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Abstract
The aim of this work was the determination of trace metals (Pb, Zn, Ni, Cu, and Fe) concentrations in
different plants collected in the vicinity of a phosphogypsum stack in Wiślinka (northern Poland). The measurements of trace metals were determined by two methods: AAS (atomic absorption spectrometry) and OESICP (atomic emission spectrometry with inductively coupled plasma). Enhanced levels of iron were observed
in all the analyzed samples and can be explained by the higher content of this element in the groundwaters of
Żuławy Wiślane. The trace metal concentrations in plant samples from the phosphogypsum stack recorded in
this study are significantly higher than in control sites. The relationship between atmospheric trace metals
deposition and elevated trace metals concentrations in plants and top soil layers, especially in the vicinity of
the phoshpogypsum stack, was shown in this study, as well as the discharge of trace metals and other pollutants from the phosphogypsum stack, resulting from industrial human activity. The considerably high concentrations of select trace metals in vegetables collected from the vicinity of the phosphogypsum stack obtained
in this study can lead to the conclusion that consumption of these vegetables for a longer period of time can
harm and adversely affect human health.
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Introduction
Trace metals can be defined as metals occurring at
1,000 µg·g-1 or less in the earth' s crust and may be classified as heavy or light with respect to density. Trace heavy
metals have densities greater than 5 g⋅cm-3, whereas light
metals are less than 5 g⋅cm-3 [1, 2]. We can divide them into
four groups: elements of a very high degree of potential
threat to the environment (Cd, Hg, Zn, Pb, Cr, Ag, Au, Sb,
Sn, Tl), elements with a high degree of potential threat to
the environment (Mn, Fe, Se, Mo), elements of moderate
*e-mail: aborylo@chem.univ.gda.pl

potential threat to the environment (Ni, Co, V), and elements with a low degree of potential threat to the environment (Zr, Ta, Nb, La) [3].
Trace metals in the environment are the result of natural geochemical processes, as well as of numerous anthropogenic sources [4]. The natural geochemical processes
are: weathering of rocks, evaporation of the oceans, volcanic eruptions, forest fires, and soil processes [3]. The
anthropogenic sources include mining and smelting of
metal ores, agricultural materials (fertilizers and waste used
for fertilizing, food preservatives, waste from intensive
farming); energy based on burning coal and lignite, metallurgy, automobile exhaust, heavy-duty electric power gen-
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erators, electronics, waste disposal, and chemical industry,
irrigation with wastewater, adjacent industrial activity, and
use of pesticides in agriculture [4-6]. The natural content of
heavy metals in the environment is differentiated because
of the large diversity of properties of environmental media
(air, soil, plants, or water) [7]. Plants intake trace metals
from the environment through air, water, and food.
Excessive content of heavy metals in plants can have a negative influence on their development. In the contaminated
areas, plants produced adaptive and defensive mechanisms
that involve precipitation of excess metal in crystalline
form or salt deposition on the tips of the leaves. This effect
can be explained by the improper size and form of plants in
comparison with those grown in uncontaminated areas [8].
The plants growing in a polluted environment can accumulate trace metals at high concentrations, causing a serious
risk to human health [9-11]. The main sources of trace metals in plants are the air from which the metals were
absorbed by leaves and soil from which metals were taken
up by roots. The metal contents in soils are divided into four
degrees:
I degree of contamination – soils of elevated content of
heavy metals;
II degree of contamination – soils slightly polluted with
heavy metals;
III degree of contamination – soils of average content of
heavy metals;
IV degree of contamination – soils heavily polluted with
heavy metals [12].
Phosphogypsum is a primary by-product of the wetacid process for producing phosphoric acid from phosphate
rock. Phosphate production generates a large quantity of
phosphogypsum, which is stored in huge piles called
“stacks.” The production of each ton of phosphoric acid is
accompanied by the production of 4½ tons of phosphogypsum [13]. The phosphogypsum waste heap in Wiślinka is
permanently integrated into the landscape of Żuławy
Gdańskie (northern Poland) and is the result of deposition
of the by-product produced by the Phosphoric Fertilizers
Industry in Gdańsk. In the Wiślinka stack the estimated
activity in 16 mln ton of phosphogypsum contains about
10.5⋅109 Bq for 210Po and 1.6⋅109 Bq for 234+238U [14].
According to the ordinance of the Polish Ministry of
Environmental Protection, phosphogypsum is not a hazardous waste but it is treated as production waste. The phosphorites (the main components in production) were transported to Gdańsk by the Phosphoric Fertilizers Industry
from North Africa (Morocco). Phosphate rock, which is
processed to make phosphoric acid, contains naturally
occurring radionuclides, a large number of impurities, such
as calcium fluoride, chlorides, chromium, elements of rare
earth, and also some trace metals in such concentrations
which, according to the U.S. EPA, may pose a chemical
hazard to human health and the environment.
Analysis of samples from various places shows that the
phosphogypsym contained arsenic, lead, cadmium, chromium, fluoride, zinc, antimony, and copper at concentrations
that may pose significant health risks. These trace metals
may also be leached from phosphogypsum and migrate to
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nearby surface and groundwater resources [13]. Based on
total concentration and element transfer factors (TF) as criteria for examining the potential environmental risk of
waste with respect to ores, it was observed that most trace
elements are only transferred into phosphogypsum at rates
of 2-12%. However, Pérez-López and collaborators, based
on those studies, suggest that phosphogypsum is a higher
emission source of contaminants than the unprocessed rock
[15].
The main aim of this study was to investigate the level
of trace metals in different vegetables and weeds collected
from the area around the phosphogypsum stack in Wiślinka
(northern Poland), where their higher concentrations, as
well as the concentration of radionuclides, are consequences of anthropogenic emissions from industrial areas
(refineries, fertilizers) in the vicinity [11, 16-18]. The determination of metal concentration in vegetables is very
important from the point of view of crop yield technology,
food nutrition, and health impact [5]. Some authors even
suggest that planting crops in industrialized area should be
prohibited to avoid health risks to humans [19].

