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Children, the most vulnerable urban population group, are exceptionally sensitive to polluted environments,
particularly urban soils, which can lead to adverse health eﬀects upon exposure. In this study, the total
concentrations of Ag, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Ti, V, and Zn were determined in 111 topsoil
samples collected from kindergartens in Yerevan. The objectives of this study were to evaluate heavy metal
pollution levels of kindergarten's soils in Yerevan, compare with national legal and international requirements
on heavy metal contents in kindergarten soil, and assess related child health risk. Multivariate geostatistical
analyses suggested that the concentrations of Ag, As, Ba, Cd, Cu, Hg, Mo, Pb, and Zn observed in the
kindergarten's topsoil may have originated from anthropogenic sources, while Co, Cr, Fe, Mn, Ni, Ti, and V
mostly come from natural sources. According to the Summary pollution index (Zc), 102 kindergartens belong to
the low pollution level, 7 to the moderate and only 2 to the high level of pollution. Summary concentration index
(SCI) showed that 109 kindergartens were in the allowable level, while 2 featured in the low level of pollution.
The health risk assessment showed that in all kindergartens except for seven, non-carcinogenic risk for children
was detected (HI > 1), while carcinogenic risk from arsenic belongs to the very low (allowable) level. Cr and
multi-element carcinogenic risk (RI) exceeded the safety level (1.0E- 06) in all kindergartens and showed that
the potential of developing cancer, albeit small, does exist. Therefore, city's kindergartens require necessary
remedial actions to eliminate or reduce soil pollution and heavy metal-induced health risks.

1. Introduction
Cities are areas with a high level of anthropogenic impact and act
both as pollution sources and bear the consequences of pollution. Urban
soils are large "basins" for accumulation of various pollutants, thus also
serving as informative media; therefore, urban soil is a focus of studies
on environmental pollution (Chabukdhara and Nema, 2013; Li et al.,
2004).
Among toxic and persistent pollutants found in urban soils, a special
emphasis is placed on heavy metals (Li et al., 2004). When heavy metals
enter the human organism via three major exposure routes, i.e., oral,
dermal, and inhalation of soil particles (RAIS, 2017; US EPA, 2002,
1989), diﬀerent disorders, depending on the element and its chemical
form, may occur, thus, for instance, aﬀecting hematogenesis and the
central nervous, cardiovascular and urogenital systems (RAIS, 2017).
Depending on physiological, biological and social conditions,
diﬀerent groups in population respond individually to the impact of
environmental pollution of heavy metals. In this respect children,
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especially the youngest, should receive a particular focus, as in early
childhood the human organism and its immune system are still
developing. During childhood, the demand for oxygen and food in
the human organism is higher, which means that a child eats, drinks
and breathes more intensively than an adult (Mielke et al., 2011; WHO,
2006). Children are restricted in movement, as they live, play outdoors,
and attend kindergarten in the same residential area, which means in
most cases they remain within a zone having almost the same level of
pollution. Because of their short stature (when ≤1 m tall) children are
impacted by secondary pollution from soil via the near-surface air
layer. The vulnerability of children is also determined by their hand-tomouth behavior (playing with or handling potentially polluted objects)
with a high risk of direct penetration of pollutants into their organisms
(Kumpiene et al., 2011; Mielke et al., 2011).
In children, exposure to heavy metals may cause allergic reactions,
kidney damage, digestive system problems, and neurodevelopment
disorders (WHO, 2006). Lead exposure in children results in fallback
in their intellectual development (Han et al., 2012).
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publication. According to it, the accuracy error and precision of the
dataset range constitutes 1.1–15.7% and 0.4–6.3%, respectively. Values
below detection limits are observed for Ag, Cd, Hg, Mo and Ni in 15%,
11.7%, 5.4%, 1.8% and 13.5%, respectively. As the number of values
below detection limit is relatively low (< 15% of all samples) (Johnson
et al., 2011; Reimann et al., 2008), in the present study, element
concentrations below detection limits are given a value of 1/2 of the
detection limit.

To ensure the safety of children in cities, implementation of targeted
investigations and monitoring of heavy metal contents in soils are
required, especially in kindergartens areas. In many countries, surveys
and monitoring of kindergartens are mandatory by public authorities
(Johnson et al., 2011; RA Ministry of Health, 2010). Besides the
assessment of soil pollution levels and identiﬁcation of probable
pollution sources, heavy metal pollution studies should place a
particular emphasis on assessment of possible pollution-induced health
risk to children (Lai et al., 2010; Wu et al., 2015).
Decade-long studies targeted the presence of heavy metals throughout the city of Yerevan (Saghatelyan, 2004; Sahakyan, 2008). However,
neither the previous studies nor the state monitoring system assessed
the status of kindergarten's soils. Therefore, the goal of this research
was to evaluate heavy metal pollution levels of kindergarten soils in
Yerevan, compare with national legal and international requirements
on heavy metal contents in kindergarten's soils, and assess related child
health risks.

