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Fig. 1. A: a simple map, which illustrates lithological units of Mashhad area (modified from Taheri and Ghaemi, 1994).
The location of non- urban soil samples are shown by star, and B: The location of park soils samples of Mashhad
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Table 1. The measured values (mg kg!) of heavy metals for Mashhad soil samples. NU: non-urban soils; U: park soils.

Two last rows are environmental standards for urban park soils of Canada (CCME) (Sharma et al., 2009) and Iran
(Mazhari et al., 2017).

Sample No 1D Cd Co Cr Cu Ni Pb Sn Zn
HM-30 NU 0.28 7.4 40.4 13.8 52.7 7.5 1.4 58.2
HM-31 NU 0.26 93 1277 243 1039 4.6 0.7 36.3
HM-32 NU 0.28 6.4 28.7 11.6 343 9.4 2.9 57.4
HM-33 NU 0.29 8.5 66.2 13.9 74.1 6.8 1.6 46
HM-1 U 0.42 8.8 69.8 46.9 86.6 44.9 8.6 85.2
HM-10 U 0.56 29 184.1 68.9 165 70 11.5 124.9
HM-11 U 0.41 15.1 94.6 49.2 92.3 45.8 7.1 86.4
HM-12 U 0.4 18.4 115.8 40.9 99.9 37.1 3.8 92.3
HM-13 U 0.51 33.5 238.2 75.1 183.6 75.6 10.7 110.4
HM-14 U 0.38 20.8 142.3 443 102.1 22.2 3.2 87.5
HM-15 U 0.76 38.1 275.8 111.8 192.9 105.8 20.8 165
HM-16 U 0.44 19.4 111.2 56.4 106.6 53.2 11.1 98.9
HM-17 U 0.77 33.6 202.2 93.5 167.3 112.3 23.5 164.6
HM-18 U 0.85 22.8 129.5 78.7 1223 126 25.9 190.7
HM-19 U 0.46 22.2 139.7 61.6 116.8 101.2 16.4 103.1
HM-2 U 0.45 17.9 101.3 52.6 100.5 82.1 13.2 101.2
HM-20 U 0.41 9.2 77.5 333 79.2 38.7 6 83.6
HM-21 U 1.27 27.4 180.6 99 158.4 231.4 47.4 239.4
HM-22 U 0.79 26.7 184.3 87.8 157.6 147.7 24.6 175.3
HM-23 U 0.94 24.4 172.4 66.4 144.7 142.5 25.1 203
HM-3 U 0.47 28.1 195 70.7 176.1 96.4 12.9 105.8
HM-4 U 1.62 33 190.7 102 165.2 209.1 45.5 305.1
HM-5 U 0.57 36.9 278.5 80.5 220.1 93.8 15.2 138.1
HM-6 U 0.41 25.2 167.1 51.2 129.5 433 5.5 96.8
HM-7 U 1.23 31.2 175 98.5 142.3 173.8 42.1 235.2
HM-8 U 1.38 39.2 245.1 112.7 211.4 195.6 51.6 289.5
HM-9 U 0.43 19.1 117.9 45.6 104.9 38.4 5.8 95.7
CCME 10 50 64 63 45 140 50 200

IDE 8 50 550 500 530 290 50 500
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Fig. 2. Bar diagrams indicative of different concentration of heavy metals between non-urban (NU) and park soils (U) of
Mashhad
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Fig. 3. The location of the studied variations in the primary components of PCA test. The primary components of PC1
and PC2 in the axes show the coordination of different heavy metals groups.
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Table 2. Principle component analysis (PCA) of heavy metals data for park soils of Mashhad city

Rotated component matrix®

PC1 PC2

Cd 0.956 0.245

Co 0.355 0.919

Cr 0.195 0.974

Cu 0.698 0.668

Ni 0.29 0.94

Pb 0.928 0.301

Sn 0.957 0.262

Zn 0.936 0.311

% variance explained 77.734 18.99
Cumulative % variance 77.734 96.724

2Rotation method: Varimax with Kaiser Normalization
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Table 3. Pearson correlation coefficient matrix for heavy metals in the park soil samples of Mashhad city