Materials and Methods
Crop plants (garden lettuce Lactuca capitata, onion
Allium cepa, carrot Daucus carota, parsley Petroselinum
sativum, garden radish Raphanus radicula, leek Allium porrum, and red beet Beta vulgaris esculenta) were collected in
September 2009 from a private household II situated 400
meters from the phosphogypsum stack. The meadow plant
samples [silverweed (Potentilla anserina), and dandelion
(Taraxacum officinale)] were collected in September 2009
and 2010 from a private household I, situated 900 meters
from the phosphogypsum stack and around the retention
reservoir in the vicinity of the stockpile. The crop plants
were sown in a household II in April 2009. For comparison
the same crop and meadow plants (control plants) were
collected in Osiek (69 km from the phosphogypsum stack
in Wiślinka). The collection sites of the analyzed plant
samples are shown in Fig. 1.
The analyzed plants were separated into green parts and
roots. Obtained results of trace metals concentrations in analyzed plants are given as an average of three experiments

Fig. 1. The locations of cultivated and meadow plant samples.
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Table 1. Average values of trace metals concentrations in crop plants collected in April 2009 from garden private II and Osiek (*).
Pb

Zn

Ni

Cu

Fe

Samples
[μg·g-1 d. wt.]
carrot (green parts)

12.4±9.0

35.0±6.0

5.9±0.8

14.5±1.2

375.5±6.2

carrot (root)

13.7±9.0

b.d.l.

57.4±3.7

89.6±5.1

546.0±7.8

parsley (green parts)

1.9±0.1

35.8±6.0

2.9±2.1

15.1±3.3

580.8±6.4

parsley (root)

14.1±8.0

43.5±7.1

2.8±2.0

2.8±0.6

897.4±19.1

red beet (green parts)

19.8±12.0

60.4±4.6

9.4±0.6

18.1±0.5

346.2±7.3

red beet (root)

77.0±9.6

185.5±16.5

48.5±5.1

107.0±7.9

476.5±3.5

onion (green parts)

29.4±12.8

66.0±32.6

28.2±3.3

27.5±3.8

568.4±28.3

onion (root)

56.9±29.1

133.1±19.1

51.3±5.3

71.8±1.9

761.9±9.5

leek (green parts)

11.2±8.3

33.8±5.8

4.0±1.1

9.6±0.4

116.1±2.5

leek (root)

38.1±7.7

56.1±10.1

9.7±1.0

b.d.l.

