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Abstract

The parks and green spaces from large urban areas, whose positive social, economic and
environmental impact is recognized nowadays throughout the world, are subject to the actions of
anthropic factors. As part of the present study, the authors determined the Fe, Mn, Cr, Co, Ni,
Cu, Zn, Pb, As and Cd contents of 42 samples collected from the soils of Copou Park and 7 soil
samples collected from the green area between the pavement bordering Copou Park and the road
adjacent to it. The statistical parameters, the geochemical background and the geo-accumulation
index allowed the emphasizing of heavy metal contents which, according to the national soil
quality standards, exceed the alert thresholds (Cr, Cu, Zn, Pb, As) and/or the intervention
thresholds (Zn, Pb, As), which may be attributed to anthropogenic inputs. The spatial patterns
were analyzed with the help of semivariograms, whose parameters were used in the kriging
method in order to estimate heavy metal contents in the locations not subjected to
measurements.

Keywords: Copou Park, heavy metal contamination, geo-accumulation index, spatial variability,
lasi, Romania.

ronment. The interaction between human
beings and the environment they live in is

Introduction

The intense process of urbanization and
the activities related to it, such as the
intensification of vehicular traffic, the pro-
duction of electric and/or thermal power, and
the appearance of deposits of urban waste,
have, in most cases, led to the accumulation of
potentially toxic elements in urban soils, and,
implicitly, to the degradation of the envi-
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extremely complex and difficult to quantify.
Among the various types of interactions, that
with the soil plays an essential role, the
contact between humans and soil being (a)
directly or (b) indirectly achieved through the
inhalation of soil-derived dust.

The main chemical elements generated
through anthropic activity which have a
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powerful impact upon the natural geochemical
background of urban soils are Cu, Pb, Zn, Cd,
Co, Mn, As, Cr and Ni (Alloway, 1994; Li et
al., 2001; He et al., 2005; Bounds and
Johannesson, 2007; Papafilippaki et al., 2008;
Fong et al., 2008; Cannon and Horton, 2009;
Oprea et al., 2010; Zaady et al., 2010; Fordyce
et al., 2012; Guo et al., 2012).

Within the urban environment, green
spaces — public parks, in particular — play a
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Fig. 1 Samplin

Materials and methods
1. Study area

Situated on Copou hill and serving the
over 300,000 inhabitants of the city of lasi,
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very important role, both from an aesthetic
point of view, but also through their positive
influence upon human health (Richardson et
al., 2010). Unfortunately, anthropic activities
have a negative impact upon the soil of green
spaces ( Hursthouse et al., 2004; Lacatusu et
al., 2004; Chen et al., 2005; Marjanovi¢ et al.,
2009; Jien et al., 2011), with undeniable

negative consequences regarding public
health.
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Copou Park was created between 1753 and
1852, through the orders of princes Matei
Ghica and Mihai Sturdza. Completed, from a
stylistic point of view, at the beginning of the
20™ century by the Austrian landscape archi-
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tect Rebhun, Copou Park represented, at the
time, a hybrid between the English and French
styles (lliescu, 2006; Tofan, 2008).

According to the provisions of Law
24/2007, Copou Park, which covered an initial
area of 20 ha, but currently occupies only 10
ha, is inscribed in the category of public parks
(the Official Journal of Romania, 2007).

The soil of Copou Park is of the cambic
chernozem type, covered by a strongly anthropic
supply (Lacatusu et al., 2005).

2. Soil sampling

A number of 42 samples (CS) from 7
alignments perpendicular to Carol | Boulevard
were collected from the soil of Copou Park
(Fig. 1). In order to underline the direct impact
of vehicular traffic upon the soil, 7 additional
soil samples (SR) were collected from the soil
of the green area situated between the
pavement bordering Copou Park and the
adjacent road (Fig. 1). The sampling depth was
within the 0.0-0.30 m range, while the weight
of the samples varies between 1.5 and 2.0 kgs.

3. Analytical procedure

The Fe, Mn, Cr, Co, Ni, Cu, Zn, Pb, As
and Cd contents were determined through X-
ray Fluorescence Spectrometry (EDXRF
Epsilon 5), within the Department of Geology.

Statistical treatment

1. Descriptive statistics

The statistical study, performed using
SPSS 19 software, has focused on the main
statistical parameters which characterize the
heavy metal contents of the soils in the
studied area (Tab. 1).

The type of distribution — normal or
lognormal - implies the further use, in
calculations, of either the arithmetic mean or
the geometric mean.

A hierarchy of the average heavy metal
content values for the soils in the studied area
(Tab. 1; Fig. 2) allows the following observations:

a.CS:Cd<As<Co<Cu<Ni<Pb<Cr<
Zn<Mn<Fe

b. SR: Cd<Co<As<Ni<Cu<Cr<Zn
<Pb<Mn<Fe
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c. quantitatively, CS IS richer in Co, Fe,
Mn, Ni and Zn, while SR exhibits higher
contents of As, Cd, Cr, Cu and Pb;

When compared to the average heavy
metal content values obtained for the soils of
the city of lasi and its surrounding areas by
lancu and Buzgar (2008) and Apostoae and
lancu (2009) (Tab. 1; Fig. 2), the average
values obtained for the perimeter studied point
to the following:

a. high average values:

a;. CSand SR: Zn and Pb

a,. CS: Fe, Cr, Coand Ni

a;. SR: Cu

b. lower average values:

b,. CSand SR: Cd

The explanation for the differences
noticed lies in the fact that, among the soils
described by lancu and Buzgar (2008) and
Apostoae and lancu (2009), those upon which
the anthropic impact has been either reduced
or entirely absent (farming areas, forests and
semi-natural areas) are predominant (over
72%), while the soils from Copou Park are
subjected to continuous stress (largely as a
result of vehicular traffic).

Compared to the normal values in soils
(NVS) (the average concentration of iron (Fe)
in the upper crust, respectively), the heavy
metal contents of the soils studied (Tab. 1,
Fig. 3) reveal the following:

a. high values:

a;. CS and SR: Ni, Cu, Zn, Pb and As

a,. CS: Crand Co

b. similar values:

b;. CS: Fe and Mn

b,. SR: Co

c. low values:

c;. CSand SR: Cd

C2. SR: Fe and Mn

The sensible alert thresholds (SAT) and
the sensible intervention thresholds (SIT),
established by means of Law 756/1997 (the
Official Journal of Romania, 1997) (Tab. 2;
Figs. 4, 5), are exceeded by the contents of Cr,
Cu, Zn, Pb and As (SAT), and Zn, Pb and As
(SIT), respectively, indicating a correlation
with the road and the residential buildings
adjacent to Copou Park.
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Table 1 Descriptive statistics parameters of soil heavy metals

