Mn was chosen as the most suitable reference element in house dust
samples in accordance to the DUSTSAFE study (Isley et al., 2022), whereas Fe, Al and Mn was
chosen for soils (Reimann & Caritat, 2000). Background concentrations were taken from
geochemical map of Cyprus (Cohen et al., 2012). This choice is also consistent with previous
studies. The CPI is the average EFs of the PTE (Zissimos et al., 2021).

Yn=1EFx
n

CPI =

3.5 Statistical data analysis methods
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The IBM SPSS v.28 (2022) program was used to conduct the statistical analysis.
Descriptive statistics were calculated for soil and dust analytical data. Box plots were plotted
and after performing the Anderson-Darling normality test, all data were log- transformed to
satisfy the normality rule for further statistical tests (e.g. Pearson correlation, factor analysis
and one-way ANOVA). Pearson correlation coefficients were calculated between elemental
concentrations and other parameters (pH, magnetic susceptibility). Factor analysis with
varimax rotation was performed to group the elements in soil and dust and identify possible
related anthropogenic or geogenic geochemical processes controlling their distribution in the
samples. Regarding the house dust data provided by the questionnaires, trace element
contents were compared using one way ANOVA, coupled with Tukey-Kramer multiple
comparison tests (Isley et al.,, 2021) to appraise homes for smoking activities, recent
renovation, the presence versus absence of pets, peeling paint, garden access, effects of
home age, vacuuming frequency, construction material, flooring, heating fuel, and home type

and hobbies such as hunting or gardening.

3.6 Exposure dose calculations

Exposure dose calculations were performed to determine the health risk via dust and
soil trace element exposure in children. Thus, the estimated all-day exposure to PTEs in dust
from Nicosia, Limassol and Mitsero districts and to soil trace elements in Mitsero has been
calculated. The equations for Chronic Daily Intake (CDI) for non-carcinogenic risk calculations

are as follows:

IngR .EF .ED
BW AT

Ingestion: CDI = TEC. .CF

InhR. EF. ET. ED

Inhalation: CDI = TEC.
PEF. BW. AT

Dermal: CD] = TEC 3ASL:- ABS. EF. ED ~p
BW . AT

All exposure factors supplied for the calculation of CDIs were adopted from Isley et al. (2022)

and Cao et al. (2020) as follows:
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Table 3.2 Exposure factors for calculation of non-carcinogenic

IngR  dust ingestion rate 60 mg/d for children <2 years of age
EF Exposure Frequency 350 days/year
ED Exposure duration 2 years.

BW  body weight 11.4 kg

AT Averaging time ED*365 days

CF conversion factor 1x10°° kg/mg.
InhR inhalation rate 6.7 mg/day

PEF  dust-to-air particulate emission factor 1.36 x 10° m3 /kg
ABS  Absorption factor for dermal 0.03

SA Skin surface area 5300 cm?

SL Solid to skin adherence factor 0.03 mg/cm?
TEC total element concentration -

Carcinogenic health risk assessment was estimated for As, Cr, Ni, and Pb. Given that
Cu, Mn, and Zn are not recognized as human carcinogens, carcinogenic assessment was
evaluated only for As, Cr, Ni, and Pb. The chronic daily intake (CDI) for ingestion, inhalation,

and dermal exposure pathways was estimated using the equations:

IR. EF

Ingestion: CDI = TEC. .CF
AT
Inhalation: CDI = TEC . 2L ET-ED 443
PEF. 24. AT
Dermal: CDI = TEC w .CF

All exposure factors supplied for the calculation of CDIs were adopted from Isley et al. (2022)

and Cao et al. (2020) as follows:

Table3.3 Exposure factors for calculation of carcinogenic

IR Intake rate 113 mg*year/kg/day

DFS  Age adjusted soil dermal factor 362.4 mg*year/kg/day
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EF Exposure Frequency 350 days/year

ED Exposure duration 2 years.

CF conversion factor 1 x 10°® kg/mg.
PEF  dust-to-air particulate emission factor 1.36 x 10° m3 /kg
AT Average Time 28470 days

ET Exposure time 24 hours/day

LT lifetime 78 years

ABS  Absorption factor for dermal 0.03

Following the calculation of the CDI for each exposure pathway, the hazard quotient
(HQ) and carcinogenic risk (Risk) were determined using the reference dose (RfD; ingestion;
noncarcinogenic), reference concentration (RfC; inhalation; noncarcinogenic), dermal
reference dose (DRfD; dermal; noncarcinogenic), oral slope factor (OSF; ingestion;
carcinogenic), inhalation unit risk (IUR; inhalation; carcinogenic), and dermal slope factor

(DSF; dermal; carcinogenic) (Table 3.2) using the equations:
Non-carcinogenic:
HQ = CDI/ Reference- non carcinogenic (Table 3.4)
HI = SHQ
Carcinogenic:
Risk = CDI/ Reference- carcinogenic (Table 3.4)
TR = SRisk

The hazard index (HI) for each element is the sum of HQs (Cao et al., 2020). The sum
of risk estimates for each exposure factor for each elements provided the Target Risk (TR). A
Hl or TR < 1 and 1 x 107® indicates no significant risk of non-carcinogenic and carcinogenic
effects respectively. AHl or TR > 1 and 1 x 107® indicates a significant risk of non-carcinogenic
and carcinogenic effects, respectively and a probability that tends to increase as the Hl or TR
increases (Cao et al., 2020; Isley et al., 2022).

Table 3.4 Reference doses (RfD), reference concentrations (RfC), dermal reference doses
(DRfD), oral slope factors (OSF), inhalation unit risks (IUR) and dermal slope factors (DSF)
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applied for each trace metal. Carcinogenic risk modelling was not conducted for Cu, Mn or Zn
as they are not classified as human carcinogens (Isley et al., 2022).

Non-Carcinogenic Carcinogenic
Trace RfD RfC DRfD OSF IUR DSF
Elements | (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
As 3.00E* 1.50E 1.23* 1.50 4.30E3 1.50
Cr 3.00E3 1.00E* 6.00E® 5.00E1 1.20E? 5.00E1
Cu 1.00E7 6.90E* 1.20E2 -
Mn 2.40E7 5.00E" 1.84E3 -
Ni 2.00E? 2.00E3 5.40E3 1.54E1 2.60E% 9.10E1
Pb 3.50E3 3.52E3 5.25E% 8.50E3 1.20E 2.10€1
Zn 3.00E? 3.00E? 6.00E -
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4. Results and Discussion

4.1 Soil geochemistry
4.1.1 Soil pH and mineralogy

The soil samples from Mitsero were predominantly alkaline (8.23 average pH value)
and calcareous (average Ca 7.38 %). The pH of the soil ranges from 4.37 to 9.91, with most
values being around 8 (Appendix |). Based on Pearson correlation test (log-transformed data)
the pH values had been associated with Ca, Fe, Cu and S (Table 4.0). The negative correlation
of pH with Fe, Cu, and S is indicative of the weathering of primary sulfides (chalcopyrite) under
low pH conditions (4.37-4.58) around the abandoned copper mine, while the positive

correlation between pH and Ca is related with the alkaline soils in the Mitsero.

Table 4.0. Pearson correlation test of pH with elements.

Correlations pH Cr Ca Mn Mi Fe In Cu 5

pH Pearson Correlation 1 0.217 .49&* 0.412 0.269 -.358** -0.386 -.781** -BB4**
Sig. (2-tailed) 0.332 0.019 0.057 0.226 <.001 0.07s <.001 <001
N 22 22 22 22 22 22 22 22 21

The mineralogical composition of Mitseros’ soil was determined through XRD of 4
selected samples (see XRD patterns in Appendix Il; MSS02; MSS03; MSS17; MSS21). Quartz,
Anorthite, Dolomite and Calcite are the common and main minerals in soils. Mitsero samples
which are located next to the abandoned copper-mine also contain Chalcopyrite, Hematite,
Goethite, Atacamite, and Jarosite (samples MSS02, MSS03). Chalcopyrite is one of the main
minerals of the VMS Cyprus- type ore (Galanopoulos et al.,, 2019), while the secondary
minerals are related to Acid Mine Drainage, which means that the oxidation process of
sulphides continues to occur in the region. Atacamite is formed, as a primary product of
supergene oxidation, after leaching of Cu sulphides by oxygenated meteoric waters that
percolate through the deposits (Reich et al., 2008). Jarosite is also being formed as a solid
residue through the weathering of the ore (Pappu et al., 2005). Cowlesite is a Ca-rich zeolite,
and it may be one of the main constituents of the porous zones in mid-oceanic ridge basalts.
It is recovered inside geodes in basaltic rocks that experienced fast cooling and hydrothermal
alteration (Mugnaioli et al., 2020). In the Mitseros soil is probably originating from the pillow
lavas hosting the ore. In addition, Norsethite is indicative for low-sulphate depositional
environments, and it is an analogue to the mineral dolomite (Bottcher, 1999) which is found

also in soils and the possible source is the overlying carbonate rocks, in Mitsero. Another
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detected mineral is Caoxite which is calcium oxalate (Graustein et al., 1977) and it has a large

impact on biological and geochemical processes in soils.

4.1.2 Magnetic susceptibility of soil samples

Primary anthropogenic sources such as mining or later smelting of ores that need heat
produced by burning fossil fuels, are linked to the magnetic signal further through these
processes (Blundell et al. 2009). Low-frequency magnetic susceptibility (xIf), which can be
acquired from a variety of sources, is often comparable to the concentration of ferrimagnetic
minerals in topsoil, such as magnetite and maghemite (Blundell et al. 2009). Furthermore,
compared to magnetic minerals of pedogenic origin, anthropogenic particles are coarse-
grained (multidomain (MD) and stable single domain (SSD)), do not display frequency
dependence, but rather contribute to overall magnetic susceptibility (xIf) (Blundell et al.
2009). In this study the xIf values are relatively high with range 4.1-17.5 and median is
recorded at 6.36 (Table 4.1) where it appears that the soils in Mitsero contain ferrimagnetic

minerals.