420.3±2.6

b.d.l.

57.7±30.6

b.d.l.

b.d.l.

75.8±16.3

garden radish (root)

73.0±6.4

78.2±4.3

16.7±1.4

b.d.l.

199.7±3.5

garden lettuce (green parts)

27.9±2.8

89.8±6.0

15.0±0.4

0.5±0.1

341.4±3.9

garden lettuce (root)

b.d.l.

177.1±10.8

b.d.l.

b.d.l.

777.1±9.8

carrot (green parts)*

14.9±2.6

33.0±0.1

5.0±1.2

b.d.l.

153.8±4.5

carrot (root)*

4.9±1.2

23.5±3.0

7.7±1.2

b.d.l.

62.1±2.2

parsley (green parts)*

12.0±8.8

33.4±3.9

4.7±0.9

b.d.l.

262.5±7.4

b.d.l.

b.d.l.

b.d.l.

b.d.l.

60.3±2.7

onion (green part)*

13.1±5.6

b.d.l.

8.2±2.1

b.d.l.

130.8±3.3

onion (root)*

6.0±3.1

10.1±5.4

4.9±0.6

b.d.l.

69.4±1.9

garden lettuce (green parts)*

9.9±4.5

36.5±4.3

5.8±1.8

b.d.l.

208.3±3.1

garden lettuce (root)*

12.2±4.6

21.7±3.6

7.2±1.0

b.d.l.

544.3±5.7

garden radish (green parts)

parsley (root)*

b.d.l. – below the detection limit; n – number of individuals (n = 3)

conducted for each sample. The selected green parts and
roots were dried by air in a well ventilated area. The material was then placed in bags for storage of histopathological
materials and the process of drying was continued until the
samples were air-dried. The dried material was crushed in
agate mortar, and samples were packed and stored until
analysis in sealed polyethylene bags. Dry plant samples
(about 0.5 g) were mineralized using 30 mL mixture of concentrated acids HNO3 and H2SO4 in a volume ratio of 2:1.
After mineralization, the samples were diluted with deionized water to 100 mL. The same procedure was used to
process the blank reagent, which was obtained from the
same reagents and in the same quantities. The concentrations of trace metals (Fe, Pb, Ni, Zn, Cu) were determined
by two methods: AAS (atomic absorption spectrometry)
and OES-ICP (atomic emission spectrometry with inductively coupled plasma). In the present study we show only
the data acquired using the OES-ICP method, for which the
detection limit for all analyzed trace metals was 0.005
mg·L-1.

The accuracy and precision of the ICP methods were
within 10% based on an international laboratory comparison using International Atomic Energy Agency reference
materials (IAEA-359 Cabbage Leaves, IAEA-338
Proficiency Test of Trace Elements in Lichen) and reference
materials INCT-TLI Tea Leaves from the Institute of
Nuclear Chemistry and Technology in Warsaw.
The reliability of mercury determination method based
on international laboratory comparison using reference
materials CS-M-1 Suillus bovinus, also known as the Jersey
cow mushroom. The certified content was 0.174±0.018
μg·g-1 d.wt, whereas in the present study the mercury content was 0.190±0.002 and 0.185±0.010 μg·g-1 d.wt for I and
II series, respectively (n=3).

Results and Discussion
The obtained results of trace metal concentrations in
crop and meadow plant samples are given in Tables 1-3 and
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Table 2. Average values of trace metals concentrations in dandelion Taraxacum officinale samples collected in September 2009 from
the area around the phosphogypsum waste heap and Osiek.
Pb

Zn

Ni

Cu

Fe

Samples
[μg·g-1 d. wt.]
green parts (*)

174.5±30.4

69.1±19.1

35.3±2.5

38.2±2.5

420.6±7.4

root (*)

204.4±29.5

133.7±20.8

56.9±10.9

52.5±3.5

477.0±5.8

green parts (**)

416.1±28.8

330.4±7.4

83.8±14.9

90.8±4.0

546.1±13.4

root (**)

108.8±28.9

1889±30

53.2±5.5

22.5±1.7

437.5±13.2

green parts (*)

36.0±5.2

86.0±2.6

b.d.l.

b.d.l.