Cd Co Cr Cu Ni Pb Sn Zn
Cd 1
Co ST2%* 1
Cr A431%* 958%* 1
Cu B12%* B58%* TT4%* 1
Ni .504%* 945%* 968%* .809%* 1
Pb 937%* 590%* A476% .844%* 566%* 1
Sn 967** S5T79%* 439% .846%* S27%* 9T71H* 1
Zn 991 %* 625%* 490%* .840%* S562%* .938%* 965%* 1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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ol polas copl s e (GaluSkova et al., 2014) ol
cleas 3ol Lite Jlazs ST,k oS 5 *Pb/**Pb
Komarek ) dize oo odis 1) s Glais g jleslin |
(A-¢ JK2) (et al., 2008

L 5 GLOLIL arb) @ o Calibee mlie v a6
Cow l okl sl gtlides la 35y Pb 55550 i
Sadxia slad g 3 5 SVslee al ol ol 5 (Lietal, 2011)
codkbplnil Slata s BN 53 I 5 a4 o sksal|
Ol 5ea) olg 5a 33 i S Sl o3l 055 ladute
LS n danloen 1y Gl o 5 55 PD oy 55 ab P Jte
b Jus Sloslial K5 s, .(Monna et al., 1999)
e S (F1) b mlie Jlail g 8 (51
O e ¢SS 4 STl glads a5 53 (F3) Slse o 50 5 (F2)
s .(Lietal, 2011) Cw IPb 5550 Gacans 5o
ol b eSS 5 5w ja LS H5Lie s g )
Rodriguez-Seijo et al., ) 555 o aulzs 55 Laly,
2015

Fl+F2+F3=1
YF1xR1) + (F2xR2) + (F3xR3)= Rsoil

XF1/C1)+ (F2/C2) + (F3/C3)= 1/Csoil

(b gle e TS F3 5F2 F1 (oY¥slas o0l 5o

W Rl el S s b, s onwo

Rail s R3 R2 5 ol (V/YYOY) (b 206pp207p,

NIV VN0FY) (mio o PB/2TPh sl i i

s S ladbgas 5 (VAY) S50 ,—w o o
.(Rodriguez-Seijo et al., 2015)
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i 4 Y pone 5 A ed ) e o ]
Doe and ) dzws (0l 2Pb/ 2Pb) oo psl, 8
0341 ;8 S 55 O ¢ Jlas )5 .(Delevaux, 1972
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Table 4. The results of DTPA analyses of Co, Cr and Ni along with the total concentration and DTPA% (the percentage
of DTPA concentration/ total concentration) for Mashhad soil samples. All values are in mg kg™

Sample  Cotta Coprea Coprra%  Crietar  Crprea Crprpa%  Nitetn  Niprea  Nibprpav
HM-30 7.54 2.07 27.97 40.27 0.56 1.39 52.83 11.45 21.73
HM-31  95.18 18.56 19.96 1319 15.35 1.2 1057 216.2 20.81
HM-32 6.52 1.4 21.88 25.12 0.49 1.71 33.92 6.81 19.85
HM-33 8.64 1.78 20.94 66.35 0.68 1.03 74.65 14.75 19.91
HM-23  24.32 10.84 44.43 172.98 42.11 24.43 14451  71.22 49.22
HM-18  22.77 9.52 41.75 129.69  44.32 34.22 122.5  65.53 53.58
HM-9 19.2 6.67 34.92 118.23  26.55 22.52 104.73  40.91 39
HM-20 9.28 3.18 34.57 78.05  26.26 33.88 79.24  39.03 49.28
HM-12 18.5 5.84 31.74 116.17  21.74 18.77 100.19  33.99 34.02
HM-21 2742 15.11 55.15 180.86  67.96 37.63 158.57  96.52 60.93
HM-19  22.18 8.56 38.56 140.13  35.38 25.33 116.85 50.21 42.99
HM-16  19.33 7.24 37.32 111.65 35.15 31.61 106.59  47.93 44.96
HM-2 17.96 6.82 38.1 102.07  35.05 34.6 100.42 48 47.76
HM-11 15.14 5.66 37.48 9498 3431 36.27 92.28  48.61 52.67
HM-1 8.73 3.28 37.27 70.09 34.4 49.28 86.7 46.88 54.13
HM-15  38.21 17.97 47.17  276.05  48.09 17.44 192.79  79.86 414
HM-17  33.53 15.45 4598  202.77 47.12 233 167.45  74.55 44.56
HM-22 26.8 12.17 45.58 184.81 45.42 24.64 157.72  73.56 46.68
HM-6 25.32 8.88 35.24 167.82  29.16 17.45 129.76  43.85 33.86
HM-14 2091 6.73 32.36 14291 24.42 17.16 102.21  34.29 33.58
HM-8 39.21 21.89 5584 24523  63.55 25.93 211.34  91.69 43.37
HM-4 33.05 19.87 60.21 190.92  59.64 31.27 165.28  82.95 50.21
HM-7 31.26 17.78 56.99 175.24  64.53 36.87 14226  77.23 54.27
HM-5 36.79 14.61 39.59 279.1 37.16 13.34  220.16 61.36 27.88
HM-13  33.64 12.7 37.91 238.72  36.54 15.34 183.84  55.37 30.16
HM-3 28.02 10.93 389 195.44  37.41 19.18 175.97  54.73 31.08
HM-10  29.15 11.29 38.93 184.56  36.6 19.88 165.13  52.94 32.08




