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1. Introduction

The spatial distribution of heavy metals in monitoring programs results in datasets
that are complex to interpret due to the correlation between the studied variables. Princi-
pal Component Analysis (PCA) is a multivariate statistical method used to determine dif-
ferences between the initially measured variables. PCA explains the quantitative relation
between the variables of the original dataset by transforming them into a new dataset of
new variables, called Principal Components (PCs), that summarize the features of the
originally measured variables and are linearly independent [1]. PCA is commonly used
in environmental data analysis to reduce the number of variables through the calculation
of PCs that incorporate a significant part of the original data variability. In this respect,
PCs containing a significant part of the initial variance facilitate the discrimination of any
correlation between the measured variables. PCA ultimately leads to variable classifica-
tion according to the factor loading for each principal component, and the results can be
used to identify the sources of heavy metals in soil samples. Heavy metals of a common
source cluster on high loading values, thus, their correlation can be identified [1-2].

2. Materials and Methods

PCA was performed to identify the potential sources of heavy metals. The number
of PCs in PCA was determined using the Eigenvalue —one criterion: any component of
Eigenvalue greater than unity incorporate a larger amount of variance compared to the
variables of the original dataset. Ultimately, PCA reduces the number of variables that
describe the variance and correlations between the measured parameters into a minimal
number of linearly independent variables, named principal components (PCs). In this re-
spect, a major part of the variance noticed in the original dataset is extracted using a lim-
ited number of principal components that facilitate the interpretation of the results [3-5].
Factor loading of the measured parameters on PCs can be classified as strong when > 0.70,
moderate for loadings ranging from 0.70-0.50 and weak for values < 0.50 [5]. Varimax
(variance maximizing) rotation of the original variable space was used to maximize the
variance extracted from the principal components [6].

3. Results and Discussion

3.1. Potentially Toxic Elements in Relation to the Distance from the Contamination Source

Assuming a certain point source of pollution in the study areas, with the epicenter
being the specific industrial activities, we developed equations that describe the total ele-
ment concentrations as a function of the distance from the suspected pollution sources
(Table S5); the Pearson correlation coefficient values indicated that, for Eretria, Ni, Co, Fe,
Cr and Mn significantly decreased with distance from the mining sites, thus exhibiting a
strong association to this anthropogenic activity. The linear equations that estimated the
PTE concentrations as a function of the distance from the source had the following coeffi-
cients of determination: (R?): 0.767 (for Ni), 0.619 (Co), 0.536 (Fe), 0.393 (Cr), 0.2739 (Cd)
and 0.258 (Mn), all significant at the level of p <0.05 (Table S5), with Pearson correlation
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coefficients (r) being —0.876 (at p < 0.001) for Ni, -0.783 (p < 0.001) for Co, —-0.733 (p <0.001)
for Fe, —0.626 (p = 0.005) for Cr and -0.508 (p = 0.031) for Mn (Table 56). In Domokos, the
coefficients of determination were low, indicating that the concentrations of most of the
elements fluctuated in an inconsistent pattern; thus, there was no causal effect that could
be traced specifically to the ceased mining activity. However, Cr was indeed significantly
negatively associated with distance (it decreased with increasing distance), thus confirm-
ing the fact that this specific element was the only one to be likely released from the min-
ing activity. The coefficient of determination for Cr was R?=0.217, and the Pearson corre-
lation coefficient (r) was —0.466 (although seemingly low, still significant at p = 0.038; Table
S5). As for the steel factory area of Volos, the coefficients of determination were signifi-
cant, although relatively low, for Pb and Zn, a finding indicating that they are likely asso-
ciated to the steel processing activities of the factory (Pb r = -0.422 at p = 0.020; Zn r = -
0.386 at p =0.035). As for the association between metals, in Eretria, Cr was correlated with
Fe, Ni and Pb, a finding confirming the previously reported data (Table S6). As for Domo-
kos, Cr had apparently no significant correlation to any of the measured elements. In the
steel factory area, significant positive correlations were found for Cr vs. Co, Fe vs. Ni, Co
vs. Cr, Fe vs. Ni and Fe vs. Co, Cr, Cu, Mn and Ni. The above results are in accordance
with the findings of Olowoyo-Odiwe-Mkolo [7], where a highly significant positive cor-
relation of Fe and Cr with Ni was reported, signifying a common source and mineral as-
sociation and/or soil fractionation and chemical behavior. In addition, we examined the
dependence of PLI with distance from the suspected contamination epicenter. In Eretria,
the PLI values significantly decreased with distance (p = 0.002), while those in Domokos
and in the industrial area of Volos (steel factory) were not (p = 0.220 and p = 0.695, respec-
tively) (Table S9).

3.2. Contamination Factor of the Studied Potentially Toxic Elements

Contamination factor (CF) is a useful index functioning as a “unitless” concentration
that allows the comparison among elements. Our data illustrate that in the three studied
areas, as was expected, Ni, Cr and Co exerted a major effect on the pollution load (Figure.
52, Table S7). The values (average across studied areas: Ni CF = 33.19; Cr CF = 10.32) were
high in comparison to other findings in the literature. Other often-studied PTEs had CFs
near unity, indicating that their levels were close to their natural abundance concentra-
tions: Cd was 1.79, Cu 1.43, Pb 1.26 and Zn 1.17, values still higher than those reported in
the previously cited work (Cd = 0.92, Cu = 0.36, Pb = 0.41 and Zn = 0.88). In addition,
Demkov4 [8] measured the pollution levels at an abandoned mining site in Spis, Slovakia,
where mining activities were reportedly ceased early in the 21st century: The reported CF
values were 5.2 for Cd, 15.2 for Cu, 3.2 for Pb and 12.1 for Zn, considerably higher than
those found in our work. Contrary to that, the CF values of Co (0.9) and Cr (3.7) in that
work were lower than those found here.