527.5±13.0

root (*)

39.2±3.3

84.5±1.2

b.d.l.

b.d.l.

1081±27

green parts (***)

b.d.l.

89.9±21.2

b.d.l.

35.9±4.3

107.7±8.2

root (***)

b.d.l.

111.6±3.2

b.d.l.

64.2±2.8

424.8±7.6

(*) private household I, (**) area around retention reservoir, (***) control plant.
b.d.l.. – below the detection limit; n – number of individuals (n = 3).

Table 3. Average values of trace metals concentrations in silverweed Potentilla anserina samples collected in September 2009 from
the area around the phosphogypsum waste heap and Osiek.
Pb

Zn

Ni

Cu

Fe

Samples
[μg·g-1 d. wt.]
green parts (*)

186.0±30.0

637.3±23.1

88.6±6.9

206.2±3.0

627.9±11.8

root (*)

185.6±22.3

86.7±14.1

58.1±4.8

42.2±1.9

2903±42

green parts (**)

158.0±14.3

523.1±24.6

66.4±3.9

165.4±3.4

657.0±12.3

root (**)

398.7±32.5

207.4±13.1

79.5±7.8

59.1±1.9

6643±79

green parts (*)

27.3±8.1

90.6±5.0

b.d.l.

b.d.l.

639.2±7.4

root (*)

20.0±5.6

53.6±3.5

b.d.l.

b.d.l.

881.6±9.5

green parts (***)

9.6±2.9

60.2±2.6

b.d.l.

b.d.l.

436.5±8.8

root (***)

27.1±8.1

89.9±4.9

b.d.l.

b.d.l.

639.8±7.4

(*) private household I, (**) private household II, (***) control plant.
b.d.l. – below the detection limit; n – number of individuals (n = 3).

presented in Figs. 2-4. The obtained results are differentiated, and remarkable differences were observed between the
trace metal concentrations in vegetables and weeds with
industrial area around phosphogypsum stack and uncontaminated area (control plants). Slightly higher levels were
noticed in plant samples collected from Wiślinka, which
indicates that the air near the phosphogypsum stack is
enriched with Pb, Zn, Ni, Cu, and Fe. Higher concentrations of trace metals were measured in roots of cultivated
plants collected from Wiślinka. Among the analyzed cultivated plants, higher concentrations were observed in storage root systems than in the fibrous root systems. The
diverse structures of analyzed plant roots (elongated taproots for garden radish and red beet, taproot system for carrot and parsley, fibrous root systems for garden lettuce,
onion, and leek) [20, 21], fundamentally influence the intake
amounts of trace metals form [22]. The uptake of metals by
roots depends on speciation of metals, soil characteristics

and of plants species. The obtained data stated that the
transfer of trace metals into plants via roots is higher than
intake from atmospheric fallout. The soil and plant samples
from the area around the phosphogypsum stack in Wiślinka
are enriched in higher amounts of radionuclides of polonium and uranium [14, 22, 23]. Besides, the root and leaves
of common chicory Cichorium Intybus collected from the
area around the phosphogypsum stack accumulated high
concentrations of Cd exceeding recommended tolerable
levels and thus signifying potential health threats through
contaminated crop plants [24]. Unfortunately, the content
of trace metals in soil samples were not analyzed, but by
analyses of radionuclide concentrations we suggest that the
heavy metal content in soil also will be high. The concentrations of trace metals in phosphogypsum are differentiated. Al-Hwaiti [25] suggests that the amounts of heavy metals released into the environment, connected with phosphogypsum stockpiled wastes, seems not to be worrying from
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aquatic environment and/or soils [27]. Changes in mobility
of toxic elements during the production of phosphoric acid
are connected with effective transferration of trace metals
from the phosphate rock to phosphogypsum waste, as indicated by the element transfer factors, phosphogypsum concentration of the metals in the mobile fraction is higher than
phosphate rock and most of these metals in phosphogypsum are bound to organic matter (i.e. oxidizable fraction),
unlike phosphate rock, which does not contain metals associated with this fraction [28]. During phosphoric acid production, between 2% and 12% of each trace element in
phosphate rock is transferred to phosphogypsum, except for
Sr (66%), Ce (56%), Y (41%), and Pb (27%). From the
mobile contaminants about 60-100% of the V, Zn, As and
U, 10-40% of the Ti, Cr, Cu, Cd, Fe, and Ni, and 2-10% of
the Y, Pb, Ce, and Sr would be water-soluble, and hence,
potentially bio-available through soil for plants that grow in
the vicinity [15]. Among Cd, Cu, Cr, Pb, V, As, and Zn, the