Table 4.1 Descriptive statistics of magnetic susceptibility measurements in soil samples.

Magnetic Susceptibility | No.samples | Mean SE Mean | StDev | Median | Minimum | Maximum
xIf (10° m3/kg) 37 7.28 0.65| 3.92 6.36 4.1 17.49
xhf (10-6 m3/kg) 37 7.22 0.64 3.9 6.33 4.05 17.38
xfd (10-8 m3/kg) 37 6.02 0.78 | 4.75 5 2.76 26.27
xfd% 37 0.9 0.07 | 0.47 0.95 0.02 1.71

In addition, viscous superparamagnetic (VSPM) nanoscale grains with features that
increase magnetic susceptibility can be created by natural soil-forming processes (Blundell et
al. 2009). The frequency dependency of magnetic susceptibility (xfd%), which is used to
identify VSPM, has been shown to have a significant impact on topsoil. Due to pedogenic
processes, magnetically enhanced topsoil which is mostly secondary magnetite/maghemite
has elevated values of xfd%, frequently > 8 (Dearing et al., 1996a). All xfd% values < 2%
signifying a near absence of VSPM magnetic grains and range from 0.02 to 1.71 (table 4.1), so

pedogenic processes are not carried out in the area.
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Using low frequency susceptibility (xIf) and frequency dependent susceptibility (xfd%),
it is possible to distinguish between soils that have been pedogenically modified and those
that have increased sensitivity from a major contamination source. It is helpful to assess how
magnetic signatures in topsoils differ from their "natural" background in order to identify the
possible impact of anthropogenic magnetic enhancement. According to a method proposed
by Blundell et al. (2009) the median of xIf and xfd% for each soil series from a whole data set
serves as a representation of the expected background value for each soil type. The magnetic
value of each sample is subtracted from the median value of the soil series the sample
represents to provide residual values for the whole data set. Negative xfd% residuals and
enhanced xIf values that are 1.4 and 1.75 times higher than the median indicate anomalous
samples that are likely to represent increased input of coarse magnetic material from
pollution sources (Blundell et al. 2009). In Figure 4.1 the residual values of the three
anomalous samples appear in agricultural land with scattered houses but generally the soils
were not affected from anthropogenic inputs. However, the high value of xIf can rendered to
the igneous rocks, when SSD and MD ferrimagnetic minerals do not show viscous behavior
(Dearing, 1996a). The soil samples in Mitsero showed high xIf and low xfd% values, which
indicate the influence of pillow lava weathering and provision of primary geological grains in

topsoils.

Principal component analysis showed that parent material was found to be the
primary control of topsoil magnetic enhancement in Mitsero. xIf has positive correlation with
Mg, Mn, and negative correlation with As, Cu, Fe, S and Ca (see section 2.1.4). The elements
with positive correlation are most likely related to the underlying geology, especially with
pillow lavas and the elements with negative correlation related to ore and the carbonate
rocks. The low xfd% nearby abandoned copper mine (Figure 4.1) exists for other reasons
including domination by non-frequency dependent material such as paramagnetic (quartz,
calcite), antiferromagnetic minerals (pyrite, chalcopyrite, dolomite,) and water logging

causing reductive dissolution of ferrimagnetic grains.
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Figured.1. The distribution maps of Magnetic Susceptibility and Frequency dependent

magnetic susceptibility in the Mitsero village.
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4.1.3 Chemical composition of soil samples
The quality of the analytical data, based on duplicate analysis and analysis of SRM, has
been found within acceptable limits. The results of quality control are presented in Table
4.2.1. All relative percentage differences are lower that 5% and the recovery percentage there
in the acceptable range of 80-120%.
Table 4.2.1 Relative Percent Difference (RPD) and recovery of chemical analysis of pseudototal in
soil samples
Elements | Al As Ca Cr Cu Fe Mg Mn Na Ni Pb S Zn
RPD 0.37 0.00 1.04 0.00 0.82 0.18 0.27 1.38 6.45 2.82 0.00 0.00 | 3.28
Recovery%
OREAS
502¢ 104.00 | 112.50 | 80.00 | 84.42 | 104.00 | 89.41 | 98.46 | 91.75 | 105.26 | 56.67 | 111.11 | 47.06 | 89.80
Recovery%
OREAS 260 | 101.50 | 120.00 | 105.08 | 103.66 | 101.08 | 104.56 | 107.93 | 101.33 | 109.76 | 100.00 | 100.00 | 100.98 | 90.91
Median values of the studied elements follow the decreasing order: Ca > Fe > Al > Mg
>S>P>Mn>Cu>Zn>Cr>Ni>Pb > As. The research focused on PTEs of environmental
concern, including As, Cr, Cu, Fe, Mn, Ni, Pb and Zn. None of the studied elements followed
the normal distribution and the data were log-transformed for normalisation.
Table 4.2.2 Soil total concentrations of studied elements of different Cyprus districts.
Limassol soil N|F0§|a soil Cyprus soil
Region (Zissimos et al (Zissimos et (Cohen et
& 2018 maa) | 2l 2018; al, 2012;
Mitsero Soil (n=22) P n=441) n=5377)
Elements Mean SE Mean St.Dev. Min Max | Median Median Median Mean
As (ppm) | 7 2.64 9.5 3 38 4 45 5.5 49
Ca (%) 6.89 0.95 4.47 0.14 | 13.44 | 7.4 16 13.5 11.9
Cr(ppm) | 43.64 | 9.43 44.23 6 174 25.5 55.4 36 73.7
Cu (ppm) | 155 38.5 180 14.6 | 734 85.4 42.5 445 87.9
Fe (%) 15.66 | 0.56 2.64 2.85 | 1331 | 5 2.3 2.7 3.6
Mn (ppm) | 990.5 | 60.4 2.83 492 | 1517 | 960 531 617 981
Ni (ppm) | 27.41 | 5.19 24.36 4 118 20 52.2 33.3 111
Pb (ppm) | 7.8 1.88 5.94 2 19 6 8.7 7.7 11
S (%) 0.3 0.17 0.79 0.01 | 327 | 0.06 0.05 0.06 -
Zn (ppm) | 98.6 12.8 60.2 36 | 253 75 49 60.5 67

Comparison of the soil composition results based on median values from this work to

Limassol and Nicosia geochemical survey indicated that elemental contents of Cu, Fe, S, Zn
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are higher in Mitsero area. Mean values at Mitsero are also higher than the Cyprus reported
mean values. These elements are associated with the mineralogy of the VMS type ore of the
abandoned copper mine in the Mitsero village. Specifically, typical ore minerals include FeS;
(pyrite), CuFeS; (chalcopyrite) and ZnS (sphalerite) (Martin et al. 2019). In addition, Mn soil
content is also higher in Mitsero due to enrichment of parent ophiolitic rocks. However, Ni,
and Cr have higher concentrations in Limassol soil (Zissimos et al., 2020) and As is higher in
Nicosia soil (Zissimos et al., 2018) (Table 4.2). Ephemeral streams draining the exposed
ultramafic core of Troodos Ophiolite rocks (i.e., serpentinized peridotite) correspond to the
source of Ni and Cr in Limassol and the coastal fringe where detrital chromite and other
ferromagnesian minerals have accumulated (Zissimos et al., 2020), whilst in Mitsero the
parent material consists of pillow lavas (i.e. basalt). Furthermore, Pb and As in Limassol and
Nicosia is correlated with industrial urban areas (Zissimos et al., 2018; Zissimos et al., 2020).
In contrast to metropolitan regions that have burden and enrichment of PTEs from
anthropogenic sources, in Mitsero, Pb contents are probably related to the ore composition
(geogenic source) which generally contains low concentrations of Sn and Pb (Adamides, 1984;
Govett, 1972). The high As values observed in Nicosia are associated with children's
playgrounds which contain As-rich transported fill (Zissimos et al., 2018). Furthermore,
Nicosia had the highest values of Ca which were largely due by the Apalos and Nicosia

formations (Zissimos et al., 2018).

The correlation between 8 elements in the soil samples from Mitsero was evaluated
with Pearson correlation test in logarithmic data (Table 4.3). Copper shows positive
correlation with As, Fe and Zn for which the source is the VMS ore. This perspective is
strengthened through the distribution maps of As, Cu and Zn (Figure 4.2 a, c, h), where the
highest concentration of the elements appear around the mine. Furthermore, Cu and Zn may
also originate from vehicle emissions (Ibanez et al., 2010; Isley et al., 2022; Kelepertzis et al.,
2019; Kelepertzis et al., 2021; Turner, 2011). This is supported by their high concentration
near roads and in the vehicle junkyard in the east site of the village. In addition, Fe showed a
significant negative correlation with Cr and Ni which could be attributed to different geogenic
source. The relationship between Cr and Ni is apparent from the positive correlation (Table
4.3) and from the distribution maps (Figure 4.2b and f), where the elements distribution is

roughly the same and shows common source which is pillow lavas. Moreover, the upper
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pillow lavas demonstrate higher concentration of Cr and Ni, particularly at boundary between

upper and lower pillow lavas (Figure 4.3). Furthermore, Mn shows positive correlation with

Ni supporting its geogenic origin and association with ultramafic rocks.

