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Mercury contents and potential risk levels in soils and
outdoor dust from kindergartens of the city of
Vanadzor (Armenia)

Lilit Sahakyan, Gevorg Tepanosyan, Nairuhi Maghakyan, Gayane Melkonyan, and
Armen Saghatelyan

The Center for Ecological-Noosphere Studies, NAS, Yerevan, Republic of Armenia

ABSTRACT
Mercury (Hg) contamination is a frequently debated issue in environ-
mental research. In this study, the distribution and the ecological
and health risk of Hg in soil and outdoor dust from 19 kindergartens
from Vanadzor city were investigated. In comparison with other cit-
ies, Hg concentrations in dust and soil samples retrieved from
Vanadzor were significantly low constituting 0.03–0.42mg/kg and
0.025–0.05mg/kg respectively. The total concentrations of Hg were
determined using XRF-spectrometry, with a detection limit of
3�10�4mg/kg. The geostatistical analyses suggested relatively high
Hg concentrations only in 4 outdoor dust samples, possibly influ-
enced by the impact of certain anthropogenic activity. In all soil and
remaining 15 outdoor dust samples, Hg concentrations had a natural
origin. According to the coefficient of concentration (Kc), all soil sam-
ples were marked at the low Hg pollution level. Dust Kc values of 15
kindergartens are under the allowable pollution level, while in 4 kin-
dergartens moderately hazardous pollution was detected. The
Potential Ecological Risk Index (PERI) revealed a low level of risk in
all soil and 13 dust samples; a moderate, high and very high eco-
logical risk in remaining kindergartens was detected. The results of
the health risk assessment indicated the absence of an adverse non-
carcinogenic health effect for children from kindergarten soil and
outdoor dust in terms of Hg contamination.
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Introduction

In recent years, questions on the environmental safety of children as the most vulner-
able group of population (UNICEF 2017) were more and more frequently raised. There
is an urgent need to conduct a children’s health risk assessment, the risk deriving from
the high concentrations of toxic elements in the environment (AAP Policy Statement
2014; UNICEF 2017; WHO 2017). In this relation, the unique and potentially important
exposure sites for children like kindergartens and child care facilities (US EPA 2011; Jin
et al. 2019) require special focus, where (mostly in playgrounds) children generally
spend most of their active, awake time facing a set of environmental health challenges
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(US EPA 2002; Bento and Dias 2017; Ferguson et al. 2017). Depending on the age,
usage, maintenance and type of facility, children may be exposed to pollutants from dif-
ferent outdoor sources: building materials, treated wood, paint and outdoor air pollu-
tion from nearby traffic and industry (Bradl 2005; US EPA 2011; Carella 2014). Among
all toxic elements, mercury (Hg) is listed as a priority pollutant in the controlled envir-
onment by many organizations (WHO 2007; AMAP/UNEP 2013). Mercury has been
given a particular attention due to its unique eco-geochemical and toxicological proper-
ties determined by the diversity of its forms and specificity of their transformation,
volatilization, active transportation in the environment and a wide spectrum of negative
health effects (Yanin 1992; Rodr�ıguez-Mart�ın et al. 2010; Johnson 2011; Zheng et al.
2015). Considering urban Hg cycle, soil and dust are the main resting places of the
deposited Hg (Sun et al. 2013), emitted from different natural and anthropogenic sour-
ces: industrial and traffic emissions, waste disposal, burning and long-range atmospheric
deposition (Pervez et al. 2009; Wip et al. 2013). Elevated Hg content in the soil can be
responsible for soil erosion and degradation, soil fertility decreasing, as well as for the
reduction of micro-biological activity vital to the terrestrial food chain in soils (Schuster
1991; Butakov et al. 2017). In soil, the behavior of Hg is very complicated and is con-
trolled by adsorption and desorption processes (Raj and Maiti 2019). It was known that
> 90% of Hg was stored in terrestrial ecosystems and most of them (> 80%) was gener-
ated from atmospheric inputs (Zhang et al. 2020). Hg tends to accumulate in soil sur-
face horizons and is mainly retained by sorption onto organic compounds. Hg traped
by organic matter, oxidizes (Hg2) and forms inorganic mercuric salts and minerals
(Montoya et al. 2019). The concentration of Hg in soil mainly depends on edaphoge-
netic parameters and the composition of the parent material: surface soil pH, redox
potential, type of mineral colloid, temperature, as well as a variety of structure, compos-
ition, and the dynamics of the soil system (Zhang et al. 2014; Rahman and Singh 2019;
Raj and Maiti 2019).
Due to the high evaporation rate (the rate is approximately doubled for every 10 �C)