[μg·g-1 d. wt.]

[μg·g-1 d. wt.]

[μg·g-1 d. wt.]

the point of view of environmental and human health protection, all the analyzed samples are relatively unpolluted to
moderately polluted. Among trace metals, Hg, Cu, and Pb
are considered in normal abundance in phosphogypsum,
while Ni and Zn had the highest enrichment factors. For
example in phosphogypsum from Aqaba and Eshidiya fertilizers plants in Jordania the levels were as follows: 1.17
μg·g-1 and 1.15 μg·g-1 for Cu, 0.06 μg·g-1 and 0.07 μg·g-1 for
Hg, 18.24 μg·g-1 and 17.61 μg·g-1 for Ni, 5.58 μg·g-1 and
6.50 μg·g-1 for Pb, and 78.46 μg·g-1 and 69.48 μg·g-1 for Zn
[25]. The concentration of copper in phosphogypsum samples from Syria was 51.7 μg·g-1 [26], but mobility of Cu and
Zn in phosphogypsum is classified into degrees: elements
with high mobility (Cu) and with moderate mobility (Zn).
This suggests that Zn and Cu elements were not only uniformly distributed in the stack, and they are not leached
from the phosphogypsum stacks in any significant amount,
and then they are not easily transferred to the surrounding

Fig. 2. The average values of lead, zinc, nickel, copper, and iron concentrations in analyzed vegetables collected around the phosphogypsum stack and in Osiek (*); 1 – carrot (green parts), 2 – carrot (root), 3 – onion (green parts), 4 – onion (root), 5 – parsley (green
parts), 6 – parsley (root), 7 garden lettuce (green parts), 8 – garden lettuce (root), 9 – red beet (green parts), 10 – red beet (root), 11 –
leek (green parts), 12 – leek (root), 13 – garden radish (green parts), 14 – garden radish (root).
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Fig. 3. The average values of trace metals concentration in dandelion collected around the phosphogypsum stack and in Osiek.

mg·kg-1 for leek) [6]. The values, as confirmed by the
authors, were below EU and UK statutory limits and the
maximum concentration limit in leafy vegetables recommended by the joint FAO/WHO Food Standards Program
of 0.3 mg·kg-1 fw [6]. According to Europe Commission
Regulations (WE) the permissible levels of lead content in
garden lettuce, red beet and carrot were estimated at 0.30
µg·g-1 d. wt. 0.10 µg·g-1 d. wt. 0.10 µg·g-1 d. wt., respectively [32]. The permissible limit of lead in vegetables for
human consumption is 2.0-2.5 µg·g-1 d. wt. [33]. In the case
of lead, its contents were higher than permissible limits. As
numerous authors have suggested, the application of fertilizers and sewage sludge increase the level of Pb in crop
plants [34].