Table 4.3. Pearson correlation coefficient matrix between As, Cr, Fe, Mn, Ni, Pb, and Zn.
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1 Kilometers

Correlations As Cr Cu Fe Mn Ni Pb Zn
As Pearson Correlation 1 -0.414|.557* .783** -.731**  |-.566* -0.133 -0.006
Sig. (1-tailed) 0.08 0.024|<.001 0.002 0.022 0.377 0.493
N 13 13 13 13 13 13 8 13
Cr Pearson Correlation -0.414 1 -0.099]-.417* 0.265|.918** 0.478 -0.185
Sig. (1-tailed) 0.08 0.33 0.027 0.117]<.001 0.081 0.205
N 13 22 22 22 22 22 10 22
Cu Pearson Correlation|.557* -0.099 1|.701** -0.316 -0.314 0.248|.698**
Sig. (1-tailed) 0.024 0.33 <.001 0.076 0.077 0.245]<.001
N 13 22 22 22 22 22 10 22
Fe Pearson Correlation|.783** -417* J701%* 1 -0.233|-.516** 0.179|.521**
Sig. (1-tailed) <.001 0.027 |<.001 0.149 0.007 0.311 0.006
N 13 22 22 22 22 22 10 22
Mn Pearson Correlation|-.731** 0.265 -0.316 -0.233 1|.380* -0.122 0.05
Sig. (1-tailed) 0.002 0.117 0.076 0.149 0.041 0.369 0.413
N 13 22 22 22 22 22 10 22
Ni Pearson Correlation|-.566* .918** -0.314]-.516** |.380* 1 0.059 -0.255
Sig. (1-tailed) 0.022]<.001 0.077 0.007 0.041 0.436 0.127
N 13 22 22 22 22 22 10 22
Pb Pearson Correlation -0.133 0.478 0.248 0.179 -0.122 0.059 1 0.526
Sig. (1-tailed) 0.377 0.081 0.245 0.311 0.369 0.436 0.059
N 3 10 10 10 10 10 10 10
7n Pearson Correlation -0.006 -0.185|.698** 521** 0.05 -0.255 0.526 1
Sig. (1-tailed) 0.493 0.205|<.001 0.006 0.413 0.127 0.059
N 13 22 22 22 22 22 10 22
* Correlation is significant at the 0.05 level (1-tailed).
** Correlation is significant at the 0.01 level (1-tailed).
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Figure 4.2. Proportional dot plots of the distribution of selected elements extracted by aqua
regia in soil samples. A=As, B=Cr, C=Cu, D=Fe, E=Mn, F=Ni, G=Pb, H=Zn.
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4.1.4 Enrichment factor & Principal Component Analysis of soil

The geochemical variation in an element in the surficial environment is considered
when calculating the element EFs relative to a local baseline (Kelepertzis et al., 2020).
Additionally, it addresses the issue of under- or over-estimation of the natural geogenic
contributions by incorporating elements like the influence of mineralization and diffused
anthropogenic impact (Barbieri, 2016; Klin¢i¢ et al., 2021). Natural conditions are indicated
by an enrichment factor (EF) of less than 2, while anthropogenic influence is suggested by an
EF of more than 2. (Kelepertzis et al., 2019). In the soils from the studied areas, Enrichment

Factor (EF) was determined three times for three different reference elements, including Al,
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Fe, and Mn, for 8 metal(oid)s. The results of EF which had Mn as reference element shown
the highest values in all cases, but without significant difference from the others. The values
were less than 2 for all examined elements for each EF, showing that natural sources control
their concentration levels (Table 4.8; Appendix Ill). The EFs which had Mn as the reference
element had the highest average values than the other 2 and were followed by Fe and Al.

Mitsero had solely natural factors as a major source of these elements.

Principal Component Analysis (PCA) was used to group the metal(loid)s in the soil data
set (Appendix IV). According to the rotated component matrix (reference to figure of X
Appendix), the cumulative explained variance of the cumulative explained variance of PC1,
PC2, PC3 accounted for 28.3%, 18.4%, and 17.4% respectively, of the total variance. The
outcome of PCA added confidence to the EFs' interpretations. Particularly, the presence of
elements such as As, Fe, S, and Cu in the PC1, reflects the ore’s constituents. These elements
showed negative loadings, whereas Mg and Mn had positive loading in the first factor.
Probably, PC1 shows a close relation of the mineralization (Appendix IV). Al, Cr, and Ni were
found in PC2 and show that ophiolitic parent rocks affect the soil composition and the
geogenic source has enriched soils with these elements. Moreover Pb, S, Zn and Cu constitute
the third factor and might probably relate to minor minerals of the mineralisation such as

sphalerite and galena.

4.1.5 Oral Bioaccessibility and Human Health Risk Assessment

The Relative Percent Difference of the bioaccessible concentrations appears in Table
4.4, where all difference values are lower than the acceptable value of 20% and all blank
samples were lower than the instrument detection limit. In this method, CRMs 2709a and
2710 were inducted. The bioaccessible concentrations of PTEs in CRMs were recorded: Zn=61
mg/Kg; Ni=14.7 mg/Kg; Cu=6. mg/Kg; Mn=179.2 mg/Kg; Cr=15.9 mg/Kg; Fe=876.7 mg/Kg for
CRM2709a and Zn=971 mg/Kg; Ni=2.2 mg/Kg; Cu=973 mg/Kg; Mn=1112 mg/Kg; Cr=16.1
mg/Kg; Fe=807 mg/Kg) for CRM2710.

Table 4.4 Relative Percent Difference (RPD) of soil sample for bioaccessible concentration.

| RPD/Elements | ZnSBET | NiSBET | CuSBET | MnSBET | CrSBET | Fe SBET
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MSS03 3.579098 4.081633 11.42492 2.813599 14.86129 15.92697
MSS09 11.956 2.666667 5.159959 8.668489 17.67016 4.06793
MSS13 2.511301 0 1.813565 4.495747 0.681818 4.135253
MSS17 9.23361 3.773585 10.06036 9.584188 7.048872 12.97663
MSS21 1.877112 0 8.773315 17.30104 3.290917 3.93141
MSS25 2.511301 10.16949 3.291639 0.21645 9.969143 8.164132
MSS29 2.048341 2.197802 4.677268 6.879607 8.214356 5.339199
MSS33 0 0 0 2.375514 7.917466 2.588311
MSS37 4.332756 2.247191 0.378587 0.862689 8.152174 2.5228
CRM 2709a 3.27869 3.41297 1.65289 1.11607 1.88088 1.28900

Across the 23 soil samples from Mitsero, oral bioaccessibility percentages based on
the SBET extraction were calculated for six elements (Zn, Cr, Ni, Mn, Cu, and Fe). Median of
elements bioaccessible percentages which break down from gastric fluids for soils was found
to be 59.1%, 35.8%, 31.14%, 23.4%, 10.9%, and 0.64%, respectively (Figure 4.5). The highest
median percentage of bioaccessibility was observed for Zn (59.1 %), and the lowest for Fe
(0.64%) where their property as nutrients show that risk does not exist (Figure 4.5). Chromium
and Ni had almost the same median percentage around 35% (mean 50%), indicating that
these elements are hosted by equally reactive phases in the stomach solution and may in high
concentrations cause a health issue at the children under of 2 years of age. These properly
originated from secondary minerals such as clays and zeolites (cowlesite and notronite; XRD
patterns) which absorb trace elements in their structure. Compared to the pseudototal (aqua
regia extracted), bioaccessible concentrations as estimated by SBET, are high only for Zn. Iron
had the highest pseudototal concentrations followed by Mn, however, the bioaccessible
concentrations were low (Figure 4.4). Ni and Cr had the lowest aqua-regia extracted

concentrations and bioaccessible concentrations.
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Figure 4.4. Comparison of aqua regia concentration and SBET extracted concentration in soil
for 5 elements.
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Figure 4.5. Percentages of oral bioaccessibility in soil for 6 elements.

Hazard quotient (HQ) values of the PTEs were calculated for dermal contact,
inhalation, and ingestion exposure for the children 2 years of age, based on the pseudototal

contents. The highest non-carcinogenic risk was calculated for Mn, followed by Cu >Zn > Cr >
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Ni > Pb > As (Table 4.3) and HQ results were below the recommended level (1) (Cao et al.,
2020; Isley et al., 2022). On the other hand, the upper limit of negligible risk (1 x 107%; 1 case
per every 1 000 000 people), and the level of unacceptable risk (1 x 107%; 1 case per every 10
000 people) can be used to define the carcinogenic target risk (TR) (Isley et al 2022).
Carcinogenic risk has the highest value for ingestion pathway and then for dermal. In addition,
As showed negligible risk for ingestion pathway, while Cr and Ni appeared to have
unacceptable target risk in ingestion pathway and negligible risk in dermal (Table 4.3).
Moreover, according to Isley et al., 2022 Cr may shift between its trivalent (Crlll) and
hexavalent form (CrVI). In order to prevent overrepresentation of the total Cr health risk, a
conservative ratio of 0.25:1 CrVI: total Cr was adopted (Isley et al., 2022) and imputed for RfC,
DRfD, OSF, and DSF values.

Table 4.5 Results of HQ and TR health risk expose calculations for under 2 years old children

for 7 elements in Soil via ingestion, inhalation and dermal exposure.

Mitsero Soils
Non carcinogenic hazard quotient (HQ) Carcinogenic target risk (TR)

Elements Ingestion Inhalation Dermal Ingestion Inhalation Dermal
Cr 6.214E-05 | 8.08723E-07 5.979E-06 1.71E-04 2.14E-07 | 1.64E-06
Mn 0.0014108 | 1.83598E-05 0.0001357

Ni 3.903E-05 | 5.07885E-07 3.755E-06 0.00013 2.91E-09 | 7.52E-06
Cu 0.0002208 | 2.87307E-06 2.124E-05

Zn 0.0001405 | 1.83E-06 1.352E-05

As 9.97E-06 | 1.29752E-07 9.592E-07 8.8E-06 3.3E-10 | 8.57E-07
Pb 1.111E-05 | 1.45E-07 1.069E-06 4.29E-08 7.89E-13 | 1.02E-07

4.2 House Dust

4.2.1 Mineralogy and natural properties of house dust samples

The XRD patterns were evaluated and the minerals which have been identified for the

examined regions are Quartz, Calcite and Dolomite, except for Mitsero where the Nontronite
clay mineral was identified (Appendix 11V). These minerals are probably originating from the

outdoor environment. The lithology and the soil of each region play important role to the
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presence of these minerals in house dust. Limassol lithologies include marine carbonates of
the Pakhna and Lefkara formations, as well as younger carbonate-rich alluvium-colluvium. In
addition, in Nicosia area, there are carbonate-rich lithologies that were deposited in shallow
marine environments, alluvium and calcarenite and siliciclastic rocks of Apalos and Nicosia
formations. Lastly, the geology at Mitsero is characterised by carbonate rock of the Pakhna
formation in the north part of the village which are overlying the upper pillow lavas.

