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Abstract

Life as we know it today would have been very different without electricity. However, in its present form it has
proved to be challenging for the environment and more “expensive” once fossil fuels began to be used as sources for
electricity production. Power plants that use coal for electricity generation can emit an enormous pollution whose
consequences humans and other living organisms can suffer from.

According to the Food and Agriculture Organization of the United Nations, production of potatoes in 2013 was about
368 million tons, while for cabbage in 2011 was almost 69 million metric tons. The country of study of this paper,
Kosovo, is known for cultivation of potatoes and cabbages for domestic and regional supply.

For our study we collected the potato and cabbage samples growing in farmland areas around Kosovo’s power plants.
Food samples were first dried at room temperature, milled and treated in the microwave system with nitric acid and
hydrogen peroxide. Measurements of heavy metals were done using ICP-OES technique.

From the results obtained we conclude that we are dealing with an average contamination from the areas where the
ashes and wastes of power plants of Kosova are deposited.
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1. Introduction

Heavy metals are elements defined as having a

specific density of more than 5 g/cm3 and atomic number

greater than 20. [8, 12]. These metals can be harmful to

the human and living organisms even in low

concentrations as they can end up in the organism [14].

Vegetables play an important role in human

nutrition and health, particularly as sources of different

nourishing nutrients such as vitamins, thiamine, niacin,

pyridoxine, folic acid, minerals, dietary fiber etc. [2,11,

7]. With the ever increasing population globally, the

contamination from the industry becomes a more serious

concern. Heavy metals are potential contaminants with

the ability of penetrating to the human body and causing

different complications.

In recent years, there have been attempts all over

the world to raise awareness about the harms of high

concentrations of heavy metals in vegetables. Metals

such as lead, mercury, cadmium, and copper are

cumulative poisons, which cause environmental hazards

and are reported to be exceptionally toxic [6]. However

the contamination of vegetables with heavy metals

which are natural constituents of the Earth’s crust and
atmosphere are of major concern from the contamination

and toxicity points of view [1,4, 5].

Therefore, monitoring the levels of heavy metals

in food is a necessity due to the catastrophic

consequences that high concentrations might have in

humans and living organisms.

2. Sample collection and preparation

To study the factor accumulation of heavy

metals in vegetables, we initially studied the area around

Kosovo’s power plants where we took soil samples [9].

Later on, vegetables were collected from surroundings

locations. They were first cleaned and milled into

particles, then digested in microwave digestion system

(Berghof). The digested samples were leveled with
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doubled distilled water to 50 ml, after which we

measured the presence of 21 elements with inductively

coupled plasma atomic emission spectroscopy (ICP /

AES).

3. Results and Discussion

Our previous studies have shown that the

concentration of the metals As, Cd, Cr, Cu, Ni, Pb, and

Zn in soil samples from areas around the Kosovo

Electrical Corporation (KEK in Albanian) exceeds the

allowed concentration of heavy metals according to

Dutch standards.

It should be mentioned that the mobility and

toxicity of heavy metals is depended by different factors

such as pH, organic matter and clay in soils, presence of

other cations, type of vegetable etc. The pH values of

our soil samples were measured in water and ranged

between 7.52 –7.91, whereas in 1M KCl the values

ranged from 6.91–7.07. The determined value for humus

in our samples was from 2.79 – 5.05%, which shows that

the soil is relatively rich in humus (organic matter).

In order to compare the scale of pollution, in the

table below is presented the concentrations of heavy

metals in potato and cabbage samples.