2.4. Data analysis and geochemical mapping
Descriptive statistics (Table 1) were calculated for heavy metals
concentrations. To identify the relationship between heavy metals in
kindergartens’ topsoil and their possible sources, principal component
analysis (PCA) and cluster analysis (CA) were performed (SPSS 20.0).
As environmental data are usually strongly right-skewed and are
characterized by the existence of outliers (Reimann et al., 2008), for
all studied elements, the raw data were log-transformed and standardized to the Z score before PCA and CA. Heavy metals with < 0.5
measures of the proportion of variance explained by the extracted
components (communality values) were excluded from PCA. Monte
Carlo PCA for Parallel Analysis (Ledesma, 2007) was used to determine
an optimal number of components to remain. The software used for the
mapping and spatial analysis was ArcGIS 10.1. Growing-dot maps of Zc
levels and risk values were created to visualize summary pollution and
show the kindergartens where health risk of children from heavy metals
was detected.

2. Materials and methods
2.1. Study site
Yerevan (latitude 40օ10'40''N, altitude 44օ30'45''E) - Armenia's
capital, covers an area of 223 Km2, with a population of 1068.3
thousand people. The city has a dissected relief and is situated at the
height of 850–1420 m. The climate is typically continental, the amount
of annual precipitation ranges from 250 to 400 mm. The average air
temperature range is from +22 °C to +26 °C in summer, and −4 °C to
−6 °C in winter. Northeastern winds are dominant in the city round the
year. Dry steppe and semi-desert natural landscapes are common. The
geological base of the city territory includes volcanic lavas, tuﬀs, and
Quaternary sediments.
Yerevan is an educational, cultural, economic and industrial center.
The city houses some metallurgical plants, manufacturing enterprises
(e.g., concrete, wood- and metal-ware, food, medicine, paper production and stone- and woodworking workshops). In the area of Yerevan
and its outskirts, there are active basalt and crushed stone, tuﬀ, clay
quarries, and sandpits. Yerevan has a dense and extensive public
transport network.
At present 162 kindergartens operate in Yerevan attended by
approximately 32,000 children (RA National Statistical Servise,
2015). The studies covered 111 out of 162 kindergartens of Yerevan
(Fig. 1). The remaining 51 kindergartens were not investigated because
of asphalt covering, lack of soil and due to other technical reasons.

2.5. Assessment of pollution with heavy metals in soil
For an integral description of heavy metal pollution, the contamination index (Johnson et al., 2011; Perelman and Kasimov, 2000) was
calculated, according to the following formulas:

Kc =

Ci
,
Cf

Zc =

∑ Kc − (n−1),

(1)

n

(2)

i =1

where: Kc is the concentration coeﬃcient, Ci is the content of the ith
metal in kindergartens’ soils, Cf is the local background of the same
element established based on 51 background samples from the unpopulated and unpolluted external part of the city (Tepanosyan et al.,
2016), n is the number of elements in the same sample with Kc > 1.
The summary pollution level was classiﬁed as Zc < 16 –low level,
16 < Zc < 32 – mean i.e. moderately hazardous level, 32 < Zc < 128 –
high i.e. hazardous level, Zc > 128 – very high i.e. extremely hazardous
level (Perelman and Kasimov, 2000).
The contents of the elements were compared with the Maximum
acceptable concentrations (MAC) for soils accepted in Armenia (RA
Government decree, 2005).

2.2. Topsoil sampling
Soil was sampled in 2012 within the frames of Yerevan's 3rd
geochemical survey (Tepanosyan et al., 2016). 3–5 random sub-samples
were collected from each kindergarten using a stainless steel hand
auger (0–5 cm, including ‘original’ soil and artiﬁcial mounds) and then
mixed thoroughly to obtain a bulk sample. The collected bulk samples
were placed in polyethylene bags and labeled. Once taken to the lab,
soil samples were air-dried, homogenized, sieved (< 2 mm), milled in
compliance with ISO-11464 (ISO, 2006) and then stored in sealed bags
until analyses.