Iy e O P g3l s 5 aKow SI5ls a5 05,8 OY JLo) ¥ o)leds Yl

Table 5. The Pb isotopic composition of Mashhad surface soils

Sample 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb 206Pb/207Pb 208Pb/207Pb 208Pb/206Pb

HM-30 19.2243 15.5440 38.8235 1.2368 2.4977 2.0195
HM-31 18.7369 15.5411 38.6805 1.2056 2.4889 2.0644
HM-32 19.4204 15.5435 38.8390 1.2494 2.4987 1.9999
HM-33 18.9637 15.5618 38.8046 1.2186 2.4936 2.0463
HM-14 18.0240 15.5248 37.9694 1.1610 2.4457 2.1066
HM-1 17.9022 15.5032 37.8209 1.1547 2.4396 2.1126
HM-10 17.8432 15.4957 37.7614 1.1515 2.4369 2.1163
HM-11 17.9085 15.5069 37.8224 1.1549 2.4391 2.1120
HM-12 17.9624 15.5217 37.9200 1.1572 2.4430 2.1111
HM-13 17.8120 15.4916 37.7349 1.1498 2.4358 2.1185
HM-15 17.6560 15.4856 37.6711 1.1402 2.4327 2.1336
HM-16 17.8716 15.4981 37.7850 1.1531 2.4380 2.1142
HM-17 17.6081 15.4854 37.6685 1.1371 2.4325 2.1393
HM-18 17.5514 15.4832 37.6521 1.1336 2.4318 2.1452
HM-19 17.7023 15.4857 37.6733 1.1431 2.4328 2.1282
HM-2 17.7831 15.4910 37.7058 1.1480 2.4340 2.1203
HM-20 17.9578 15.5213 37.9064 1.1570 2.4422 2.1109
HM-21 17.2840 15.4828 37.4053 1.1163 2.4159 2.1642
HM-22 17.4520 15.4836 37.5511 1.1271 2.4252 2.1517
HM-23 17.4953 15.4827 37.6491 1.1300 2.4317 2.1520
HM-3 17.7417 15.4866 37.6780 1.1456 2.4329 2.1237
HM-4 17.3208 15.4823 37.4424 1.1187 2.4184 2.1617
HM-5 17.7489 15.4883 37.6825 1.1460 2.4330 2.1231
HM-6 17.9340 15.5171 37.8736 1.1558 2.4408 2.1118
HM-7 17.3795 15.4826 37.4836 1.1225 2.4210 2.1568
HM-8 17.4289 15.4825 37.5165 1.1257 2.4232 2.1525
HM-9 17.9530 15.5206 37.9043 1.1567 2.4422 2.1113
Ol n 5 5 e ulio ¢ sa2ee) 3150Luil 5 (b wlin s LS Sl e ol 51 g b e
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Fig. 6. A: The plot of Pb isotopic ratios for Mashhad soils. The fields of leaded petrol and natural rocks are from Civitillo
et al. (2016) and Rodriguez-Seijo et al. (2015), respectively. Symbols are similar to Fig.2, B: The calculated contribution
of natural (F1), industrial (F2) and leaded petrol (F3) sources in the park soils of Mashhad, C: The relation between Pb
content and industrial contribution of Mashhad park soils, and D: The association of Pb values and calculated contribution
of leaded petrol in the soil samples of Mashhad parks
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Introduction

