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Introduction:-

Soil contamination is a major concern for emerging countries. The presence of metallic trace elements (MTE) from
mining activities, such as lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn), and mercury (Hg) in the environment
should be well controlled because these metals are often found in non-biodegradable and toxic states. Thus, they can
persist in the environment for long periods (Nhari et al., 2014).
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Contamination of an environment by MTEs according to Baize (1997) refers to an increase in the total
concentrations of these MTEs in the environment following by significant anthropogenic inputs. According to
Akujobi (2012),MTEs are important environmental pollutants, especially in environments with high concentrations
of anthropogenic activity. Their presence in the atmosphere, soil, and water, even in the form of traces, can cause
serious problems for all organisms. The accumulation of heavy metals in soils is a concern in agricultural production
because of their adverse effects on crop growth, food quality, and the environment (Augusto, 2001).

Near roads, soils, plants, and animal organisms living in this area are subject to contamination of the metallic
elements emitted by mining activities and fumes released by vehicles fumes (Ghrefat and Yusuf, 2006). According
to Lee et al. (2001), mining is one of the most important sources of heavy metals in the environment. Extraction and
mining operations, ore concentration, metal production, and waste disposal are major sources of environmental
contamination (Adriano, 1986). As a result, high levels of heavy metal concentrations can be found near mines due
to landfill and dispersal of mining waste in surrounding soils, crops, and streams.

Mining and processing of minerals in DR Congo are the basis of soil contamination (Muyumba et al 2015). Since
1911, the Mining Union of Upper Katanga (UMHK), which became Gecamines in 1966, operates mines in the
province and processes extracted minerals. Lubumbashi and Kipushi form a copper arc of Upper Katanga.
Therefore, a copper refinery was established in the city of Lubumbashi in the early twentieth century (Isabelle,
2010). The ore extracted at Kipushi was regularly transported to Lubumbashi for processing. Implementation of
mining operations in the province of Katanga is more likely resulting in soil contamination. Consequently, there is
the dense road traffic (transport of minerals) andthe risk of contamination of soils near roads by projections due to
shaking and accidental fallouts.

MTEs are continuously added to the soil through various activities. There are numerous emission sources of MTEs,
notably industry, transport, agricultural practices, urban sludge and compost, and alteration of parent rocks. Traffic
and road infrastructures are also sources of MTE, but their pollution is only a fraction of the chronic pollution from
vehicles in use and tear of the road equipment (Setra, 2004).

More than a decade ago, Ward (1997), Pagotto (1999), and Dalmas (2000) were able to denounce soil contamination
in the road sector in France. Muyumba et al. (2020) also made this finding in their work on the Lubumbashi-Likasi
road. For this reason, we felt that it was necessary to evaluate the soil contamination on the Lubumbashi-Kipushi
road because of the road traffic on this specific road.

The objective of this work is to evaluate the distribution of MTEs (cadmium, copper, lead, and zinc) along the
Lubumbashi-Kipushi road.

Material and Methods:-

Description of the Study Site:

The Lubumbashi-Kipushi road has located in the northwest of the city of Lubumbashi.It joins the Kasumbalesa road
in the Upper Katanga province in the Democratic Republic of Congo. The city of Kipushi is located about 30 km
from the city of Lubumbashi. Kipushi is a mining town where some mining companies are located, such as
Gecamines, CMSK, KOTA mining, KICO mining, etc. The ore mine in the town of Kipushi contains germanium,
gallium, copper, lead, zinc, cobalt, cadmium, silver, etc. (Kitobo, 2009; Muyumba et al., 2016). Below is a map
showing the geographical location of our study area.
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Figure 1:- Sampling Mapping.

Sampling and Chemical Analysis:

Different sampling sites about the environmental situation were located. The first site (S1) is located before the main
entrance of the Mining Company of Katanga (SOMIKA), the second site (S2) is situated just after the same copper
mining plant. The third site (S3) is found at Kilimasimba. The fourth site (S4) is located after the Mimbulu farm
(Fermil). The fifth site (S5) is located at the Kafubu River near Kota Mining. Finally, the last site (S6) is located at
the Welcome Panel of the city of Kipushi. This road is one of the axes used by mining operators since colonial
times, this is why it was chosen for this study.

N B
4
4
4
4
NE
N B
4

e I T T T S

Figure 2:- Sampling Scheme.