KMAC =

Ci
CMAC

,

(3)

where: KMAC is the concentration coeﬃcient based on MAC
(Supplementary materials Table 1). In Armenia MAC values are set
for As, Cd, Cr, Cu, Hg, Mn, Mo, Ni, Pb, V, and Zn (RA Government
decree, 2005).
To describe poly-element pollution based on MAC a Summary
Concentration Index (SCI) was calculated:

2.3. Analytic methods and QA/QC
Kindergartens’ topsoil samples were analyzed jointly with the whole
geochemical soil survey samples bank. The total concentrations of Ag,
As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Ti, V, and Zn in the soils
were determined by X-ray ﬂuorescence spectrometry (Olympus InnovX-5000 (USA)) according to EPA standard method 6200 (US EPA, 2007)
in the Center for Ecological-Noosphere Studies (CENS). The detailed
QA/QC of the database is presented in the Tepanosyan et al. (2016)

SCI =

∑ KMAC .

KMAC and SCI classiﬁcation levels are provided
Supplementary Materials Table 1 (RA Government, 2005).
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Fig. 1. Study area and distribution of sampling points.

2.6. Non-carcinogenic health risk assessment

HQ =

The health risk children are exposed to by heavy metals in the soil
was calculated according to a health risk model developed by the US
Environmental Protection Agency (RAIS, 2017; US EPA, 2002, 1989).
According to the model, non-carcinogenic risk can be assessed by
three major pathways: direct ingestion of substrate particles, dermal
absorption of heavy metals in particles adhered to exposed skin, and
inhalation of particles.
In the present research, non-carcinogenic and carcinogenic risk was
assessed only in the case of ingestion pathway considering the following
facts: the studies indicate that the major health risk a child is exposed to
is ingestion because of speciﬁc activity behavior in children (Rapant
et al., 2010), the US EPA risk assessment model undergoes transformations in the course of time (Rapant et al., 2010) and there are some
uncertainties with respect to dermal and inhalation risk assessment.
Besides, parameters of heavy metals required for assessing skin- and
inhalation-induced risk are not suﬃciently clear regarding some heavy
metals studied in this research.
The non-carcinogenic risk was estimated for Ag, As, Ba, Cd, Co, Cr,
Cu, Hg, Mn, Mo, Ni, Pb, V, and Zn. Per metal CDI (chronic daily intake)
was calculated using the formula 5 (RAIS, 2017; US EPA, 2002, 1989):

CDIing(

mg
C*IngR*EF *ED*RBA*10−6
)=
,
kgday
AT *BW

CDI
,,
RfD

(6)

where: RfD is a reference dose for the corresponding element (Table 3).
The sum of HQ values represents a Hazard Index HI=ΣHQi. HI < 1
indicates the absence of signiﬁcant non-carcinogenic health risk,
whereas HI > 1 denotes a possibility of adverse health eﬀects (RAIS,
2017; US EPA, 2002).
The carcinogenic risk refers to the probability of occurrence of any
type of cancer during the whole lifetime in case of exposure to a
carcinogenic element. The allowable risk limits are deﬁned as 10−6 to
10−4 (RAIS, 2017; US EPA, 2002, 1989). Particularly, in the case of
single element carcinogenic risk, the allowable risk limit is supposed to
be 10−6, while for multi-element carcinogenic risk the allowable limit
is < 10−4 (RAIS, 2017).
According to the International Agency for Research on Cancer the
elements of As, Cd, Cr, Co, Ni were treated as carcinogens (Cao et al.,
2014). Taking into consideration the existence of the slope factors, the
carcinogenic risk of As and the hexavalent Cr trough ingestion pathway
were assessed. As only the total Cr was deﬁned, the one-sixth of the
concentrations was used to characterize the carcinogenic risks of
hexavalent Cr (Peña-Fernández et al., 2014).
The lifetime (LT=70) average daily dose was calculated for the
ingestion pathway by the following formulae (7) (RAIS, 2017; US EPA,
2002, 1989):

(5)

where: C is the element concentration in soil (mg/kg), IngR-Ingestion
rate: in the case of children that used 200 mg/day (US EPA, 2002); EDexposure duration: this research considers ED for 3 years – a period of
time over which children attend kindergartens in Armenia; EF exposure frequency: 253 day/year considering days oﬀ and vacation
over three years and attendance hours per day; RBA-relative bioavailability factor (1 for all metals and 0.6 for As); AT (average time)
(AT=365 ×ED) (RAIS, 2017), BW (average body weight, kg): 15 kg (US
EPA, 1989).
Non-carcinogenic hazard quotient per element was calculated by
the following formula (6):

LADDing =

C × EF × 10−6 × RBA ⎛ EDchild × IngR child ⎞
×⎜
⎟.
AT × LT
BWchild
⎠
⎝

(7)

The carcinogenic risk from the ingestion pathway for each element
was assessed by the formulae (8) (RAIS, 2017):