3.3. The Necessity for Principal Component Analysis

For a dataset to be suitable for PCA analysis, the Kaiser-Meyer—Olkin Measure of
Sampling Adequacy (KMO) values are required to be greater than 0.5, and the result from
Bartlett's Test of Sphericity must be statistically significant (p < 0.05). More specifically, in
this work, the KMO values (0.553 in Eretria, 0.514 in Domokos and 0.653 in the steel fac-
tory dataset) and the statistically significant results of Bartlett's Test of Sphericity (p <
0.001) for the three studies (Tables S10-15) signified that the variables in each dataset were
associated and not orthogonal and that a PCA analysis would give credible results [9,5].
Furthermore, the correlation values among the extracted PCs were, on average, 0.1233 for
Eretria, 0.0683 for Domokos and —0.1637 for the steel factory PCs (Figure S3).

3.4. Available PTE Concentrations (AB-DTPA)
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For the studied areas, the potentially phyto-available concentrations were measured
with AB-DTPA (Table S18). In Eretria, the Cd, Cr and Pb AB-DTPA concentrations were
below the detection limits, while the percentage of availability (i.e., the DTPA levels over
the corresponding aqua regia levels) of Co, Cu, Fe, Mn, Ni and Zn ranged from 0.84 to
7.80% (Table S18). The available PTE concentrations of Domokos were similar to those of
Eretria, with the exception of Cu, where its availability was higher. As for the steel factory
of Volos, Pb, Cd, Cu and Zn had higher availability percentage than expected: They
equaled 139.0%, 56.7%, 25.2% and 10.3%, respectively, indicating anthropogenic sources
of pollution. However, in those PTEs where high pseudo-total concentrations were meas-
ured, the AB-DTPA levels were relatively low, with the percentages of availability ranging
from 0.03% for Cr to 3.22% for Ni; this indicates that these elements may be of geogenic
origin. In our study, the average AB-DTPA concentrations in the steel factory were for Ni
= 6.75, for Pb = 5.30, for Cu = 5.28, for Zn = 10.45, for Cr = 0.14 and for Cd = 0.12 (all units
in mg kg-1), which were higher than the reported values by Crispo [10], who reported
from 20 UK cities Ni = 0.068, Pb = 0.023, Cu=0.18, Zn =4.73, Cr = 0.1 and Cd = 0.005. Tan-
zeem-ul-Haq [11] studied Ni-affected soils and reported that Ni availability in a soil of pH
7.03 was 3.02% of the total, comparable to the availability reported in our work.

3.5. HQ Values for Soil Particle Ingestion

HQ values for soil ingestion both for adults and children were significantly different
in the three studied areas in the order of Domokos > Eretria > steel factory (p < 0.001)
(Figure. S5; Table S19-20). In all studied areas, Co, Fe and Ni had significantly higher HQ
values than the rest of the PTEs (p < 0.001), while for Mn, Pb, Cd, Cr, Cu and Zn, minimal
values were observed (Table S513). This shows that Cr, the most elevated and problematic
of all studied PTEs in soil, is the least offensive concerning health risk, probably due to
the fact that it is a nutrient for humans, and thus its RfDo is comparatively high (1500),
while that of Co is only 0.3 (units in ug day kg* BW).
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Figure S1. Contamination factor (CF, unitless) boxplot for the soil samples obtained from (a) Eretria,

(b) Domokos and (c) the industrial area of Volos (near the steel factory).



Toxics 2021, 9, 293

5 of 27

Eigenvalue
w

N

Eigenvalue

mmm Component eigenvalue]

—e8—% Variance explained

oT

2 3 4 5 6 7 8 9 10
Component

Figure S2. Scree plot of PCs and % of variance explained from the components, Eretria dataset.
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Figure S3. Scree plot of PCs and % of variance explained from the components, Domokos dataset.
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Figure S4. Scree plot of PCs and % of variance explained from the components, steel factory, Volos dataset.
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Figure S5. Hazard quotient (of the soil ingestion pathway), in Eretria for adults (a) and children (b), in Domokos for adults
(c) and children (d) and in the Volos steel factory for adults (e) and children (f).
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Table S1. Sampling positions in Eretria and soil physicochemical characteristics.

Eretria N@39° E@22° Soil type* Distance® pH CaCOs OC Sand Clay Oxides
" % % % 0% ™M
kgt
1 18°01.6” 37'30.0” LP 167 6.38 0.21 242 51.2 20.0 80.60
2 17'58,7”" 37'36,2” LP 279 6.72 0.31 2.89 77.2 8.0 68.16
3 17'59,2”” 37°49,8” LP 558 6.91 0.21 1.87 55.3 21.1 58.14
4 17'54,3” 38°00,3" LP 847 6.79 0.18 1.79 60.0 20.0 65.59
5 17°49,1” 38'11,5” LP 1153 6.93 0.29 1.56 54.0 22.0 65.29
6 17°47,4” 38'23,0” LP 1430 7.07 0.21 1.76 30.3 33.3 49.86
7 17744,9” 3822,4” LpP 1443 6.86 0.25 1.64 28.0 34.0 49.50
8 1819,0” 37'14,0” LP 554 7.09 0.23 1.21 65.2 12.0 69.20
9 18'19,5” 37'16,8” LP 515 7.63 5.70 1.25 77.2 6.0 27.14
10 18'45,8”  36756,6 CL 1468 7.76 7.65 0.78 47.2 18.0 17.53
11 18’46,5" 37°08,0 CL 1368 7.84 4.27 1.17 43.2 20.0 26.57
12 1859,9” 36'52,8” CL 1896 7.78 0.45 0.94 41.6 5.6 37.45
13 1837,4” 36'52,8” CL 1307 7.52 0.34 0.78 55.2 14.0 44.88
14 18728,07 37'11,6” LP 822 7.69 7.03 1.17 65.2 6.0 44.79
15 17°47,7” 37°20,5” LP 565 7.25 0.12 3.35 34.8 31.7 81.71
16 17°41,5” 37°25,7” LP 724 6.94 0.04 3.16 37.2 30.0 104.53
17 17°42,4” 37'28,8” LP 697 6.80 0.12 3.55 41.2 28.8 92.22
18 17°46,6” 37°06,6” LpP 740 7.40 1.03 2.89 50.4 16.8 44.88

a. LP: Leptosols; CL: Calcisols; b. Distance in m from the suspected contamination point. N@39°: All sampling points are situated at

39 degrees North. E@22°: All sampling points are situated at 22 degrees East.
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Table S2. Sampling positions in Domokos and soil physicochemical characteristics.

