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MERCURY CONTENT AND DISTRIBUTION IN
HOUSEHOLD DUST AND SOIL IN THE TOWN OF SID

ABSTRACT: Mercury (Hg) and potentially toxic elements (PTEs) are components of
household dust and are a risk for human health. The aim of this study was to determine the
concentrations of Hg and PTEs in household dust in individual housing facilities in the town
of Sid, Serbia and their correlation to the content of the elements found in the surrounding
garden soil. Total of 64 samples of household dust were collected from 16 locations of indi-
vidual housing facilities on 4 occasions. Samples of surrounding yard and garden soil were
simultaneously collected. None of the 64 analysed soil samples exceeded the threshold
limit (TL) prescribed by law for non-agricultural soil, which is 0.3 mg kg DM. Content of
Hg in household dust was much higher than in the surroundmg soil and ranged from 0.005
to 1.566 mg kg DM. The resulting values of PTEs (As, B, Co, Cr, Cu, Ni, Pb, and Zn) in
household dust had a significantly higher range than in the soil. Contents of Hg, B, Cu, and
Zn were much higher in household dust than in the soil. According to the results of correla-
tions of the analysed elements in household dust and surrounding soil, and according to the
analysed locations, direct effect of Hg and PTEs contents on the content of the same elements
in household dust was not confirmed. B
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INTRODUCTION

Mercury (Hg) is the only metal that easily changes state of aggregation,
which allows it to migrate throughout the environment and enter organic and
inorganic compounds with various levels of toxicity. There are studies on
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harmful materials in household dust which indicate health issues related to the
dust (Casley et al., 2018), and studies on mercury risk assessment and bioavail-
ability (Rasmussen et al., 2008; 2011; 2013; MacLean et al., 2011; Cukrowska,
2018). However, there are scarce studies on the origins of such contamination.
It is assumed that Hg comes from different household appliances, from air (from
coal burning products in rural areas), or indirectly from the atmospheric accu-
mulation in the surrounding soil and consequent transfer into household dust.
According to some studies, Hg in household dust may also originate from the
construction materials of the facilities (Hagan et al., 2013).

The Minamata Convention on Mercury was approved and signed in Ge-
neva in 2013 and entered into force in 2017. It is an international treaty designed
to protect human health and the environment from the harmful effects of
mercury. Control and monitoring of anthropogenically introduced Hg throughout
its life cycle is the key factor in fulfilling the obligations set by the Convention,
and the Republic of Serbia is a signatory country to the treaty. Sources of Hg
are mostly historical pollution from chlorine production, Hg fluorescent lamps,
gold and silver extraction and processing, application of dental Hg amalgam
and instruments for measuring various physical quantities (thermometers,
barometers). Other sources may include formerly used wood preservatives, seed
protection chemicals, pesticide and paint industry, etc. (Adamov, 1984).

Potentially foxic elements (PTEs) are a group of elements in the environ-
ment which could be harmful to biota if found in higher concentrations. Some of
these elements present in the soil (such as Co, Zn, Cu, B, etc.) simultaneously
serve as nutrients to higher plants if present in optimum concentrations. PTEs
in the soil can be of natural, geochemical origin, from parent material or from
anthropogenous sources. PTEs reach the soil and household dust mostly by
atmospheric deposition from various sources. In an indoor atmosphere these
substances become deposited on different surfaces along with other components
such as mold spores, mites and their excrement or discharge (Wisniewska et
al., 2017). Multi-element analyses of household dust differ significantly from
multi-element analyses of soil and street dust. The data show that higher con-
centrations are found in household dust samples from older homes (Rasmussen
et al. , 2001).

The aim of this study was to determine Hg and PTE concentrations in
household dust in individual housing facilities in the town of Sid and their cor-
relation to the content of the same elements found in the surrounding garden soil.

MATERIAL AND METHODS

Sample collection and processing

Samples of soil and household dust were collected simultaneously from
16 locations of individual housing facilities in the town of Sid, Serbia (45.1224°
N, 19.2209° E) on four occasions: 21 September 2016, 3 December 2016, 5 March
2017 and 14 May 2017. Total of 64 samples of soil and household dust were col-
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lected in this way. Soil samples were taken from yards and gardens from 020 cm
depth, so that one composite sample is a collection of several individual samples.
Household dust was collected indoors by vacuuming recent surface dust into clean
sample bags. Larger solid particulates were removed from these dust samples
(circa 100 g); the samples were then sieved and dried at room temperature.

Laboratory analyses

Laboratory analyses were performed at the Laboratory of the Faculty of
Environment Protection, University Educons in Sremska Kamenica, Serbia and
Laboratory for Soil and Agroecology of the Institute of Field and Vegetable
Crops in Novi Sad, Serbia.