Normal value
Minimum Maximum Mean Background Coefficient Geometric Distribution in soils
(mg/kg) (mg/kg) (mg/kg) (mg/kg) of Variation Mean type (NVS)?
(mglkg)
a.CS and SR (soil samples = 49)
Fe 18604.509 36719.425 29431.208 33234.017 0.146 29079.781 Normal 308907
Mn 557.605 921.597 810.171 893.203 0.113 804.473 Normal 900
Cr 60.825 184.383 94.504 106.899 0.272 91.621 Normal 30
Co 9.659 24.951 18.637 21.855 0.196 18.204 Normal 15
Ni 22.28 51.912 41.116 47.293 0.182 40.307 Normal 20
Cu 28.399 135.167 47.809 44.697 0.567 43.051 Lognormal 20
Zn 75.86 3526.045 211.754 156.204 2.300 143.549 Lognormal 100
Pb 20.73 897.344 66.778 52.66 1.879 46.702 Lognormal 20
As 9.956 54.088 13.79 13.544 0.441 13.248 Normal 5
Cd 0.026 0.437 0.08 0.089 0.731 0.071 Normal
b. CS (soil samples = 42)
Fe 18604.509 36719.425 30556.224 33994.795 0.113 30327.701 Normal 308907
Mn 580.838 921.597 834.932 895.025 0.084 831.684 Normal 900
Cr 60.825 154.407 91.639 84.261 0.247 89.265 Normal 30
Co 9.659 24.951 19.620 18.497 0.147 19.349 Normal 15
Ni 22.881 51.912 43.343 44.645 0.122 42.945 Normal 20
Cu 28.399 66.921 37.488 42.604 0.195 36.902 Lognormal 20
Zn 75.861 3526.045 216.891 158.972 2.429 138.341 Lognormal 100
Pb 20.730 215.396 46.698 50.391 0.726 41.335 Lognormal 20
As 10.223 19.159 13.104 14.682 0.120 13.021 Normal
Cd 0.026 0.437 0.077 0.039 0.801 0.067 Normal




Normal value

Minimum Maximum Mean Background Coefficient Geometric Distribution in soils
(mg/kg) (mg/kg) (mg/kg) (mg/kg) of Variation Mean type (NVS)?
(mglkg)
¢.SR (soils samples = 7)
Fe 19723.577 25179.034 22681.114 - 0.091 22599.614 30890°
Mn 557.605 735.728 661.602 - 0.096 658.916 900
Cr 76.969 184.383 111.693 - 0.334 107.123 30
Co 9.967 15.233 12.744 - 0.144 12.628 15
Ni 22.280 32.179 27.750 - 0.126 27.556 20
Cu 80.203 135.167 109.735 - 0.155 108.540 ) 20
Zn 145.449 227.172 180.931 - 0.151 179.186 100
Pb 45.171 897.344 187.256 - 1.674 97.161 20
As 9.956 54.088 17.904 - 0.893 14.694 5
Cd 0.063 0.152 0.100 - 0.320 0.096 1
d.Soils of Iasi city and the suburban areas (Iancu and Buzgar, 2008, Apostoae and Iancu, 2009)
Fe 4215.00 54111.00 20442.06 - 0.210 20012.260 30890°
Mn 50.00 1669.00 628.82 - 0.180 616.43 900
Cr 0.00 591.60 36.00 59.166 0.77 31.10 30
Co 4.88 27.90 9.28 11.802 0.24 9.28 15
Ni 13.50 349.60 38.13 46.991 0.55 36.33 ;g
Cu 11.60 702.61 45.36 48.624 1.02 36.29 - 100
Zn 10.10 5624.00 114.78 139.349 2.37 83.55 20
Pb 4.50 1995.43 27.73 43.755 241 21.32 1
Cd 0.00 15.44 0.49 0.841 1.53 0.35

T'Law 756/1997, Romanian Ministry of Waters, Forests and Environment Protection
Z average concentration of Fe in the upper crust (Reimann et al., 2008
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Table 2 The distribution of the heavy metals reported to NVS*, SAT! and SIT*

[0;NVS) % [NVS ; SAT) % [SAT; SIT) % [SIT ; +o0) %

a.CSand SR

Mn 46 93.877 3 6.123 0 0 0 0
Cr 0 0 34  69.387 15 30.613 0 0
Co 9 18.367 40  81.633 0 0 0 0
Ni 0 0 49 100 0 0 0 0
Cu 0 0 44  89.795 5 10.205 0 0
Zn 5 10.204 42  85.714 1 2.041 1 2041
Pb 0 0 35  71.428 11 22.45 3  6.122
As 0 0 46 93.877 2 4.082 1 2041
Cd 49 100 0 0 0 0 0 0
b.CS

Mn 39 92.857 3 7.143 0 0 0 0
Cr 0 0 30 71.428 12 28572 0 0
Co 42 100 0 0 0 0 0 0
Ni 0 0 42 100 0 0 0 0
Cu 0 0 42 100 0 0 0 0
Zn 5 11.905 35 83.333 1 2.381 1 2381
Pb 0 0 34  80.952 6 14.286 2 4762
As 40 95.238 2 4,762 0 0 0 0
Cd 42 100 0 0 0 0 0 0
c.SR

Mn 7 100 0 0 0 0 0 0
Cr 0 0 4 57.143 3 42.857 0 0
Co 6 85.714 1 14.286 0 0 0 0
Ni 0 0 7 100 0 0 0 0
Cu 0 0 2 28.571 5 71429 0 0
Zn 0 0 7 100 0 0 0 0
Pb 0 0 1 14.286 5 71428 1 14.286
As 0 0 6 85714 0 0 1 14.286
Cd 7 100 0 0 0 0 0 0

TLaw 756/1997, Romanian Ministry of Waters, Forests and Environment Protection

The coefficients of variation (CV) for CS
and SR (Tab. 1, Fig. 6) are within the
[0.113+2.300] interval, a hierarchy of values
indicating the following: Mn < Fe < Ni < Co <
Cr<As<Cu<Cd<Pb<2Zn.

A comparison with the CV values calcu-
lated for the heavy metal contents in the soils
of the city of lasi and its surrounding areas
(Buzgar and lancu, 2008; Apostoae and lancu,
2009) approximately indicates the same order
(Tab. 1; Fig. 6). The CV values for CS and SR
in the case of Cu (0.567) and, in particular, Pb

AUI-G, 59, 1, (2013) 23-49

(1.879) and Zn (2.300) suggest a supplemen-
tary contribution of Cu, Pb and Zn, which, in
the case of the soils studied, is due to anthropic
activity. Pb and Zn have CV values higher than
1.2, justifying a lognormal distribution
(Knudsen, 1988; in Moon et al., 2006).
A detailing of CV values for the soil
samples analyzed reveals the following:
a. lowCV:

a;. CS and SR: Fe, Mn, Ni, Co, Cu and Cr

a,. SR: Zn and Cd

as. CS: As



Heavy metals pollution in the soils of Copou Park, lasi 29

b. average-to-high CV: c. very high CV:
b,. CS: Pb and Cd ¢;. CS: Zn
b,. SR: As C,. SR: Pb
350 -

Fe Mn C Co Ni Cu n Pb As od

BCSandSR M CS WSR  lancu and Buzgar, 2008; Apostoae and lancu, 2009

Fig. 2 Average values of the heavy metals contents (Fe x 10°%; Mn x 10%).
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m(CSandSR mCS wSR lancu and Buzgar, 2008; Apostoae and lancu, 2009 mNVS

Fig. 3 NVS versus average values of the heavy metals (Fe x 10%; Mn x 10%).

