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A B S T R A C T

The level of heavy metals (HMs) in coastal sediments has attracted the environmental researchers due to
their persistence, abundance, biomagnification and toxicity. The present study was conducted to assess the
contamination and ecological risk assessment of HMs in Jazan coastal sediments, Red Sea, Saudi Arabia
utilizing pollution indices and multivariate statistical analyses. A total of 32 surface samples were collected
for Cu, Sb, Zn, Cr, Cd, Pb, Fe, Co, Ni, Al, and total organic matter analysis using an atomic absorption
spectrophotometer. The results indicate the following descending order of metal concentrations:
Al > Fe > Cr > Cu > Zn > Ni > Co > Pb > Cd > Sb. Average level of Cd is significantly higher
than those from many neighboring and worldwide coastal sediments; and recorded very severe enrichment,
severe contamination and very high risk in the investigated sediments. The pollution indices and statistical
analyses revealed that proportion of Zn, Fe, Ni, Cr, Al, Cu, Sb and Pb were formed from lithogenic sources of
weathering Quaternary units and atmospheric deposition. Most of the Cd, Sb, and Pb levels were derived
from anthropogenic sources of industrial, agricultural, and fishing activities. The higher contribution of
organic matter may be attributed to the mangrove roots and organic fertilizers; and played a key role in
adsorbing, transferring and accumulating of elements.

1. Introduction

Human activities have a significant negative impacts on the
coastal regions and marine food resources. The conservation of
aquatic organisms and marine environment from pollution are im-
perative issue for monitoring the aquatic environments (Pejman
et al., 2015). In a consequence of their non-biodegradation, bio-
magnification and toxicity, HMs are considered as a serious con-
tamination in marine sediments, and are related to the industrial
emissions, commercial fertilizers, fuel combustion using sewage
sludges, urban and agricultural activities and dumping, and treatment
of wastes (He et al., 2005).

As a result of the growth of urbanization, industrialization, and
agriculture during the past decades and their excessive release of var-
ious HMs into the Red Sea coastal water, many studies have been done
on their coastal sediments and marine skeletons of both sides of the
Egyptian and Saudi Arabia (e.g. Beltagy, 1984; Abd El-Wahab and El-

Sorogy, 2003; El-Sorogy et al., 2012, 2013a, 2013b, 2016; Usman et al.,
2013; Salem et al., 2014; Youssef and El-Sorogy, 2016; Nour et al.,
2018, 2019; Kahal et al., 2018).

Heavy metal contamination has been observed in some coastal
regions of the Red Sea on the Saudi Arabian site, especially in the
northwest area (e.g. Al-Farawati et al., 2011; Youssef and El-Sorogy,
2016; Kahal et al., 2018). However, the studies are still scarce in the
southwest coastal area. Many of the HMs are extremely toxic and
could move up through the marine food chain, from seagrass, algae
and marine organisms into fish, and humans. Therefore, the objec-
tives of the present study are: (1) to assess the HMs contamination in
Jazan coastal sediments, Saudi Arabia using some credible pollution
indices, (2) to specify the major sources of investigated metals
(anthropogenic or natural sources) by multivariate statistical
techniques, (3) to document the present status of HMs contamination
in sediments to control and protect the biota and aquatic environ-
ment.
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2. Material and methods

2.1. Study area

The study area lies along the Red Sea coast, southwest of the Saudi
Arabia, between 42° 76′ 36″ - 42° 24′ 06″ E and 16° 48′ 84″ - 17° 49′ 91″
N (Fig. 1). The coastline is differentiated into sandy-dominated, man-
grove-dominated and rocky dominated beaches (Supplementary data,
Table 1). The sandy-dominated beaches are represented in the in-
vestigated area by 14 samples (43.75%) and are composed of fine to
coarse sand of detrital origin, which derived from the hinterland.
Sometimes include coral, bivalve, gastropod, foraminifer, crustacean,
bryozoan and sea grass fragments. The mangrove-dominated beaches
are represented by 12 samples (37.50%). These beaches may be formed
in bays sheltered from waves and tidal currents or in high wave activity
and currents. The sediments are composed of fine to medium sand, silty

clay, clayey silt and clay fractions, and rare shell fragments. The rocky-
dominated beaches are rare and represented by 6 samples (18.75%) and
are composed of man-made concrete seawalls and rocky blocks to
protect residential areas from wave action. Surveying through col-
lecting samples along the studied Jazan coastline indicated human ac-
tivities, representing by crowded fishing boats, landfilling, sewage ef-
fluents and different solid wastes.