Six points on the left and six points on the right were taken at different distances away from the road (A = 0.5 m, B
=25m C=5m, E=10m, F =20 m, and G = 50 m). At each sampling point, two samples at two depths, at 2cm
and at 10cm (0 to 2 cm and from 2 to 10 cm), were taken. Twelve samples were taken on the left and the other
twelve on the right side of each site. At each site, we sampled 24 samples and 144 samples from all 6 sites. The
figure above presents an overview of our sampling.
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Study materials consist of the ground taken along the Kipushi road. The packaging of our equipment was carried out
in the polyethylene transparent. Each sample was kept in the laboratory at room temperature.The drying mode
consisted of spreading our samples in the open air. After drying, each sample was sieved at 2 mm size to obtain a
size adapted to two millimeters.

Data Analysis:

The results obtained in this study are displayed as mean + SEM. Data analysis was done using one-way ANOVA.
Values were considered significant at P< 0.05.

The principal component analysis (PCA) was used to explain associations of the observations having close
characteristics.

Results:-

Distribution of MTEs in Surface Soils (0-2 cm) of the Kipushi-Lubumbashi Road Axis:

The ANOVA allowed to characterize the distribution of MTE and pH in the surface layer of soils around the
Lubumbashi-Kipushi road (Table 1).

Table 1:- Mean Concentrations (mg/kg) of MTE and pH in SurfaceSoils (0 to 2 cm).

Factors Cu Cd Zn Pb pH

Side Right 7177+ 7657° 254+635° 8464+6120° 752+1153° 7,52+0,46"
Left 7493+7752° 119+£534% 7182+5416° 731+144% 7,58+0,41°

Distance | A 14459+8648" 230+201° 11470+6650° 1769+1576 7,740,617
B 12019+7248% 478+1035° 9864+4708% 1310+1415% 7,6+0,30°
C 7224+7792% 1924265° 9501+6126™ 6594968 7,8+0,12°
D 4897+4621% 105+192° 7088+5421%° 413+629° 7,6+0,37°
E 22714£2039° 54,5+72,5° 5018+3960° 181+£256° 7,440,49°
F 2707+4943¢ 59,9+135° 3997+3939° 285+769° 7,340,417

Sites 1 5446+5545 332+1073° 6679+£5847™° 2694276 7,6+0,31°
2 6073+£5596™ 80,7+138" 10883+6306° 531+£937% 7,5+0,63°
3 4771+£5455° 78,6£112° 10698+6454% 2524353° 7,6+0,42°
4 13675+10308° 226£175° 10003+5905%° 1616£1440° 7,7+0,34%
5 7974+£9071% 200+223° 4688+2455 1059+1690™ 7,440,317
6 6113+£6390™ 2024259° 3988+1630° 888+£1069™ 7,4+0,47°

Where A =0.5m, B=2.5m, C=5m, D =10 m, E =20m, and F = 50m represent the distance from the taxiway. The
exponents a, b, ¢ ... correspond to the significant difference levels of the mean values and where also 1, 2, 3, 4, 5,
and 6 represent the site before Somika and after Somika, Kilimasimba, Mimbulu farm, Kafubu river, and welcome
panel at Kipushi.

It was observed that all means of MTE concentrations, as well as pH values, showed no significant differences
depending on whether one is on the right or left side of the road. However, it was found that Cu, Zn, and Pb
concentrations decrease when moving away from the road. Cu showed three levels of concentrations significantly
different from the five distances considered. The highest value corresponded to the distance of 0.5m, and the lowest
equated to the distance of 20 m and 50m from the road. The Zn significantly indicated two different levels. The
point located at 0.5m is significantly greater than points located at 20 and 50m of the track. Lead also attested two
major different levels with its highest value always located at 0.5m, but its lowest value was found at points 10m,
20m, and 50m of the track.

Taking into account different sampling sites, Cu presented two levels where the highest value at site 4 (Mimbulu
farm) and lowest at site 3 (Kilimasimba). Zinc also had two levels at site 2 (after Somika) and site 6 (Welcome panel
of Kipushi) corresponding to the highest and lowest values. This was also the case for Pb _which  showed  two
different sites.Its highest concentration corresponded to site 4, and its lowest concentrations were found at sites 1
(before Somika) and 3 (Kilimasimba).
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Distribution of MTE Concentrations in Deep Soils (2 and 10 cm) Around the Lubumbashi-Kipushi Road
Axis:

The one way ANOVA applied to the MTE concentrations defined their distribution by side, distance to track, and
sampling site. The results of this analysis presented in Table 2.

The comparison of MTE and pH means on both sides of the road showed that there is no significant difference
found between the right and left sides as it was the case for surface soils.

The evaluated path in terms of distance showed major differences for all MTEs. MTE concentrations decreased with
distance to the track. The following table 3 summarizes the mean values of MTE and pH in soil depths.

Table 2:- Average Concentrations (mg / kg) ofMetalTraceElements and pH inDeepSoils (2 to 10 cm).