Zinc

Lead
The lead contents in analyzed crop plants vary from 1.9
µg·g-1 to 29.4 µg·g-1 for green parts and from 13.7 µg·g-1 to
77.0 µg·g-1 for roots. The lead concentrations in vegetables
from uncontaminated areas (control samples) (Osiek) are
between 9.9 µg·g-1 and 14.9 µg·g-1 for green parts and from
4.9 µg·g-1 to 12.2 µg·g-1 for roots (Table 1, Fig. 2). The higher lead concentrations were measured in roots of analyzed
crop plants from contaminated areas, the lower in green
parts. In the control plants the higher contents of lead were
observed in green parts. The obtained results of lead content
in analyzed samples of crop plants were higher than the
content in vegetables from independent agricultural production from the Łódź region in Poland, where its concentration was 0.19 µg·g-1 d. wt. for garden lettuce, 0.04 µg·g-1
d. wt. for red beet and carrot [31]. The smaller content of
lead in edible parts of plants growing in industrial and semiurban areas (Visakhapatnam) and uncontaminated areas
was observed in India, too (the average 3.55 µg·g-1 d. wt.
and from 0.05 to 3.0 µg·g-1 d. wt., respectively) [11] and in
the edible shoots of vegetables from East Africa (e.g. 0.21

The values of zinc concentrations in analyzed plants
were between 33.8-89.8 µg·g-1 in green parts and between

[μg·g-1 d. wt.]

all elements, without As, are enriched in phosphoric acid.
Assessment of the availability of toxic elements to plants
showed that Cd and Cr are not available for plant uptake,
whereas Cu, Pb, V, and Zn will be available in direct application of phosphate to soil [29].
On the other hand, among the control-cultivated plants
slightly higher concentrations were observed in green parts.
The similar effect was noticed in vegetables from the area
around the Dabaoshan mine, South China [30], which is
probably due to emissions, atmospheric transport, and the
deposition process. Large leaves of cultivated plants will be
more exposed to environmental pollution because of their
surface area. Atmospheric metals are deposited on plant
surfaces by rain and dust. Among the weeds the values of
trace metals concentrations were variable. Higher contents
were measured for Ni and Cu, but in roots of analyzed
plants were estimated higher concentrations of Pb, Fe, and
Zn. The result shows that the vegetables and weeds studied
appear to be rich in iron, too.

Fig. 4. The average values of trace metals concentration in silverweed collected around the phosphogypsum stack and in
Osiek.
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43.5-185.5 µg·g-1 in roots, but in control plants from Osiek
they range from 33.0 µg·g-1 to 36.5 µg·g-1 for green parts
and from 10.1 µg·g-1 to 23.5 µg·g-1 for roots (Table 1, Fig.
2). The higher zinc concentrations were measured in roots of
analyzed crop plants from contaminated areas, the lower in
green parts. In the control plants from Osiek the higher content of zinc was characterized for green parts. The obtained
results are higher than the content of this metals in crop
plants from industrial parts of India (19.93-41.46 µg·g-1 d.
wt.) [11] and in the edible parts of tropical vegetables from
Africa (between 13.7 and 95.3 mg·kg-1) [6]. The obtained
results of zinc concentration in the analyzed plants from
Wiślinka are higher than the permissible limit of zinc content in edible parts of vegetables for human consumption
(the mean is 10-50 µg·g-1 d. wt.) [33]. Recommended daily
dietary intake of this element is 15 mg, the permissible limit
is 10-50 µg·g-1 [5, 35, 33]. According to Hashmi [5] a normal body contains from 1.4 to 2.3 g of zinc and it is present
in all body cells.

Nickel
Nickel concentrations in analyzed samples occupy a
wide range, from 4 µg·g-1 to 28.2 µg·g-1 in green parts and
from 2.8 µg·g-1 to 57.4 µg·g-1 in roots, but in control samples
from Osiek were distinctly lower (4.7-8.2 µg·g-1 in green
parts, 4.9-7.7 µg·g-1 in root) (Table 1, Fig. 4). The obtained
results for the analyzed cultivated plant samples from contaminated and uncontaminated areas of northern Poland are
distinctly higher than the results collected from
Visakhapatnam city (India), where the majority of industries such as refineries and fertilizers are located (1.29-2.62
µg·g-1 d. wt.) [11] and the results in vegetables from
Baghdad city markets (0.028 μg·g-1 for onion, 0.031 μg·g-1
for leek, 0.038 μg·g-1 for parsley) [34]. The average levels
of Ni in selected vegetables purchased in the Tricity area in
Northern Poland also are lower. For example, the contents
of nickel were as follows: 0.03-0.04 µg·g-1 for red beet; 0.03
µg·g-1 for onion; 0.02-0.04 µg·g-1 for carrot; 0.01 µg·g-1 for
leek, garden lettuce and garden radish; and 0.3-0.4 µg·g-1
and 0.5 µg·g-1 for green parts and root of parsley, respectively [36]. The results, according to WHO [37], show nickel concentrations in vegetable in the range of 0.02 to 2.7
µg·g-1 d. wt.