OralRisk = LAADing × SF ,

(8)

where SF is the slope factor of each metal studied (Table 3). The multielement carcinogenic risk (RI) is the sum of values of the single element
carcinogenic risk. The carcinogenic risk level was classiﬁed as Oral
Risk < 10−6 estimated as a very low level, 10−6 −10−5 – estimated as
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Fig. 2. Box-plots of heavy metals in the topsoil of Yerevan kindergartens (n=111).
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Fig. 3. 3D plot (left) of factor loadings for rotated components and Hierarchical cluster analysis (right) of heavy metals in the topsoil of kindergartens (n=111).

a low level, 10−5 −10−4 – the medium level, 10−4 −10−3 – high level
and > 10−3 – estimated as a very high level (Rapant et al., 2010).

V follow a normal distribution. Cu, Hg, and Ni showed lognormal
distribution suggesting that these elements may have both natural and
anthropogenic origins. Abnormal distribution and high CVs of Ag, Cd,
Pb and Zn, that equal to 92%, 225%, 141%, and 59%, respectively,
indicate that these heavy metals are likely to be inﬂuenced by
anthropogenic sources.
The comparison of mean values of Yerevan topsoil and that of
studied kindergartens showed that for As, Ba, Co, Fe, Mn, Ti, and V
comparison coeﬃcients (herein comparison coeﬃcient is the ratio of
element mean concentrations of city topsoil vs. kindergartens’ topsoil)
were between 0.9 and 1.1. For Cr, Cu, Hg, Ni, and Zn comparison
coeﬃcients were between 1.3 and 2.0. The highest comparison
coeﬃcient was detected for Pb (45.8) suggesting that Yerevan topsoils
were a secondary pollution source of Pb for Yerevan kindergarten sites.
In the case of Mo, its contents in kindergarten topsoils were 1.8 times
higher compared with the city topsoils concentration which conﬁrmed
that molybdenum based paints were also an essential source of Mo
pollution.

3. Results and discussion
3.1. Data analyses and heavy metal concentrations in the topsoil
It is widely recognized that heavy metals are supposed to have
natural origin when they follow a normal or lognormal distribution
(Johnson et al., 2011; Reimann et al., 2008; Yuan et al., 2014) or do not
signiﬁcantly exceed the geochemical background (Johnson et al., 2011;
Saet et al., 1990).
The element contents, i.e. geochemical background relationship
(Kc) has indicated (Supplementary Materials Table 2) that Hg, Mo, and
V are excessive in the area of all 111 kindergartens, whereas Zn exceeds
the background in 107, Cu in 98, Mn in 76, Ba in 71, Fe in 53, As in 52;
Ti in 47, Co in 45; Cr, Ni, and Cd exceed the background in 44
kindergartens, Pb in 13, and Ag in 8. This makes it obvious that
according to the geochemical background, concentrations of all the
studied elements diﬀer to some extent from their local natural contents
(Supplementary Materials Table 2).
Parameters of the statistical description of heavy metals found in the
topsoil of Yerevan kindergarten localities are given in Table 1, which
also includes local background values and the average contents of
studied elements in city topsoil.
Table 1 and box-plots (Fig. 2) show signiﬁcant asymmetry in the
case of Ag, As, Ba, Cd, Cu, Ni, Pb, V, and Zn. The asymmetry of Co, Cr,
Fe, Hg, Mn, Mo, and Ti is not high (< 1), and thus, the latter supposedly
have a normal distribution.
Then, as demonstrated by the Shapiro-Wilk normality test results,
Co, Cr, Fe, and Mn have normal and Mo and Ti – lognormal
distribution. Moreover, the coeﬃcient of variation (CV) of Co, Cr, Fe,
Mn, and Ti was 11%, 22%, 9.2%, 9% and 12%, respectively, suggesting
that these heavy metals had a natural origin.
Although Mo had a lognormal distribution, and its CV was 33%, this
element was not typical to the city area geology (Saghatelyan, 2004).
The high contents of Mo found in Yerevan kindergartens undoubtedly
have anthropogenic origin associated with Mo smelting and processing
plants in the southern industrial part of the city and may also originate
from molybdenum based paints used to varnish kindergarten playgrounds. Thus, lognormal distribution of Mo may be explained by a
regularly spaced distribution of discharges from stationary pollution
sources into the atmosphere, and spatial positions of the studied
kindergartens.
After removing some outliers and extreme concentrations of other
studied elements (Ag, As, Ba, Cd, Cu, Hg, Ni, Pb, V, and Zn), As, Ba and