The pH was measured for 7 samples which had enough amount of dust for the
application of the method, however, all samples were from Limassol area. The levels range

from 6.7 to 13.05 and the household dusts were alkaline with average value 9.63.

4.2.2 Magnetic Susceptibility of house dust samples

Mean and median magnetic susceptibility values in house dust for each study area are
presented in Table 4.4. The descriptive statistics of magnetic susceptibility (MS) data of the
dust samples are shown in Table 4.5. The xIf values range from 0.91 10® m3/kg to 7.6 10®
m3/kg with a median of 2.6 10°® m3/kg which show that ferrimagnetic grains are low in the
household dust of Cyprus compared to values measured in soils. Moreover, all xfd% values
are lower than 2% and the median xfd% value is 0.7 indicating the absence of viscous
superparamagnetic grains. The data show significant correlations with the contents of Fe, Mn,
Ni and Zn in Cyprus house dust (Appendix V). According to the literature, Fe is associated with
magnetic particles that are identified in samples (Jordanova et al., 2012; Petrovsky et al.,2000;
Yang et al 2017). Mn and Ni are related to natural sources (Isley et al., 2022; Klinci¢ et al.,
2021), while Zn is attributed to vehicle activities (Gonzalez et al.,, 2016). Based on this
observation, enhanced x in the samples can be linked to either natural or anthropogenic
causes. Furthermore, based on collected data values of xIf have a wider range and maximum

values in older houses (Figure 4.6).

Table 4.4 Mean and median magnetic susceptibility values (10® m3/kg) in house dust for each

region.
Magnetic Susceptibility (xIf) Limassol Mitsero Nicosia
Median 241 2.66 2.79
Mean 2.58 3.06 2.74
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Figure 4.6. Boxplot comparison of x between old and new houses.
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The values of MS (xIf) for the 3 regions, Mitsero, Nicosia, and Limassol are presented

as boxplots in Figure 4.7. The Nicosia had the highest xIf median value, followed by Mitsero
and Limassol. Limassol was expected to have a higher xIf median value from Mitsero, but
Mitsero as an abandoned copper-mine area showed higher values, probably due to the
presence of pillow lava (likewise soil xIf in Mitsero). The correlation of the mean xIf value with

population size, which had been observed by Jordanova et al (2014), might also hold in this

study only between Limassol and Nicosia. Nicosia which has the highest population size

exceeds Limassol, but the Mitsero village showed the highest mean xIf value recorded at 3.06

10® m3/kg) (Table 4.4).

Table 4.5 Descriptive statistics of magnetic susceptibility measurements in Cyprus house dust

samples.
Magnetic Susceptibility | No samples Mean | StDev | Median Minimum Maximum
xIf (10 m3/kg) 29| 275 1.4 2.6 0.91 7.6
xhf (10 m3/kg) 29| 273 1.4 2.6 0.91 7.5
xfd (10® m3/kg) 29 2.33 1.37 1.98 0.07 5.22
xfd% 29 0.9 0.48 0.7 0.09 1.81
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Figure 4.7. Box plots of x values of household dust of Mitsero, Nicosia and Limassol.

4.2.3 Total elemental content in house dust samples

Limassol

Magnetic Susceptibility

2.66

Mitsero

Cyprus

2.78

Nicosia

The statistical summary of the measured content of elements by XRF in dust samples

is presented in Table 4.6.2 and the quality control was carried out with the recovery values of

SRMs, which are appeared in Table 4.6.1. The order of decreasing medians of all studied

elements in Cyprus house dust is Zn > Mn > Cr > Cu > Ni > Pb > As. The data are presented as

box plots in Figure 4.8. Nicosia samples presented higher median values than Limassol and

Mitsero for all studied elements, except Cr and Pb which had higher median values in Limassol

(Table 4.6). Pearson correlation coefficient was calculated based on the log-transformed data

for household dust for each different region (Appendix V).

Table 4.6.1 % recovery for standard reference materials

SRM/Elements As Cr Cu Mn Ni Pb Zn
(Recovery%)

BGS102 107 101.6 100.3 95.4 107.1 93.2 98.4
(Recovery%)

BCR143R 94.2 115.9 83.5 104.5 100.1
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Fe and Mn had a significant correlation with trace elements (Appendix V), indicating
that Mn and Fe-oxides are major PTEs hosts. Furthermore, the separation of elements which
have a correlation with Ni into 3 groups (Cr; As-Cu; Cu-Zn), provides 3 different origin sources.
However, Pb is not associated with Ni and As with Zn. This fact divides the elements into
clusters, including Pb-As-Cu, Pb-Zn-Cu, and As-Cu-Ni. The correlation test for Limassol area
showed 2 groups, As-Pb and Cr-Cu-Fe-Mn-Ni-Zn. In Nicosia house dust the association of Zn-
Cu, As-Cr and Mn-Fe, is observed while Pb and Ni had no correlation with the other elements.
In addition, Mitsero samples displayed 4 groups of elements, and they include Cu-As, Pb-As,
Pb-Mn, and Zn-Fe-Mn. Subsequently, statistically significant differences (ANOVA on log-
transformed data, p < 0.05; Table4.7) were observed only for Cr and Ni between Nicosia and
Mitsero, and Mn and Fe between Nicosia and Limassol. However, the mining legacy of Mitsero

was not evident based on the dust data of present research.
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Figure 4.9. Box plots of total content of elements in house dust samples from Limassol (L),

Mitsero (M) and Nicosia (N).
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Table 4.6.2 Basic statistical summary for Cyprus dust data.

Descriptive statistics
Cyprus dust

Data N | Units Median | Min Max Mean St. Dev
As 38 | mg/Kg 4 2.5 13.3 4.3 1.8
Cr 38 | mg/Kg 119.5 47.3 415 138.5 75
Cu 38 | mg/Kg 113.6 24.5 1151 157 180.6
Fe 38 | mg/Kg 14750.4 | 3000.5 37160 15642 5604
Mn 38 | mg/Kg 302.4 75.4 488 315.6 86.1
Ni 38 | mg/Kg 56.9 21.3 187 60 26.7
Pb 38 | mg/Kg 21 2.7 162.3 28.8 26.4
Zn 38 | mg/Kg 515.7 81.2 1821 579 324.3
pH 7 8.6 6.7 13.1 9.6 2.3

Mitsero
Data N | Units Median | Min Max Mean St. Dev
As 9 | mg/Kg 3.5 2.45 4.7 3.5 0.65
Cr 9 | mg/Kg 88 48.2 227 96.7 54.2
Cu 9 | mg/Kg 105.3 76.8 255 131.4 56.6
Fe 9 | mg/Kg 12900 | 10174.2 18817 13512 2832
Mn 9 | mg/Kg 279.3 223 398 286.1 51.9
Ni 9 | mg/Kg 41 32.5 90.6 47.6 17.4
Pb 9 | mg/Kg 18 10.42 40.76 22 11.4
Zn 9 | mg/Kg 540.5 270 1287 589 298
pH -

Limassol
Data N | Units Median | Min Max Mean St. Dev
As 19 | mg/Kg 3.9 2.5 13.3 4.4 2.3
Cr 19 | mg/Kg 140.5 47.3 264 139 52
Cu 19 | mg/Kg 103 24.5 474 1265 90
Fe 19 | mg/Kg 14530 3000 22825 14380 4397
Mn 19 | mg/Kg 299 75.4 460 295 92
Ni 19 | mg/Kg 58 21.3 100.1 58 15.6
Pb 19 | mg/Kg 22 2.8 162 333 353
Zn 19 | mg/Kg 449 81.2 1224 490 234
pH 7 8.6 6.7 13.1 9.6 2.3

Nicosia
Data N Units Median | Min Max Mean St. Dev
As 10 | mg/Kg 4 3.6 7.1 4.6 1.15
Cr 10 | mg/Kg 134.7 65.6 415 172 115
Cu 10 | mg/Kg 123.1 64.3 215 138 49.4
Fe 10 | mg/Kg 18653 12031 25369 18045 4521
Mn 10 | mg/Kg 378 273 458 369 61.3
Ni 10 | mg/Kg 58.3 47.8 187 72.3 43.3
Pb 10 | mg/Kg 20.8 10.6 52.3 25.8 13.7
Zn 10 | mg/Kg 522 347 1090 618 248
pH -

AVGERINOS PITSILLIS MSC DISSERTATION

49



Geochemistry and oral bioaccessibility of potentially toxic elements in soil and house dust of Cyprus: Comparison of urban and abandoned Cu-mine areas. NKUA2023

4.2.4 Enrichment Factor

The EFs were calculated against the regional baseline (mean Cyprus soils’ values;
Cohen et al 2012) in order to evaluate the overall impact of anthropogenic activities on the
urban indoor environment. As reference element for the determination of EF, Mn had been
used. Cr, Ni, Cu, Pb and Zn returned EF > 2 in all study areas, while As, displayed EF>2 only for
Mitsero dust data (Table 4.8). Overall, enrichment of Zn was the greatest, followed by Pb >
Cu > Cr> Ni > As > Fe. Regional variations were present, with the greatest enrichment of Zn
(EF= 18.7, 25.6, and 19.5) in Limassol, Mitsero and Nicosia, respectively and the lowest
enrichment of Fe, as physical source enrichment element.

Table 4.7. Enrichment factor averages for eight trace elements of Mitsero Soils and Cyprus
dust. RE is the reference element that was used for calculating the enrichment factor.