Factors Cu Cd Zn Pb pH

Side Right 7176+8148° 127186 8330+5997° 661+1170° 7,4+0,47°
Left 6287+7184° 123+192° 7145+5885° 662+1123 7,5+0,55°

Distance | A 14751+7173° 2634239 12201£5549" 1806+=1887° 7,5+0,32°
B 13590+9556° 269+286° 110236228 1292+1255® 7,6+0,34,
C 4592+4382° 74,2+89 3% 7793+6114™ 353+393% 7,6+0,77°
D 3488+3978° 75,4103 6791+5433™ 3114493 7,4+0,22°
E 1818+1832° 37,2447,3° 4575+4001° 133+188° 7,3+0,59°
F 2151+2901° 32,2+18,6° 4044+3764° 73,2+129° 7,3+0,60°

Sites 1 4957+4941° 18,8+23,7° 6512+5636™ 178+168° 7,5+0,19°
2 4896+5515" 43,6+62,6™ 8438+5976™ 221+368° 7,3+0,58°
3 5484+5665" 91,2+117® 12180+8357° 334+498™ 7,3+0,36°
4 11794+£12132° 2314223° 10641£6291%° 1521+1838° 7,7+0,49°
5 7295+8163" 179+228™ 4447+1770™ 811+1155" 7,6+0,80°
6 5964+6185° 1874258 4201+2044° 902+1328% 7,3+0,32°

Where A =0.5m, B=2.5m, C=5m, D =10 m, E =20m, and F = 50m represent the distance from the taxiway. The
exponents a, b, ¢ ... correspond to the significant difference levels of the mean values were 1, 2, 3, 4, 5, and 6 also
represent the site before Somika, andafter Somika, Kilimasimba, Mimbulu farm, Kafubu river, and Welcome panel
at Kipushi.

Cu decreases in distances A (0.5m) and B (2.5m) at distances C (5m), D (10m), E (20m) and F (50m). While the
concentration of Cd and Zn decreases with the distance from A and B to the distance E and F. However, Pb showed
its decay in three distances from distance A to distances C, and D and the distance E, and F.

Distribution of ETM Concentrations in the Two Soil Depths (Surface- Depth) Around the Lubumbashi-
Kipushi Road Axis:

In this part of the work, the mean values of the concentrations of the MTE and pH of the soil of the first depth (0 to
2 cm) and those of the second depth (2 to 10 cm) are compared. The results of this analysis are presented in Table 3.

Table 3:- AverageConcentrations (mg/kg) of MTE and pH inBothDepths (0 to 2 and 2 to 10 cm) for allDistances
andSites.

MTE Cu Cd Zn Pb pH
Level Surface 7332+£7640" 152+216" 7823+5728" 769+1159° 7,6+0,43"
Depth 6732+7640° 125+187° 7738+5930° 661+1138° 7,5+0,51°

The exponents a, b, ¢ ... correspond to the significant difference levels of the mean values.

The result of this table shows that no significant difference between the concentrations of the MTE and pH of these
two depths was found on all the MTEs and pH. This provides strong evidence to consider that the two depths
sampled as identical.

Relationship Between Variables:

The relationships between variables in the soil surface are illustrated in Figure 3. The principal component analysis
(PCA) carried out on the data shows that the first two axes account for more than 80% of the variance and can be
considered representative of the behavior of variables studied in these two depths.
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Figure 3:- Principal Component Analysis (PCA) of Soil Depth Variables.

Copper, Pb and Cd are proportionally associated and have no relationship to Zn and pH. This is equivalent to say

that the first three elements could come from the same source while the speciation of Zn could be more influenced
by pH.

At depth (Figure 3a), CPA is representative to surface soils as well as in deep soils (Figure 3b). However, the
behavior of Zn is slightly modified in the second depth. Zn exhibits intermediate behavior between Cu, Cd, Pb
group, and pH. Nevertheless, pH remains indifferent to Cu, Cd, and Pb in this second depth.

It is observed that the relationships between all the samples studied remain close to those of two depths carried out
separately. The first two axes once again represent a variant close to 80%.
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Figure 4:- Principal Components Analysis (PCA) of Soil Variables from Two Depths (0 to 2 and 2 to 10 cm).

The pH remains indifferent with respect to Cu, Cd, and Pb, but it is rather close to Zn. This shows that the behavior

of Zn is more governed by pH changes than it will be with the other three elements. The change in pH would affect
Zn much more than Cu, Cd, and Pb.
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Discussion:-

The vehicle traffic on the Lubumbashi-Kipushi road affected the soil MTE concentrations on both sides of the road
at the same level. This implies that the dispersion of the MTE has been fair and equitable on both sides of the road.
Wind direction and other factors, such as runoff acting on the movement of the elements on the soil surface would
have not affect the distribution of MTE.