Numberof samples

Mn Cr Co Ni Cu Zn Pb As cd
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Fig. 4 The contents of the heavy metals reported to NVS, SAT and SIT.
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Table 3 The Spearman’s rank correlation coefficients of soil heavy metals

a.CS and SR
Fe Mn Cr Co Ni Cu Zn Pb As Cd

Fe 1

Mn 0.713™ 1

cr 0.136 -0.076 1

Co 0.945™ 0.623" 0.143 1

Ni 0.828" 0.551" 0.251 0.827™ 1

Cu -0.447" -0.362 0.436" -0.282 -0.186 1

Zn -0.603™ -0.223 0.009 -0.586™ -0.558™ 0.331 1

Pb -0.795™ -0.428™ 0.047 -0.738™ -0.637" 0.138 0.848™ 1

As -0.103 0.295 0.038 -0.092 0.067 0.051 0.218 0.287 1

cd -0.227 -0.289 -0.047 -0.148 -0.260 -0.089 0.133 0.287 -0.142 1
b.CS

Fe 1

Mn 0.650™ 1

Cr 0.121 -0.012 1

Co 0.949™ 0.623" 0.073 1

Ni 0.841™ 0.551™ 0.190 0.827™ 1

Cu -0.213 -0.083 0.037 -0.236 -0.189 1

Zn -0.577" -0.059 -0.038 -0.533™ -0.504™ 0.536" 1

Pb -0.790™ -0.311 -0.033 -0.726™ -0.690™ 0.429™ 0.829™ 1

As -0.140 0.192 0.106 -0.215 -0.087 -0.083 0.359" 0.295 1

Cd -0.191 -0.194 -0.054 -0.131 -0.206 0.301 0.077 0.177 -0.039 1




Table 3 (continued)

c.SR
Fe Mn Cr Co Ni Cu Zn Pb As Cd
Fe 1
Mn 0.929™ 1
Cr 0.750 0.643 1
Co 0.964™ 0.857" 0.714 1
Ni 0.893” 0.929™ 0.643 0.857" 1
Cu 0.857" 0.857" 0.679 0.821" 0.964™ 1
Zn 0.429 0.214 0.036 0.393 0.321 0.357 1
Pb -0.071 -0.143 0.429 -0.214 -0.071 0.001 0.001 1
As 0.144 0.090 0.721 0.054 0.126 0.180 -0.252 0.883" 1
Cd 0.321 0.393 0.679 0.286 0.214 0.143 -0.607 0.286 0.649 1

**: correlation is significant at the 0.01 level

* 1 correlation is significant at the 0.05 level



Table 4 Total variance explained and component matrices for the soil heavy metals

Total variance explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

Component % of . % of . : ;
Total - Cumulative % Total - Cumulative % Total % of Variance  Cumulative %
Variance Variance
1 5.078 50.781 50.781 5.078 50.781 50.781 4.659 46.593 46,593
2 1.567 15.671 66.451 1.567 15.671 66.451 1.916 19.162 65,755
3 1.346 13.456 79.907 1.346 13.456 79.907 1.415 14.152 79,907
4 0.874 8.743 88.650
5 0.554 5.543 94.193
6 0.336 3.358 97.551
7 0.119 1.191 98.742
8 0.072 0.715 99.457
9 0.038 0.376 99.833
10 0.017 0.167 100.000
Component matrix
Component matrix Rotated component matrix
Element
1 2 3 1 2 3
Fe 0.968 0.148 0.022 0.960 -0.175 -0.084
Mn 0.914 0.181 0.064 0.924 -0.135 -0.031
Cr -0.267 -0.077 0.858 -0.211 -0.143 0.865
Co 0.911 0.269 -0.069 0.940 -0.028 -0.148
Ni 0.900 0.110 0.214 0.898 -0.223 0.107
Cu -0.666 -0.158 0.371 -0.650 -0.003 0.428
Zn -0.564 0.393 -0.047 -0.400 0.554 0.087
Pb -0.855 0.363 -0.177 -0.694 0.642 -0.008
As -0.001 0.723 0.553 0.284 0.572 0.649
Cd -0.321 0.767 -0.277 -0.064 0.866 -0.116

Extraction Method: Principal Component Analysis (PCA)
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Based on CV values (Yongming et al.,
2006), the soils for which the heavy metal
contents were calculated can be divided into
two groups:

a. soils not affected by anthropic sources of
heavy metals:

a;. CS and SR: Fe, Mn, Cr, Ni and Cu

a,. SR: Cd

b. soils affected by pollution from an-
thropic sources:

b;. CSand SR: Pb

b,. CS: Zn and Cd

bs. SR: As

2. Spearman's rank correlation coefficients

(RCC)

Very robust in relation to outliers (Pan
and Harris, 2000), RCC (p) exhibit the
following significant values (Tab. 3):

a. positive:
a;. CS: Fe-Mn-Co-Ni; Mn-Co-Ni; Co-
Ni; Cu-Zn-Pb; Zn-Pb-As
a,. SR: Fe-Mn-Co-Ni-Cu; Mn-Co-Ni-
Cu; Co-Ni-Cu; Ni-Cu; Pb-As;

b. negative:

b;. CS: Fe-Zn-Pb; Co-Zn-Pb; Ni-Zn-Pb

The same coefficients determined for the

heavy metals of CS and SR (Tab. 3)
indicate the following significant

values, as well:
a. positive: Fe-Mn-Co-Ni; Mn-Co-Ni; Cr-
Cu; Co-Ni; Zn-Pb
b. negative: Fe-Cu-Zn-Pb; Mn-Pb; Co-Zn-
Pb; Ni-Zn-Pb

By interpreting the values obtained, it
may be estimated that Fe, Mn, Co and Ni
reflect the natural geochemical background of
the soils studied, which exhibit either no
anthropic contribution or only a slight one. On
the contrary, the RCC for Cu, Pb and Zn
suggest both an anthropic input in the case of
CS, and a possible common source.

3. Principal components analysis (PCA)
PCA indicates that the heavy metal
contents from the soils studied may be
reduced to 3 components, which account for
over 79% of the total variation (Tab. 4). The
commonalities (Jackson, 2003) between the

AUI-G, 59, 1, (2013) 23-49
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heavy metal contents studied indicate the
following: Zn (0.475) < Cu (0.606) < Cd (0.768)
< Cr (0.814) < As (0.829) < Ni (0.867) < Mn
(0.873) < Pb (0.893) < Co (0.907) < Fe (0.960).