Enrnichment Factor Average (CPI)
Elements | Mitsero Soil | Cyprus Dust | Nicosia Dust | Limassol Dust | Mitsero Dust
As 0.69 2.03 1.39 1.9 3
Cr 0.45 7.4 7.8 4.6 13
Cu 1.02 5.97 7.9 5.2 5.2
Ni 0.19 3.98 3.6 2.1 8.33
Mn 0.73 RE RE RE RE
Zn 0.96 20.59 19.5 18.7 25.6
Pb 0.42 7.89 5.9 7.05 11.8
Fe RE 1.08 1.17 1.1 0.9

4.2.4 Metadata Analysis

Participants from Cyprus submitted metadata that offered insights into the
significance of housing attributes and their correlation with higher dust trace-metal
concentrations. Home age is a strong predictor of indoor dust concentrations of As, Cu, Mn,
Ni, Pb, and Zn globally (Taylor et al., 2020). According to statistics, equations were found
between house age and the concentration of significantly correlated studied elements. These
equations allow the calculation of the concentration of each element based on house age,
where x is the age of the house and y is the concentration of elements (Appendix VI). The
annual increase was determined by subtracting the concentration of the PTEs for one year of

house age from the concentration for two years of house age. The results showed that houses
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in Cyprus have had a yearly increase in 0.43 mg/kg As, 0.43 mg/kg Pb, 1.1 mg/kg Cu, and 2.28
mg/kg Zn in dust), but a decrease in Mn, Ni, Cr, and Fe. There were higher levels of As and Pb
in homes with access to a garden, and when the paint on the interior and/or exterior was
peeling (Appendix VI), but there was not significant difference between them (Table 4.8).
Recently renovated homes had somewhat lower Ni levels (Appendix VI, Figure 12), but they
had significantly different Mn, Fe, and Pb (Table 4.8). The dwellings near main roads had the
highest Ni levels, due to vehicle emissions that are one possible source of Ni that could

undermine this finding (Doyi et al., 2019).

Table 4.8. Metadata statistics between home characteristics.

Characteristic p value for presence versus absence of characteristic or for increase
Elements As Cr Cu Fe Mn Ni Pb Zn
Pet 0.876 0.052 0.691 0.694 0.727 0.382 0.75 0.257
Garden 0.376 0.973 0.414 0.431 0.193 0.609 0.981 0.582
Smoking 0.615 0.511 0.43 0.694 0.851 0.69 0.367 0.7
Exterior peeling 0.617 0.88 0.878 0.379 0.438 0.727 0.124 0.713
paint

Interior peeling 0.717 0.8 0.909 0.6 0.71 0.518 0.094 0.814
paint

Renovation 0.309 0.95 0.353 0.031 0.01 0.208 0.037 0.169
Shoes 0.8 0.71 0.633 0.744 0.8 0.903 0.94 0.789
Industry 0.25 0.2 0.8 0.68 0.87 0.1 0.347 0.63
Main road 0.984 0.36 0.22 0.39 0.33 0.33 0.948 0.206
Humidity 0.13 0.27 0.27 0.99 0.99 0.44 0.612 0.33
Heating fuel 0.722 0.49 0.65 0.91 0.82 0.33 0.62 0.84
Construction 0.068 0.004 0.033 <0.001 <0.001 0.025 0.007 0.098
House type 0.82 0.9 0.49 0.57 0.46 0.46 0.65 0.31
floor type 0.13 0.68 0.79 0.81 0.69 0.95 0.53 0.63
Hobbies 0.275 0.063 0.078 0.005 0.005 0.022 0.196 0.129
Increasing age of 0.0003 0.94 <0.001 0.08 0.149 0.85 <0.001 0.015
house

Region 0.164 0.047 0.085 0.042 0.038 0.029 0.767 0.137

Residences close to industrial areas exhibited greater Zn concentrations than other
homes, but interestingly, these differences were not statistically significant (p > 0.05;
Appendix VI, Figure 10). Homes with interior paint that was flaking also had greater quantities
of arsenic and lead. As levels were higher in detached homes and the houses with access to

gardens (Appendix VI, Figure 15), most likely as a result of outdoor legacy trace-metal
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infiltration, which frequently includes inputs from treated woods (Taylor et al., 2021). As with
all residences (Table 4.7), the age of the home has a substantial (p 0.001) impact on the lead
concentration, with detached homes' Pb concentration rising by 0.43 mg/ kg every year of
age (Appendix VI, Figure 16), and also according to literature and boxplots (Appendix VI) lead
origin probably came from the past use of exterior Pb paints and leaded gasoline (Taylor et
al., 2021). High Mn, Fe, Cr, and Ni concentrations were found in semi-detached residences
and apartments, likely as a result of soil track-in (Hunt et al., 2012). House which owner use
shoes inside showed higher concentrations for elements, expect for Cr and Ni. Surprisingly,
however, the concentration differences between dwellings with and without garden access
were not statistically significant (p > 0.05), however, Mn, Fe, Cu, Zn and As showed higher

ranges when a garden was present.

The amounts of Mn, Fe, Cr, Cu, Ni, and Zn in detached homes were not significantly
higher, indicating that indoor sources may be more important for these trace-elements than
the type of dwelling. There are no notable differences in the heating method. The usage of
gas, oil and wood for heating appeared to have high Ni, As and Pb concentrations in indoor
dust, respectively (Appendix VI). Regarding the construction materials, houses built with
metal contain significantly higher contents of Cr and Fe (Table 4.7) and higher concentrations
of As and Zn. Mn, Ni, Cu, and Pb were related to brick-built homes. Higher concentrations of
Mn, Fe, and Ni were found in metalworkers (Appendix VI, Figure 1), possibly because Mn and
Fe are steel additives (Kaar et al., 2018) and Ni is a common component of paint, stainless
steels (Isley et al., 2022; Klinci¢ et al., 2021) and products from wood treatments (Cao et al.,
2020; Isley et al., 2022). Cr, Mn, Fe and Ni associated with region (table 4.7). Chromium and
Nickel had statistically difference (0.042 and 0.024 respectively) between Nicosia and
Mitsero, and Iron and Mn (0.045 and 0.035 respectively) between Limassol and Nicosia. Mn
and Fe are associated with construction, renovation, and metalworkers in occasion of
Limassol than Nicosia, which associated with smoking for Fe and home age about Mn. In
Mitsero, Cr concentrations were consorted with metal homes and carpet floor (statistically
difference 0.017 only for Cr), but in Nicosia, expect for metal homes (p=0.045), indoor
anthropogenic activities sources are main provision of these elements, such smoking

(p=0.44). Ni are not observed statistically difference with any examined house information.
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4.2.5 Principal Component Analysis of household dust.

According to PCA results, there are three major components. Three factors, "Pb-As,"
"Zn-Cu," and "Mn-Fe-Cr-Ni" (Appendix VII), were discovered to run consistently throughout
the combined Cyprus data set (Appendix VII, Figure 1). The precise ratio of these elements'
elemental combinations varied by region (Appendix VII). This method captures a variety of
distinct emission sources in household dust so it cannot determine the fixed and defined

emission sources in Cyprus dust (Isley et al., 2022).

The first factor includes Pb which is a known historical pollutant that frequently shows
a tendency of concentration increasing with housing age (Kelepertzis et al., 2020; Rasmussen
et al,, 2013) and As. Lead and As contents are greatly enriched relative to soil values and this
is appears to table 4.7. Residential soils tracked indoors, plastic, metals, industries influence,
and tobacco have been linked to indoor dust Pb and As (Cao et al., 2020; Isley et al., 2022). In
this study table 4.8 shows that Pb and As concentrations rose as a function of home age, brick-
type, and re-modelling (for As). Older homes continue to pose a risk for elevated levels of
trace elements (table 4.8; for Pb, As, Cu, and Zn) in indoor dust because they may still contain

Pb-based paints.

The probable source of elements in the second factor according to Kennedy et al.
(2018) includes building materials used in urban areas, such as paints, metal coatings, wood
preservatives, and galvanized surfaces that contain Cu and Zn (Cao et al., 2020; Isley et al.,
2022; Kennedy et al. 2018). Copper and Zn enrichment compared with crustal values have an
anthropogenic source (Appendix VII) (Taylor et al., 2021; Isley et al., 2022). However, no
correlation between home construction materials and Zn was found, while Cu was
significantly lower in cement-brick homes, and data showed an increased Zn concentration
with increasing property age (Appendix I, Figure 16), also indicating contribution from
building material degradation (table 4.7). Cu and Zn concentrations have been found to be
higher in metropolitan environments in Europe where there has been braking activity, such

as tire and brake wear (Gonzalez et al., 2016).

The third factor of PCA (Appendix VII) consist of Mn-Fe-Cr-Ni. These elements are
often linked to a natural soil source (Isley et al., 2022). This is supported by Mn-Fe-Cr-Ni

concentrations depend on region and the low Enrichment Factor for Fe (Table 4.8), where the
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potential for track-in is higher. Manganese is the eighth most abundant crustal metal
(Morgan. 2000) and iron as the fourth most abundant element, constituting about 4.7% of
the earth’s crust (Kamble et al., 2013). These elements are commonly associated with outdoor
soils (Fergusson and Kim, 1991; Yoshinaga et al., 2014), particularly from dead plant biomass,
and are internationally associated with wildfire activity, sea spray, volcanic activity, and
animal wastes (Isley et al., 2022). Dingle et al. (2021) suggests that high contents at the house
entrances indicates the transport of outdoor soil through foot traffic and deposition of these
PTEs at entranceway. On the contrary, Mn-Ni-Fe has been linked to industrial sources (Cohen
et al., 2016), steel mills, ore processing and welding, and potentially fuel additives (Cohen et
al., 2005), which have been found in contributing Mn-Ni-Fe inputs to the environment. The
origin of Cr, Mn, Fe, and Ni in Cyprus soil has been attributed to natural sources, namely,
ultramafic rock (Cohen et al., 2012; Zissimos et al.,2018; Zissimos et al., 2020). Additionally,
house renovation and industrial sources also contributing, including timber treatments,

construction materials and carpet dyes that associate with metalworkers (Appendix VI)