mercury tends to easily concentrate on dust from soil surface formed during the soil
deflation process (Singh 2005; Sing and Sing 2010). Dust can form a thin layer on the
soil surface, combined with soil or accumulated on different surfaces where children get
exposed to Hg (Kanda et al. 2019). Moreover, the eolian transport of dust particles plays
a key role in the soil - dust - exposure pathway, causing different health risks
(Gabarr�on et al. 2017; Howard et al. 2019). Eventually, Hg can enter human bodies
through the following ways: respiration of Hg vapor and Hg-enriched dust particles
with diameters <10lm (PM10) trapped in the mid-respiratory tract (Kerin and Lin
2010), transdermal absorption, accidental or intentional ingestion of Hg contaminated
soil and dust (Bernhoft 2012; UNEP 2013; Bavec et al. 2018). According to many stud-
ies (Bose-O’Reilly et al. 2010; Praveena et al. 2015; �Sap�canin et al. 2016; B€unemann
et al. 2018; Kanda et al. 2019) children below the age of seven, are critical receptors of
potentially toxic trace elements and are more inclined to be under the negative impact
of polluted soils and dust, because of their physiological and behavioral peculiarities.
The daily inhalation and ingestion rate of children (7.63 and 100m3/kg, respectively) is
1.68 and 2 times higher compared with that of the adults (12.8 and 200m3/kg respect-
ively) (US EPA 1989; RAIS 2018). Additionally, due to their unconscious play, very
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young children or toddlers, may ingest an essential quantity of Hg contaminated soil
and dust by hand-to-mouth behavior, by licking of non-food objects and sucking of
hand/fingers (Meza-Figueroa et al. 2007). Thus, ingestion and inhalation of Hg contami-
nated dust and soil are the predominant routes of Hg exposure for children (WHO
2007; Bose-O’Reilly et al. 2010; US EPA 2011).
Mercury in all forms poisons cellular function by altering the structure of proteins

and by binding with sulfhydryl and selenohydryl groups. Consequently, mercury can
potentially impair the function of any organ, or any subcellular structure. Mercury
mainly targets the brain, the peripheral nerve function, the renal function, the immune
function, the endocrine and muscle function, and several types of dermatitis (Bernhoft
2012; Shabnum 2014; Vianna et al. 2019; Narjala and Farook 2020). In other words, Hg
exposure leads to serious physiological, psycho-social and neuro-developmental effects
proving more severe for children vs adults (Clarkson et al. 2003; Beckers and Rinklebe
2017; Raj et al. 2017; Kanda et al. 2019).
The aim of this study is the investigation of Hg distribution as well as the assessment

of Hg environmental and health risks in kindergarten soils and outdoor dust from
Vanadzor city. Vanadzor is one of the de-industrialized cities in Armenia. After the col-
lapse of the Soviet Union, till 2017 the “Vanadzor - Kimprom” chemical plant has con-
tinued its passive operation in the city. This plant might be the potential source of Hg.
According to studies conducted in the period of 1970–1990s, the soil samples collected
from near the “Vanadzor - Kimprom” chemical plant and the combined Heat and
Power Plant, contained mean concentrations of Pb, Sn, Ni and Hg mobile fractions con-
stituting 81.6mg/kg, 36.8mg/kg, 10.5mg/kg and 9mg/kg, respectively (Juharyan 2000;
Juharyan and Arevshatyan 2002). The studies also made mention of the explosion of
the chemical plant vacuum pumps (in 1978), resulting in Hg emission into the city
environment (Juharyan and Arevshatyan 2002). The latter, together with other above-
mentioned factors significantly substantiate the importance of the current study.

