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Abstract

This scientific paper details the presence of heavy metals and microorganisms (primarily bacteria) in the subsurface
layers of Tirana, the capital city of Albania, which is in the middle of the country. We can infer some significant
conclusions from the data if bacteria and heavy metals are present in sufficient amounts to be regarded as variables
contributing to soil pollution.

This study's primary goal was to illustrate the potential link between soil contamination caused by chemicals and
microorganisms and the resulting harm to the general public's health. To accomplish this goal, six soil samples collected
in June 2024 at a depth of 0.5 m were used. We call attention to the fact that Tirana has been linked over time to
considerable air pollution caused by heavy metals and microorganisms.

Through statistical analysis of the data, we were able to derive conclusions about the chemical components that might
be responsible for soil contamination.

In summary, we discover that the soil has been chemically contaminated by nickel, which is present in an amount that
is roughly 2.2 times higher than what the EU Regulatory Acts have set as acceptable. This is predicated on a qualitative
examination of the outcomes in relation to the EU's permitted pollution levels.

We think that the primary causes of Tirana's soil pollution are farmers' overuse of chemical and organic fertilizers, the
relevant municipal authorities' poor handling of wastewater, and the disrespectful actions of heavy and light industries
operating within the city.
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1. Introduction
Heavy metal poisoning in the soil near industrial areas has had devastating effects on pastures, woodlands, and

agricultural land.

Researchers from the country's universities and research facilities have investigated the heavy metal pollution of
Tirana's mines, enrichment plants, and industrial facilities.
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Along with trace elements, some heavy metals are essential for maintaining life and the body's metabolism, including
copper, zinc, and selenium [1, 2].

The deposition, and even more the concentration on the rates of heavy metals such as nickel, zinc, cobalt, lead, copper,
arsenic, cadmium, and selenium in agricultural lands near areas with a developed industry, is a factor for a considerable
change to the whole plant community.

All the above-mentioned chemical elements are part of heavy metals, which are also naturally present in the Earth's
crust.

Some of the negative factors that affect the quality of healthy soil are the presence of macro- and microplastics in the
soil, excessive use of pesticides, deforestation primarily caused by humans, excessive fertilizer application to
agricultural lands by farmers, and the presence of heavy metals above permissible levels [5, 6, 7, 8,9, 10].

In general, heavy metals are dangerous even in small amounts, and for this purpose, for the benefit of the plant
community, but not only, it is important to achieve their elimination through different processes. They have detrimental
effects on living things when ingested in small amounts through food, drink, and the air [3, 4, 5, 6, 7, 8, 9, 10].

In cases where the presence of heavy metals is in parameters higher than the respective maximum limit allowed for
each of them, the poisoning of the animal world through the food chain can also occur. Heavy metals are dangerous
because of their tendency to bioaccumulate [6, 8].

Numerous diseases, such as typhoid, influenza, tuberculosis, and numerous fungal infections that impact plants or
animals, can be easily spread through the air [11, 12, 13, 14, 15].

Boaccumulation is the process by which chemical components become concentrated over time in a biological organism
as opposed to their concentration in the environment [11, 12, 13, 14, 16].

In the natural world, they are not as focused. Conversely, high concentrations of heavy metals have detrimental effects
on human health and the environment in polluted areas [5, 6, 7, 8, 9, 10, 16].

Plants that are exposed to heavy metals experience damage to their cell membranes, abnormal growth of roots and
shoots, reduced CO2 uptake, reduced transpiration, and reduced stomatal conductance [5, 6, 7, 8, 9, 10, 16].

In addition to the primary output, industrial operations produce solid, liquid, and gaseous secondary products, which
necessitates continuous management and environmental observation [5,6,7,8,9,10, 16].

pH, redox potential, organic matter, and total metal content are a few examples of the factors that influence the
concentration of metals in soil [17, 18].

The soil contamination that existed in a few locations in Tirana in June 2024 is extensively detailed in this essay. To
investigate the microbiological and heavy metal level pollution in Tirana, six monitoring locations have been identified
in the city's east, north, and southwest way.

1.2-1.4 km distance was observed between each sampling station, far from the city center.

From the processing of the obtained data, we came to the conclusion that the concentrations of almost all heavy metals
analyzed such as zinc, arsenic, cadmium, chromium, cobalt, copper and lead are within the normal values determined
by the EU, and the only the element that makes an exception is nickel, which is present in the analyzed soils in an amount

2.2 times higher than the maximum allowed parameters.