The initial component matrix (Tab. 4)
indicates that Fe, Mn, Co and Ni associate, an
aspect highlighted by the high values in the F1
component. As and Cd associate in the second
component (F2), displaying comparable va-
lues, while Cr and As associate in the third
component (F3). The presence of As both in
F1 and in F2 reflects the natural background
of the soil studied, an anthropic contribution
being associated, as well.

The rotated component matrix (Tab. 4;
Fig. 7) suggests the possible source of the
heavy metals from the soils studied. F1 shows
high positive factor loadings of Fe, Mn, Co
and Ni, an aspect also emphasized by the RCC
(pre-mn = 0.713; pre.co = 0.945; pmn-co = 0.623;
pre-ni = 0.828; pwn-ni = 0.551), and moderately
negative loadings of Cu, Zn, Pb (pre.cy = —0.447;
pvncy = —0.362; prezn = —0.603; pmn.zn = —
0.223; prepn = -0.795; pwne = —0.428).
Kabata-Pendias and Pendias (2001) and
Kabata-Pendias and Mukherjee (2007) have
underlined the fact that, in soils, the oxides
and hydroxides of Fe and Mn play a crucial
role in the precipitation of heavy metals. By
corroborating this observation with that of
Reimann et al. (2008), who regard Mn as the
conservative lithogenic reference element, we
may conclude that the Fe and Mn from the
soils studied are derived from parent
materials, an observation which is also valid
for Co and Ni.

F2 displays moderate positive loadings of
Zn and Pb, which, correlated with the mode-
rate negative loadings of the same chemical
elements in F1, indicate variable degrees of
anthropic contribution superposing over the
natural geochemical background. The strong
positive loading of Cd and the negative cor-
relations with Fe and Mn (pre.cqg = —=0.227; pan-
cd = —0.289) suggest an independent source.

F3 exhibits a strong loading in the case
of Cr, which reflects a strong anthropic
contribution (pre.cr = 0.136; pmncr = —0.076).
The average positive loadings registered in
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the case of Cu and As, corroborated with
the pre-sence of the two chemical elements
in F1 and F2, reflect a purely anthropic
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which affects the natural
back-ground of the soils

contribution,
geochemical
studied.

N
«n
\

g
=}
\

I
(7]
\

e
=]
\

Coefficient of variation

o
w
I

Fe Cr Co

mCSandSR mCS mSR

| — i
0:01 | gt ’_I' e I| 1 |

lancu and Buzgar, 2008; Apostoae and lancu, 2009

Zn Pb As Cd

Fig. 6 CV of soil heavy metals.

/ N
1.0
Pb ¢
o
[
0.5 Zn .As
o~
[
8 0.0 oLu Co
g Cr Mn ®
S ° o o Fe
© Ni
-0.5

-1.0- l"\?{
A9
10 g5 Y 00 03

L)
0.0 0.5 T°T 0.5

- 1.01. 3
Component 1 01.0 compone”

Fig. 7 The Component plot in rotated space for the
heavy metals (according to the distribution type)

Geochemical background (GB)

The local GB for the heavy metals from
CS was calculated using the Ouellette and
Morissette method (2007). In the case of SR,
due to the reduced number of samples, the
values of the local GB were regarded as equal
to the geometric mean.

The first aspect worth pointing out is the
fact that, for the heavy metals studied, with the

exception of Mn and Cd, the local GB exceeds
the NVS (the average concentration of Fe in the
upper crust, respectively) (Tab. 1; Fig. 8).

At the same time, compared to SR, CS is
characterized by values of the local GB which
are higher in the case of Fe, Mn and Co. In the
case of As, the local GBs from the two areas
are approximately equal.

The ratios between the local GBs cal-
culated for the studied area (CS and SR) and
the GB calculated for the heavy metal con-
tents in the soils of the city of lasi and its sub-
urban areas (Apostoae and lancu, 2009) indi-
cate super unitary values, with the exception
of Cu and Cd. This aspect is explained by the
fact that the soils studied by Apostoae and
lancu (2009) include, on the one hand, soils
over which the anthropic impact has been
either reduced or absent, and, on the other
hand, soils in which extremely high contents
of Cu (vineyards and orchards) and Cd (waste
dumps) were determined.

Soil pollution estimation method

The method through which the degree of
pollution caused by heavy metals in the soils
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studied was estimated is based on the geo-
accumulation index (lge,) (Muller, 1969):

geo 1092 1. 5B

Apostoae L. et al.

where: C; = the measured concentration of the

heavy metal in the soil;
B; = the geochemical background value;
1.5 = the background correction factor
due to lithogenic effects (Chen et al., 2007).
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Fig. 8 GB for heavy metals (Fe x 10 Mn x 107%).
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Fig. 9 The average values of Iy, for heavy metals.

Given that, in our opinion, one cannot
completely eliminate the anthropic effects
from the calculated GB, the determination of
the lge, was carried out using the following
formula:

_ i
lgeo = 1092755

where: C; = the measured concentration of the
heavy metal in the soil;
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B; = the normal value in soil (the
average concentration in the upper crust
in the case of Fe);

1.5 = the background correction factor
due to lithogenic effects (Chen et al, 2007).
The values of the lg, (Fig. 10) are

theoretically inscribed within the (-o0; +o0)
domain, the identification of the degree of
pollution being achieved through the help of
critical intervals such as: lg, € (-00+0]: un-
polluted soil; Ig, € (0+1]: unpolluted to mod-
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erately polluted soil; lg, € (1+2]: moderately
polluted soil; lg, € (2+3]: moderately to
strongly polluted soil; lg, € (3+4]: strongly
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polluted soil; lg, € (4+5]: strongly to very
strongly polluted soil; lg, € (5+ +oo]: very
strongly polluted soil.
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Fig. 10 (continued)

The average values of the lg, (Tab. 5;
Fig. 9) indicate that CS and SR may be
characterized as follows:

a. unpolluted with Fe, Mn, Co, Zn and Cd;

b. unpolluted to moderately polluted with
Ni, Cr, Pb and As;

¢. moderately polluted with Cr.