Domokos N@39° E@22° Soil Distance® pH CaCOs OC Sand Clay Oxides
m % % % % mmol
1 4'38.8” 19'08.8” VR 296 7.51 1.68 4.80 9.2 43.7 68.22
2 4'48.1" 19'37.3” VR 524 7.16 0.13 3.35 12.0 449 117.21
3 4'56.4” 19'55.7” M 1015 7.25 0.30 2.81 6.8 25.3 83.14
4 525.3” 19'42.9” M 1378 6.84 0.25 6.32 12.4 28.8 94.10
5 514.6” 19'47.9” M 1171 7.09 0.15 2.65 44 22.8 102.93
6 56.07 19'46.7” CM 965 6.97 0.08 3.08 44 28.8 68.49
7 513.0” 20'13.5” M 1634 7.08 0.12 2.81 6.4 27.6 109.93
8 505,6” 20'13,4” CM 1487 7.16 0.06 2.73 44 35.6 82.88
9 4'38.4” 1848.9” VR 690 7.53 0.06 1.95 3.6 44.0 105.96
10 4'38.9” 1837.1” CM 955 7.64 0.10 2.03 45 14.3 49.48
11 4'32.2"  1839.1” VR 983 7.87 0.16 1.87 5.6 35.7 85.39
12 4'18.5” 1843.6” VR 1157 7.96 1.07 1.83 8.0 48.0 62.23
13 4'11.77 1823.0” VR 1662 7.76 1.60 2.65 42 57.3 41.11
14 4'52.5” 1843.9” CM 787 717 0.30 1.83 59.7 134 57.37
15 4’5277 18'52.4” VR 594 7.35 0.06 1.79 67.6 39.6 69.56
16 4’4797 18'58.4” VR 420 7.73 0.41 0.90 49.6 31.6 54.97
17 502.6” 1844.3” CM 905 7.24 0.08 1.44 55.6 21.6 88.86
18 502.6” 1850.6” VR 786 6.99 0.05 1.83 61.6 42.8 70.24
19 53.77 1856.8” VR 699 7.12 0.13 2.03 75.2 45.6 86.47
20 4'57.3” 18'58.1” VR 540 7.38 0.08 1.48 69.6 38.8 68.69

a. CM: Cambisols; VR: Vertisols; b. Distance in m from the suspected contamination point. N@39°: All sampling points are situated

at 39 degrees North. E@22%: All sampling points are situated at 22 degrees East.
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Table S3. Sampling coordinates of Steel factory sampling sites (Volos industrial area) and soil physicochemical charac-

teristics.

N@39° E@22° Soil Distanceb pH CaCOs OC Sand Clay Oxides
Steel factory
m % % % % mmol
1 23’03.7” 49004 CM 913 8.27 5.53 1.58 32.01 33.19 65.22
2 23'03.7"  49'04.2” CM 1000 8.09 6.17 2.13 34.84 39.18 74.89
3 23’0247 49'12.4” CM 1194 8.17 17.67 1.01 34.41 35.99 89.11
4 23'12.17  47°02.6” CM 1905 8.04 3.15 0.69 7.96 49.22 70.33
5 23'14.2” 46’37.8” CM 2525 7.96 2.30 1.80 19.95 41.22 73.90
6 23'12.3"” 46’15.7” CM 3045 7.5 2.54 0.85 38.38 36.01 66.68
7 23'10.3” 46’49.8” CM 2225 8.35 2.66 0.52 41.95 33.23 62.49
8 23’09.6"” 46'58.1” CM 2023 8.23 5.20 0.78 15.98 47.21 84.77
9 23’06.7” 47'36.6” CM 1104 791 2.68 2.03 34.81 33.19 74.47
10 23’05.6"” 47'40.1” CM 1022 8.21 2.38 0.34 25.97 43.22 93.19
11 23’°02.1” 47'38.1” CM 1076 8.25 3.94 1.65 24.74 45.24 102.58
12 23°01.17 47°44.7” CM 925 8.16 1.96 0.32 26.34 42.03 123.78
13 22'52.9”  47'24.0” CM 1465 8.06 2.98 1.80 38.85 33.17 65.41
14 22'51.2"” 47'27.5” CM 1405 8.13 5.80 0.52 32.36 34.02 69.23
15 2249.9” 47'31.5” CM 1334 8.07 4.26 2.10 34.77 35.21 75.94
16 22457  47'15.9” CM 1728 7.92 7.00 0.79 38.44 33.98 55.54
17 22'42 4" 47'21.8" CM 1646 8.19 2.88 0.38 40.05 31.18 65.54
18 22°47.8" 47'37.2” CM 1249 8.06 3.18 1.72 36.83 37.19 79.10
19 22’50.3” 47'45.5” CM 1020 8.12 5.61 1.95 42.02 33.19 79.17
20 22’51.9” 47'54.0” CM 822 8.01 2.81 0.33 24.32 44.04 86.30
21 22'54.3” 48019 CM 617 7.98 6.96 1.19 40.84 37.18 72.83
22 22’56.5"” 4809.9” CM 425 8.24 5.57 0.73 48.49 29.95 67.14
23 22’57.5"” 4817.0” CM 309 8.16 2.91 2.33 40.81 31.19 81.72
24 22'58.3"” 4822.1” CM 240 8.15 4.84 1.76 60.79 21.20 56.56
25 22'58.7"" 48285 M 265 8.17 1.83 057  34.39 36.01 96.26
26 22'56.9” 48'33.9” CM 384 8.09 23.10 1.31 26.46 45.96 71.43
27 22’544 48'31.5” CM 427 8.17 5.23 2.13 28.03 47.18 92.97
28 2249.1” 48'26.6” CM 551 7.95 5.22 1.42 42.35 32.03 63.50
29 22'53.4” 47.58.8” CM 698 8.2 5.52 0.45 48.82 31.19 77.22
30 23'04.1” 4823.0” CM 58 8.14 2.68 2.44 36.83 33.19 48.47

a. CM: Cambisols; b. Distance in m from the suspected contamination point. N@39%: All sampling points are situated at 39 degrees

North. E@220: All sampling points are situated at 22 degrees East.
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Table S4. Pseudo-total concentrations of potentially toxic elements (mg kg™) in soil samples from Eretria, Domokos and
steel factory (industrial area of Volos).