Copper
The remarkable differences of copper concentration in
green parts and roots of the analyzed cultivated plants were
observed and results ranged between 0.5 μg·g-1 and 27.5
μg·g-1, and between 2.8 μg·g-1 and 107.0 μg·g-1, respectively. The copper concentrations in all the analyzed control
plants from Osiek were below the detection limit (Table 1,
Fig. 2). Our results are slightly higher than the results from
industrial area of Pakistan, where the concentration of iron
in vegetables purchased randomly from markets of Karachi
(Pakistan) was estimated at 0.8 μg·g-1 for stem of onion, 1.9
μg·g-1 for root of red beet, 1.0 μg·g-1 for root of radish, and
1.2 μg·g-1 for root of carrot [5]. As indicated by Pandey, the
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atmospheric depositions as well as wastewater irrigation
have significantly elevated the levels of trace metals (e.g.
5.942 μg·g-1 for Ni, 27.462 μg·g-1 for Cu, 19.272 μg·g-1 for
Pb) [38]. The maximum permissible limit for copper in
vegetables is 50 μg·g-1 [33]. A daily dietary intake of 2 to 3
mg of this element is recommended for humans [5, 35]. In
the present study the uptake concentrations of copper in
vegetables were within the limits, except the roots of carrot,
red beet, and onion, where the contents were higher than
permissible limits.