Anthropogenic activities have a high impact on
urban areas and lead to severe pollution in large
cities. Urban soils are huge ‘basins’ for
accumulation of various pollutants. Thus, they
also serve as informative media. Therefore, the
study of urban soils has developed in recent years.
Mashhad is the second metropolitan city in Iran
which has more than 3 million residences and
over 20 million annual pilgrimage tourists. This
city is surrounded by numerous factories and the
high growth of urbanization has led to accelerated
air pollution. In this research study, new analytical
data for heavy metals (Cd, Co, Cr, Cu, Ni, Pb, Sn
and Zn) in soil of parks in Mashhad are presented
and they are compared with unpolluted non-urban
soils. Then, the origin of soil pollution in park
soils is discussed by statistical methods and Pb
isotope values.

Materials and methods

The main aim of this work is to focus on the urban
arecas of Mashhad and study park soil
geochemistry. Twenty three parks were selected
for this purpose. At each selected park, top soils
(5-20 cm) were collected. In addition to park
samples, 4 soil samples were collected from areas
which were far from the urban areas and they
were considered to be unpolluted.

The concentration of heavy metals was defined by
ICP-MS at the accredited Activation Laboratories
(Actlabs.), Canada. To determine available and
bioavailable fractions of Co, Cr and Ni, soil
samples were analyzed by the DTPA method

(Lindsay and Norvell, 1978). Pearson correlation
coefficients and PCA are used to investigate
elemental associations and extract latent factors
for analyzing relationships among the observed
variables. In this regard, these statistical analyses
of park soils data were done with the SPSS 16.0
software package for Windows. The geochemical
maps were plotted by a geographical information
system (GIS) using ArcMap v.10.0 (ArcGIS) to
show the overall spatial distribution patterns of
total and available heavy metal concentrations.
The Pb isotopes were measured in all samples by
a  ThermoFinnigan  Neptune = MC-ICP-MS
instrument.  Isotopic ~ measurements  were
performed by the procedure proposed by Alvarez-
Iglesias et al.’s (2012).

Results and discussion

Park soil samples have a higher concentration of
heavy metals than non-urban soils. PCA analysis
and Pearson correlation coefficient indicate that
anthropogenic sources are the main factors
controlling the Cd, Pb, Sn and Zn concentrations
(PC1 component) in park soils. In other words,
both anthropogenic and natural sources are
responsible for Cr, Co and Ni (PC2 component)
distribution in these soils. The spatial variation of
heavy metals in the soil of parks in Mashhad
confirm the statistical results and PC1 and PC2
heavy metals show different spatial variations.
Furthermore, there is clear correlation between
metals distributions, so that central parks
generally have a higher content of all heavy
metals which could be related to the heavy traffic
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and many traffic jams and air pollution in these
areas.

The lead isotopic ratios of the sample studied
show that park soils show a distinct composition
from non-urban soils. These samples are less
radiogenic than non-urban soils with lower
206Pb /2O4Pb, 207Pb /2O4Pb, 208Pb /2O4Pb, 206Pb /207Pb
and higher *®Pb/*Pb ratios. The wide range of
isotope ratios in park soils indicate that the Pb
content in these soils is produced by the
combination of different sources including natural
and anthropogenic origins and that it has also been
accumulating over time because of the enormous
use of Pb in fuel, industrial activities, etc.
(Galuskova et al.,, 2014). The low **Pb/**Pb
values in park soils confirm a possible
anthropogenic origin from the use of fossil fuels.
The three-end-member model was used to
determine possible Pb sources in the soil of parks
in Mashhad. The average contribution was 6.6%
and 93.4% for natural and anthropogenic
(industrial ~and leaded  petrol)  sources,
respectively. The detailed investigation of Pb
isotope and Pb content of soil of parks suggests
that industrial source is the main origin of samples
with relatively low Pb content (<90 mg kg™). The
contribution of leaded petrol increases in the
samples with high Pb. These soils were sampled
from the central parks of Mashhad which have
high traffic intensity.

Conclusion

The concentrations of potentially toxic elements
in the soil of parks in the city of Mashhad are
highly enriched relative to non-urban soils. The
Pb isotope composition of non-urban soils
indicate that they have a natural source while park
soil samples have originated from anthropogenic
sources. The soils which are sampled from the
central parks of Mashhad have shown the highest
heavy metal pollution due to high traffic
congestion in these areas.
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