2.2. Analytical methods

Thirty-two samples were collected from the coastal and subtidal
zone (from 0 to 30 cm deep) of the Jazan coastal area (Fig. 1), using a
grab sampler. Most of the sampled sediments consist of silt and sand,
but there are some individuals of clay or containing a high proportion
of clay (Table 1). Methods from the US Environmental Protection
Agency (EPA/CE- 81-1 Protocol) were followed for the sample

Fig. 1. Location map of the study area and samples location.
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preparation and handling. Cu, Zn, Cd, Al, Pb, Fe, Co, Sb, Cr, and Ni
analyses were conducted using an atomic absorption spectro-
photometer (GBC 932, Ver1.1) in laboratories of King Saud University,
College of Science. The samples were air dried at 60 °C and passed
through a 63 sieve for achieving fine-grained sediment. 0.2 g of each
sample were digested in Teflon cups for about 2 h in mixture of 1 HF, 2
HClO4 and 3 HNO3 acids and left overnight to complete digestion.
Moreover, a sequential weight loss at 550 °C (Dean, 1974) was used to
determine the total organic matter (%TOM). The enrichment factor
(EF), contamination factor (CF), potential contamination index (Cp),
geoaccumulation index (Igeo), soil pollution index (SPI), and potential
ecological risk index (PERI) were used as pollution indices to detect the
sources of metals (Table 2). Moreover, statistical analyses were per-
formed by using SPSS 16.0 statistical software and Microsoft Excel
2016.

3. Results and discussion

3.1. Levels of HMs and worldwide comparison

Table 1 summarizes the concentration of 10 HMs and total organic
matter in 32 surface sediments from the Jazan coastal area. Al is the
most abundant HMs (average of 3816.65 μg/g), followed by Fe
(2432.32 μg/g), Cr (32.85 μg/g), Cu (31.59 μg/g), Zn (28.51 μg/g), Ni

(20.03 μg/g), Co (4.13 μg/g), Pb (2.31 μg/g), Cd (0.51 μg/g), and Sb
(0.27 μg/g). The average organic matter content (2.26%) is much
higher than 0.95% and 1.76%, which recorded from the northwest Red
Sea coast and the Dammam Al-Jubail area, Saudi Arabia respectively
(Kahal et al., 2018; El-Sorogy et al., 2018). This indicates the con-
tribution from mangrove roots and decayed leaves, algae, and organic
fertilizers on the land. The spatial distribution of HMs within the in-
vestigated area indicates high levels in some individual samples
without a fixed trend (Fig. 2). Sb, Cu, Zn, Cd, and Pb exhibited the same
distribution pattern, particularly in recording high levels in samples 2,
10, 15, and 20 (Fig. 2A, B). Co and Cr recorded high values in samples
12, 23, 26, 28, and 30 (Fig. 2B, C), while Fe and Al in samples 2, 10, 12,
15, 20, 23, 28, and 30 (Fig. 2D). Ni exhibited a fluctuating pattern, with
high levels in samples 2, 5, 7, 11, 15, 17, 20, 29 and lower ones in
samples 3, 6, 9, 16, 18, and 21 (Fig. 2E).