4.2.6 Human Health Risk Assessment and Oral Bioaccessibility

In Cyprus, Cr presented the highest noncarcinogenic risk, followed by Mn > As > Cu >
Pb > Ni > Zn (table 4.9). The HIl values for each metal(loid) through dermal contact, inhalation,
and ingestion exposure for the children are shown in Table 4.9. The Hl readings were mostly
below the recommended level (1) (Cao et al., 2020; Isley et al., 2022). Additionally, the
ingestion exposure pathway carried the highest non-carcinogenic health risk, with a mean
cumulative risk estimate of 0.16 from all trace-metals evaluated across all locations
evaluated. Inhalation and dermal exposure pathways came in second and third, with mean
cumulative risk values of 0.011 and 0.006, respectively (table 4.9). This indicates that
exposure to household dust containing heavy metals have non-carcinogenic health impacts
on children living in urban and abandoned cooper mining areas in Cyprus. There were
differences in ranking between pollution levels and health risks of different heavy metals
(loids), which is explained by the fact that contamination levels, toxicity of the contaminants,
and exposure behaviour patterns are all thought to contribute to the potentially harmful

health risks (Cao et al., 2020).
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Following dermal and inhalation pathways, ingestion posed the highest carcinogenic
risk, with median cumulative risk of 1.4 x 1074, 3.40 x 10, and 9.24 x 1078, respectively (table
4.11). The upper bound of negligible risk (1 x 107®) was overdrawn for all elements (Pb TR=
1.17 x 10 As TR= 9.89 x 10 Cr TR = 3.71 x 1073; Ni TR = 2.67 x 107°) and the level of
unacceptable risk (1 x 10™) indicated no possible exceedance in Cyprus house dust. In a
comparison of different heavy metal(loid)s, the integrated HI from indoor dust exposure was
mainly attributed to Cr, followed by Ni > As > Pb. The highest carcinogenic risk for ingestion
(Nicosia TR= 5.66 x 107), inhalation (Nicosia TR= 3.89 x 108) and dermal (Nicosia TR=1.37 x
107) was found in urban areas, especially in Nicosia, while in abandoned copper mining area
is observed the lowest risk for all exposures (see table 4.10). The assessment showed that the
children who live in Cyprus would be exposed to the target metals through household dust,
which could result in carcinogenic health hazards in case of Cr.

Table 4.9.1 Results of non-carcinogenic (HQ) and carcinogenic (TR) health risk calculations for

children (< 2 years of age) exposed to trace metals in dust via ingestion, inhalation and dermal
in region.

Non carcinogenic hazard quotient (HQ) Carcinogenic target risk (TR)
Region Ingestion Inhalation Dermal Ingestion | Inhalation | Dermal
Limassol 0.50 0.08 0.11 | 4.72E-05 | 3.15E-08 1.15E-05
Mitsero 0.57 0.08 0.10 | 3.54E-05 | 2.20E-08 8.95E-06
Nicosia 0.40 0.08 0.12 | 5.66E-05 | 3.89E-08 1.37E-05
0.000139 | 9.24E-08 3.40E-05
Median 0.50 0.08 0.11
0.000139 | 9.24E-08 3.40E-05
Median 0.03 0.08 1.10
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Figure 4.8 The results of Health and Risk Assessment. The figure shows the bar chart of non-

carcinogenic hazard quotient and the carcinogenic target risk of Cyprus dust .

This model does not take into consideration the dangers posed by other indoor
pollutants or the effects of cumulative trace metal exposure. Additionally, because we are
unable to take into consideration the complexity of each person's living circumstances, such
as home characteristics like the presence of gardens, pets, or renovations (Appendix Il), nor
specific activities that can alter exposure, the health risk assessments are estimates (Isley et
al., 2022). A probable exceedance value (PEV) was generated based on the factors used in the
health risk assessment for more accurately quantify risk levels and comprehend the vacuum
dust concentrations at which health hazards may be posed. Tolerable risk levels for
noncarcinogenic risk (>1.0) for a child (2 years) exposed to trace-metals in vacuum dust are
defined as the PEV, which can subsequently be used to assess probable exceedance (Isley et
al., 2022). The PEV for Zn was > 10,000 mg/kg and followed by Ni (2600 mg/kg), Cu (1800
mg/kg), Mn (1600 mg/kg), Pb (460 mg/kg) and As (50 mg/kg). They were not exceeded in any
vacuum dust samples measured in this study. However, the PEVs were most exceeded only
for Cr, where 5.2% of Cyprus samples and 20% of Nicosia samples were above the PEV of 290

mg/kg. No PEVs were exceeded in vacuum dust samples from Mitsero and Limassol. The PEV
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calculations rely on general input parameters that might not account for possible

geographical variations in trace-metals and way of life.
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The bioavailability and bioaccessibility of trace metal elements should also be
considered in further and more thorough risk evaluations, even though all exposures to PTEs
in home dust are concerning (Doyi et al., 2020). In order to establish bioaccessibility, a specific
gastric digestion is carried out. It entails imitating the stomach's digestion of metals using
acids, particular pH and temperature levels, and for particular lengths of time. To record
precision and accuracy, duplicates were assessed, and the relative percent difference show in

Table 4.9.2. All recovery values are lower than 20 %, which the acceptance boundary.

Table 4.9.2 Relative Percent Difference (RPD) for bioaccessible contents analysis in house dust

RPD%/Elements Pb SBET Zn SBET Ni SBET Cu SBET

LimDS05 0.13 4.90 6.01 7.25
LimDS11 8.73 10.48 3.62 15.61
LimDS13 3.95 11.52 7.30 6.24
LimDS14 9.47 1.27 9.16 2.65
MDS01 2.70 0.92 0.73 0.54
MDS03 1.71 3.04 11.96 0.93
MDS07 5.93 4.94 9.42 8.31
NicDS03 3.49 5.74 6.47 0.70
NicDS04 2.87 6.60 5.49 6.08

Four elements' bioaccessibility has been verified, as shown in the Figure 4.12. In
Cyprus, across 33 samples from Nicosia, Limassol and Mitsero, the mean bioaccessibility
percentages of Zn, Pb, Ni, and Cu in dust was found to be 98.42 %, 95.81 %, 52.38 % and 41.87
%, respectively. The largest bioaccessibility percentage in trace metal concentrations is Zn,
followed by Pb > Ni > Cu. Zn and Pb had the highest percentage of dissolution in the gastric
fluids (98.42 % and 95.81%, respectively) and these elements are carried into weak phases
into household dust and they have immediate touch with health risks. In contrast, Ni and Cu
exist in power bonds and phases, so they dissolved in a lower percentage (Ni=52.38%;
Cu=41.87%) through oral bioaccessibility (Figure 4.13). Moreover, the Mitsero area are
showed that the Cu and Zn concentration which break down into stomach, are highest than
Limassol and Nicosia (Figure 4.8), whilst in case of Ni, Mitsero displayed the last position.
Nicosia had the lowest oral bioaccessibility concentrations for all elements, except for Ni
which is given the highest numbers. Lastly, Pb is provided the highest values in Limassol which

this city had the highest total concentration of Pb in household dust, as well.
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4.2.7 Comparison with other studies

Comparisons based on the median values which are reported to literature are showed
in Figure 4.12. Compared to the global DustSafe study, Cyprus dust showed a slight
enrichment in Mn, Cr, and Ni, probably attributed to geogenic origin of these elements in
Cyprus. In addition, the same pattern is observed in comparison with Greek dusts. In case of
Volos, an industrial city in Greece (Kelepertzis et al., 2020), Mn contents are lower than in
house dust of Cyprus (Table 4.11). Subsequently, house dust in Cyprus is enriched in Cr, Cu,
Ni, Pb and Zn against respective contents in Cyprus soil pseudo-total (Cohen et al., 2012),
while Mn and As concentrations are prevailed in Cyprus soil than house dust (Cohen et al.

2012; Zissimos et al. 2018; Zissimos et al. 2021).

Health risk calculations for children (< 2 years of age) exposed to trace metals in dust via
ingestion and inhalation in each country. Risk estimates that exceed tolerable non-
carcinogenic risk (> 1.0) and the upper-bound of negligible carcinogenic target risk (> 1 x 10
6. 1 case per every 1,000,000 people)15 are shaded. Bolded values exceed the level of
unacceptable carcinogenic target risk (> 1 x 10%; 1 case per every 1,000 people) (source; Isley
et al., 2022). Comparing, the noncarcinogenic hazard index (HI) for children (<2 years old)
between the DustSafe project (Isley et al., 2022) and the present study shows that the Cyprus
noncarcinogenic health risk from all elements had the lowest values for all countries, except

for Cr which had the second highest value after New Caledonia.

Cr presented the highest non-carcinogenic risk worldwide, it was followed by As > Pb
> Mn > Cu > Ni > Zn, whilst for Cyprus followed by Mn > As > Pb > Cu >Ni > Zn (figure 4.14).
The Mn had a higher risk than As and Pb in Cyprus, while in other countries are at greater risk
for As and Pb than Mn. This fact may be due to the high concentrations of Mn in household
dust, in comparison with other countries (figure 4.13). Generally, non-carcinogenic health risk

was greatest via the ingestion exposure pathway across all locations.

Table 4.11 Summary statistics of elemental concentrations (mg/kg) of Cyprus dusts with

literature data for dust and soil.

Element As Cr Cu Mn | Ni Pb Zn
Mean 4,30 | 139 | 157 316 | 60.0 | 28.8 | 579
Standard Deviation 1.79 | 75.0 | 181 86.1|26.7|26.4|324
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Median 3.97 | 120 | 114 302 | 56.9 | 21.0 | 516
Minimum 245 473|245 |754|21.3]273|81.2
Maximum 13.3 | 415 | 1150 | 488 | 187 | 162 | 1820

DustSafe database median
(Isley et al., 2022; n=1703)
Greek house dust median
(Kelepertzis et al., 20; n=35)

13.3 | 86.0 | 176 | 257 |39.0|94.0 | 1110

6.90 | 97.9| 158 |230 |52.3|57.0| 664

Volos (Greece) house dust median

(Kelepertzis et al., 2019; n=24) 31.7 | 163 | 167 274 | 81.0|63.2 | 785

Cyprus soil mean.
(Cohen et al., 2012; n=5377)

Nicosia soil median
(Zissimos et al., 2018; n=441)

Limassol soil median
(Zissimos et al., 2020; n=411)

Mitsero soil median (n=22) 4 2558535960 |20 |6 75

490 (73.7|87.9 |981 | 111 |11.0|67.0

5.50|36.0 445 |617 |33.3|7.70]| 60.5

450|554 1425 |531 |52.2|8.69|49.0

Table 4.12 Summary of the cumulative non-carcinogenic and carcinogenic risk posed by the
three exposure pathways assessed (ingestion, inhalation and dermal contact) for each
country. The cumulative risk displayed is the sum of hazard index (HIs) for each trace metal
assessed (source 1; Isley et al.,2022). Grey highlight colour shows the values which exceed the
tolerable level for non-carcinogenic risk and negligible risk for carcinogenic risk. The values
which exceed the unacceptable risk appear bolded.