3.2. Correlation and Principal component analysis for heavy metals in the
topsoil
A correlation matrix was used to highlight the strength of interrelationship between two elements, while PCA was used to extract a
smaller number of independent factors (uncorrelated or orthogonal
principal components) from a large set of inter-correlated variables.
Signiﬁcant negative correlation (level of signiﬁcance < 0.01 or <
0.05) was observed between Ti and As, Cd, Cr, Ni, and Zn, between V
and Ag, Cd, and Zn, between Cr and Ba, Mo, between Fe and Ag, Cd,
between Co and Ag, Cd, and Ni, and between Hg and Ag, Cd, Cu, Mo,
Pb, and Zn (Supplementary materials, Table 3). This suggests that these
heavy metals may have diﬀerent sources of origin. Signiﬁcant positive
correlations exist at the signiﬁcance level of < 0.01 or < 0.05 between
Ti and Ba, Co, Fe, Hg, Mn, and V, between V and Ba, Co, and Fe,
between Cr and Ag, Mn, and Ni, between Mn and Co, Fe, and Ni,
between Fe and Co, between Co and Hg, between Ag and Cd, Ni,
between Cu and Ba, Mo, Pb and Zn, between Zn and Ba, Mo, and Pb,
and between Mo and Ba, Pb, indicating that these elements may have
come from the same or similar sources. In all other cases, the
correlation was not signiﬁcant.
Source identiﬁcation of heavy metals in kindergartens’ topsoil was
guided by multivariate analysis such as PCA (Reimann et al., 2008). The
Kaiser-Meyer-Olkin measure of sampling adequacy (0.72) and Bartlett's
test of sphericity (p < 0.001) stated PCA suitability for the analysis of
the data set. In this study, the contents of arsenic were excluded from
PCA as its communality value (0.095) was very low. According to the
261
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in the topsoil), Cu was interpreted as having a mixed origin. Its presence
in the anthropogenic group of PC3 can be explained by the fact that
contents of Cu coming from anthropogenic sources were predominant.
Previous studies showed that vehicle emissions were the primary source
of Pb in the city of Yerevan (Saghatelyan, 2004; Sahakyan, 2008). In
2001, the use of leaded gasoline ceased in Armenia. Since then, the
potential sources of lead existing in the territory of the city are road
transport (i.e. brake lining) (Winther and Slentø, 2010), Pb-based
paints, coal burning, plastics and rubber production, and car batteries
(Steinnes, 2013). Lead may have also occurred as a result of the
redistribution of historical pollution (Chabukdhara and Nema, 2013).
Cu might occur due to vehicle brake lining (Lindström, 2016), and Zn as
a result of traﬃc emission, especially due to vehicle tires (Li et al.,
2001). Besides the road transport, the possible sources of Cu and Zn
could be the plants located in the industrial parts of the city. The
highest concentrations of Mo are spatially allocated with Mo concentrate smelting and processing plants, which are also a signiﬁcant source
for Cu, Pb, and Zn.
PC4 (8.75% of total variance) showed moderate negative loading
for Hg and strong positive loadings for Ag and Cd, indicating other
sources diﬀerent from PC2 and PC3. According to the previous studies,
silver smithing was (Sahakyan, 2008) and remains the main source of
Ag. The essential source of Cd in the city area is vehicle tires, while Cd
may also appear from the burning of fossil fuels and various industrial
uses such as batteries, plating, pigments and plastics.
3.3. Cluster analysis (CA)
To check the results of the PC analysis for heavy metals Hierarchical
CA was performed. The data were standardized to the Z score (with a
mean of 0 and a standard variation of 1) and then classiﬁed using the
Centroid clustering. The distance measure used in CA was the Pearson
correlation and results are represented in a dendrogram (Fig. 3).
According to this method, 15 heavy metals were classiﬁed and merged
into four distinct clusters with a rescaled distance of 20. In this
particular distance, Hg appears to be a “runt,” because it does not
enter any group until near the end of the procedure. This shows that Hg
sources diﬀer from those of the other heavy metals.
Cluster I contained Co, Fe, Mn, Ti and V. Cluster II contained Ba, Cu,
Mo, Pb, and Zn. From these elements, Cu, Mo, Pb, and Zn showed high
CV values in the studied area and were previously interpreted as having
an anthropogenic origin. Cluster III contained Cr and Ni, and cluster IV:
Ag and Cd, indicating that properties of Cr and Ni diﬀer from those of
Cd and Ag in the topsoil of kindergartens, and both were diﬀerent from
those of the elements of Cluster I and II. It is evident that the sources of
heavy metals included in four groups were distinct from each other and
from the Hg source(s). The CA also veriﬁed the PCA.