It is also established that food crops are cultivated in every land that was analyzed. The main crops grown there are
fruit trees, wheat, maize, and fodder items [11, 12, 13, 14].

The scientific work undertaken by us aims to contribute to providing preliminary knowledge about the identification of
possible factors as well as their impact on soil pollution with heavy metals and microorganisms.

To achieve the above goal, we have analyzed the soil samples taken at the predetermined stations in the Tirana region,
determining the presence and number of different microorganisms and heavy metals.
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2. Materials and Methods

In June 2024, six soil samples are collected at a depth of 25 to 50 cm in the Tirana area.

Diphenyl carbazide, a colorimetric technique, was used to determine the speciation analysis in water soil extracts [5, 6,
7,8,9,10,19].

Following that, 25 ml of demineralized water and 2.5 g of soil samples were mixed and left for roughly two hours. After
centrifuging the water for 10 minutes at 3500 rpm, a 0.45 pum Millipore filter was used to filter the water [17].

Following extraction, the sample was immediately acidified with a drop of concentrated ultrapure HNO3 to lower the
pH to less than 2.

The sample was suspended in 25 ml of demineralized water containing 10 g of soil after 30 minutes of magnetic stirring,
and the pH of the soil was determined using a standard calibration at pH 4 -7 [19].

Numerous investigations revealed that the silt to sand fraction contained over 90% of the soil sediments. There was
roughly 9% clay in the mixture.

To determine the grain size, 10 g of the sample were treated with H20: to release organic material, oxalic acid to release
iron, and HCI to remove calcareous material.

3. Results and Discussion

Based on the treatment and laboratory examination carried out, the statistical analyzes obtained as well as the analytical
processing of the results obtained on the soil samples collected in six predetermined stations in the Tirana area, for the
period of June 2024, we have managed to identify the microbiological presence and heavy metals in these soil samples.
Meanwhile, we emphasize that the only chemical element found with a presence beyond the permitted rates that
identifies it as a soil pollution factor, is nickel.

The results obtained for each of the six analyzed samples are combined and compared as a common average with the
basic parameters predetermined by the EU, with the aim of accurately identifying the level of soil pollution taken in the

study.
On Table 1 are given the Enterococci and Coliform bacteria presence as the main soil microorganisms.

Table 1 Microbial analysis summary for each of the six examined stations

No. | Index Microbiological Average (weight of 100 grammes of dry soil) | Overall (%)
1 Enterococci 23912 221
Coliform  bacteria -
without E. coli 62668 57.9
E2R
S 83 E. coli 1586 84254 20 | 779
2 3 s 5
S S
Total bacterial groupings 108166 100%

The required content and an analysis of the presence of heavy metals at each of the six stations in June are shown in
Table 2.
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Table 2 The mean concentration of heavy metals in the six stations under analysis

No. | Heavy metals | Average (mg/kg) | Suggested content (mg/kg)
1 Arsenic (As) 0.92 30

2 Cadmium (Cd) | 1.24 3

3 Chromium (Cr) | 68 200

4 Cobalt (Co) 31 75

5 Copper (Cu) 52 140

6 Lead (Pb) 69 300

7 Nickel (Ni) 166 75

8 Zinc (Zn) 76 300

All elements except nickel, which show values much above the allowed rate, are within the allowed range.

Arsenic (As) is evaluated at 0.92 mg/kg, the acceptable limit set by European directives being 30 mg/kg, indicating that
its presence may be normal. Poisonous soil is defined as 20-40 mg/kg, while normal soil is measured at 5 mg/kg.

When cadmium (Cd) content is less than 0.1 mg/Kkg, it is considered normal; when it surpasses the maximum limit of 3-
8 mg/kg set by the EU, it is considered poisonous; and when it is less than 1.24 mg/kg, it is considered almost normal.

The current value of chromium (Cr) is 68 mg/kg, which is less than the 200 mg/kg maximum allowed by the Directives.
Over 5 mg/kg of Cr is considered part of the normal soil content; over 75-100 mg/kg, the soil is considered poisonous.
Its presence is still regarded as being somewhat near but below the allowed level because it is European.