Cumulative non-carcinogenic risk Cumulative carcinogenic risk
> HI As, Cr, Cu, Mn, Ni, Pb, Zn > Risk As, Cr, Ni, Pb

Country? Ingestion | Inhalation | Dermal Ingestion Inhalation Dermal
Australia® 4.06 0.52 1.6 2.30E-04 8.00E-07 6.60E-06
China’ 1.15 0.08 0.56 9.50E-05 1.80E-07 1.60E-06
Croatia® 0.84 0.07 0.45 6.10E-05 1.30E-07 9.90E-07
Ghana? 0.68 0.06 0.34 4.70E-05 1.70E-07 1.10E-06
Greece! 0.78 0.07 0.43 6.50E-05 1.00E-07 9.90E-07
Mexico? 0.61 0.08 0.32 4.50E-05 4.60E-08 4.50E-07
New Caledonia® 2.21 0.2 1.49 3.80E-04 2.30E-07 9.80E-06
New Zealand* 1.97 0.12 0.87 1.70E-04 2.60E-07 1.90E-06
Nigeria® 0.64 0.11 0.52 4.90E-05 9.90E-08 6.50E-07
UK?! 0.72 0.07 0.41 4.70E-05 1.50E-07 9.10E-07
USA? 1.47 0.12 0.71 1.30E-05 1.40E-07 2.40E-06
Cyprus 0.50 0.08 0.11 1.39E-04 9.24E-08 3.40E-05
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Cyprus had the greatest carcinogenic risk for dermal exposure pathways across the
assessed countries, with the highest pathway being ingestion followed by dermal and
inhalation (table 4.12). The level of unacceptable risk (1 x 107*) indicated possible exceedance
for As in New Zealand (Figure 4.13), Cr and Ni in New Caledonia (figure 4.13). The Island of
Cyprus had the fourth highest carcinogenic risk in all regions in case of ingestion and the
highest for dermal absorption exposure. However, Cyprus is the smallest country in terms of
population and area in contrast with all other locations and it appears significant TR values

the same with big countries such as USA, Australia, Greece and Mexico.
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5.0 Conclusion

In this study the geochemical characteristics of Cyprus household dust from three
regions (Mitsero, Limassol, and Nicosia), as well as soil from Mitsero were determined for the
first time. For household dust, indoor sources such as building materials or human activities
were associated with PTEs, and the results show differences between the origin of Mn, Ni, Cr
and Fe for each region while Pb, As, Cu, and Zn showed a correlation with the year the houses
were build. In the dust samples, three factors were found, the historical pollutant factor “Pb-
As”, the construction material and vehicle activities factor “Zn-Cu” and the natural factor
“Mn-Fe-Cr-Ni".it has been observed that in the case of house dust, for some elements, the
geological origin plays a key role in the supply of house dust contents. Health risk assessment
was estimated for children under two years of age. Cr is the only of the examined elements
that showed non-carcinogenic risk (HI>1). However, Ni, Cr and As and Pb exceed the negligible
carcinogenic risk (TR> 1 x 107®), which there is a concern of the order 1 case per every
1,000,000 people, but none have exceeded the unacceptable carcinogenic risk (TR> 1 x 107%;
1 case per every 1,000 people). The abandoned mining field of Mitsero, which initially was
suspected as being contaminated, showed that its soils and dust were not enriched with PTEs,
in comparison with the studied urban areas (Nicosia; Limassol). The major source of PTEs
Mitsero soil was the local geological background. Health risk assessment of human exposure
for children via soil indicated that there is no significant non-carcinogenic risk (HI<1), while
cancer risks may arise from ingestion and inhalation (due to Cr, Ni, and As). Through the
ingestion pathway children under 2-year age, are under higher carcinogenic risk though

exposure to household dust than from soils.
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Appendix | — Basic statistical summary for Mitsero Soil Samples.

Statistics
Elements Units (n=22) Mean Median Std. Deviation | Minimum Maximum
Al % 3.2914 3.175 0.86357 1.73 5.42
As ppm 7 4 9.50438 3 38
Ba ppm 36.3 37 19.46684 9 100
Ca % 6.8977 7.38 4.47377 0.14 13.44
Cr ppm 43.6364 25.5 44.23051 6 174
Cu ppm 155.0091 | 85.35 180.7859 41.6 734
Fe % 5.6614 5.04 2.6386 2.85 13.31
K % 0.365 0.315 0.17655 0.09 0.66
La ppm 1.9263 1.7 0.88997 0.6 4.2
Li ppm 18.2727 15.5 13.56179 2 50
Mg % 2.7773 2.695 1.05009 14 6.17
Mn ppm 990.5455 | 960 283.1234 492 1517
Na % 0.1627 0.15 0.08072 0.03 0.39
Ni ppm 27.4091 20 24.35972 4 118
P % 0.039 0.03 0.0359 0.01 0.17
Pb ppm 7.8 6 5.94045 2 19
S % 0.3105 0.06 0.79413 0.01 3.27
Sc ppm 18.5273 18.5 4.91927 9.4 29.3
Sr ppm 86.8364 | 79.6 43.26064 19.7 185
Ti % 0.1818 0.155 0.10326 0.02 0.4
Vv ppm 160.5909 | 148 58.45443 88 271
w ppm 25 14.5 23.56551 11 60
Y ppm 13.6545 12.75 7.12305 1.5 32.7
Zn ppm 98.6364 | 75 60.21275 36 253
Zr ppm 11.9182 10.05 8.0946 2 39.3
pH - 8.23 8.42 1.25 4.37 9.91
Xfd% - 0.90 0.95 0.47 0.02 1.71
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Appendix II- XRD patterns of the studied samples
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Appendix Il —=Enrichment factor for soil, as reference element AL, Fe, and Mn
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Appendix IV —Principal Component Analysis

Factor Number

6 -
5
4-
)
=
S
g 3
)
K]
Ll
2 -
1
0-

1 2 3 4 5 6
Variable Factorl Factor2 Factor3
x1f 0.445 -0.376 -0.003
pH 0.856 0.106 -0.364
Al 0.054 0.820 0.037
As -0.919 -0.057 -0.034
Ca 0.389 0.131 -0.257
Cr 0.090 0.948 -0.109
Cu -0.591 -0.003 0.728
Fe -0.816 -0.121 0.330
Mg 0.440 -0.032 -0.135
Mn 0.449 0.208 -0.126
Na -0.132 0.006 -0.027
Ni 0.116 0.885 -0.141
Pb -0.199 -0.140 0.787
S -0.803 -0.101 0.482
Zn -0.097 -0.037 0.910

Component % Of Variance
1 28.3
2 18.4
3 17.4

Figure 1. the results of Principal Component Analysis of Mitsero soil samples (n=22).
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Appendix IIV- XRD patterns of the studied samples

LimDS05

Lin (Counts)

T T T T T

2-Theta - Scale

HLmDS0S - File: LImDSO0S.raw - Type: 2Th/Th kocked - Start: 3.000 * - End: 65.000 ° - Step: 0.020 * - Step time: 1. s - Temp.: 25 °C (Room) - Tme Started: 15 s - 2-Theta: 3.000 ° - Theta: 1.500 * - Chi: 0.00 * - Phiz 0.00 ° - X: 0.0 mm - Y-
Operations: Import

HILmDS0S - File: LImDSO0S.raw - Type: 2Th/Th locked - Start: 3.000 * - End: 65.000 ° - Step: 0.020 * - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 15 5 - 2-Theta: 3.000 ° - Theta: 1.500 ° - Chi: 0.00 * - Phiz 0.00 ° - X: 0.0 mm - ¥:
Operations: Smooth 0.150 | Import

[8172-1652 (C)- Calcite - CaCO3 - Y- 136.72 % - d x by: 1. - WL: 1.5406

[Wl05-0490 (D) - Quartz, low - Si02 - Y: 48.44 % - d x by: 1. - WL: 1.5406

MDS03

Lin{Courns}

2.Theta - Scale

BAIMDS03 - Fike: MDS03.raw - Type: ZThTh locked - Start: 3.000 * - Enct €5.000 ° - Step: 0.020 * - Step time: 1. 5 - Temp.: 25 °C (Roce) - Time Staried: 15 5 - 2-Theta: 3.000 * - Theta: 1500 * - Chi: 0,00 * - PhE .00 ° - X: D.0mm - ¥: 0.0
Operasons: lmport

[W]02.0002 (D) - Nontronite - (Fe AJSIZOS(0H) H2O - ¥: 2083 % - d x by 1. - WL: 1.5406

[#l03.0427 (D) - Quartz - 02 - ¥ 2500 % - dx by 1. - WL 1.5406

[#]72-1850 (C) - Calcite - CaCO3 - ¥: 7997 % - dxby: 1. - WL 15408

[Ala3.1530 (C) - Dolomite - CaMGICO3E - ¥: 33.08 % - d x by: 1. - WL 1.5406
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NicDS04

Lin (Counts)
L

2-Theta - Scale

BNIcDSO04 - Fie: NicDSO4.raw - Type: 2ThiTh locked - Start: 3.000 * - End: 65.000 - Step: 0.020 * - Step time: 1. 5 - Temp-: 25 °C (Room) - Time Started: 15 5 - 2:Theta: 3.000 * - Theta: 1.500 * - Chi: 0.00 *+ PH: 0.00 - X- 0.0mm - ¥:
Operations: Import

[Wl43-0697 (*) - Cakcite, magnesian - (Ca.Mg)CO3 - Y- 70.83 % - d x by: 1. - WL: 1.5408