Table 3 illustrates a comparison between our metal average levels
and other levels in worldwide coastal areas, as well as the sediment
quality guidelines (SQGs). The values of SQGs consist of a threshold
effect concentration (TEC, lower value) and a probable effect con-
centration (PEC, higher value). Values below TEC were considered as
no-low risk; these between TEC and PEC were considered as medium
risk; and as high risk when they were higher than PEC (Duodu et al.,
2016; Yu et al., 2012; Mao et al., 2019). Cd level was higher than the
other levels mentioned in Table 4, except those of Nour and El-Sorogy

Table 1
Location, sediment type and concentrations of 10 metals (μg/g) and organic matter (%) in the 32 surface sediments along the Jazan coastline.

S.N. Latitudes Longitudes Sediment type Al Cr Fe Co Ni Cu Zn Cd Sb Pb O.M.

1a 16 48 84 42 76 36 Clayey silt 2022 32.1 1962 3 22.4 32.2 28.2 0.48 0.2 1.6 2.22
2a 16 50 08 42 74 03 Fine sandy clay 8105 34.2 4462 3.5 23.3 43.2 38.9 0.79 0.52 4.2 1.98
3b 16 53 35 42 72 63 Clayey silt 2682 23.8 1388 2.6 13.5 21.2 18.5 0.52 0.24 2.2 2.25
4b 16 55 40 42 72 48 Fine sandy clay 1998 33.6 1992 2.8 22.9 32.8 30 0.46 0.22 1.6 2.02
5a 16 60 26 42 71 63 Fine sand 2052 32.3 1966 3.3 24.1 32.6 29.2 0.44 0.18 1.5 1.66
6b 16 70 45 42 70 90 Fine sandy clay 2695 24.1 1390 2.5 13.3 22.1 18.7 0.54 0.21 2.1 3.18
7b 16 76 79 42 67 81 Fine sandy clay 2038 33.5 2002 3.2 24.5 32.8 28.8 0.42 0.2 1.8 1.98
8b 16 78 56 42 67 40 Black silty clay 2700 25.2 1402 2.2 14.2 21.9 20 0.56 0.18 1.9 3.12
9b 16 80 93 42 64 51 Fine sandy clay 2678 25 1382 2.4 12.8 21.5 19.4 0.58 0.21 2.1 2.98
10b 16 81 98 42 63 51 Fine to medium sand 7902 34.5 4455 3.7 23.6 44 38.2 0.76 0.5 4.4 1.94
11b 16 82 26 42 60 96 Fine to medium sand 2036 33.8 2002 2.8 23.8 33.6 29.1 0.42 0.23 2 1.88
12a 16 83 96 42 58 97 Fine sand 6412 40.8 4422 10.1 22 28.8 31.2 0.24 0.14 1.9 2.05
13c 16 83 49 42 57 43 Fine to medium sand 2002 34.6 1007 2.2 17.3 36.6 28.9 0.52 0.31 2.1 2.18
14c 16 87 36 42 54 89 Fine sandy clay 2045 33.3 1971 3.1 23.5 32.4 28.5 0.44 0.2 1.8 1.82
15c 16 90 38 42 54 42 Fine sandy clay 7105 32.5 4332 3.8 23.8 44 40.2 0.82 0.52 4.2 1.98
16c 16 93 52 42 54 50 Clayey silt 2705 23.8 1399 2.8 14 23.2 19.3 0.51 0.18 2.2 3.14
17c 16 95 40 42 53 80 Fine to medium sand 2122 32.6 2018 3.6 25.2 33.4 28.2 0.48 0.26 2.4 1.96
18c 17 01 17 42 53 31 Black clay 2688 24 1386 2.3 13.8 21 20.2 0.63 0.22 2.4 3.12
19b 17 02 75 42 52 68 Fine sandy clay 1995 35 1998 3.2 24 33.1 31.5 0.48 0.2 1.7 1.88
20b 17 04 12 42 47 90 Clayey silt 8008 35.2 4398 3.8 24.5 44.2 40.1 0.92 0.55 4.6 2.04
21b 17 07 56 42 44 10 Black silty clay 2680 23.5 1408 2.7 13.6 21.8 18.2 0.58 0.26 2 3.02
22a 17 14 74 42 42 07 Fine sandy clay 7222 35.2 3352 5.2 16.3 25.2 22.4 0.43 0.22 2.1 2.22
23a 17 36 70 42 31 50 Fine sandy clay 6405 40 4495 8.8 22.8 30 32.4 0.22 0.14 1.8 2.08
24a 17 37 84 42 32 10 Fine sandy clay 1988 33.6 1015 2.4 16.8 37 30.2 0.54 0.36 2.4 2.24
25a 17 39 51 42 32 47 Fine to coarse calc. sand 2014 34 998 2.2 18.1 36.4 28.6 0.55 0.3 2.1 2.45
26a 17 40 96 42 32 53 Fine to medium calc. sand 6398 39.8 4498 9.6 22.8 28.2 32.6 0.24 0.18 1.5 1.98
27a 17 42 84 42 32 31 Fine to coarse sand 2008 35.4 1012 2.5 18 38.2 30 0.52 0.35 1.9 2.18
28a 17 44 33 42 29 62 Fine to medium sand 6422 41.4 4518 9.8 23.1 29.4 31.7 0.22 0.16 1.7 1.92
29b 17 45 02 42 76 36 Clayey sand 2134 34.1 2021 3.6 26 33.8 29.2 0.5 0.32 2.4 2.04
30a 17 46 06 42 27 26 Fine to medium sand 6400 40.8 4522 10.2 24.2 20.4 32 0.25 0.18 1.9 2.06
31a 17 47 81 42 25 85 Fine to coarse sand 1998 36 1010 2.2 17.3 36.6 27.6 0.56 0.33 2.1 2.24
32a 17 49 91 42 24 06 Fine to coarse sand 2014 34.2 997 2 16.8 38 28.9 0.52 0.28 2 2.26
Minimum 1988 23.5 997 2 12.8 20.4 18.2 0.22 0.14 1.5 1.66
Maximum 8105 41.4 4522 10.2 26 44.2 40.2 0.92 0.55 4.6 3.18
Average 3817 32.9 2432 4.13 20.0 31.6 28.5 0.51 0.27 2.3 2.26