Table 1: Heavy metal concentration in potato and cabbage samples,

No. 1 2 3 4 5

pH H2O
7.85 7.83 7.72 7.91 7.52

pH KCl
6.98 6.91 7.07 7.05 7.01

%Humus 5.02 2.79 5.05 4.72 3.26

Potato Cabbage Potato Cabbage Potato Cabbage Potato Cabbage Potato Cabbage
As <0.1 <0.05 <0.1 <0.05 <0.1 <0.05 <0.1 <0.05 <0.1 <0.05
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Co <0.01 <0.1 <0.01 <0.1 <0.01 <0.1 <0.01 <0.1 <0.01 <0.1
Cr 0.53 0.05 0.41 0.08 1.37 0.05 3.13 0.14 3.29 0.02
Cu 1.75 4.25 7.02 7.98 6.97 2.26 7.02 2.56 4.91 2.52
Ni 1.38 <0.5 0.65 1.58 2.09 <0.5 2.60 0.69 4.89 <0.5
Pb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 4.24 3.86 <0.1 <0.1
Zn 0.7 2.80 10.2 8.98 23.9 12.86 15.4 13.01 4.40 3.57

Figure 1. Heavy metals in cabbage and potato in

sample 1
Figure 2. Heavy metals in cabbage and potato in

sample 2
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Figure 3. Heavy metals in cabbage and potato in
sample 3

Figure 4. Heavy metals in cabbage and potato in
sample

Figure 5. Heavy metals in cabbage and potato in
sample 5

The maximum amount allowed for heavy metals

in vegetables also depends on the type of vegetable and

the state in which the determination is made (samples of

fresh or dry matter). According to our experimental

results, the values of cadmium, arsenic and cobalt are

below the limit of detection.

The concentration of chromium ranges from

0.02-0.14 mg/kg in cabbages, whereas in potatoes it

ranges from 0.41- 3.29 mg/kg. The concentration of

copper ranges from 2.26-7.98 mg/kg in cabbages,

whereas in potato from 1.75-7.02 mg/kg.  The content of

nickel in cabbages ranges from the minimum value of

0.69 to maximum value of 1.58 mg kg-1, while in

potatoes 0.65-4.89 mg/kg. The concentration of lead in

most of the samples is under the limit of detection and

the maximum value recorded in cabbages is 3.86 mg/kg

and 4.24 mg/kg in potato samples. The content of zinc in

cabbage ranges from minimum of 2.8-13.01 mg/kg,

while in potatoes from 0.7-15.4 mg/kg.

From the results obtained we see that the

concentration of heavy metals is higher on potatoes than

cabbage samples. Some of the samples compared in this

study shows that these metals are accumulated more in

potato which is grown under the ground, comparing to

cabbage, which grows on the surface. Other studies were

conducted with similar results [15, 16].

The following figure presents the summary of

all sample points and the comparison of the results

measured in potato and cabbage samples.

Figure 6. Concentration of heavy metals in cabbages (C) and potato (P) samples of all sampling points
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The concentration of Ni in plants was found to

be from 0.1-5 mg/kg of dry matter. In our samples this

concentration is not exceeded in any of the results

presented.

Zinc is an essential element for both plants and

humans, but it is toxic in excess amounts [3]. In our

measured samples zinc did not exceeded the maximum

amount allowed in food (more than 50 mg/kg).

Concentration of chromium expressed as dry matter is

0.1 to 1 mg / kg. Chromium critical values are above 1

mg/kg. In three potato samples this limit was exceeded

from 1.37 to 3.29 mg / kg, while in cabbages, it is below

1 mg / kg. The concentration of Cu in plants is estimated

to be 2-20 mg / kg. This concentration is not exceeded in

any vegetable sample.

It should be noted that there are several different

factors that could lead to the exposure and the path of

heavy metals in food. The uptake of heavy metals in

vegetables depends on climate, atmospheric depositions,

the concentrations of heavy metals in soil, the nature of

soil in which the vegetables are grown etc.[10,13].

4. Conclusions

Based on the results obtained of heavy metals in

soils around Kosovo’s power plants, it follows that this
concentration is quite high for some metals, thus it is

essential that all necessary prevention should be taken

into consideration to decrease the contamination from

power plants of Kosovo. From the measured results in

vegetables, we can see that the concentration of heavy

metals in potato and cabbage is not very high compared

to the soil pollution.