[$303-0444 (D) - Quartz - Si02 - Y: 20.83 % - d x by: 1. - WL: 1.5408

179.1343 (C) - Dolomite - CaMg{COD)2 - Y: 2292 % - d x by: 1. - WL: 1.5406
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Appendix V — Pearson correlation test of elements and magnetic susceptibility for household

dust.
Mitsero As Cr Cu Fe Mn Ni Pb Zn
As Pearson Correlation 1 -0.267(.815** 0.395 0.629 0.049].884** 0.565
Sig. (2-tailed) 0.487 0.007 0.293 0.07 0.9 0.002 0.113
N 9 9 9 9 9 9 9 9
Cr Pearson Correlation -0.267 1 -0.298 0.391 0.247 -0.02 0.069 0.216
Sig. (2-tailed) 0.487 0.436 0.299 0.521 0.96 0.861 0.577
N 9 9 9 9 9 9 9 9
Cu Pearson Correlation|.815** -0.298 1 0.263 0.32 0.05 0.602 0.479
Sig. (2-tailed) 0.007 0.436 0.494 0.401 0.899 0.086 0.192
N 9 9 9 9 9 9 9 9
Fe Pearson Correlation 0.395 0.391 0.263 1].847** 0.004 0.636|.823**
Sig. (2-tailed) 0.293 0.299 0.494 0.004 0.993 0.066 0.006
N 9 9 9 9 9 9 9 9
Mn Pearson Correlation 0.629 0.247 0.32(.847** 1 -0.151(.848** .692*
Sig. (2-tailed) 0.07 0.521 0.401 0.004 0.699 0.004 0.039
N 9 9 9 9 9 9 9 9
Ni Pearson Correlation 0.049 -0.02 0.05 0.004 -0.151 1 0.008 0.409
Sig. (2-tailed) 0.9 0.96 0.899 0.993 0.699 0.985 0.275
N 9 9 9 9 9 9 9 9
Pb Pearson Correlation|.884** 0.069 0.602 0.636|.848** 0.008 1 0.61
Sig. (2-tailed) 0.002 0.861 0.086 0.066 0.004 0.985 0.081
N 9 9 9 9 9 9 9 9
Zn Pearson Correlation 0.565 0.216 0.479|.823** .692* 0.409 0.61 1
Sig. (2-tailed) 0.113 0.577 0.192 0.006 0.039 0.275 0.081
N 9 9 9 9 9 9 9 9
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tai|ed).|
Nicosia As Cr Cu Fe Mn Ni Pb Zn
As Pearson Correlation 1|.737* 0.134(.642* 0.491 0.464 -0.222 0.175
Sig. (2-tailed) 0.015 0.712 0.045 0.15 0.177 0.537 0.629
N 10 10 10 10 10 10 10 10
Cr Pearson Correlation|.737* 1 0.007 0.568 0.41 0.08 -0.396 0.196
Sig. (2-tailed) 0.015 0.985 0.087 0.24 0.825 0.257 0.587
N 10 10 10 10 10 10 10 10
Cu Pearson Correlation 0.134 0.007 1|.666* 0.579 0.422 0.405|.829**
Sig. (2-tailed) 0.712 0.985 0.035 0.079 0.225 0.245 0.003
N 10 10 10 10 10 10 10 10
Fe Pearson Correlation|.642* 0.568(.666* 1].881** 0.486 -0.263 0.459
Sig. (2-tailed) 0.045 0.087 0.035 <.001 0.154 0.463 0.182
N 10 10 10 10 10 10 10 10
Mn Pearson Correlation 0.491 0.41 0.579|.881** 1 0.45 -0.259 0.297
Sig. (2-tailed) 0.15 0.24 0.079(<.001 0.192 0.47 0.404
N 10 10 10 10 10 10 10 10
Ni Pearson Correlation 0.464 0.08 0.422 0.486 0.45 1 0.017 0.279
Sig. (2-tailed) 0.177 0.825 0.225 0.154 0.192 0.963 0.435
N 10 10 10 10 10 10 10 10
Pb Pearson Correlation -0.222 -0.396 0.405 -0.263 -0.259 0.017 1 0.485
Sig. (2-tailed) 0.537 0.257 0.245 0.463 0.47 0.963 0.155
N 10 10 10 10 10 10 10 10
Zn Pearson Correlation 0.175 0.196|.829** 0.459 0.297 0.279 0.485 1
Sig. (2-tailed) 0.629 0.587 0.003 0.182 0.404 0.435 0.155
N 10 10 10 10 10 10 10 10
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Limassol As Cr Cu Fe Mn Ni Pb Zn
As Pearson Correlation 1 0.104 0.357 0.425 0.403 0.209(.833** 0.081
Sig. (2-tailed) 0.673 0.134 0.07 0.087 0.39|<.001 0.741
N 19 19 19 19 19 19 19 19
Cr Pearson Correlation 0.104 1].692** .760** T17** .681** 0.298(.529*
Sig. (2-tailed) 0.673 0.001(<.001 <.001 0.001 0.215 0.02
N 19 19 19 19 19 19 19 19
Cu Pearson Correlation 0.357(.692** 1|.712%** .700** .834** 0.447|(.622**
Sig. (2-tailed) 0.134 0.001 <.001 <.001 <.001 0.055 0.004
N 19 19 19 19 19 19 19 19
Fe Pearson Correlation 0.425|.760** J712%* 1|.975** .776** .649** .583**
Sig. (2-tailed) 0.07(<.001 <.001 <.001 <.001 0.003 0.009
N 19 19 19 19 19 19 19 19
Mn Pearson Correlation 0.403|.717** .700** .975** 1|.753** .604** .557*
Sig. (2-tailed) 0.087|<.001 <.001 <.001 <.001 0.006 0.013
N 19 19 19 19 19 19 19 19
Ni Pearson Correlation 0.209]|.681** .834%* 776** 753** 1 0.433|.736**
Sig. (2-tailed) 0.39 0.001|<.001 <.001 <.001 0.064|<.001
N 19 19 19 19 19 19 19 19
Pb Pearson Correlation |.833** 0.298 0.447|(.649** .604** 0.433 1 0.401
Sig. (2-tailed) <.001 0.215 0.055 0.003 0.006 0.064 0.089
N 19 19 19 19 19 19 19 19
Zn Pearson Correlation 0.081|.529* .622%* .583** .557* .736** 0.401 1
Sig. (2-tailed) 0.741 0.02 0.004 0.009 0.013|<.001 0.089
N 19 19 19 19 19 19 19 19
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Correlations pH As Cr Cu Fe Mn Ni Pb Zn
As Pearson Correlation -0.508 1 0.286|.341* .499** 468** .331* 691** 0.177
Sig. (2-tailed) 0.304 0.081 0.036 0.001 0.003 0.042|<.001 0.288
N 6 38 38 38 38 38 38 38 38
Cr Pearson Correlation 0.373 0.286 1 0.248|.612** .518** .408* 0.118 0.319
Sig. (2-tailed) 0.467 0.081 0.134|<.001 <.001 0.011 0.482 0.051
N 6 38 38 38 38 38 38 38 38
Cu Pearson Correlation 0.232|.341* 0.248 1|.663** .614** .553** .403* .689**
Sig. (2-tailed) 0.658 0.036 0.134 <.001 <.001 <.001 0.012|<.001
N 6 38 38 38 38 38 38 38 38
Fe Pearson Correlation 0.275|.499** .612** .663** 1|.946** .618** 462** .604**
Sig. (2-tailed) 0.598 0.001|<.001 <.001 <.001 <.001 0.004|<.001
N 6 38 38 38 38 38 38 38 38
Mn Pearson Correlation 0.278|.468** .518** .614** .946** 1|.568** A94** .553**
Sig. (2-tailed) 0.593 0.003|<.001 <.001 <.001 <.001 0.002 |<.001
N 6 38 38 38 38 38 38 38 38
Ni Pearson Correlation 0.281|.331* .408* .553** .618** .568** 1 0.268(.512**
Sig. (2-tailed) 0.589 0.042 0.011|<.001 <.001 <.001 0.103 0.001
N 6 38 38 38 38 38 38 38 38
Pb Pearson Correlation -0.258|.691** 0.118/.403* AB2** 494> 0.268 1|.405*
Sig. (2-tailed) 0.622|<.001 0.482 0.012 0.004 0.002 0.103 0.012
N 6 38 38 38 38 38 38 38 38
Zn Pearson Correlation 0.18 0.177 0.319/.689** .604** .553** 512** .405* 1
Sig. (2-tailed) 0.733 0.288 0.051(<.001 <.001 <.001 0.001 0.012
N 6 38 38 38 38 38 38 38 38
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Figure 1. Box plot of trace metal concentrations for homes with and without leisure activities which
related with metal exposure
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Figure 3. Box plot of trace elements of homes which had exterior peeling paint.
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Figure 8. Box plot of elemental concentration of homes with and without interior peeling paint.
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Figure 9. Box plot of elemental concentration of homes where located next to a main road.
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Figure 13. Box plot of elemental concentration of homes which use and does not use shoes indoors.
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Figure 15. Box plot of elemental concentration by home type.
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Figure 16. All trace metals show a trend of increasing concentration with increasing home age yet
scatter in each case and Statistics for metal concentration via home age. Significant p values are
shown in bold.
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Appendix VII- Principal component analysis of house dust

Scree Plot

4

3
]
®
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ig

1

o

1 2 4 5 B 8
Component Number
Rotated Component Matrix°
Component
1 2 3
Cr 817 -.050 -.160 Component % Of Variance
Mn 793 .087 446 1 26.93
Fe .885 .097 337 2 235
Ni 47 -.01 :
i 0 012 388 3 20.27

Cu .290 .060 .602
Zn .071 -.01 .849
As 158 .961 -.056
Pb -.098 959 .069

Extraction Method: Principal Component
Analysis.

Rotation Method: Varimax with Kaiser

Normalization.?

a. Rotation converged in 5 iterations.

Figure 1. the results of Principal Component Analysis of Cyprus Dust (all region n=42).
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Appendix VIII — Scatter plots for magnetic susceptibility and elements for household dust.
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