O.M., organic matter (%).
a Sandy-dominated beaches.
b Mangrove-dominated beaches.
c Rocky-dominated beaches.
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(1917) and Nour et al. (2019). Average value of Cu was higher than
those from the Egyptian Red Sea coast, Saudi Red Sea coast, Libyan
Mediterranean coast, Chinese Daliao River System (Salem et al., 2014;
Nour et al., 2019; Ruiz-Compean et al., 2017; Kahal et al., 2018; Nour
et al., 2019; Nour and El-Sorogy, 2017; Lin et al., 2012). Cr value was
lower than the other values mentioned in Table 4, except that from the
northwest Red Sea coast by Kahal et al. (2018).

Zn and Ni values were greater than the values recorded from the
Iranian Tajan River and the Saudi Red Sea coast (Alahabadi and
Malvandi, 2018; Ruiz-Compean et al., 2017; Kahal et al., 2018). The
average values of Co and Pb were much less than those from Turkish
Gokcekaya Dam Lake, Background shale and Chinese Daliao River
System (Akin and Kırmızıgu, 2017; Turekian and Wedepohl, 1961; Lin
et al., 2012). Our levels of Ni, Zn, Cu, Cr, Sb, Cd, and Pb were less than
those of the maximum effect concentration (TEC) of the SQGs
(Table 3).