Cobalt (Co) content in soil between 31 mg/kg and 75 mg/kg, the maximum amount allowed by the EU, can be considered
almost normal. Cobalt content of 10 mg/kg is considered normal; 40 mg/kg is considered poisonous.

Since copper (Cu) is currently tested at 52 mg/kg rather than the 140 mg/kg allowed limit by European laws, its
presence can be considered normal. Copper (Cu) has a unit of measurement of 2 mg/kg for normal soil, while poisonous
soil has a unit of measurement of 60-125 mg/kg.

Lead (Pb) is present in soil in normal amounts at 69 mg/kg of the maximum 300 mg/kg allowed by the EU, but at 100
mg/kg the soil is considered toxic. Lead (Pb) is a normal component of soil at a level of 10 mg/kg.

Zinc (Zn) levels in our soil (76 mg/kg) are deemed normal since they are below the 300 mg/kg legal limit set by
European laws. Zinc, however, is added to normal soil contents at a rate of 10 mg/kg, and 100 mg/kg of zinc is regarded
as poisonous soil.

e A concentration of 10 mg/kg of nickel (Ni) in soil is considered normal; a concentration of 70-400 mg/kg is
considered harmful. At 166 mg/kg of 75 mg/kg, it is found to be 2.2 times higher than the European Union
standard and the maximum allowed by European Directives.

Soil contamination can come by heavy metal contamination from industrial waste dumped on the ground or bacterial
factors from sewage discharge.

The soil microbial communities in contaminated sites have been demonstrated to contain a significant number of
different microbial taxa, such as fungi, actinomycetes, aerobic bacteria, and nitrogen-fixing agents [2, 4, 18].

The presence of heavy metals in the environment is dedicated to and comes mainly from the activities of the smelting
and refining industries, the plastic and rubber industry, the technological processes that accompany the melting of ores
and metals, as well as the burning of waste that is rich in these elements. They can enter the food chain by ingestion of
food, suction from the air, and access to potable water [20].
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Excessive levels of heavy metals in the environment can expose humans and other animals to dangerous substances
through ingestion, dust inhalation, or the food chain. It is anticipated that food crops contamination will become more
serious and widespread in the future, primarily because of the growing trend of globalization regarding the primary
food supply sources. As a result of daily ingestion of tainted meat, fruits, and vegetables, the body's level of toxic metal
presence will rise.

The fact that 20% of the average calorific consumer goods for every person in the world come from sources other than
the earth and the remaining 80% come from crops cultivated directly in the soil serves as further evidence of the
phenomenon [21].

Animal waste is used to make organic manure, which is used to fertilize land. However, heavy metal contamination may
be present in the remaining feed that the animals eat [17].

Tirana, which is also the capital of Albania and now fully transformed into a real metropolis, is considered one of the
most polluted cities in the country. We are mainly of the opinion that this significant pollution is due to factors such as:
the rather dense population of Tirana, the numerous and multi-store buildings that have occupied the former green
spaces, the road infrastructure and extremely heavy traffic, as well as the increase of the productive activity of the
industries operating in the area by not respecting the appropriate measures against environmental pollution,
unfortunately accompanied by the lack of proper technical control by the relevant Albanian authorities towards these
companies.

It is generally acknowledged that traffic is the source of nickel pollution in the environment [5, 6, 7, 8, 22, 23, 24, 25],
primarily from refinery emissions and industrial waste. We think that this elevated concentration of nickel is caused in
part by the lithology of the surrounding terrain, which also shows that nickel pollution arises from natural nickel
dispersion in the area under study [5, 6, 7, 8, 26, 27].

Even though nickel in excess can be dangerous to human health, nickel is an essential part of urease. Soil-food
crop/vegetable systems provide a well-known example of abiotic-biotic interactions in the environment. When nickel
levels are too high, it can have a negative direct and indirect impact on crops and human health [28].

In the Tirana region, nickel contamination was discovered in the soil during the analysis period.

4. Conclusion

e Almostideal parameters are found for each component of heavy metals and microorganisms.

e Of the heavy metals found in the soil around Tirana, the only element that shows pollution at levels about 2.2
times higher than those mandated by the EU is nickel.

e Tirana is considered to have contaminated soil due to the high concentration of nickel; The main source, in our
opinion, is the deposit of raw material from the production processes carried out by the light and heavy
industries of the city.
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