Fig. 4. Children non-carcinogenic risk and Summary pollution index in Yerevan's
kindergarten's soil.

results of Parallel Analysis, four components were extracted, which was
coherent with PCA results showing four eigenvalues greater than 1
(PC1-4.12; PC2-2.88; PC3-2.37 and PC4-1.31). The eigenvalue of the
ﬁfth component was 0.88. Varimax rotation results of the four
components are shown in Table 2 and the 3D loading plot of PC1,
PC2 and PC3 is presented in Fig. 3. PC1, PC2, PC3 and PC4 explained
the 71.2% of the total variance.
PC1 (27.47% of the total variance) showed strong (> 0.7) positive
loading for Ti, Mn, Fe, Co and moderate (0.5–0.7) positive loading for
V. This suggests that Ti, Mn, Fe, Co, and V may have natural origin,
which is also conﬁrmed by a normal and lognormal distributions and by
their low values of Kc and CV (Table 1 and Supplementary materials
Table 2).
PC2 (19.20% of total variance) showed moderate negative loadings
for Mo and strong negative loading for Ba, while strong positive
loadings for Cr and Ni, which indicated that these heavy metals might
have come from diﬀerent sources. According to the interpretations of
Section 3.1 (Data analyses and heavy metal concentrations in the topsoil),
Cr concentrations have a natural origin. Ni showed abnormal distribution, and its CV (65.0%) was high due to the presence of some outliers
and extreme values (Fig. 2). Ni presence in the same group with Cr
indicated that the contents of Ni with natural origin were predominant.
The latter can be explained by the fact that the city territory is reached
by basalts which contain essential quantities of Ni and Cr (Meuser,
2010).
PC3 (15.78% of the total variance) showed strong positive loading
for Cu and Zn, and moderate positive loading for Mo and Pb, indicating
that these heavy metals had the same source of origin. There were high
CV values of Cu, Mo, Pb and Zn in kindergartens topsoil (Table 1),
which implied that these heavy metals in the topsoil might have
originated from anthropogenic sources. Meanwhile, based on the
discussion in Section 3.1 (Data analyses and heavy metal concentrations

3.4. Contamination Index (Zc) and Summary concentration index (SCI) of
heavy metals in Yerevan kindergartens’ topsoil
The contamination index allows indicating the level of poly-element
pollution. However, one should stress that the contamination index
disregards the toxicity of elements. The values of the contamination
index range from 7.0 to 45.9, averaging out to 12.1. According to the
contamination index, a low level of pollution (Zc < 16) was detected in
the area of 102 kindergartens.
Medium level of pollution (16 < Zc < 32) was established in seven
kindergartens, of which two are spatially located in the western
residential section in Yerevan, four - in the southwest industrial part
of the city, one - in the southern residential site of the city (Fig. 4).
High level (32 < Zc < 128) of pollution was detected in two
kindergartens, of which one is located in a residential district in the
east, near the industrial sections, the other is situated in an industrial
section in the southwest of the city. Extremely high levels of pollution
were not found. Similar results were obtained by Kumpiene et al.
262
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Table 1
Descriptive statistics of heavy metals concentrations in Yerevan kindergartens topsoil. Yerevan topsoil's mean values and local background (Tepanosyan et al., 2016) values are also given.
Heavy metals

Mean

Median

SD

Min

Max

Skew.

CV, %

Yerevan topsoil's mean

Local background

Ag
As
Ba
Cd
Co
Cr
Cu
Fe
Hg
Mn
Mo
Ni
Pb
Ti
V
Zn

0.10
0.69
430
0.56
15.2
66.4
57.9
38140
0.09
830
4.6
31.4
2.4
4652
98.7
195

0.09
0.69
429
0.19
15
67
54.3
38139
0.09
822
4.3
29
1.4
4553
97
163

0.09
0.13
93
1.3
1.6
14.6
19.8
3508
0.03
76
1.5
20.4
3.4
580
11.7
114

0.0004
0.43
212
0.00008
10.6
32
32.8
27175
0.02
652
2.2
5
0.59
3426
76.8
66.5

0.6
1.5
1044
11
20
108
165
48111
0.15
1003
9
114
32
6716
153
710

1.66
2.42
2.60
6.07
0.31
0.05
2.46
0.01
−0.51
0.12
0.87
1.33
6.32
0.96
1.70
1.67

92
19
22
225
11
22
34
9
28
9
33
65
141
12
12
59

-b
0.78a
428a
-b
14a
122a
103a
36340a
0.115a
776a
2.6a
62a
110a
4115a
90a
262a

0.13
0.69
407.8
0.31
15.6
71.1
40
38304
0.017
788
1.75
30.4
4.8
4646.6
45.8
78.4

Note:
a
based on 1356 samples analyzed.
b
for Cd and Ag were < BDL in 90% of all Yerevan topsoil samples.