A detailing of the average values obtained
for the lg, (Tab. 5) leads to the degree of
pollution being within the following categories:

a. unpolluted:
a; CS: Zn
a, SR: Fe, Mn, Co, Cd and Ni
b. unpolluted to moderately polluted:
b;. CS and SR: As
b,. CS: Cr, Ni, Cuand Pb
b; SR: Zn

AUI-G, 59, 1, (2013) 23-49

¢. moderately polluted:
¢1. SR: Cr, Cuand Pb

Spatial Structure Analysis

Webster and Olivier (2007) regard the
heavy metals in soils as typical regionalized
variables. The experimental semivariogram,
the main instrument in the study of
regionalized variables, measures the average
dissimilarity between data separated by a
vector h (Goovaerts, 1997). The value of the
experimental semivariogram for a separation
distance of h is half the average squared
difference between the value at Z(x; ) and
Z(x;+h):




Table 5 I, values for the soil heavy metals

<0 % 0-1 % 1-2 % 2-3 % 3-4 % 4-5 % >5 % Mean
a.CS and SR (soil samples = 49)
Fe 49 100 0 0 0 0 0 0 0 0 0 0 0 0 -0.672
Mn 49 100 0 0 0 0 0 0 0 0 0 0 0 0 -0.747
Cr 0 0 28 57.143 20 40.816 1 2.041 0 0 0 0 0 0 1.026
Co 48  97.959 1 2.041 0 0 0 0 0 0 0 0 0 0 -0.306
Ni 7 14.286 42 85.714 0 0 0 0 0 0 0 0 0 0 0.426
Cu 3 6.122 38 77.551 6 12.245 2 4.082 0 0 0 0 0 0 0.521
Zn 47  95.918 0 0 1 2.041 0 0 0 0 1 2.041 0 0 -0.063
Pb 6 12.245 33 67.346 7 14.286 2 4.082 0 0 1 2.041 0 0 0.639
As 0 0 46 93.877 2 4.082 1 2.041 0 0 0 0 0 0 0.821
Cd 49 100 0 0 0 0 0 0 0 0 0 0 0 0 -4.409
b.CS (soil samples = 42)

Fe 42 100 0 0 0 0 0 0 0 0 0 0 0 0 -0.611
Mn 42 100 0 0 0 0 0 0 0 0 0 0 0 0 -0.699
Cr 0 0 26 61.905 16 38.095 0 0 0 0 0 0 0 0 0.988
Co 41 97.619 1 2.381 0 0 0 0 0 0 0 0 0 0 -0.218
Ni 2 4.762 40 95.238 0 0 0 0 0 0 0 0 0 0 0.518
Cu 3 7.143 38 90.476 1 2.381 0 0 0 0 0 0 0 0 0.299
Zn 35 83.333 5 11.905 1 2.381 0 0 0 0 1 2.381 0 0 -0.117
Pb 6 14.286 32 76.190 2 4.762 2 4.762 0 0 0 0 0 0 0.462
As 0 0 40 95.238 2 4.762 0 0 0 0 0 0 0 0 0.796
Cd 42 100 0 0 0 0 0 0 0 0 0 0 0 0 -4.482




Table 5 (continued)

<0 % 0-1 % 1-2 % 2-3 % 3-4 % 4-5 % >5 % Mean
¢.SR (soil samples = 7)

Fe 7 100 0 0 0 0 0 0 0 0 0 0 0 0 -1.036
Mn 7 100 0 0 0 0 0 0 0 0 0 0 0 0 -1.035
Cr 0 0 2 28.571 4 57.143 1 14.286 0 0 0 0 0 0 1.251
Co 7 100 0 0 0 0 0 0 0 0 0 0 0 0 -0.833
Ni 5 71.429 2 28.571 0 0 0 0 0 0 0 0 0 0 -0.123
Cu 0 0 0 0 5 71.429 2 28.571 0 0 0 0 0 0 1.855
Zn 1 14.286 6 85.714 0 0 0 0 0 0 0 0 0 0 0.256
Pb 0 0 1 14.286 5 71.429 0 0 0 0 1 14.286 0 0 1.695
As 0 0 6 85.714 0 0 1 14.286 0 0 0 0 0 0 0.970
Cd 7 100 0 0 0 0 0 0 0 0 0 0 0 0 -3.971
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() = 3 Var(ZGc+ h) - 2]
N(h)

1
Yh) = 5 Zl [Z(x,) — Z(x; + W)]?

where: N(h) is the total number of pairs of
sampling points separated by the lag

distance h;
Z(xi ) is the measured sample value at

point i;
Z(xi + h) is the measured sample value
at point i + h.

Experimental semivariograms represent
the variance of the sample value (in the pre-
sent case, the values of the lg,) at different
separation distances, and are characterized by
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nugget (C,), sill (C+C,) and range (Armstrong,
1998; Pan and Harris, 2000).

The theoretical models which correspond
to the experimental semivariograms set up for
the Iy, calculated for the heavy metal contents
from the soils studied are the following: a) the
exponential model (Ni, Cu, Zn, Pb and Cd); b)
the Gaussian model (Fe, Mn, Co and As); ¢)
the spherical model (Cr).

The lg, calculated for the heavy metal
contents (Tab. 6) varies within the 49.08 m
(Cr) = 250.23 m (Fe) interval. The ranges of
Fe (250.23 m), Mn (244.93 m), Ni (249.21 m)
and Co (242.41 m) are very closely related to
these values, suggesting both a good spatial
correlation, and the fact that the natural geo-
chemical background is either not affected or
only slightly affected by anthropic sources.

Tab. 6 Semivariogram models and parameters for the soil heavy metals

i i +
o Mol G I S
Fe Gauss 0.021 0.070 250.23 23.07693
Mn Gauss 0.011 0.050 244.93 18.03279
Cr Sph 0.094 0.138 149.08 40.51724
Co Gauss 0.043 0.139 242.41 23.62637
Ni Exp 0.011 0.175 249.21 5.913978
Cu Exp 0.467 0.696 175.67 40.15477
Zn Exp 0.441 1.191 205.48 27.02206
Pb Exp 0.393 0.790 173.15 33.22063
As Gauss 0.165 0.211 218.42 43.88298
Cd Exp 0.121 0.361 221.74 25.10373

The [Co/(Co+C)] ratio, expressed in per-
centages (Tab. 6), is regarded as a criterion for
the classification of the spatial dependence of
soil characteristics (Cambardella et al., 1994).
If the ratio is less than 25% (Fe, Mn, Co and
Ni), the variable has a strong spatial depen-
dence. If the ratio is between 25% and 75%
(Cr, Cu, Zn, Pb, As and Cd), the variable has
moderate spatial dependence. When the ratio
exceeds 75%, the variable displays weak spa-
tial dependence.

The maps of the distribution of the I,

calculated for heavy metals (Fig. 11) were
devised by means of ArcGis 9.3, through the
kriging method, using the parameters of the
semivariograms (Tab. 6).

Analysis of pollutant sources

The possible sources which generate the
anthropic stress to which the soils from the
area of Copou Park studied have been and
continue to be subjected are the following:
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Fig. 11 The soil pollution map
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)

(10)

Fig. 11 (continued)

a). the age of the park, which entails a
multitude of factors with a variable evolution
over time, factors that are, therefore, difficult
to quantify. From the point of view of its age,
according to Chen et al. (2005), Copou Park is
included in Group B, which consists of parks
with a history exceeding 100 years;

b). the intense traffic (cars, trams) on the
streets adjacent to the park — Carol | Boule-
vard, in particular;

¢). the maintenance works being carried
out on the green spaces (chemical fertilizers,
fungicides, insecticides);

d). the general urbanization process, which

entails the building of residential complexes,
some of them equipped with fossil-fuel-based
heating systems, in the close proximity of
Copou Park;

e). the works carried within the “Road
network development in the cultural, historic
and touristic areas of the city of lasi” project
(www.primaria-iasi.ro), which generate large
quantities of dust;

f). the pollution caused by industrial
activities, which has, indeed, diminished to a
great degree since 1989.