3.2. Ecological risk assessment of HMs and possible sources

Table 4 illustrates the minimum, maximum and average values of
the pollution indices used in this work. Cadmium (Cd) recorded very
severe enrichment, severe contamination and very high risk (average
EF = 45.39 and CP = 4.06 and PERI = 1568). Cu indicated severe
enrichment and considerable risk (average EF = 18.52 and
PERI = 112.18). Cr recorded severe enrichment (average EF = 18.69).
There is a significant difference between the results of SQGs, Cp and SPI
in one hand, and those of EF and PERI in the other hand. The largest
difference lies in Cd, Cr and Cu, where SQGs, Cp and SPI suggest no risk

for the studied sediments, the other two methods show medium to
extreme risk. This implies that although the total concentrations of Cd,
Cr and Cu are relatively low, because they were mostly driven from
anthropogenic sources, the high toxicity and mobility of them in sedi-
ments can lead to high risk to the Jazan coastal area. In general, the
average concentration of some metals, like Fe and Al in the sampling
area is lower than the background concentration. Relatively small range
of metal distribution indicates that these metals are mainly from natural
sources (Mao et al., 2019).

Dendrogram using average linkage subdivided the studied HMs into
two different groups (Fig. 3). Each group revealed common sources
under certain physiochemical circumstances, and similar behaviors
during transformations. The first group contains Cd, Sb, Pb, Co, Cu, Zn,
Cr, Ni, and OM, which mainly implying industrial activities around the
Jazan coastline. Presence of OM in this group suggests that organic
materials play a key role in adsorbing, transferring and accumulating of
the mentioned elements (Aghadadashi et al., 2019). The second group
includes Fe and Al, of lithogenic origin, where Al and Fe are well-de-
fined markers for natural erosion of crustal materials (Mil-Homens
et al., 2014; Mao et al., 2019).

In addition, the dendrogram between sample locations and the
analyzed metals subdivided the 32 samples into two similar low linkage
distance clusters (Fig. 4). The first cluster contains samples 1, 3, 4, 5, 6,
7, 8, 9, 11, 13, 14, 16, 17, 18, 19, 21, 24, 25, 27, 29, 31 and 32. Except
sample 29, which recorded the highest value of Ni (26 μg/g), samples of
this cluster include the lowest values of Al, Cr, Fe, Co, Ni, Zn, Cd, Sb,
and Pb (Table 1). The second cluster includes the samples 2, 10, 12, 15,
20, 22, 23, 26, 28 and 30. The most samples of this cluster contain the

Table 3
Comparison between the metal concentrations (μg/g) in the studied sediments and those in other worldwide sites.

Location Fe Ni Zn Cu Co Al Cr Sb Cd Pb Reference

Jazan coastal area, Red Sea, Saudi Arabia 2432.32 20.03 28.51 31.59 4.13 3816.65 32.85 0.27 0.51 2.31 Present study
Shalatein coastal area, Red Sea, Egypt 8451.62 17.52 44.15 9.43 3.927 0.534 11.43 Nour et al. (2019)
Tajan River, Iran 5005.3 8.2 19.7 4.2 Alahabadi and Malvandi (2018)
Al-Khobar, Arabian Gulf, Saudi Arabia 7552 75.10 52.68 182.97 4.75 2020 51.03 0.226 5.358 Alharbi and El-Sorogy (2017)
Red Sea coast, Saudi Arabia 10.06 20.85 5.73 4.01 0.25 Ruiz-Compean et al. (2017)
Red Sea coast, Saudi Arabia 1413.34 13.66 16.75 18.67 5.34 4876.56 20.18 0.18 3.54 Kahal et al. (2018)
Arabian Gulf, Saudi Arabia 8474.21 77.07 48.26 297.29 4.01 1887.07 63.79 2.13 5.25 El-Sorogy et al. (2018)
Gokcekaya Dam Lake, Turkey 15,495 125.7 265.8 108.99 85.57 216.65 0.007 74.44 Akin and Kırmızıgu (2017)
Mediterranean Sea, Libya 2084 22.65 26.36 17.30 5.95 0.83 11.69 Nour and El-Sorogy (2017)
Red Sea coast, Egypt 3490 11.404 22.636 1.938 9.696 0.102 3.255 Salem et al. (2014)
Background shale 47,200 68 95 45 19 80,000 90 0.3 20 Turekian and Wedepohl (1961)
Background continental crust 56,300 75 70 55 25 82,300 100 0.2 12.5 Taylor (1964)
Daliao River System, China 26,100 22.6 71.8 20.0 10.2 43–45 0.34 26.6 Lin et al. (2012)
Sediment quality guidelines TEC 23 121 32 43.4 2 0.99 35.9 Mao et al. (2019)

PEC 49 459 149 111 25 4.98 128

Table 4
Minimum, maximum and average values of the different pollution indices in the present study.