Materials and methods

Study area

Vanadzor (40�48040.5300N, 44�2906.2600W) is located in the north of Armenia at the
height of 1350m a.s.l. and covers an area of 26 sq.km (NSS RA 2019). The city enjoys a
moderate climate: cool summers and cold winters. Average annual temperatures range
between �4.2

�
C to �32

�
C in winter and þ4

�
C to þ24

�
C in summer. At 70% of the

average annual relative humidity, the average annual amount of precipitation in the city
is 600mm (Babayan 1989). The city area is dominated by mountain steppe landscape,
its geological structure includes basalt, tuff, andesite and other conglomerates (State
Committee of the Real Estate Cadastre 2007). Presently there are 19 kindergartens in
Vanadzor where about 1500 childrenare enroled (NSS RA 2019).

Soil, outdoor dust sampling and analysis

In 2016 (August–September), 18 soil samples were collected from 19 kindergarten play-
grounds and exterior common spaces (Figure 1); the remaining one was excluded
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because of asphalt covering and lack of soil. In order to obtain a bulk sample
(1–1.5 kg), 3–5 subsamples were collected at the depth of 0–5 cm by a stainless steel
shovel. The sampling depth was chosen under the high accumulation tendency of Hg in
surface horizons, related to organic matter clay content on that horizon (Adriano 1986;
Arbestain et al. 2009). Soil samples were then placed into plastic bags, labeled and trans-
ported to the laboratory of the Center for Ecological-Noosphere Studies (CENS). Before
the analysis, the samples were air-dried at 20jC, sifted by a sieve with a hole diameter
of 2mm, then homogenized and milled consistent with ISO-11464 (ISO 2006;
Tepanosyan, Belyaeva, et al. 2017) and SOPs developed by CENS researchers, based on
the international ISO (ISO 10381-2 2002), the United States Environmental Protection
Agency (US EPA) (US EPA 2001) and other standards (Stauffer 2008).
From outdoor sites of kindergartens (playgrounds, stairs, floor corners, etc.) a total of

19 dust samples were collected by the brush-and-pan method (Figure 1). To obtain a
bulk sample from each sampling point, 4–8 subsamples were taken and then

Figure 1. Spatial distribution of soil and outdoor dust sampling points of Vanadzor kindergartens.
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transported in plastic bags to the CENS lab. The samples were air-dried in room tem-
perature (20 �C) in order to prevent the evaporation of Hg, sifted by a sieve with a hole
diameter of 0.063mm.
Samples were prepared in compliance with international methods and SOPs devel-

oped by CENS researchers, based on the international ISO (ISO 2005, 2006), the
Environmental Protection Agency (EPA) and other standards (Revich 1982;
Fomin 2001).
The total concentration of Hg in soils and outdoor dust was determined by applying

X-ray fluorescent spectrometry (Olympus Innov-X-5000 (USA)) consistent with the US
EPA 6200 method (US EPA 2007). The detection limit for Hg in the soil and dust sam-
ples was 3�10�4mg/kg. Quality assurance and quality control (QA/QC) procedures
included the analysis of Standard reference materials (NIST 2711a and NIST 2710a,
USA) and laboratory duplicates. Both the mean value precision and accuracy calculated
using the Relative percent difference (RPD) and Percent difference (PD), respectively,
were 12.3% and the uncertainty was below the allowable level of 20% (Johnson 2011;
Reimann et al. 2011).

Statistical treatment and geochemical mapping

The descriptive statistics of Hg concentrations in soils and outdoor dust of Vanadzor
kindergartens are outlined in Table 1. The normal distribution of Hg concentrations in
soil and dust were tested by the Shapiro-Wilk test (IBM SPSS 21). A box-plot was cre-
ated to identify outliers and extreme concentrations. Depending on the normality test
results, the Pearson or Spearman correlation analysis was conducted to study the rela-
tionship between Hg concentrations in kindergarten soil and dust. The Paired T-test
was used in order to identify if Hg concentrations in soil and dust were sufficiently
similar to conclude that they had similar or tantamount sources of origin.
Mapping and spatial analysis were performed using the ArcGIS 10.1 software.

Growing-dots maps were designed to visualize the spatial distribution of different zones,
the chemical plant, enterprises, as well as the pollution and potential ecological levels.

Assessing soil and dust environmental pollution

The analysis of environmental pollution level as a pointer of adverse effects on public
health, was carried out according to an indicator that provides the geochemical and
geohygienic characteristics of the environment. This indicator is the coefficient of con-
centration (Kc) (Golovin 2000; Ignateva 2015). The coefficient of concentration (Kc)
was used (formula 1).