The impact of the traffic on the streets
adjacent to Copou Park, which generates
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airborne heavy metals, is especially noticeable
in the case of Cu, Pb and zn (Figs. 5, 10).
Although leaded gasoline has been forbidden
in Romania since 2005 (the admissible limit
for the concentration of Pb in gasoline is,
presently, 0.005 g/l (Government Resolution
689/2004)), the high average contents of Pb
found in the soils studied reflect its accumu-
lation as a result of the long-term use of Pb as
additive in gasoline. Cu, used in the braking
devices and radiators of vehicles, and Zn, used
in the composition of lubricants and protec-
tion alloys for means of transportation like
cars and trams, generate, through mechanical
corrosion, important quantities of metals,
which modify the natural GB of the soils.

The average RCC values, which are sig-
nificantly positive, as well as the distribution
of the values of the lg, in the soils studied,
suggest a common source for Cu, Pb and Zn.
Although Kelly et al. (1996) regard Cu, Pb
and Zn as having an identical behavior in soils
affected by vehicular traffic, in the case of CS,
the average Zn content is higher, compared to
that of SR. This is due to an exceptional
sample (sensu Sinclair and Blackwell, 2002),
collected from CS, from a sampling point ap-
proximately 10m from a residential complex
covered with galvanized metal sheets, whose
Zn content was measured at 3526.045 mg/kg.
Chen et al. (2005) correlate the age of parks
with the heavy metal contents found in their
soils, specifying the important role played by
the application of dyes containing heavy
metals. For the soils of Copou Park, this as-
pect is difficult to estimate, given the lack of
information related to the type of dyes used
from the 18" century onward.

Chromium, a chemical element which is
found in additive-enriched gasoline in the
form of chromium hexacarbonyl, in the metal
alloys used for certain components of vehi-
cles, as well as in fungicides and insecticides,
displays a set of contradictory aspects in the
soils studied. Thus, although it exceeds the
NVS both in the case of CS and in that of SR,
it does not exhibit significant RCC with any
of the other chemical elements studied, except
Cu (cr-cu = 0.436). This aspect, together with
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the CV and the distribution of the values of the
lgeo, SUgQest an anthropic source of Cr which is
different from that of Pb and Zn. This source
seems to lie in the mechanical usage of the
components of trams and cars and the
rehabilitation works being carried out on the
road network, which are added (and totally
subordinated) to the fungicides and insecticides
applied to the vegetation from Copou Park.

Nickel, a chemical element which enters
the composition of several alloys, recharge-
able batteries, certain detergents (nickel
sulphate hexahydrate) and fungicides, is re-
garded by Cannon and Horton (2009) as
exceeding normal values in the soils where it
is associated with Pb, Zn and Cu. However, in
the soils studied, with the exception of SR,
where pni.cy = 0.964, the RCC highlights sig-
nificantly negative correlations between Ni-
Pb-Zn. This indicates that the source of Ni lies
in the mechanical deterioration of the alloys of
Cu and Ni used in the braking devices, hy-
draulic suspension systems and cooling sys-
tems of cars, or in the works being carried out
within the road rehabilitation project. The
average contents, as well as the values of the
lgeo Calculated for the soils studied, indicate a
reduced-to-moderate degree of pollution with
Ni, which is in contradiction with the observa-
ions formulated by Chen et al. (2005) and Onder
et al. (2007) in relation to parks and green spaces
from China and Turkey, where contents
exceeding the natural GB were not noticed.

Cobalt, whose anthropic source may be
correlated with the burning of fossil fuels
(coal and oil), the mechanical deterioration of
metallic alloys and the use of cobalt-based
paints, seems to be associated with Cu, Ni,
Mn and As (MEE, 2001). This is partially
verified in the case of the soils studied, the
RCC indicating significantly positive values
only in the case of Fe, Mn, and Ni. In these
soils, the average Co contents are similar in
relation to the values of the NVS, the Ig,
indicating a lack of pollution, an aspect which
is in agreement with the observations made by
Onder et al. (2007).

Arsenic, which is currently used in paints,
pesticides, herbicides and fertilizers, in metal
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alloys, semiconductors, medicines and wood
preservatives, is considered one of the most
dangerous chemical elements when it comes
to human health (Henke, 2009; Henke and
Atwood, 2009). Presently, due to anthropic
sources, arsenic is found in some urban soils
in quantities which exceed the legal limits
(J&rup, 2003; Onweremadu et al., 2008; Oprea
et al., 2010; Zhang et al., 2011). In parks and
green areas, arsenic is present in quantities
which vary from insignificant (Méntylahty
and Laakso, 2002) to high (Xu and Thornton,
1985; Peryea, 1999; Jien et al., 2011), which
is probably due to the use of lead arsenate as
insecticide (Peryea, 1999). In the soils studied,
the average values of As exceed the NVS, and
the values of the Iy, indicate a degree of
pollution which varies from unpolluted to
moderately polluted, with the exception of
certain samples collected from SR, in whose
case the pollution is included in the
moderately-to-strongly polluted category.

What is interesting is that As displays RCC
with significant values only with Zn (pas.zn) =
0.359) in the case of CS, and with lead (Pb) in
the case of SR (pas.pp = 0.833). These aspects,
in conjunction with the CV values of As (which
are low in the case of SR), suggest a double
anthropic contribution, namely the use of lead
arsenate and/or zinc arsenate as pesticides
(Reigart and Roberts, 1999), on the one hand,
and vehicular traffic, on the other.

In relation to the last aspect, Brandao et al.
(2006) and Trindade et al. (2006) established
the presence of certain quantities of As in
gasoline and Onweremadu et al. (2008)
determined high quantities of As in the
proximity of an automobile servicing station.

Cadmium, presently found in alloys, re-
chargeable nickel-cadmium batteries, phos-
phate fertilizers, anticorrosion agents, as pig-
ment in paints or as stabilizer for polyvinyl
chloride (PVC), constitutes one of the main
environmental pollutants, especially when
cadmium-containing products are incinerated
(J&rup, 2003). Other generators of Cd are the
corrosion of galvanized-metal structures and
the deterioration of old facades or recently
redecorated walls (Charlesworth et al., 2011).
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Regarding the soils of parks and green spaces
in urban areas, studies indicate both the ab-
sence of pollution (Li et al., 2001; Jien et al.,
2011) and a reduced-to-average level of pollu-
tion with Cd (Yang et al., 2009; Marjanovi¢ et
al., 2009). CS and SR exhibit average contents
of Cd, clearly inferior to the NVS, which
points to their inclusion, according to the |,
into the unpolluted soils group.

The average contents calculated for Fe and
Mn do not exceed the NVS for average content
in the upper crust. Therefore, Reimann et al.
(2008) regard Mn as the conservative litho-
genic reference element. The RCC calculated
for the soils studied suggest the association of
Fe and Mn with Co and Ni, and different
sources for Cu, Zn and Ph.