Metals EF Igeo CF PI ERI Cp

Min. Max. Aver. Min. Max. Aver. Min. Max. Aver. Min. Max. Aver. Sum

Pb 0.79 5.58 2.84 −2.30 −1.18 −1.93 0.08 0.23 0.12 0.15 0.46 0.23 18.15 0.23
Cd 7.66 87.23 45.39 −0.02 1.41 0.75 0.73 3.07 1.69 0.29 1.21 0.67 1568 3.06
Zn 3.32 14.78 7.54 −1.36 −0.57 −0.94 0.19 0.42 0.30 0.36 0.80 0.57 9.59 0.42
Ni 3.38 12.59 7.26 −1.38 −0.67 −0.96 0.19 0.38 0.29 0.32 0.65 0.50 56.67 0.38
Sb 0.98 11.16 4.72 −2.08 −0.72 −1.50 0.09 0.37 0.18 0.26 1.04 0.51 57 0.37
Cu 4.73 39.98 18.52 −1.73 −0.61 −1.14 0.45 0.98 0.70 0.58 1.26 0.90 112.18 0.98
Co 1.95 6.14 4.33 −3.83 −1.48 −3.01 0.11 0.54 0.22 0.25 1.28 0.52 6.74 0.54
Cr 3.93 18.69 18.69 −1.06 1.05 −0.64 0.26 0.46 0.36 0.24 0.41 0.33 23.38 0.46
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highest levels of Al, Cr, Fe, Co, Cu, Zn, Cd, Sb, and Pb.
The Pearson's correlation supported the dendrogram results

(Table 5) and revealed significantly positive correlations between Pb
and each of Cu, Zn, Cd and Pb (r = 0.590, 0.543, 0.811 and 0.903
respectively). Pb may be accumulated mainly in the agricultural soil
due to the application of chemical fertilizers (Adimalla et al., 2019).
Also, a highly positive correlation is shown between Fe and Al
(r= 0.929). In contrast, there is a negative correlation between Fe and
Cd (r = −0.115).

The extraction method of principal component analysis (PCA) sub-
divided the variables into three, accounting for 93.728% of the total
variance (Table 6). Each group of elements possibly originates from
similar sources. The first component covers 47.901% and presents
significant positive loading for Zn, Fe, Ni, Cr, Al, Cu, Sb, and Pb (0.961,
0.806, 0.797, 0.762, 0.724, 0.717, 0.541 and 0.567, respectively). The
second component corresponds to 31.118% and presents positive
loading for Cd, Sb, and Pb (0.973, 0.811 and 0.729, respectively). The
third component covers 14.709% and presents high positive loading for
Al (0.669). The source of the highly loading elements in the first
component implying that a proportion of Ni, Cr, Cu, Sb, and Pb were
from the same source as Fe and Al i.e. lithogenic origin (weathering of
crustal materials and atmospheric inputs). The lithogenic source of Cr is
related to that, it has been occluded as lattice forms in the residual and
the crystalline Fe oxide fraction (Ma and Hooda, 2010). Al and Fe are
generally accumulated as oxides or hydroxides in areas of sedimentary

rocks. Ni and Cr are derived from soils generated on undifferentiated
Quaternary units and their distributions in the earth crust are very si-
milar (Yaylal-Abanuz, 2019). Sb and Pb present positive loading in the
first and second groups, implying that they may derive from combined
sources, natural (lithogenic) and anthropogenic. The enrichment of Cd,
Cr, and Cu in sediments can reflect the level of urbanization, fishing and
industrial activities. Cd, Cu, and Zn are often regarded as a marker of
agronomic activities in agricultural fields after weathering and erosion,
and brought into the coastal areas (Kelepertzis, 2014). The metals in the
component plot using a varimax method with the kaiser normalization
were distributed into three groups, corresponding to the results from
the PCA (Fig. 5). Overall, these data suggest the multi-sources of the
HMs on the Jazan coastline sediments, i.e. weathering and erosion,
agricultural activities, domestic, industrial, and atmospheric deposi-
tion.