Kc ¼CHg=Cf (1)

Kc is the coefficient of concentration, CHg – the concentration of Hg in the studied
media, Cf - the local background of Hg in soils. In order to establish a local soil back-
ground value of Hg, 20 soil samples were collected from a pristine area outside the city
– an area having similar geological features as Vanadzor territory. The geochemical
background was estimated using the boxplot and the interactive 2r method (Reimann
et al. 2011; Armstat 2019).
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The pollution level was classified as Kc < 4 indicating an allowable level; 4–8 as
moderately hazardous; 8–16 as hazardous, 16–32 as highly hazardous and >32 as
extremely hazardous (Golovin 2000).
The concentrations of Hg were also collated with the Maximum Acceptable

Concentration (MAC) as stated by the RA Government Decree @ 92 (Government
RA 2005).

Assessing the potential ecological risk

The potential ecological risk was assessed in compliance with PERI (Potential Ecological
Risk Index) method developed by Hakanson (1980) to assess pollution in the sphere of
sedimentology. This method is widely used by many researchers for assessing the eco-
logical risk in soil and dust (Chen et al. 2010; Yuan et al. 2014; Soliman et al. 2015;
Zhao et al. 2015). PERI assesses the pollution status, also integrates the ecological and
environmental effects with toxicology, providing an effective estimation of the potential
risk of Hg contamination with the index level (Singovszka and Balintova 2016; Dinake
et al. 2018).
The Potential ecological risk index for Hg- EHg

r is calculated by the Equations (2) and
(3).

CHg
r ¼ CHg

x

CHg
n

(2)

EHg
r ¼ THg

r � CHg
r (3)

where THg
r is the toxicity coefficient for Hg; (THg

r ¼ 40), CHg
r - the Hg pollution factor;

CHg
x - the concentration of Hg in the given environment (soil or dust); CHg

n – the local
background of Hg. According to potential ecological risk index (PERI) classification, Er
< 40 indicated a low level of potential ecological risk, 40–80 - a moderate level, 80–160
- conciderable, 160–320 - high and Er > 320 - a very high level of PERI.

Non-carcinogenic risk assessment

Children’s health risk was assessed in compliance with a model developed by the
United States Environmental Protection Agency (US EPA 1989; RAIS 2018).
Considering the peculiarities of children’s behavior, in this research non-carcinogenic
risk was assessed only for 2 major pathways of Hg exposure: inhalation and dir-
ect ingestion.

Table 1. A descriptive statistics of mercury concentrations in soils and outdoor dust of Vanadzor kin-
dergartens (mg/kg).
Medium Mean Median St.dev. Min. Max. CV% Skew. Kurt. BV MAC

Hg dust 0.105 0.04 0.13 0.030 0.424 122.80 1.774 1.63 0.05 2.1
Hg soil 0.037 0.03 0.01 0.025 0.049 26.73 0.205 �1.712
Hg background site 0.045 0.048 0.007 0.025 0.051 15.5% 3.124 �1.849

BV-Background value of the soil in Vanadzor
MAC- Maximum Acceptable Concentration for Hg in Armenia (Armenian Legal Information System 2010)
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In order to assess the non-carcinogenic risk, the CDI (Chronic Daily Intake) for
ingestion and inhalation was calculated using the Equations (4) and (5) (US EPA 1989;
RAIS 2018). The C value is the Hg concentration in soils and dust (mg/kg); IngR – the
intake rate, which makes 200mg/day for children, InhR – the inhalation rate, which
makes 7.6m3/day for children (RAIS 2018); ED – exposure duration (in our research
the duration was set as 3 years i.e., an approximate kindergarten enrollment period for a
child in Armenia); allowing for weekends and holidays during a 3-year long enrollment
period, EF (exposure frequency) is estimated as 253 days/year; RBA is the factor of rela-
tive bioavailability (equal to 1 for Hg); AT stands for average time (AT ¼ 365 �ED)
(RAIS 2018); BW stands for average body weight estimated as 15 kg (US EPA 1989),
PEF is the Particle emission factor � 1.36� 109m3/kg and VF is the volatilization fac-
tor for Hg � 3.47� 104m3/kg (US EPA 2002).