A survey of literature shows that the affinity of

potatoes and cabbages towards heavy metals is similar:

they both have a medium affinity for the uptake of heavy

metals from the soil.

Finally, we propose that further specific and

detailed exposure estimates need to be performed in this

area. In addition, the regular monitoring of heavy metals

in air, water, fruits vegetables etc. is still necessary to

ensure dietary safety.

5. References

1. Al-Chaarani N, El-Nakat JH, Obeid PJ, Aouad S:
Measurment of levels of heavy metals in
vegetable grown and sold in selected areas in
Lebanon. Jordan Journal of Chemistry 2009, (4):
303-315

2. Ali HHM, Al-Qahtani MK: Assessment of some
heavy metals in vegetables, cereals and fruits in
Saudi Arabian markets. The Egyptian Journal of
Aquatic Research 2012, 38 (1):31–37

3. Carlon C: Derivation methods of soil screening
values in Europe. A review and evaluation of
national procedures towards harmonization.
European Commission, Joint Research Centre, Ispra,
EUR 22805-EN 2007: 306

4. Chen H, Teng Y, Wang Y, Wang J: Contamination
features and health risk of soil heavy metals in
China. Science of the Total Environment 2015,
(512–513): 143–153.

5. Constantini S, Misaelides P, Tsalev D, Anousis I,
KouimtzisTh: Trace elements distribution in
vegetables grown in the industrial area
of Thessaloniki, Greece. Fresenius Environ. Bull
1992, 1 (9): 577-582

6. Ellen G, Loon JW, Tolsma K: Heavy metals in
vegetables grown in the Netherlands and in domestic
and imported fruits. Z. Lebensm. Unters. Forsch
1990,(190): 34-39

7. GhoshAK, Bhatt MA, Agrawal HP: Effect of long-
term application of treated sewage water on
heavy metal accumulation in vegetables grown in
Northern India. Environmental Monitoring and
Assessment 2012, 184(2): 1025-1036

8. Järup L: Hazards of heavy metal contamination:
British Medical Bulletin 2003, (68): 167–182, DOI:
10.1093/bmb/ldg032

9. Jusufi K, Stafilov T, Vasjari M, Korça B, Halili J
and Berisha A: Determination of Heavy Metals by
ICP-AES in the Agricultural Soils Surrounding
Kosovo’s Power Plants. Fresenius Environmental
Bulletin 2016,25(5):1312-1320.

10. Lake DL, Kirk PWW, Lester JN: The fractionation,
characterization and speciation of heavy metals
in sewage sludge and sewage sludge amended
soils: a review. Journal of Environmental Quality
1984 (13): 175–183

11. Pan XD, Wu PG, Jiang XG: Levels and potential
health risk of heavy metals in marketed
vegetables in Zhejiang, China, Sci Rep. 2016; 6:
20317.

242



Evaluation of pollution in vegetables (potato and cabbage) in Kastriot, Kosovo

12. Raskin I, Kumar PBAN, Dushenkov S, Salt DE: Bio
concentration of heavy metals by plants. Current
Opinion in Biotechnology 1994, 5(3) 285–290.

13. Scott D, Keoghan JM, Allen BE: Native and low
input grasses – a New Zealand high country
perspective. New Zealand Journal of Agricultural
Research 1996, (39):499–512

14. Siegel KR, Ali MK, Srinivasiah A, Nugent RA,
Narayan K MV: Do we produce enough fruits and
vegetables to meet global health need? PloS one
2014, 9 (8) e104059.

15. Singh S, Zacharias M, Kalpana S, Mishra S: Heavy
metals accumulation and distribution pattern in
different vegetable crops. Journal of
Environmental Chemistry and Ecotoxicology 2012,
(10): 170-177.

16. Stančić Z, Vujević D, Gomaz A, Bogdan S, Vincek
D: Detection of heavy metals in common
vegetables at Varaždin City Market,
Croatia.ArhHigRadaToksikol 2016, (67):340-350.

243