Eretria Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 0.27 20.24 199.6 3.32 29865 616 76.9 115 35.6
10th perc 0.27 25.54 244.7 5.49 32741 740 243.7 11.5 38.0
50th perc 0.41 74.94 687.2 9.71 42633 969 1428.1 15.0 52.6
Average 0.51 68.38 705.2 11.56 42690 1004 1227.5 15.1 53.8
90th perc 0.72 115.14 1118.0 18.95 49929 1387 2090.3 19.1 69.3
Max 0.82 123.62 1272.2 29.30 52178 1676 2236.6 23.1 109.3
Skewness 0.40 0.00 0.00 1.29 -0.47 1.12 -0.25 0.64 1.93
Domokos Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 041 36.65 362.1 413 30169 609 330.5 115 21.8
10t perc 041 52.35 590.6 6.54 32199 874 900.5 11.8 33.6
50t perc 0.41 82.87 712.7 8.19 42845 1100 1339.6 13.8 425
Average 0.45 84.05 777.5 8.57 41325 1215 1315.1 14.4 44.6
90th perc 0.56 109.40 925.3 11.27 45873 1664 1788.1 16.4 52.3
Max 0.68 137.30 1560.0 13.47 47193 1957 1811.7 20.7 90.7
Skewness 2.08 0.05 1.53 0.39 -1.39 0.62 -1.06 0.71 1.90
Steel Factory Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 0.00 12.03 67.8 12.08 17992 431 53.4 0.0 48.0
10t perc 0.00 15.40 141.7 14.51 23529 504 80.6 0.0 50.2
50t perc 0.17 25.54 350.3 19.75 34112 632 258.2 0.0 82.6
Average 0.18 26.40 359.4 21.43 32377 648 257.6 34 86.1
90t perc 0.32 38.49 658.7 30.05 40522 804 467.5 10.2 116.8
Max 0.52 47.71 712.8 35.22 44307 829 548.4 25.1 215.2
Skewness 0.71 0.45 0.35 0.54 -0.22 0.05 0.43 2.21 1.84
BG 041 11.3 59.5 38.9 -—- 480 29 27 70
TAV 20 100 450 500 -—- --- 150 300 1500
MAC 5 50 200 150 - --- 60 300 300

BG=Background content of trace elements in earth crust, TAV=Trigger Action Values, MAC= Maximum Allowable Concentrations
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Table S5. Equations of total potential trace element concentrations as a function of the pollution source distance from the

sampling site.

Eretria

Linear

Logarithmic

Exponential

Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
Zn

-0.0002x+0.69 (R? =0.2739)
-0.0541x+120.2 (R2=0.619)
-0.428x+1098 (R? = 0.393)
+0.0033x+8.51 (R? =0.059)
-10.43x+52270 (R%2 = 0.536)
-0.2819x+1263 (R? = 0.258)
-1.4435x+2553 (R? = 0.767)
-0.002x+16.954 (R2 = 0.068)
-0.0137x+66.42 (R? = 0.124)

-0.144In(x)+1.472 (R2 = 0.2438)
-37.25In(x)+318.3 (R2 = 0.5074)
-235.3In(x)+2273.5 (R2 = 0.204)
+1.901In(x)-1.092 (R2 = 0.033)
-7371In(x)+91824 (R2 = 0.4609)
-200.8In(x)+2342 (R2 = 0.225)
-1045In(x)+8195 (R2 = 0.692)
-1.323In(x)+23.9 (R2 = 0.0514)
-37.25In(x)+318 (R2 = 0.5074)

0.7255e-00004x (R2 = 0.2623)
153.4e0001x (R2 = 0.555)
1245.8e00008x (R2 = 0.316)

7.095e00004 (R2 = (0.528)
53367600003 (R2 = (0.527)

1258.7e00003x (R2 = 0.2547)

4388.1e0002x (R2 = 0.673)
16.57e0.001x (R2 = 0.068)
61.56e00002x (R2 = 0.1313)

Domokos

Linear equation

Logarithmic equation

Exponential equation

Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
/n

-0.00005x+0.499 (R2 = 0.057)
-0.0192x+101.96 (R2 = 0.092)
-0.2896x + 1047 (R2 = 0.217)
-0.00006x + 8.6 (R2 = 0.011)
-1.292x + 42530 (R2 = 0.0102)
-0.0495x + 1261 (R2 = 0.0028)
-0.0305x + 1343 (R2 = 0.0009)
0.0003x + 14.12 (R2 = 0.002)
-0.0027x + 47.081 (R2 = 0.005)

-0.064In(x)+0.8775 (R2 = 0.106)
-15.06In(x)+185.65 (R2 = 0.077)
-244.3In(x) + 2425 (R2 = 0.211)
0.038In(x) + 8.32 (R2 = 0.0007)
-72.4In(x) + 41814 (R2 = 4E-05)
-55.191In(x) + 1587 (R2 = 0.005)
48.959In(x) + 985 (R2 = 0.003)
-0.401In(x) + 17.12 (R2 = 0.005)
-6.448In(x) + 88.07 (R2 = 0.041)

0.4862e-00001x (R2 = 0,059)
102.7e-0.0003x (R2 = 0.089)
1047e-0.0004x (R2 = 0.224)

8.073e 0.00003x (R2 = 0.0001)

42402e-4505 (R2 = 0.0097)

1144.3e2E05x (R2 = 0.0028)

1412.6e280% (R2 = 0.0003)

13.855€3805¢ (R2 = 0.0024)

41.729e205x (R2 = 0.0045)

Steel factory

Linear equation

Logarithmic equation

Exponential equation

Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
/n

-4E-06x + 0.181 (R2 = 0.0005)
0.0005x + 25.8 (R2 = 0.0016)
-0.0281x + 391(R2 = 0.0116)