The significant effect of distance on the distribution of trace elements on both sides of the Kipushi Road can be
explained by anthropogenic contamination. Concentrations of MTE decreased with distance to the road. The non-
effect of distance on Cd in this soil layer would have resulted from its higher mobility compared to the other three
MTEs (Isabelle, 1999). Thus, Cd would have migrated a little deeper than the other three elements and kept its
surface concentration close to the natural soil.

The variation in concentrations relative to the sites might have derived from accidental or soil type at the sites that
significantly showed different MTE values. According to Mmolawa et al (2011), the sources of contamination along
the road were due to human activities, vehicle emissions, and site lithology. Sites 4 and 3 have a similarity in Cu and
Pb concentration because these two MTE similarly evolve in both sites. This is explained by the fact that these two
elements gradually migrated in-depth because they proceed from an origin of external contamination. Road traffic
can be considered as the cause of this contamination as found by Pagotto (1999).

The side factor remains without a significant impact on the distribution of the metallic traced elements studied, as it
was the case on the surface soil. However, Pagotto (1999) discovered a contrary finding following the prevailing
wind that blows perpendicularly to the track. The axis (Lubumbashi-Kipushi) studied is found to be parallel to the
dominant wind (Pagotto, 1999).

Once again, the distance from the road affects the distribution of all MTE. This result could mean that the
contamination impact was spread beyond the two depths. The toxic effects of Cu would be more expressed on the
surface than at the depth. This could be related to the weakness of the second depth considered in this study.

The sites show a variation concerning all elements except for Cu. This means that the high concentration of Cu
observed at point 4 would be accidental. Otherwise, the variation could also occur in this soil layer. Lead, on the
other hand, maintains its high concentration on site 4. This behavior can be explained by the fact that Cu and Pb are
considered to be less mobile than Zn and Cd (Isabelle, 1999). However, the intrinsic behavior of these two elements
could explain the change in Cu behavior in this layer. The nature of the element under consideration also influences
its behavior in a given environment (Delmas, 2000).

It should be noted that the factors considered in this study had no effect on soil acidity. The nature of the substrate
causes thecontamination that does not contain acid-generating elements or compounds. In soils, some elements, such
as calcium and magnesium or both together, or any compound containing them (limestone, lime, dolomites, etc.)
decrease the acidity when they are in high concentration (Hlavackova, 2005).

The lack of significant difference in MTE concentrations in the two depths considered would be justified by the fact
that the depths studied are very close (weak). From an agronomic point of view, 2 cm is insignificant, and the depths
to be observed should be somewhat greater than those considered in this study.

The distribution of variables into two groups expresses two distinct behaviors that exist between them. The almost
orthogonal positioning of the groups proves that there is almost no relationship between the pH-Zn group and Cu-
Pb-Cd. Otherwise, the approximation between the variables in each group expresses their close behavioral
relationship. Therefore, they are associated with one another. The association of a group with the major axis of the
PCA gives two variables of the main factors of the system. Thus, Cu, Pb, and Cd are major factors of the variables
and exhibit similar behavior in their distribution. The non-association of Zn with the other three MTE would mean
that this element could have a natural origin and non-anthropogenic. This is supported by its behavior in the second
depth where the Zn is slightly detached from pH and approaches three other MTE (Figure 3b).

Although Zn has approached Cu, Cd, and Pb, it is generally governed by the pH (Figure 3a). The absence of a clear
relationship between Cu, Cd, and Pb with pH can be clarified by the fact that they have higher concentrations than in
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a natural situation, and their forms would not be favorable to the action of pH. This significantly reduces the impact
of pH on these three elements.

Conclusion:-

The study assessed the contamination of soils along the roads by MTEs from anthropogenic activities due to road
traffic. To achieve this, the Lubumbashi-Kipushi axis was the target of this research in the road sector followed by
the transport of minerals since the colonial times. Six sampling sites and two sides per site were investigated. In
order to determine the influence of the road on soil contamination, six points at different distances from each other,
on each side, away from the road were taken, namely (0.5m, 2.5m, Sm, 10m, 20m, and 50m).

The analysis of the main components shows that there is a correlation of the variables whose percentage of two axes
at the surface and at depth is 80%. The two depths demonstrate that the pH remains indifferent with respect to Cu,
Cd, and Pb, but it is rather close to Zn. This indicates that the behavior of Zn is more controlled by pH variations
than it is with the other three elements. The change in pH would affect Zn much more than Cu, Cd, and Pb.

Given the high concentrations at the site studied, it appears that the contamination emitted in the road environment
can have an impact on crops. Since the spread of contaminants is often possible; thus, crops could begin at a
distance of 50m to avoid contamination due to the road traffic, which can be negligible at this particular distance.
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