CDIing ¼ C � ingR� EF � ED� RBA� 10�6

AT � BW
(4)

CDIinh ¼ C � InhR� EF � ED
BW � AT � ðPEF þ VTÞ (5)

The non-carcinogenic hazard quotients were calculated using formulas 6,7

HQing ¼
CDI
RfD

(6)

HQinh ¼
CDI
Rfc

(7)

where RfD is the reference dose that was taken from the Risk Assessment Information
System (RAIS 2018) and international guidelines, as well as articles (Kamunda et al.
2016; Li et al. 2017). The HQing was assessed employing RfD for inorganic salts of Hg
(3.00E� 04mg/m�3)(RAIS 2018) as mercury commonly encountered in the soil as inor-
ganic mercuric compound (Kabata-Pendias and Mukherjee 2007). In the soil surface,
1–3% accounts for Me-Hg and the rest may be considered as inorganic Hg complexes
(Environment Agency 2007). The assessment of HQinh was performed employing Rfc
for elemental Hg (1.60E-04mg kg �1d�1) (RAIS 2018), since the 95% of atmospheric
Hg is composed of elemental Hg vapor (Beckers and Rinklebe 2017).
The sum of HQ values calculated for each routes represents HI – a hazard index, HI

¼ P
HQ (US EPA 1989): HI < 1 denotes the absence of non-carcinogenic health risk,

while HI >1 means a probability of a harmful health effect (RAIS 2018).

Results and discussion

Mercury concentration in kindergarten soils and outdoor dust

The descriptive statistics of mercury concentrations in the soil and outdoor dust from
kindergartens of Vanadzor, as well as local background and the MAC values for soil
and dust, are summarized in Table 1.
The concentrations of Hg in the kindergarten outdoor dust range from 0.03 to

0.42mg/kg, with a mean value of 0.105mg/kg, which is about 2 times higher than the
background value (0.05mg/kg). The maximum content exceeds the background value
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with about 8.4 times. Excesses vs. MAC stated in Armenia (2.1mg/kg) were not
observed (Table 1).
For soil samples, Hg concentrations vary between 0.025 and 0.049mg/kg, with a

mean of 0.037mg/kg, which do not exceed the background value (0.05mg/kg) and
MAC (2.1mg/kg). In comparison with international literature (Table 2) in kindergarten
soils of Trondheim (Norway)(Ottesen et al. 2008), Zagreb (Croatia) (Hru�skova et al.
2009) and Bratislava (Slovak Republic) (Hiller et al. 2017) sities in?, the mean concen-
tration of Hg is about 3, 8 and 3.5 times higher than in Vanadzor, respectively. In
Bucharest (Romania), the maximum concentration is about 6 times higher than that of
in Vanadzor. In the case of Trondheim (Norway) and Zagreb (Croatia) cities, sample
fractions and sampling depth are approximately similar to Vanadzor city (<2mm and
0–5 cm, respectively), but in Bratislava (Slovak Republic) were analyzed 13 times finest
soil particles (<0.15mm), and sampling depth was deeper. That implies the highest Hg
concentration determination, because Hg concentration was influenced by size fraction
of soil, and generally it increases with decreasing particles size (Sheppard 1994; Beamer
et al. 2012). In Bucharest (Romania) the sampling depth is deeper (< 20 cm) and as
mentioned by the author (Moldoveanu 2014), the detected high concentration of Hg
can be explaned by historical pollution of the sampled environment.
Within Armenian cities, in Yerevan (capital) and Gyumri, the mean concentrations

of Hg in kindergarten soils were 0.09mg/kg and 0.04mg/kg, respectively (Table 2)
(Sahakyan et al. 2016; Tepanosyan, Maghakyan, et al. 2017). They are 2.5 and 1.3 times
higher than in Vanadzor kindergartens. This may be explained by a significantly high
level of traffic and a comparatively high level of industrial production in Yerevan and
Gyumri cities (Armstat 2019).
The mean concentration of Hg in Vanadzor’s kindergarten outdoor dust is 15 and