0.0044x + 16.499 (R2 = 0.285)

4.5382x + 27294 (R2 = 0.2318)

0.0364x + 606.8 (R2 = 0.0606)

-0.001x + 258.77 (R = 2E-05)

-0.0033x + 7.16 (R2 = 0.1785)
-0.0186x + 107 (R2 = 0.1492)

0.021In(x) + 0.03 (R2 = 0.0184)
2.33In(x) + 10.66 (R2 = 0.0437)
15.76In(x) + 252.8 (R2 = 0.005)
3.412In(x) - 1.648 (R2 = 0.233)
45641n(x) + 1516 (R = 0.3193)
37.1In(x) + 396.9 (R2 = 0.0857)
29.8In(x) + 56.08 (R2 = 0.0275)
-4.37In(x) + 33 (R2 = 0.4158)
-24.68In(x) + 253 (R2 = 0.3582)

23.068e6E05x (R2 = 0.0009)
303.09e!E06x (R2 = 0.0107)
16.661e00002¢ (R2 = 0.2703)
26638e0.0002x (R2 = 0.2086)
599.07e6E05x (R2 = 0.0574)
181.61e00001x (R2 = 0.0005)

101.91e2E04x(R2 = 0.1726)
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Table S6. Pearson correlation coefficient values for the total element concentrations in the three studied areas.
Eretria Dist Cd Co Cr Cu Fe Mn Ni Pb Zn
Distance 1
Cd -0.141 1
Co -0.783** 0.205 1
Cr -0.626** 0.187  0.804** 1
Cu 0.242 -0.085 -0.284 -0.454 1
Fe -0.733** 0.491*  0.881**  0.712**  -0.094 1
Mn -0.508* -0.273  0.788**  0.550* -0.008 0.583* 1
Ni -0.876** 0.302  0.886**  0.693**  -0.420 0.817** 0.497 1
Pb -0.262 -0.176 0.483*  0.561*% 0.171 0.348 0.595 0.255 1
Zn -0.352 0.345 0.306 0.012 0.458 0.471* 0.246 0.273 0.339 1
Domokos Distance Cd Co Cr Cu Fe Mn Ni Pb Zn
Distance 1
Cd -0.240 1
Co -0.303 0.131 1
Cr -0.466* -0.120 -0.017 1
Cu -0.011 0.140 -0.115 -0.358 1
Fe -0.101 0.073  0.573** 0.056 0.220 1
Mn -0.053 0.087  0.796**  -0.426 -0.099 0.154 1
Ni -0.029 0.068 0.367 0.091 -0.051 0.635** 0.040 1
Pb 0.047 0.179 -0.090 -0.371 -0.265 -0.579 0.274 -0.253 1
Zn -0.072 0.748** 0.250 -0.269 0.258 0.276 0.198 0.196 0.210 1
Steel factory  Distance Cd Co Cr Cu Fe Mn Ni Pb Zn
Distance 1
Cd -0.023 1
Co 0.039 -0.255 1
Cr -0.103 -0.280  0.907** 1
Cu 0.534** -0.022 0.036 -0.172 1
Fe 0.481** -0.187  0.683**  0.556**  0.606** 1
Mn 0.246 0.076 0.242 0.103 0.698** 0.699** 1
Ni -0.005 -0.223  0.942**  0.958**  -0.121 0.594** 0.135 1
Pb -0.422* 0.233 -0.423*  -0.365* -0.312 -0.585**  -0.280 -0.367* 1
Zn -0.386* 0.333 -0.413*  -0.365* -0.113 -0.438% 0.045 -0.385*  0.895** 1

* Significant at the level of p<0.05, ** Significant at the level of p <0.01.
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Table S7. Descriptive statistics of CF values in Eretria, Domokos and steel factory (industrial area of Volos).

Eretria Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 0.66 1.79 3.36 0.09 - 1.28 2.65 0.43 0.51
10th perc 0.66 2.26 4.11 0.14 - 1.54 8.40 0.43 0.54
50th perc 1.00 6.63 11.55 0.25 - 2.02 49.25 0.56 0.75
Average 1.23 6.05 11.85 0.30 - 2.09 42.33 0.56 0.77
90th perc 1.76 10.19 18.79 0.49 - 2.89 72.08 0.71 0.99
Max 1.99 10.94 21.38 0.75 - 3.49 77.13 0.85 1.56
Skewness 0.40 0.00 0.00 1.29 - 1.12 -0.25 0.64 1.93
Domokos Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 1.00 3.24 6.09 0.11 - 1.27 11.40 0.43 0.31
10th perc 1.00 4.63 9.93 0.17 - 1.82 31.05 0.43 0.48
50th perc 1.00 7.33 11.98 0.21 - 2.29 46.19 0.51 0.61
Average 1.09 7.44 13.07 0.22 - 2.53 45.35 0.53 0.64
90th perc 1.36 9.68 15.55 0.29 - 3.47 61.66 0.61 0.75
Max 1.66 12.15 26.22 0.35 - 4.08 62.47 0.77 1.30
Skewness 2.08 0.05 1.53 0.39 - 0.62 -1.06 0.71 1.90
Steel factory Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 0.00 1.06 1.14 0.31 - 0.90 1.84 0.00 0.69
10th perc 0.00 1.36 2.38 0.37 - 1.05 2.78 0.00 0.72
50th perc 0.40 2.26 5.89 0.51 - 1.32 8.90 0.00 1.18
Average 0.43 2.34 6.04 0.55 - 1.35 8.88 0.13 1.23
90th perc 0.78 3.41 11.07 0.77 - 1.68 16.12 0.38 1.67
Max 1.27 4.22 11.98 0.91 - 1.73 18.91 0.93 3.07
Skewness 0.71 0.45 0.35 0.54 - 0.05 0.43 2.21 1.84
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Table S8. Descriptive statistics for Pollution Load Index (PLI) for the studied areas.