(2011) for 49 preschools in Vilnius, Lithuania. Particularly, from 49
studied preschools, Zc showed the medium level in 16 and high level of
pollution in 5 playgrounds, indicating that most of the Vilnius preschools where children were at risk were located in the former
industrial city district of Naujamiestis (Kumpiene et al., 2011).
The comparison of contents of the elements with local MACs (RA
Government, 2005) showed that an excess vs. MAC was established for
Cd, Cr, Cu, Ni, V and Zn, whereas no excess was detected in the case of
As, Co, Hg, Mo, Pb. As seen from Supplementary materials in Table 2,
the excess of maximum contents vs. MAC in the case of Cd, Cr, Cu, Ni,
V, and Zn were 5.44, 1.20, 1.25, 1.42, 1.02 and 3.23 times, respectively.
Excess of Cd vs. MAC was detected in 4, Cr - in 6, Cu - in 2, Ni - in 3, V in 1 and Zn, found in 35 kindergartens. The excesses of Cr, Cu, Ni, V vs.
MAC was estimated as a low level of pollution. The excesses of Zn in 32
kindergartens were at low, in three kindergartens – at the medium level
of pollution. For Cd, two kindergartens had a low level of pollution; one
kindergarten showed a high level of pollution and one kindergarten is
reported to have an extremely high level of pollution.
Excessive contents of certain elements were detected in 42 kindergartens, 34 of which kindergartens showed an excess of only one
element against MAC, in 7 – 2 elements, and in 1–3 elements. The value
of SCI ranges from 2.7 to 9. According to the SCI, soils in the area of 109
kindergartens are at allowable (< 8) and two kindergartens - at the low
level of pollution (8–16).
The comparison of surveys carried out in kindergartens of diﬀerent
cities (Button, 2008; Hou et al., 2011; Kumpiene et al., 2011; Miko
et al., 2009; Ottesen et al., 2008) showed that in each country diﬀerent
heavy metals were prioritized. Some of these studies were dedicated to
a single chemical element (Button, 2008), whereas multi-elemental
pollution was dealt with in most other cases (Hou et al., 2011;
Kumpiene et al., 2011; Miko et al., 2009; Ottesen et al., 2008).
Meanwhile, the most studied elements in kindergartens soils were Cu,
Pb, and Zn. Excesses vs. locally and internationally acceptable levels
were detected in soils of Cincinnati area (Button, 2008), cities of
Norway (Ottesen et al., 2008), Podgorica (Boban et al., 2013), Novi Sad
(Dragan et al., 2014) and Uppsala (Ljung et al., 2006).
The contents of Cu, Pb and Zn in kindergarten topsoils of Yerevan,
as well as those in Zagreb (Croatia) (Miko et al., 2009), Vilnius
(Lithuania) (Kumpiene et al., 2011), and Kaifeng (China) (Hou et al.,
2011) have mainly an anthropogenic origin. As far as other elements
are concerned, for Co, Cr, Fe, Mn, Ni, Ti, and V local lithological
bedrock composition is supposed to be the main source of origin in both
Yerevan kindergartens and Zagreb child day-care centers (Miko et al.,
2009).

Table 2
Factor loadings for varimax rotated PCA of heavy metals data in kindergartens topsoil.
Heavy metals

Ag
Ba
Cd
Co
Cr
Cu
Fe
Hg
Mn
Mo
Ni
Pb
Ti
V
Zn
Eigenvalue
Variance, %
Cumulative, %

Component
1

2

3

4

−0.23
0.15
−0.13
0.88
0.14
0.05
0.95
0.03
0.75
−0.11
−0.14
0.02
0.85
0.63
−0.08
4.12
27.47
71.2

0.19
−0.81
0.06
−0.08
0.75
0.02
0.01
0.02
0.39
−0.58
0.87
0.00
−0.24
−0.49
−0.04
2.88
19.20

0.07
0.26
−0.16
0.12
0.17
0.82
−0.03
−0.47
0.04
0.54
0.06
0.61
−0.22
−0.01
0.81
2.37
15.78

0.79
0.08
0.77
−0.23
0.29
−0.09
−0.14
−0.66
0.08
0.06
0.14
0.03
−0.22
−0.03
0.11
1.31
8.75