3.8 times lower than the similar indicator observed in kindergartens in Wuhan (China)
(Sun et al. 2013) and Kumasi (Ghana) (Nkansah et al. 2015), respectively. However, in
comparison with Beijing (China) (Duan et al. 2014), the mean concentration of Hg in
Vanadzor’s kindergarten outdoor dust is 1.75 times higher (Table 2).
Table 1 and the box-plot (Figure 2) show that asymmetry and excess values both for

soils and outdoor dust differ from 0 which proves the deviation from the normal distri-
bution. The skewness of Hg in soil and outdoor dust was 0.25 and 1.77, respectively.
For outdoor dust, a strongly positively skewed distribution was revealed, indicating the
existence of some highly contaminated spots. In outdoor dust samples, the mean con-
centration is significantly higher against the median, denoting a right-sided asymmetry
(<1). For soil samples, the mean and median almost coincide (Table 1), but a right-
sided asymmetry is detected in this case as well. The Shapiro-Wilk test indicates that
Hg distribution observed in soil and outdoor dust is non-normal. However, after the
outliers exclusion (Figure 2), outdoor dust samples exhibit normal, soil samples – log-
normal distribution for the Hg concentrations in 14 out of 19 kindergartens.
After exclusion of outliers, the variation coefficient for outdoor dust samples changes

from 122.8% to 27%, for soil- from 26.73% to 24.5%, suggesting that Hg concentrations
in remained 14 kindergarten soil and outdoor dust could occur naturally.
To understand the relationship between Hg concentrations in all studied kindergart-

ens soil and outdoor dust, the Spearman’s rank correlation was used. The results
showed that correlation coefficient is not significant. However, after the elimination of

8 L. SAHAKYAN ET AL.



outliers and extreme concentrations, soil and outdoor dust samples followed the normal
distribution. According to the Paired-T test, significant differences of Hg concentrations
in soil and outdoor dust of 14 kindergartens were not observed: the difference between
mean concentrations is 0, which indicates same source of Hg.
Thus, the results of statistical treatment indicated, that in mentioned 14 kindergartens,

Hg concentrations have a natural origin, which is also re-confirmed by the fact that Hg
concentrations in these kindergartens are either near or below the local background value.
The presence of Hg outliers in the dust samples of 4 kindergartens may be explained

by the fact that from pollution sources, Hg tends to be easily accumulated by air dust
particles (Bradl 2005) which have a long atmospheric lifetime (Beckers and Rinklebe
2017). Our results were in line with those obtained by Zhang et al. emphasizing that Hg
tends to be enriched in States dust compared with soils (Xinmin et al. 2006).
The coefficient of concentration (Kc) (Figure 3) for outdoor dust showed the allowable

level (<4) for 15 kindergartens out of 19. (VMD-5, VMD-8, VMD-10) Kc values vary
within 4–8 in 3 kindergarten samples, corresponding to a moderately hazardous level of
pollution, and in one kindergarten (VMD-7) a hazardous pollution level was observed.
The pollution source analyses of kindergartens with relatively high Hg content have

shown, that for VMD-7 kindergarten, potential pollution sources may be in close prox-
imity to the industrial area, the nearest inter-urban road having a high level of traffic,
as well as closely located vehicle technical services. In the case of the kindergarten
VMD-10, the paint particles (Bradl 2005) presented in the collected sample may be the
source of Hg. The building of VMD-8 kindergarten looks like an old flat-pack shelter in
an unfavorable and partly demolished condition composed of metallic and wood parts.
Therefore, the kindergarten building itself may be a source of Hg in the dust.
Particularly, the old paint (Bradl 2005; Mielke and Gonzales 2008) and wood may con-
tain Hg (Yang et al. 2018). The presence of Hg in wood may have a natural origin or
can be the result of the process of wood industrial treatment (Dubey et al. 2010).

Table 2. Hg concentrations (mg/kg) and sampling details in kindergarten dust and soils of different
cities reported in the literature.