Eretria Domokos Steel factory
Min 1.14 1.61 0.80
10th perc 1.28 1.91 0.94
50th perc 2.33 2.34 1.65
Average 2.20 2.28 1.61
90th perc 2.92 2.53 2.15
Max 3.19 2.95 2.67
Skewness -0.31 -0.29 0.04

Table S9. Pearson correlation of PLI index values with distance from suspected pollution source. .

PLI Pearson correlation Sig.
Eretria -0.779 0.000
Domokos -0.287 0.220
Steel factory 0.075 0.695
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Table S10. Varimax rotated factor loading matrix for Eretria sampling area.

Rotation
Sampling site: N . . Sums of
: Initial Eigenvalues Extraction Sums of Squared Loadings
Eretria square
loadings
Components Total % Variance  Cumulative %  Total % Variance = Cumulative % Total
1 5.121 51.209 51.209 5.121 51.209 51.209 5.085
2 1.740 17.401 68.610 1.740 17.401 68.610 1.909
3 1.566 15.663 84.273 1.566 15.663 84.273 1.739
4 .689 6.885 91.158
5 .389 3.890 95.048
6 277 2.774 97.823
7 117 1.175 98.998
8 .064 642 99.640
9 .029 290 99.930
10 .007 070 100.000
Eretria— Components Component Correlation Matrix
PC1 PC2 PC3
PC1 1.000 0.191 0.112
PC2 0.191 1.000 0.067
PC3 0.112 0.067 1.000
Kaiser—-Meyer—Olkin Measure of Sampling Adequacy 0.553

Bartlett's Test of Sphericity P <0.001
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Table S11. Rotated component matrix of principal component analysis for heavy metals, component correlation matrix,
KMO and Bartlett’s test for Eretria sampling sites.

Eretria— Variables

Principal components

PC1 PC2 PC3
Distance -0.858 0.004 0.023
Cd 0.373 0.242 —0.841
Co 0.955 -0.014 0.140
Cr 0.877 -0.276 0.170
Cu -0.508 0.862 0.173
Fe 0.896 0.224 -0.161
Mn 0.579 0.095 0.621
Ni 0.966 -0.122 -0.136
Pb 0.332 0.300 0.635
Zn 0.215 0.862 -0.148
Eretria— Components Component Correlation Matrix
PC1 PC2 PC3
PC1 1.000 0.191 0.112
PC2 0.191 1.000 0.067
PC3 0.112 0.067 1.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.553
Bartlett's Test of Sphericity p <0.001
Table S12. Varimax rotated factor loading matrix for Domokos sampling sites.
Rotation
Sampling site: T . . Sums of
Initial Eigenvalues Extraction Sums of Squared Loadings
Domokos square
loadings
Components  Total % Variance Cumulative %  Total % Variance = Cumulative % Total
1 2.703 27.030 27.030 2.703 27.030 27.030 2.284
2 2.174 21.744 48.774 2.174 21.744 48.774 2.140
3 1.615 16.152 64.926 1.615 16.152 64.926 2.158
4 1.479 14.787 79.712 1.479 14.787 79.712 1.721
5 961 9.607 89.319
6 496 4.956 94.276
7 255 2.549 96.825
8 179 1.793 98.618
9 109 1.086 99.704
10 .030 296 100.000
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Table S§13. Rotated component matrix of principal component analysis for heavy metals, component correlation matrix,
KMO and Bartlett’s test for Domokos sampling sites.

Domokos— Variables

Principal components

1 2 3 4
Distance -0.001 -0.039 -0.372 0.799
Cd -0.130 -0.077 0.955 -0.223
Co 0.387 0.855 0.023 -0.138
Cr 0.142 -0.276 -0.128 -0.860
Cu 0.344 -0.395 0.385 0.447
Fe 0.907 0.230 0.065 0.029
Mn -0.036 0.944 -0.035 0.211
Ni 0.672 0.226 0.015 -0.056
Pb -0.812 0.298 0.228 0.075
Zn 0.043 0.068 0.889 0.036
Component correlation matrix
Domokos—Components PC1 PC 2 PC3 PC4
PC1 1.000 0.018 0.112 -0.077
PC2 0.018 1.000 0.215 -0.038
PC3 0.112 0.215 1.000 0.180
PC 4 -0.077 -0.038 0.180 1.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.514
Bartlett's Test of Sphericity p <0.001
Table S14. Varimax rotated factor loading matrix for steel factor sampling sites.
Rotation
Sampling site: . . . . Sums of
Initial Eigenvalues Extraction Sums of Squared Loadings
Steel factory square
loadings
Components Total % Variance  Cumulative %  Total % Variance = Cumulative % Total
1 4.371 43.708 43.708 4.371 43.708 43.708 3.647
2 2.381 23.806 67.514 2.381 23.806 67.514 2977
3 1.460 14.598 82.112 1.460 14.598 82.112 2.961
4 0.834 8.341 90.454
5 0.550 5.496 95.949
6 0.203 2.030 97.979
7 0.073 0.733 98.712
8 0.073 0.728 99.441
9 0.038 0.377 99.817
10 0.018 0.183 100.000
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Table S15. Rotated component matrix of principal component analysis for heavy metals, component correlation matrix,

KMO and Bartlett’s test for steel factory sampling sites.

Principal t
Steel factory — Variables Tincipal components

PC1 PC2 PC3
Distance -0.340 0.509 -0.505
Cd -0.151 0.262 0.522
Co 0.928 0.082 -0.066
Cr 0.977 -0.119 -0.056
Cu -0.243 0.930 -0.013
Fe 0.481 0.699 -0.127

Mn 0.176 0.956 0.352
Ni 0.965 -0.052 -0.056

Pb -0.098 -0.175 0.802

Zn -0.079 0.131 0.968

Steel factory — Component correlation matrix
Components PC1 PC2 PC3
PC1 1.000 0.169 -0.313
PC2 0.169 1.000 -0.347
PC 3 -0.313 —0.347 1.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.653
Bartlett's Test of Sphericity p <0.001
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Table S16. Potentially toxic elements in cereal shoot tissues (mg kg™) in Eretria, Domokos and steel factory (industrial

area of Volos).