Conclusions

The study of the distribution of heavy
metals in the soils of Copou Park has
highlighted the importance of the proximity of
potential anthropic sources of pollution. If the
Fe, Mn, Co, Ni and Cd contents seem to be
typical for the natural geochemical back-
ground, unaffected by anthropogenic inputs,
Cr, Cu, Zn and As are characterized by an lg,
which varies from moderately polluted to
strongly polluted, but is, still, in agreement
with SAT and SIT values. Although the heavy
metal contents of the soils of Copou Park are
not highly dangerous for human health, a
constant monitoring of the area, which would
allow efficient solutions to be implemented in
the future, is desirable.

Acknowledgements

The authors would like to express their
gratitude toward Associate Professor Dr.
Nicolae Buzgar (Department of Geology) for
his aid in the analysis of the soil samples
collected, and to Professor Dr. Doina Fotache
(Faculty of Economy and Business Admin-
istration) for having granted them access to
the SPSS 19 software.

AUI-G, 59, 1, (2013) 23-49



48

References

Apostoae, L., lancu, O.G., 2009. Heavy Metal Pollution in
the Soils of Iasi City and Its Suburban Areas (Romania).
Studia Universitatis Babes-Bolyai, Geologia, Special
Issue, MAEGS - 16, 142-146.

Armstrong, M., 1998. Basic Linear Geostatistics. Springer,
153p.

Alloway, B.J., 1994. Heavy Metals in Soils. Second Edition.
Springer, 384p.

Branddo, G.P., Calixto de Campos, R., Luna, A.S., Ribeiro
de Castro, E.V., Coutinho de Jesus, H., 2006. Determi-
nation of Arsenic in Diesel, Gasoline and Naphtha by
Graphite Furnace Atomic Absorption Spectrometry
Using Microemulsion Medium for Sample Stabili-
zation. Analytical and Bioanalytical Chemistry, 385,
8, 1562-1569.

Bounds, W.J., Johannesson, K.H., 2007. Arsenic Addition
to Soils from Airborne Coal Dust Originating at a
Major Coal Shipping Terminal. Water Air and Soil
Pollution, 185, 195-207.

Cambardella, C.A., Moorman, T.B., Parkin, T.B., Karlen,
D.L., Novak, J.M., Turco, R.F., Konopka, A.E., 1994.
Field-Scale Variability of Soil Properties in Central
lowa Soils. Soil Science Society of America Journal,
58, 1501-1511.

Cannon, W.F., Horton, J.D., 2009. Soil Geochemical
Signature of Urbanization and Industrialization —
Chicago, Illinois, USA. Applied Geochemistry, 24,
1590-1601.

Charlesworth, S., De Miguel, E., Orddfiez, A., 2011. A
Review of the Distribution of Particulate Trace Ele-
ments in Urban Terrestrial Environments and Its
Application to Considerations of Risk. Environmental
Geochemistry and Health, 33, 2, 103-123.

Chen, T.B., Zheng, Y.M., Lei, M., Huang, Z.C., Wu,
H.T., Chen, H., Fan, K.K,, Yu, K., Wu, X,, Tian, Q.Z.,
2005. Assessment of Heavy Metal Pollution in Surface
Soils of Urban Parks in Beijing, China. Chemosphere
60, 542-551.

Chen, C.W., Kao, C.M., Chen, C.F., Dong, C.D., 2007:
Distribution and Accumulation of Heavy Metals in the
Sediments of Kaohsiung Harbor, Taiwan. Chemosphere,
66, 8, 1431-1440.

Fong, F.T., Chee, P.S., Mahmood, A.A., Tahir, N.M.,
2008. Possible Sources and Pattern Distribution of
Heavy Metals Content in Urban Soil at Kuala
Terengganu Town Center. The Malaysian Journal of
Analytical Sciences, 12, 2, 458-467.

Fordyce, F.M., Nice, S.E., Lister, T.R., Dochartaigh, B.E.
O, Cooper, R, Allen, M., Ingham, M., Gowing, C.,
Vickers, B.P., Scheib, A., 2012. Urban Soil Geoche-
mistry of Glasgow. British Geological Survey Open
Report, OR/08/002, 374p.

Goovaerts, P., 1997. Geostatistics for Natural Resources
Evaluation. Oxford University Press, 496p.

Guo, G., Wu, F., Xie, F., Zhang, R., 2012. Spatial
Distribution and Pollution Assessment of Heavy
Metals in Urban Soils from Southwest China. Journal
of Environmental Sciences, 24, 3, 410-418.

AUI-G, 59, 1, (2013) 23-49

Apostoae L. et al.

Hursthouse, A., Tognarelli, D., Tucker, P., Marsan, F.A.,
Martini, C., Madrid, L., Madrid, F., Diaz-Barrientos, E.,
2004. Metal Content of Surface Soils in Parks and
Allotments from Three European Cities: Initial Pilot
Study Results. Land Contamination & Reclamation,
12, 3, 189-196.

He, Z.L., Yang, X.E., Stofella, P.J., 2005. Trace Elements
in Agroecosystems and Impacts on the Environment.
Journal of Trace Elements in Medicine and Biology.
19, 125-140.

Henke, K., 2009. Arsenic Environmental Chemistry, Health
Threats and Waste Treatment. Wiley. 569p.

Henke, K.R., Atwood, D.A., 2009. Arsenic in Human History
and Modern Societies. In: Henke, K. (ed.) (2009). Arsenic
Environmental Chemistry, Health Threats and Waste
Treatment. Wiley, 277-297.

lancu, O.G., Buzgar, N., 2008. Geochemical Atlas of Heavy
Metals from the Soils of lasi City and Its Surround-
ings. Editura Universitatii. ,,Alexandru loan Cuza”,
lasi, 48p.

Iliescu, A.F., 2006. Landscape Architecture. Editura Ceres,
328p. (In Romanian).

Jarup, L., 2003. Hazards of Heavy Metal Contamination.
British Medical Bulletin, 68, 1, 167-182.

Jackson, J.E., 2003. A User’s Guide to Principal Compo-
nents. Wiley. 592p.

Jien, S.H., Tsai, C.C., Hseu, Z.Y., Chen, Z.S., 2011. Baseline
Concentrations of Toxic Elements in Metropolitan
Park Soils of Taiwan. Terrestrial and Aquatic Envi-
ronmental Toxicology, 5, 1, 1-7.

Kabata-Pendias, A., Pendias, H., 2001. Trace Elements in
Soils and Plants. Third Edition. CRC Press, 432p.

Kabata-Pendias, A., Mukherjee, A.B., 2007. Trace Elements
from Soil to Human. Springer, 550p.

Kelly, J., Thornton, I., Simpson, P.R., 1996. Urban Geo-
chemistry: A Study of the Influence of Anthropogenic
Activity on the Heavy Metal Content of Soils in
Traditionally Industrial and Nonindustrial Areas of
Britain. Applied Geochemistry, 11, 363-370.