City Median Min-max Mean

Sample
fraction
(mm)

Sampling
depth (cm) Sample N Reference

Bratislava
(Slovak
Republic)

Soil 0.01-0.66 0.13 < 0.15 < 10 59 Hiller et al. (2017)

Zagreb (Croatia) 0.022-0.737 0.114 < 2 0–5 200 Hru�skova
et al. (2009)

Trondheim
(Norway)

0.1-0.9 0.3 < 2 0–2 50 Ottesen
et al. (2008)

Yerevan (Armenia) 0.02-0.15 0.09 < 2 0–5 111 Tepanosyan,
Maghakyan,
et al. (2017)

Gyumry(Armenia) < 0.03-0.11 0.04 < 2 0–5 22 CENS (2014)
Bucharest

(Romania)
0-0.305 – < 2 < 20 34 Moldoveanu

(2014)
Kumasi (Ghana) Dust b/d-1.38 0.408 < 0.25 – 20 Nkansah

et al. (2015)
Beijing (China) 0.01-0.66 0.06 – – – Duan et al. (2014)
Wuhan (China) 0.15-10.59 1.66 < 0.075 – 69 Sun et al. (2013)
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It is also worth noting that the wind in Vanadzor has predominantly a southern and
southeastern direction (Avagyan 1997; State Committee of the Real Estate Cadastre
2007) and is on one line with these 4 kindergartens (VMD-5, VMD-8, VMD-7, VMD-
10) suggesting that besides local sources presented directly in the mentioned kindergar-
ten areas and vehicular emissions, in that particular part of the city there may be
another source of Hg emissions. However it is required to conduct an additional
detailed study in order to reveal and identify it.

Assessment of potential ecological risk

The potential ecological risk index of Hg in Vanadzor kindergartens’ soils and outdoor
dust including the classification of ecological risk levels are demonstrated in Figure 4.
EHg
r values of outdoor dust vary in the range of 24.55–339.8, and for soils � 20–39.53.

EHg
r mean value for soil is 29.92, which is < 40 and represents a low level of potential

ecological risk. However, EHg
r mean value for outdoor dust is 60.8 which is > 40 and

indicates a moderate potential ecological risk level.
EHg
r values in 68% of all outdoor dust sampled from kindergartens (13 samples) are less

than 40, indicating a low level of potential ecological risk. 10.5% (2 samples) exhibit a mod-
erate level, the remaining 15.7% (3 samples) and 5.8% (1 sample) show a high and a very
high level of potential ecological risk, respectively (Figure 4). Samples with high pollution
levels (VMD-8, VMD-5) are spatially allocated in the residential zone around incomplete
buildings and enterprises, as well as in the industrial zone of the city (VMD-10). The men-
tioned three kindergartens are close to the railway station and compared to other studied
kindergartens, they are characterized by the absence of tall buildings acting as barriers.
Consequently, the main cause of such pollution might be heavy traffic, the operation

of tiny enterprises and the proximity to industrial spots. A sample with a very high

Figure 2. Box-plots of mercury concentrations in outdoor dust 19 samples (left) and soil 18 samples
(right) of Vanadzor kindergartens.
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pollution level (VMD-7) is located relatively close to the industrial zone and a busy
major road; besides, the entire territory of the mentioned kindergarten lacks green
zones, where greenery fix and absorb the surrounding dust (Reza et al. 2015).
Therefore, the aforesaid can sufficiently explain the detected concentrations of Hg in
this particular kindergarten.
In contrast to outdoor dust, for all soil samples EHg

r is < 40, which is indicative of a
low level of potential ecological risk (Figure 4).

Non-carcinogenic risk assessment

Before non-carcinogenic risk assessment, a collation was made between the total con-
centrations of Hg and Soil Screening Levels (SSLs). The detected concentrations of Hg
were low vs the SSLs for mercury (11mg/kg) (US EPA 2020). The results of non-car-
cinogenic Hg risk in the soils and outdoor dust of Vanadzor kindergartens are outlined

Figure 3. Mercury pollution levels (Kc) of Vanadzor kindergartens.
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in Table 3. The non-carcinogenic Hazard Quotient (HQ) in both environments is well
below 1. For the ingestion exposure way, HQ values in the soil vary from 1.44E-03 to
2.85E-03 with the mean of 2.16E-04, in outdoor dust � 1.7E-03 to 24.5E-03 with the
mean of 6.1E-03. For inhalation – from 4.25E-08 to 8.4E-08, with a mean of 6.35E-08
for soil and from 5.21E-08 to 7.22E-07 with a mean value of 1.8E-07 for outdoor dust.
So, the dominant exposure way in kindergartens is the ingestion and this finding is con-
sistent with other studies, which have shown that the main pathway of Hg exposure
from dust and soil was the ingestion (Huang et al. 2014; Sahakyan et al. 2018). The
sum of HQ values -HI hazard index calculated for each exposure way represents the fol-
lowing results: in the soil, HI values vary from 1.44E-03 to 2.85E-03 with the mean of
2.16E-04, in outdoor dust � 1.7E-03 to 24.5E-03 with the mean of 6.1E-03. So, because
of significantly small HQ values of Hg from inhalation route the HI hazard index
became the same as the HQ value from the ingestion route.