Eretria Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDLa BDL BDL BDL 0.00 0.00 BDL BDL 0.00
10th perc BDL BDL BDL BDL 0.00 0.00 BDL BDL 0.00
50th perc BDL BDL BDL BDL 17.79 5.20 BDL BDL 10.21
Average BDL BDL BDL BDL 26.23 7.00 BDL BDL 10.26
90th perc BDL BDL BDL BDL 58.07 14.52 BDL BDL 20.38
Max BDL BDL BDL BDL 73.27 26.98 BDL BDL 24.49
Skewness NAP NA NA NA 0.49 1.37 NA NA 0.07

Domokos Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDL BDL BDL BDL 0.00 0.00 BDL BDL 0.00
10th perc BDL BDL BDL BDL 0.00 0.00 BDL BDL 0.00
50th perc BDL BDL BDL BDL 10.95 5.51 BDL BDL 11.43
Average BDL BDL BDL BDL 18.94 7.93 BDL BDL 12.71
90th perc BDL BDL BDL BDL 36.79 14.16 BDL BDL 22.40
Max BDL BDL BDL BDL 109.75 35.45 BDL BDL 34.41
Skewness NA NA NA NA 2.70 1.73 NA NA 0.59

Steel factory Cd Co Cr Cu Fe Mn Ni Pb Zn
Min NA NA 25.60 341 NA 10.47 NA NA 20.60
10th perc NA NA 54.16 4.18 NA 21.66 NA NA 24.13
50th perc NA NA 144.78 6.47 NA 35.17 NA NA 39.86
Average NA NA 181.77 8.89 NA 33.84 NA NA 42.05
90th perc NA NA 289.33 17.54 NA 43.58 NA NA 72.38
Max NA NA 794.61 32.65 NA 61.57 NA NA 76.52
Skewness NA NA 2.65 2.30 NA 0.03 NA NA 0.85

a: BDL: Below detection limit.

b: NA: Not appropriate/not available.
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Table S17. Potentially toxic elements in cereal grains (mg kg™) in Eretria, Domokos and steel factory (industrial area of

Volos).
Eretria Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDLa BDL BDL BDL 0.00 1.57 BDL BDL 19.63
10th perc BDL BDL BDL BDL 0.00 2.00 BDL BDL 21.05
50th perc BDL BDL BDL BDL 091 7.02 BDL BDL 26.51
Average BDL BDL BDL BDL 3.38 9.29 BDL BDL 27.53
90th perc BDL BDL BDL BDL 8.52 18.03 BDL BDL 34.96
Max BDL BDL BDL BDL 17.03 19.72 BDL BDL 37.65
Skewness NAP NA NA NA 2.31 0.50 NA NA 0.37
Domokos Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDL BDL BDL BDL BDL 1.57 BDL BDL 16.19
10th perc BDL BDL BDL BDL BDL 9.14 BDL BDL 18.41
50th perc BDL BDL BDL BDL BDL 17.91 BDL BDL 27.12
Average BDL BDL BDL BDL BDL 16.77 BDL BDL 27.31
90th perc BDL BDL BDL BDL BDL 22.75 BDL BDL 34.21
Max BDL BDL BDL BDL BDL 25.77 BDL BDL 40.08
Skewness NA NA NA NA NA -0.95 NA NA 0.02
Steel factory Cd Co Cr Cu Fe Mn Ni Pb Zn
Min NA NA 4.46 4.95 NA 5.02 NA NA 21.20
10th perc NA NA 7.10 6.24 NA 12.07 NA NA 24.50
50th perc NA NA 9.68 8.68 NA 21.73 NA NA 40.39
Average NA NA 9.53 9.03 NA 30.92 NA NA 45.12
90th perc NA NA 11.89 11.49 NA 46.08 NA NA 64.63
Max NA NA 14.34 20.92 NA 221.65 NA NA 109.21
Skewness NA NA -0.09 2.05 NA 4.48 NA NA 1.89

a: BDL: Below detection limit.

b: NA: Not appropriate/not available.
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Table S18. Descriptive statistics of potentially toxic elements extracted using AB-DTPA (ammonium bicarbonate-diethy-
lene-triamine pentaacetic acid, mg kg™) and percentage of availability of AB-DTPA-extractable elements relative to the
pseudo-total elements.

Eretria Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDLb BDL 0.00 0.00 30.65 10.94 BDL BDL BDL
10t perc BDL BDL 0.00 0.00 54.24 24.34 1.29 BDL 0.02
50t perc BDL 1.39 0.00 0.12 176.57 69.74 22.39 BDL 0.27
Average BDL 2.03 0.00 0.38 177.78 80.20 27.35 BDL 0.45
90t perc BDL 3.73 0.00 1.03 335.62 143.51 63.83 BDL 1.05
Max BDL 8.00 0.00 1.52 468.41 186.63 70.54 BDL 1.73
Skewness NAc 1.33 NA 1.32 0.91 0.56 0.66 NA 1.74
%Availability> NA 2.29 NA 3.01 0.39 7.80 2.35 NA 0.84
Domokos Cd Co Cr Cu Fe Mn Ni Pb Zn
Min BDL BDL BDL 0.83 BDL BDL BDL BDL BDL
10t perc BDL 0.13 BDL 1.31 17.15 36.01 7.76 BDL BDL
50t perc BDL 0.73 BDL 1.64 159.54 58.37 23.15 BDL 0.13
Average BDL 0.97 BDL 1.71 155.70 67.72 28.10 BDL 0.42
90t perc BDL 2.22 BDL 2.25 267.64 112.48 43.70 BDL 0.72
Max BDL 3.52 BDL 2.69 333.43 125.65 77.27 BDL 4.15
Skewness NA 1.63 NA 0.39 0.08 0.13 1.00 NA 3.95
% Availability? NA 1.11 NA 20.00 0.37 5.74 2.10 NA 0.76
Steel Factory Cd Co Cr Cu Fe Mn Ni Pb Zn
Min 0.04 0.08 0.03 2.20 4.82 15.78 2.32 1.26 1.48
10t perc 0.07 0.15 0.06 3.79 5.15 18.30 3.66 1.57 2.10
50th perc 0.11 0.26 0.13 5.20 7.65 24.34 7.06 4.36 8.66
Average 0.12 0.27 0.14 5.28 9.42 27.01 6.75 5.30 10.45
90t perc 0.20 0.39 0.23 7.11 11.96 40.71 9.89 10.68 22.83
Max 0.26 0.48 0.33 9.22 49.21 48.12 10.80 16.50 49.49
Skewness 0.98 0.38 0.83 041 4.65 0.93 -0.01 1.17 2.26
% Availability? 56.73 1.11 0.03 25.18 0.03 4.24 3.22 139.06 10.33

a: Percentage of AB-DTPA-extractable elements over pseudo-total elements.
b: BDL: Below detection limit.

c: NA: Not appropriate/not available.
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Table S19. Duncan tests for HQ soil ingestion in the three studied areas: adults (a), children (b).