The soil samples were air-dried at the room temperature, milled and sieved
to <2 mm particle size, in accordance with ISO 11464 (2006).

The samples were analysed for total Hg content using Direct Mercury
Analyzer DMA 80 Milestone, which combines techniques of thermal decom-
position, catalytic conversion, amalgamation, and atomic absorption spectropho-
tometry (A=253.65 nm) in solid samples. Quality assurance and quality control
(QA/QC) were conducted by certified reference material BCR 142R. The ac-
curacy was within interval 92.84—-109.70% and recovery was 101.11%.

The samples were analysed for pseudo-total contents of PETs (As, B, Co,
Cr, Cu, Ni, Pb, Zn) after wet digesting the soil and household dust in concen-
trated HNOs and H,O, (SHNO;: 1H,0,, and 1:12 solid-to-solution ratio). The
concentration of elements was determined by ICP-OES (Vista Pro-Axial, Varian)
in accordance with US EPA method 200.7:2001. Quality control was periodi-
cally carried out with reference materials ERM CC 141 (contains all examined
elements, except B) and deviations were within +10% of the certified values.

Statistical analysis

Data were statistically processed by analysis of the main descriptive param-
eters for each element. Statistical parameters were shown in tables and box-plots
graphs. The significance of differences in measured parameters between the
elements was determined using Fisher’s LSD test (p<0.05). All statistical analy-
ses were performed using STATISTICA for Windows version 12 (Dell Inc. 2016).

RESULTS AND DISCUSSION
Concentration of Hg and PTEs in soil and dust

Significant correlation was not found between 4 occasions of sampling Hg
and PTEs in household dust and surrounding soil on the analysed 16 locations.
Regarding soil samples, this may be explained by too short a period between
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sample collection occasions (12 days, 90 days and 70 days) to expect any in-
crease in contents of the analysed elements in the soil.

Regarding Hg content in soil, none of the 64 analysed samples exceeded
the threshold limit (TL) for soil, which is 0.3 mg kg according to the Decree
on Limit Values for Polluting, Harmful and Hazardous Substances in the Soil
(Official Gazette RS, 30/2018) for non-agricultural soil. Hg content in household
dust was much higher than in the surrounding soil and ranged from 0.005 to
1.566 with a mean value of 0.126 mg kg (Table 1). The average Hg value of
present research is lower compared to the obtained average value of the city of
Novi Sad 0.32 (Kastori et al., 2009), and of the city of Budapest 1.03 mg kg™
(Kastori et al., 2011) implying urban population size factors. Hg concentration
in percentile interval 25-75% ranged from 0.061 to 0.328 mg kg and was higher
than the same interval for the soil (Figure 1). The concentration of toxic metals
in household dust may be from 2 to 32 times higher than levels found in garden
soil around the house (Rasmussen et al., 2001). It is hard to explain the origin
of Hg in indoor dust samples. One of the possibilities of Hg source might be
the damaged formerly used Hg thermometers (Kastori et al., 2009).

According to the defined ranges of concentrations for urban dust in Shanghai
city (Wang et al., 2009), this study found 70% of household dust to be of clean
level concentration (<0.259 mg kg™), 9% of the samples were slightly polluted
(0.259-0.518 mg kg"), as much as 17% of samples were moderately polluted
(0.518-1.295 mg kg™) and 3% of samples were heavily polluted (>1.295 mg kg™).

Box Plot of Hg dust
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Box Plot of Hg soil
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Figure 1. Box-plots graphic display of Hg in household dust and soil (mg kg™ DM)

Some studies on the presence of mercury in household dust (Rasmussen et al.
2001) found total Hg concentration to range from 1.6 to 12.6 mg kg™ in 40 dust
samples. The highest Hg concentrations were reported in former Hg mining
districts. In the Idrijan urban area (Slovenia), aqua regia soluble Hg (ARS Hg)
was reported in topsoil in concentra‘uon of 8 to 1.210 mg kg and in household
dust, with 6 to 120 mg kg (Bavec et al., 2018). Total Hg concentrations ranged
from 3.06 to 926 mg kg™ in dirt floors in Huancavehca Peru (Hagan et al., 2013).

According to the box plots for other PTEs (ﬁgures not shown), as well as for
Hg content (Figure 1), the obtained PTE values in household dust had statisti-
cally significant higher range with a larger number of extremes and outliers,
which was expected when compared to the soil.