4. Conclusions

Analyses of HMs and organic matter in 32 surface sediments from the
coastal area, southwest of Saudi Arabia led to the following order of metal
concentrations: Al > Fe > Cr > Cu > Zn > Ni > Co > Cd > Sb.
Spreading of mangrove trees, as well as algae, and organic fertilizers may
have led to the higher content of organic matter. Distribution of HMs
within the studied coastal sediments exhibited a fluctuating pattern but
there were some individual samples containing high proportion of certain

Fig. 3. Dendrogram of the hierarchal clusters analyses of the 10 metals in the 32 surface samples collected along the Jazan coastline.
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metals. The average levels of Ni, Zn, Cu, Cr, Sb, Cd, and Pb were less than
those of the threshold effect concentration (TEC) of the sediment quality
guidelines. Cd recorded very high risk (PERI = 1568), while Cu recorded
considerable risk (PERI = 112.18). The enrichment of Cd, Cr, Cu, Zn, Sb,
and Ni in mainly reflected anthropogenic source, as well as the lithogenic

source in part, while Al and Fe were of lithogenic source. The possible
sources of anthropogenic pollutants were urbanization, agricultural and
industrial activities, whereas the possible lithogenic sources were sedi-
mentary rocks and soils generated on the mafic rocks of undifferentiated
Quaternary units.

Fig. 4. Dendrogram for hierarchal clusters analyses of 32 surface samples collected along the Jazan coastline.
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Table 5
Correlation matrix of the analyzed metals.

Al Cr Fe Co Ni Cu Zn Cd Sb Pb

Al 1
Cr 0.447⁎ 1
Fe 0.929⁎⁎ 0.604⁎⁎ 1
Co 0.633⁎⁎ 0.681⁎⁎ 0.782⁎⁎ 1
Ni 0.320 0.697⁎⁎ 0.583⁎⁎ 0.405⁎ 1
Cu 0.214 0.448⁎ 0.209 −0.191 0.538⁎⁎ 1
Zn 0.566⁎⁎ 0.732⁎⁎ 0.661⁎⁎ 0.331 0.791⁎⁎ 0.820⁎⁎ 1
Cd 0.106 −0.443⁎ −0.115 −0.653⁎⁎ −0.150 0.480⁎⁎ 0.186 1
Sb 0.372⁎ 0.036 0.200 −0.329 0.172 0.765⁎⁎ 0.585⁎⁎ 0.841⁎⁎ 1
Pb 0.589⁎⁎ −0.031 0.422⁎ −0.153 0.186 0.590⁎⁎ 0.543⁎⁎ 0.811⁎⁎ 0.903⁎⁎ 1

Bold a significant positive correlations between metal pairs.
⁎ Correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Correlation is significant at the 0.01 level (2-tailed).

Table 6
Principal component loadings and explained variance for the three components
with the varimax normalized rotation.

Component

1 2 3

Zn 0.961 −0.168
Fe 0.806 −0.284 0.496
Ni 0.797 −0.245 −0.354
OM −0.767 0.248 0.494
Cr 0.762 −0.504 −0.216
Al 0.724 0.669
Cu 0.717 0.480 −0.437
Cd 0.118 0.973 0.112
Sb 0.541 0.811
Co 0.475 −0.766 0.397
Pb 0.567 0.729 0.342
Percent of variance 47.901 31.118 14.709
Cumulative percent 47.901 79.019 93.728

Extraction method: principal component analysis.
a. 3 components extracted.
Bold a significant positive correlations between metal pairs.

Fig. 5. Three component plots using the varimax method with the kaiser normalization.
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