Figure 4. Levels of potential ecological risk indices in Vanadzor kindergartens’ outdoor dust.
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Conclusion

The concentrations of Hg in outdoor dust and soil ranged from 0.03mg/kg to 0.4mg/
kg and from 0.025 to 0.05mg/kg, respectively. The mean concentration of Hg in 2 envi-
ronments are much lower than the reported data from different kindergartens of vari-
ous cities.
The concentrations of Hg in all soil and dust samples do not exceed the national

MAC (2.1mg/kg). Of all samples, the detected Hg concentration only in 4 outdoor dust
samples exceeds the background value (0.05mg/kg) from 4.7 to 8.5 times.
In the soil of kindergartens, the normal distribution of Hg content, the absence of

background level exceedance, the low coefficient of variation and other results of the
statistical treatment suggested that Hg in soils might have a natural origin. In the case
of outdoor dust, samples with natural (15 samples) and anthropogenic (4 samples) ori-
gin were identified. The revealed anthropogenic pollution sources can be the kindergar-
ten facilities (Hg containing paint, wood, etc.) or traffic.
The anthropogenic origin of 4 outdoor dust samples can be approved not only based

on the statistical treatment results, significant exceedings of background level and the
analyses of the pollution source, but also through the comparison with results of previ-
ous studies on the Hg environmental pollution of Vanadzor city (Sahakyan et al. 2018,
2019; Melkonyan 2019). Moreover, according to (Sahakyan et al. 2018), the levels of Hg
observed in Vanadzor street dust samples collected from the nearby areas of theafore-
mentioned 4 kindergartens, are basically lower. This may suggest at least an unusual Hg
content in these kindergarten areas, and with the combination of the above information,
this may point out to their anthropogenic origin. Additionaly, It is interesting, that
among all kindergartens the highest Hg content in dust was detected in VM7 sample
(0.42mg/kg) and according to (CENS 2017), the dust load level in the area near VM7
kindergarten was very high (> 800 kg/sq.km daily).
According to the coefficient of concentration (Kc), the pollution level is allowable in

all kindergartens for all soils and for the 79% of kindergarten dust (15 samples): 3 dust
samples were indicated a moderately hazardous pollution level, and 1 sample - hazard-
ous pollution level.
The results of potential ecological risk assessment (Er) indicated a low level of poten-

tial ecological risk in all kindergartens soil and 68% (13 samples) of dust samples: in the

Table 3. Non-carcinogenic risk to children via mercury ingestion and inhalation, Hazard Index (HI)
from both routes of exposure.

Exposure way Values

Medium

Soil Outdoor dust

HQing Min 1.44E-03 1.7E-03
Max 2.85E-03 24.5E-03
Mean 2.16E-04 6.11E-03

HQinh Min 4.25E-08 5.21E-08
Max 8.4E-08 7.22E-07
Mean 6.35E-08 1.8E-07

HI Min 1.44E-03 1.7E-03
Max 2.85E-03 24.5E-03
Mean 2.16E-04 6.11E-03
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remaining 2 outdoor dust (10.5%) moderate, in 3 samples (15.7%) - high and in 1 sam-
ple (5.8%) - very high levels of potential ecological risks were detected, respectively.
The assessment of child health risks has indicated that Hg concentrations in soil and

dust do not pose a risk to children - HQ values in both media for 2 exposure roots are
below 1. According to the findings, the predominant route of Hg exposure for children
was the ingestion.
Thus, in contrary to expectations related to the historical pollution of Vanadzor city,

serious environmental and health risks of mercury contamination have not been
detected in the soil and outdoor dust of Vanadzor kindergartens.
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