Contents of Hg, B, Cu, and Zn were much higher in household dust than
in the surrounding soil. Pb content was higher in the dust, while Ni and Co contents
were relatively higher in the soil. Contents of As and Cr were relatively even
in the household dust and in the surrounding soil (Table 1). Relatively high
concentrations of Cu and Zn found in this study are in accordance with other
studies on office and household dust (Kefeni and Okonkwo, 2013) and street dust
(Kastori et al., 2010; Zibret et al., 2013). Results of many researches suggest that
there are a huge number of indoor pollutants sources such as: indoor activities,
emission from building materials and furnishings, indoors tobacco smoking,
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heating, pets, cooking activities etc. Accordingly, pollutants can originate from
indoor environment itself as well as from outdoor source (Kastori et al., 2011).

Table 1. Minimum, maximum and mean value of PTEs in household dust and soil
(mg kg'' DM)

mg kg’ Home dust Soil

min max mean min max mean
Hg 0.005 1.566 0.126 0.00005 0.244 0.0257
As 2.4 12.9 5.0 33 10.5 6.8
B 6.9 221.1 28.3 2.3 104 5.5
Co 2.1 10.5 34 4.7 10.2 7.8
Cr 4.5 83.2 24.7 20.1 41.6 27.6
Cu 5.6 883.0 55.0 16.8 66.6 30.4
Ni 5.0 80.4 20.8 17.2 40.5 24.1
Pb 11.3 112.6 24.7 9.6 36.6 17.2
Zn 62.7 893.5 365.3 57.3 262.0 110.2

Correlations of Hg and PTEs between soil and dust

Hg in household dust was significantly positively correlated with B and Pb,
and negatively correlated with Zn (Table 2). Soil Hg was not significantly cor-
related with either of the PTEs (Table 3). The obtained results show high Hg
mobility throughout the environment, so this element does not correlate with
other PTEs deposited into soil by atmospheric deposition.

There was a larger number of significant correlations between PTEs in the
soil than in the household dust (Tables 2 and 3). In household dust, there were
negative correlations between Cr and As, and between Zn and As (Table 2),
while the same elements were positively correlated in the soil (Table 2). On the
other hand, the following elements were positively correlated both in the dust
and in the soil: Ni and Cr; Pb and Co; Zn and Cr, Cu and Ni. The results show
heterogeneity of the potential PTE sources in household dust.

Table 2. Correlations between PTEs in household dust for all locations

As B Co Cr Cu Ni Pb Zn

Hg 0.1803 0.3351* 0.1771  -0.1343 -0.1782  -0.0973  0.2606*  -0.2526*
As -0.1416 0.2255 -0.2723* -0.1337 -0.2373  0.1048 -0.3580*
B -0.0586  0.0785 0.1200 0.1914  0.2165 0.2000
Co -0.2263  -0.0650  -0.2160 0.2705 -0.2354
Cr 0.2301 0.5746* 0.0496 0.3504*
Cu 0.1879  0.2113 0.6090*
Ni 0.0484 0.4218*
Pb 0.2021

* p<0.05, significantly correlated
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Table 3. Correlations between PTEs in soil for all locations

As B Co Cr Cu Ni Pb Zn

Hg -0.0996  0.2078 -0.1526  -0.0697  0.1342 0.0081 -0.0041 0.1059

As 0.4310%  0.3672*  0.6464* 0.2787* 0.5795*% 0.4464* 0.4974*
B 0.2388 0.4175*%  0.4175*  0.2374 0.3046*  0.2976*
Co 0.6176*  0.3073*  0.3955* 0.5158*  0.2978*
Cr 0.2993*  0.8711*  0.6619*  0.5928*
Cu 0.2711*  0.5019*  0.4539*
Ni 0.6229*  0.6566*
Pb 0.7166*

* p<0.05, significantly correlated

In order to determine the effects of PTE concentration in household dust, the
correlations between Hg and PTE concentration were separately statistically
processed for each of the analysed locations (data not shown). In 1,024 pairs
(16 locations and 8 elements), significant correlations were found in 85 cases.
Out of those, 12 cases had the same element positively correlated between dust
and soil. According to the elements, Hg was positively correlated between dust
and soil on two locations. Pb, Ni and Cu were positively correlated between
dust and soil on two locations, and Zn and Cr on one location. The obtained
results show that Hg and PTEs from the surrounding soil of yard and garden
can affect their concentration in the indoor household dust; however, this has
not been widely confirmed in this study. The results are in accordance with
Rasmussen et al. (2001) who concluded that metal concentration in indoor dust
cannot be predicted from outdoor soil levels.

CONCLUSION

Statistically significant correlation between the four sampling occasions
on the analysed 16 locations was not found.