3.5. Non-carcinogenic health risk assessment
Before the characterization of non-carcinogenic and carcinogenic
risks, the total concentrations of studied heavy metals were compared
with safe levels (SSLs) of metals for residential dwellers (US EPA,
2016). The observed concentrations were lower for all studied heavy
metals for the non-carcinogenic case.
RfDs values (Table 3) necessary for assessment of non-carcinogenic
risk from ingestion exposure were taken from Risk Assessment Information System (RAIS, 2017). There exists no oral RfDs value for Pb,
therefore for the present research an international reference value for
Pb was taken from the EFSA (European Food Safety Authority, 2010).
According to the EFSA due to the absence of a threshold, diﬀerently
from RfD, the 95th percentile lower conﬁdence limit of the benchmark
dose of 1% extra risk (BMDL01), does represent a reference point of
exposure associated with an eﬀect (1% extra risk of adverse neurodevelopmental eﬀects in children).
Results of the assessment of the non-carcinogenic risk of heavy
metals in kindergarten topsoil of Yerevan for children are given in
Table 3. The hazard quotients of all studied metals were all below safe
value (HQ < 1). The highest HQing value was 0.62 for Co, while the
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Appendix A. Supplementary material

Table 3
Non-carcinogenic and carcinogenic risk derived from ingestion exposure to individual
elements, for children.
Element

Ag
As
Ba
Cd
Co
Cr
Cu
Hg
Mn
Mo
Ni
Pb
V
Zn
HI
Oral risk
As
Cr
RI

Supplementary data associated with this article can be found in the
online version at http://dx.doi.org/10.1016/j.ecoenv.2017.04.013.

RFDs (mg/kg day−1)

HQing
Min

max

mean

6.47E-07
7.98E-03
9.80E-03
1.39E-06
3.27E-01
1.64E-02
7.58E-03
2.08E-03
2.51E-01
4.07E-03
2.31E-03
1.08E-02
1.42E-01
2.05E-03
8.53E-01

1.05E-03
2.79E-02
4.82E-02
2.01E-01
6.19E-01
5.55E-02
3.81E-02
1.39E-02
3.86E-01
1.68E-02
5.27E-02
5.88E-01
2.83E-01
2.19E-02
1.73E+00

1.85E-04
1.27E-02
1.99E-02
1.03E-02
4.68E-01
3.41E-02
1.34E-02
8.50E-03
3.20E-01
8.41E-03
1.45E-02
4.44E-02
1.83E-01
6.01E-03
1.13E+00

1.54E-07
1.06E-06
1.33E-06

5.38E-07
3.56E-06
3.82E-06

2.45E-07
2.19E-06
2.44E-06
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lowest value was 7*10−6 for Ag.
Mean values of HQs decrease in the following order: Co > Mn > Cr
> V > As > Ba > Ni > Cu > Mo > Pb > Zn > Hg > Cd > Ag.
HI values range from 0.9 to 1.7 with the mean of 1.1. Mean and max
HI values were slightly higher than the safe level (HI > 1). According to
the HI values in 104 kindergartens, possible non-carcinogenic risk
(HI > 1) to children health was observed.
As and Cr total concentrations in some sampled kindergartens were
higher than those considered safe from potential cancer risk. However,
in the case of As, the RBA factor of 0.6 and exposure duration (totally
759 days) reduce the level of potential risk. Thus carcinogenic risk
assessment (Table 3) showed that in all studied kindergartens the As
risk values belong to the very low (allowable) level, while Cr and RI
exceeded safety level (1.0E-06) in all kindergartens and showed low
level (Table 3) of carcinogenic risk.

4. Conclusion
The contents of all the studied heavy metals (Ag, As, Ba, Cd, Co, Cr,
Cu, Fe, Hg, Mn, Mo, Ni, Pb, Ti, V, and Zn) exceeded the local
background, but not in all samples.
The multivariate statistical analysis suggested that the contents of
Co, Cr, Fe, Mn, Ni, Ti, and V are predominantly of natural origin, while
those in the case of Ag, As, Ba, Cd, Cu, Hg, Mo, Pb, and Zn, may be
inﬂuenced by anthropogenic sources.
In 42 kindergartens’ soil, excessive vs. local MAC contents were
determined in particular for Cd, Cr, Cu, Ni, and Zn.
According to the contamination index, the pollution level in 102
kindergartens out of 111 was low, in 7 and 2 – medium and high
respectively, while in the case of summary concentration index, the
pollution level was allowable in 109 and low in two kindergartens.
The mean values of HQ of studied heavy metals decreased in the
following order: Co > Mn > Cr > V > As > Ba > Ni > Cu > Mo > Pb
> Zn > Hg > Cd > Ag. Ingestion – the induced health risk assessment
results have indicated that HI values in 104 kindergartens overstep the
allowable level (HI > 1), while RI was at the low level of risk in all
kindergartens which proved that city kindergartens required further indepth investigation and development of appropriate measures to reduce
or eliminate soils with heavy metals-induced health risk.
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