Lacatusu, R., Kovacsovics, B., Lungu, M., Breaban, I.,
Risnoveanu, 1., Rizea, N., Lazar, R., 2004. Heavy Metals
in the Soils of Bucharest’s Parks. Stiinta Solului, 1-2,
XXXVIII, 185-197. (In Romanian).

Lacatusu, R., Risnoveanu, I., Breaban, 1.G., Rusu, C.,
Lungu, M., Kovacsovics, B., 2005. Urban Soails in the
City of lasi. Factori si Procese Pedogenetice din Zona
Temperatd, 4, 135-143. (In Romanian).

Li, X.D., Poon, C.S., Pui, S.L., 2001. Heavy Metal Conta-
mination of Urban Soils and Street Dusts in Hong
Kong. Applied Geochemistry, 16, 1361-1368.

Maéntylahty, V., Laakso, P., 2002. Arsenic and Heavy
Metal Concentration in Agricultural Soils in South
Savo Province. Agricultural and Food Science in
Finland, 11, 285-300.

Marjanovi¢, M.D., Vukéevi¢, M.M., Autonovi¢, D.G.,
Dimitrievi¢, S.I., Jovanovi¢, D.M., Matavulj, M.N.,
Risti¢, M.D., 2009. Heavy Metal Concentration in Soils
from Parks and Green Areas in Belgrade, Journal of the
Serbian Chemical Society, 74, 6, 697-706.

Ministry of the Environment and Energy (MEE), 2001.
Cobalt in the Environment. Ministry of the Envi-



Heavy metals pollution in the soils of Copou Park, lasi

ronment programs and initiatives. Queen’s Printer for
Ontario, 3p.

Moon, C.J., Whateley, M.K.G., Evans, A.M., 2006. Intro-
duction to Mineral Exploration. Second Edition.
Blackwell Publishing, 481p.

Muller, G., 1969. Index of Geoaccumulation in Sediments
of the Rhine River. Geochemical Journal, 2, 108-118.

Onder, S., Dursun, S., Gezgin, S., Demirbas, A., 2007.
Determination of Heavy Metal Pollution in Grass and
Soil of City Centre Green Areas (Konya, Turkey). Polish
Journal of Environmental Studies, 16, 1, 145-154.

Onweremadu, E.U., Oti, N.N., Ndukwu, B.N., Obioha,
I.C., 2008. Spatio-Vertical Distribution of Arsenic in
River Slope Soils Proximal to an Automobile Servi-
cing Station. Nature and Science, 6, 1, 43-47.

Oprea, G., Michnea, A., Mihali, C., Senila, M., Roman,
C., Jelea, S., Butean, C., Barz, C., 2010. Arsenic and
Antimony Content in Soil and Plants from Baia Mare
Area, Romania. American Journal of Environmental
Sciences, 6, 1, 33-40.

Ouellette, H., Morissette, S., 2007. Guidelines for the
Assessment of Natural Soil Backgrounds. Gouverne-
ment du Québec, 22p. (In French).

Pan, G., Harris, P.D., 2000. Information Synthesis for
Mineral Exploration. Oxford University Press, 461p.

Papafilippaki, A., Sotiriou, C., Paida, E., Stavroulakis, G.,
2008. Spatial Distribution of Ph and Cd in Urban Soils
of Chania City, Crete (Greece). Proceedings of the 1%
International Conference on “Hazardous Waste Man-
agement”, 1-3 October 2008, Chania, Greece.

Peryea, F.J., 1999. Gardening on Lead-and Arsenic-Con-
taminated Soils. EB1884. Cooperative Extension.
Washington State University.

Reigart, J.R., Roberts, JR., 1999. Recognition and
Management of Pesticide Poisonings. Fifth Edition.
United States Environmental Protection Agency,
Office of Prevention, Pesticides and Toxic Substances.
EPA 735-R-98-003.

Reimann, C., Filzmoser, P., Garett, R., Dutter, R., 2008.
Statistical Data Analysis Explained. Wiley, 343p.

Richardson, E., Pearce, J., Mitchell, R., Day, P., Kingham,
S., 2010. R The Association between Green Space and
Cause-Specific Mortality in Urban New Zealand: An
Ecological Analysis of Green Space Utility. BMC
Public Health, 10, 240, 11-4.

49

Sinclair, AJ., Blackwell, G.H., 2002. Applied Mineral
Inventory Estimation. Cambridge University Press, 381p.

Tofan, I., 2008. Tour guide of lasi. Editura Stef, 224p. (In
Romanian).

Trindade, J.M., Marques, A.L., Lopes, G.S., Marques, E.P.,
Zhang, J., 2006. Arsenic Determination in Gasoline by
Hydride Generation Atomic Absorption Spectroscopy
Combined with a Factorial Experimental Design
Approach. Fuel, 85, 14-15, 2155-2161.

Webster, R., Oliver, M.A., 2007. Geostatistics for
Environmental Scientists. Wiley, 330p.

Zaady, E., Brenig, L., Carati, D., Meurrens, A., Lénelle,
Y., Vanderstraeten, P., Offer, Z.Y., 2010. Heavy Me-
tals Identified in Airborne Particles during Weekend
Periods in Brussels Urban Environment. Forum geo-
grafic. Studii si cercetdri de geografie si protectia
mediului, 9, 87-92.

Zhang, J., Pu, L., Peng, B., Gao, Z., 2011. The Impact of
Urban Land Expansion on Soil Quality in Rapidly
Urbanizing Regions in China: Kunshan as a Case
Study. Environmental Geochemistry and Health, 33,
2,125-135.

Yang, P., Mao, R., Shao, H., Gao, Y., 2009. The Spatial
Variability of Heavy Metal Distribution in the Sub-
urban Farmland of Taihang Piedmont Plain, China.
Comptes rendus biologies, 6, 332, 558-566.

Yongming, H., Peixuan, D., Junji, C., Posmentier, E.S.,
2006. Multivariate Analysis of Heavy Metal Conta-
mination in Urban Dusts of Xi’an, Central China.
Science of the Total Environment, 355, 176-186.

Xu, J., Thornton, 1., 1985. Arsenic in Garden Soils and
Vegetable Crops in Cornwall, England: Implications
for Human Health. Environmental Geochemistry and
Health, 7, 4, 131-133.

*** Government Resolution 689/2004. The Official
Journal of Romania, 442. (In Romanian).

*** | aw 756/1997. The Official Journal of Romania, 303
bis. (In Romanian).

*** | aw 24/2007. The Official Journal of Romania, 36.
(In Romanian).

*** www.primaria-iasi.ro, 2012. Road network develop-
ment in the cultural, historic and touristic areas of the
city of lasi. Regio. The North-East Regional Opera-
tional Program. Local initiative. Regional develop-
ment. (In Romanian)

AUI-G, 59, 1, (2013) 23-49