HQ adults
Duncanab«<
Subset
N 1 2 3
Volos 270 .023435
Eretria 162 .055284
Domokos 180 .063786
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square (Error) = .001.

a. Uses Harmonic Mean Sample Size = 194.400.

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not guaranteed.

c. Alpha = 0.05.
(a)
HQ children
Duncanab-ec
Subset
N 1 2 3
Volos 270 .218868
Eretria 162 516044
Domokos 180 595239
Sig. 1.000 1.000 1.000

(b)

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square (Error) =.118.

a. Uses Harmonic Mean Sample Size = 194.400.

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not guaranteed.

c. Alpha = 0.05.
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Table S20. Duncan tests for Eretria HQ (soil ingestion) adults (a) and children (b), Domokos HQ adults (c¢) and children
(d) and steel factory (Volos) HQ adults (e) and children (f).

HQ soil ingestion, Eretria—adults HQ soil ingestion, Eretria—children
Duncan®? Duncan®?
Subset Subset
N 1 2 3 N 1 2 3

Zn 18 .0002457 Zn 18 .002293

Cu 18 .0003957 Cu 18 .003695

Cr 18 .0006439 Cr 18 .006008

Cd 18 .0006939 Cd 18 .006470
Pb 18 .0059167 Pb 18 .055217
Mn 18 .0098267 Mn 18 .091706
Fe 18 .0835333 Fe 18 779611
Ni 18 .0840300 Ni 18 .784289
Co 18 3122667 Co 18 2915111
Sig. .660 979 1.000 Sig. .660 .978 1.000
Means for groups in homogeneous subsets are displayed. Means for groups in homogeneous subsets are displayed.
Based on observed means. Based on observed means.
The error term is Mean Square (Error) =.003. The error term is Mean Square (Error) = .269.
a. Uses Harmonic Mean Sample Size = 18.000. a. Uses Harmonic Mean Sample Size = 18.000.
b. Alpha = 0.05. b. Alpha =0.05.

(a) (b)
HQ soil ingestion, Domokos—adults HQ soil ingestion, Domokos—children
Duncan®? Duncan®?
Subset Subset
N 1 2 3 N 1 2 3

Zn 20 .0002 Zn 20 .001900
Cu 20 .0003 Cu 20 .002741
Cd 20 .0006 Cd 20 .005741
Cr 20 .0007 Cr 20 .006628
Pb 20 .0056 Pb 20 .052640
Mn 20 .0119 Mn 20 .110950
Fe 20 .0809 Fe 20 .754750
Ni 20 .0900 Ni 20 .840300
Co 20 .3838 Co 20 3.581500
Sig. 420 460 1.000 Sig. 419 459 1.000
Means for groups in homogeneous subsets are displayed. Means for groups in homogeneous subsets are displayed.

Based on observed means. Based on observed means.

The error term is Mean Square (Error) =.002. The error term is Mean Square (Error) =.133.
a. Uses Harmonic Mean Sample Size = 20.000. a. Uses Harmonic Mean Sample Size = 20.000.

b. Alpha = 0.05. b. Alpha =0.05.
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(©) (d)
HQ soil ingestion, steel factory (Volos) —adults HQ soil ingestion, steel factory (Volos) —children
Duncan®? Duncan®?
Subset Subset
N 1 2 3 4 N 1 2 3 4
Cd 30 .000242 Cd 30 .0023
Cr 30 .000328 Cr 30 .0031
Zn 30 .000393 Zn 30 .0037
Cu 30 .000734 Cu 30 .0069
Pb 30 .001338 Pb 30 0125
Mn 30 .006337 Mn 30 .0591
Ni 30 .017646 Ni 30 .1648
Fe 30 .063363 Fe 30 5915
Co 30 .120530 Co 30 1.1261
Sig. 185 1.000 1.000 1.000 Sig. 185 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square (Error) =.000.

a. Uses Harmonic Mean Sample Size = 30.000.

b. Alpha = 0.05.

(e)

Means for groups in homogeneous subsets are displayed.
Based on observed means.

The error term is Mean Square (Error) =.021.

a. Uses Harmonic Mean Sample Size = 30.000.

b. Alpha =0.05.

(f)
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Table S21. Hazard Index (HI) for soil ingestion in the three studied areas.

Eretria Domokos Steel factory
Adult Child Adult Child Adult Child
Min 0.17 1.62 0.27 2.49 0.10 0.97
10th perc 0.21 2.00 0.41 3.78 0.14 1.26
50th perc 0.55 5.15 0.60 5.62 0.21 1.95
Average 0.50 4.64 0.57 5.36 0.21 1.97
90th perc 0.78 7.33 0.69 6.40 0.30 2.77
Max 0.80 7.46 0.84 7.89 0.33 3.09
Skewness -0.18 -0.18 -0.40 -0.40 0.14 0.14
Table S22. Hazard Index for humans from wheat grain consumption.
Eretria Eretria Domokos Industrial Area
Min 0.43 0.39 0.96
10th perc 0.45 0.72 1.24
50th perc 0.62 1.01 1.86
Average 0.69 0.96 2.01
90th perc 0.98 1.18 2.96
Max 1.13 1.26 4.99
Skewness 0.61 -1.06 1.77
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