None of the 64 analysed samples exceeded the threshold limit (TL) for
soil, which is 0.3 mg kg'. Content of Hg in household dust was much higher
than in the surrounding soil and ranged from 0.005 to 1.566, with a mean
value of 0.126 mg kg

Measured values of PTEs (As, B, Co, Cr, Cu, Ni, Pb, and Zn) in household
dust had significant higher range than in the surrounding soil. Contents of Hg,
B, Cu and Zn were much higher in household dust, content of Pb was higher
in dust and contents of Ni and Co were relatively higher in soil. The contents of
As and Cr were relatively even in dust and in soil. Relatively high concentrations
of Cu and Zn found in this study are in accordance with other studies.

According to the results of correlations of the analysed elements in household
dust and surrounding soil, and according to the analysed locations, direct effect
of Hg and PTEs contents on the content of the same elements in household dust
was not confirmed.
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CAIPXKAJ U JUCTPUBYLINIA XXUBE (Hg) Y KYRHOJ ITPAILIMHU
W 3EMJBULLTY I'PAJA IINJJA

Anekcanapa b. HEJIUR' , Mupa M. ITYIIAPEBUR? , Joprana M. HUHKOB?,
HaTamaC CTOJUR?, Jly6paska M. MI/IJ'II/I'Fl4

"Onuruncka ynpasa Iz, One/beme 3a HHCTIEKIUjCKe TOCTIOBE
Kapahophesa 2, [llun 22240, Cpouja
* Vuusepsutet Enykomc, d)aKyJITeT 3a 3alITUTY )KUBOTHE CPEUHE
BOJBO,Z[C [Tytauka 87, Cpemcka Kamenwnta 21208, Cpouja
3 VIHCTHTYT 32 PaTapcTBO M TIOBPTAPCTBO,
JlaGopaTopuja 3a 3eMJBUIITE U arPOCKOJIOTH)Y
Maxkcuma I'opkor 30, Hosu Cax 21000, Cpouja
* Vuupepsuter y HoBom Cazny, IIpuposHo-MaTeMaTuuKku (GaKkynTeT
JlenaptmaHt 3a OMOJIOTH]y U €KOJIOTHjY
Tpr Hocureja O6panosuha 2, Hosu Cax 21000, Cpouja

PE3UME: XXusa 1 norenuujaxno Tokcnanu exementu (I1TE) kao cacraBHu €0
KyhHe npammse npencraBibajy pu3MK 3a JbYICKO 31paBibe. L{nib oBor pana je yrBphusa-
we koHueHTpanuja Hg u [ITE y kyhHoj npamuay, y 00jeKTiMa WHAMBHIYaTHOT CTa-
HOBama, rpaaa llluna u wuxoBa Be3a ca cagpikajeM eleMeHaTa y OKOJTHOM 3eMJIBHIITY
Oamtd u okyhuuna. Ysero je 64 yzopka kyhne npamune Ha 16 nokanuja iHAUBUIY-
aJIHOT CTAaHOBAaa y YeTUPH BpEeMEHCKa Ieproia. FICTOBpeMeHO ¢y y3eTH y30pLH OKOJI-
Hor 3emJpHITa okyhHuna u Oamra. Hujenan ox 64 ncnutuBana y30pKa 3eMJBHIITA
HE NIpeNash 3aKOHCKH NMPONUCAHy TPAHHTHY BPEIHOCT (I'B) 3a HemoJbOIPUBPELHO
semspummre o 0,3 mg kg' CM. Canpskaj Hg y kyhuoj nparmunu je MHOTO BULIA 07
OKOJTHOT 3eMJBHIITA U KPeTao ce y uuTepsany oz 0,005 1o 1,566 mg kg CM. obujene
BpenHoctH [ITE (As, B, Co, Cr, Cu, Ni, Pb, Zn) y KthO_] MpAIIUHT UMa]y CTATHCTHY-
KM 3Ha4ajaH Behu pacnoH y ogHocy Ha 3emsbnmite. Canpxaj Hg, B, Cu, Zn je MHOTO
Behu y kyhHOj mpalivHu y OIHOCY Ha OKOJIHO 3emJbHiiTe. [Ipema jo0ujeHnm kopenaiu-
jama rmocMaTpaHUX eJieMeHaTa y IpalliHy U 3eMJBHILTY, Ka0 M IpeMa IIOCMaTpaHUM
JIOKaIlMjaMa, FeHepaliHoO Huje YTBpheH aupektHu yTunaj caapkaja Hg u [1TE y 3emmbumiry
Ha ca/ipKaj OBUX eJieMeHaTa y KyhHOj npalivHu.

KJbYYHE PEUYU: xuBa (Hg), norennujanHo Tokcuunu enementu [ITE, kyhna
IpalnHa, 3eMJbuire, rpax Hlua
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