Iron
The iron concentrations in cultivated plants lie between
75.8 μg·g-1 and 568.4 μg·g-1 for green parts and between
476.5 μg·g-1 and 897.4 μg·g-1 for roots (Table 1). Much
smaller amounts of iron were measured in the analyzed
control cultivated plant samples from Osiek (130.8-262.5
μg·g-1 for green parts and 60.3-544.3 μg·g-1 for roots) (Table
1, Fig. 2). The results obtained in this study are distinctly
higher than the results obtained for Łódź agglomeration,
where the average concentrations of iron in the edible parts
of vegetables, which were purchased at marketplaces, were
estimated at 0.0039 μg·g-1 for garden lettuce, 0.0013 μg·g-1
for red beet, and 0.0011 μg·g-1 for carrot [31]. Higher iron
concentrations were observed in vegetables from the
Pakistan area (13.4 μg·g-1 for onion stem, 12.7 μg·g-1 for red
beet root, 15.5 μg·g-1 for radish root, and 11.4 μg·g-1 for carrot root) [5], but the values were slightly lower than for the
analyzed cultivated plants.
Among meadow plants the highest concentrations of
trace metals were noticed for plants collected in the vicinity of the phosphogypsum stack (area of retention reservoir and private household I, which is situated at a distance of 900 m). The higher concentrations of trace metals were measured in the area around retention reservoir,
the lower were calculated for weeds, which were collected from the area of private household I (Tables 2, 3, Figs.
3, 4). The concentration of trace metals in green parts of
dandelion ranges 36.6-416.1 μg·g-1 for Pb, 69.1-330.4
μg·g-1 for Zn, 35.3-83.8 μg·g-1 for Ni, 38.2-90.8 μg·g-1 for
Cu, and 420.6-546.1 μg·g-1 for Fe. Distinctly higher concentrations were observed in roots of this sample: 39.2204.4 μg·g-1 for Pb, 84.5-1,889 μg·g-1 for Zn, 53.2-56.9
μg·g-1 for Ni, 22.5-52.5 μg·g-1 for Cu, and 437.5-1,081
μg·g-1 for Fe (Table 2). The concentrations of select trace
metals in green parts of silverweed were between 27.3-186
μg·g-1 for Pb, 90.6-637.3 μg·g-1 for Zn, 66.4-88.6 μg·g-1 for
Ni, 165.4-206.2 μg·g-1 for Cu, and 627.9-657 μg·g-1 for Fe.
Different concentrations also were measured in roots:
20.0-398.7 μg·g-1 for Pb, 53.6-207.4 μg·g-1 for Zn, 58.179.5 μg·g-1 for Ni, 42.2-59.1 μg·g-1 for Cu, and 881.66,643 μg·g-1 for Fe (Table 3).
For most of the analyzed meadow samples the higher
concentrations of trace metals were observed in silverweed
Potentilla anserina in comparison to dandelion Taraxacum
officinale, although dandelion is used in the investigation of
trace metals pollution (Figs. 3, 4) [39, 40]. Among phytoindicators, dandelion (Taraxacum officinale) fulfills most
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of the requirements as a useful plant in the investigation of
trace metal pollution. Relative accumulation (CSRA) values clearly indicate significantly greater uptake of Cd, Cu,
Mn, Pb, Zn, and Fe by dandelion than by other plants [3941]. The higher content of trace metals in silverweed
(Potentilla anserina) is probably associated with the silvery
hairy character of leaves as opposed to the shiny and
smooth character of dandelion leaves. These hairy surfaces
could adsorb higher concentrations of trace metals from
fallout, unlike the smooth surface of leaves. A similar effect
was noticed for polonium (210Po) and uranium isotopes
(234U, 238U) [22].
The content of trace metals in leaves and root of dandelion is 20-110 mg⋅kg-1 and 10-60 mg⋅kg-1 for Zn, 1.6-6.5
mg⋅kg-1 and 0.2-5 mg⋅kg-1 for Pb, 5-20 Cu mg⋅kg-1 and 5-25
mg⋅kg-1 for Cu [41]. The content of all analyzed trace metals in plants collected in the area of the phosphogypsum
stack significantly exceeded the background levels, but in
Osiek area these values insignificantly exceeded the background values. Therefore, the content of some elements
found for the dandelion from contaminated and uncontaminated areas in Wiślinka is regarded as noxious according to
the data presented in the literature, because as reported
Kabata-Pendias and Hemphill the copper content with 100
mg/kg and the zinc content with 400 mg⋅kg-1 is noxious and
toxic [42, 43].
Although relatively high concentrations of Zn, Cu, and
Pb in dandelion were recorded in the sample from Upper
Silesia (Ruda Śląska nad Bytom) in Poland, where the coking plant and steel mill are located (between 186.3 and
213.9 mg⋅kg-1 for Zn, from 25.9 to 64.8 mg⋅kg-1 for Cu and
between 110.2 and 37.3 mg⋅kg-1 for Pb) [40], dandelion
from the area of the phosphogypsum stack is slightly
enriched in trace metals.
The amount of metals accumulated by a plant is
species-dependent and refers decisively to its morphological structure [44, 45]. Numerous studies show the increase
of metal content in plant samples in the surroundings of
contaminated areas (smelters, steelworks, power stations,
mining sites, or mixed industrial centers) [18, 46]. On the
basis of values of trace metals concentrations in edible
plants from the vicinity of the phosphogypsum stack and
uncontaminated area from Osiek, it was calculated that the
factor of contamination for vegetables from private households is much higher, varied considerably and ranged from
2.1 for Pb, 3.7 for Zn, 2.8 for Ni and 3.2 for Fe in green
parts to 11.8 for Pb, 12.2 for Zn, 9.4 for Ni and 5.5 for Fe
in root times higher in comparison to non-contaminated
vegetables (control samples). It is worth noting that the
analyzed samples of vegetables from the Osiek area were
also very enriched in significant amounts of heavy metals
in comparison with other uncontaminated areas. This
allows us to conclude that the soil from Osiek can be fertilized with mineral fertilizers. Much higher concentrations of heavy metals in the samples of analyzed crops and
grassland (obtained in Wiślinka) compared to values measured in an uncontaminated area (Osiek) indicate that the
main source of pollution is also the phosphogypsum stack.
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Conclusion
In this study the trace metals concentrations in plant
samples were considered as a means to get insight into the
pollution of the environment around the phosphogypsum
stack in Wiślinka (northern Poland). The assimilability of
heavy metals by plants depends on many factors: contents
of elements in soil, interactions between metals and soil,
their content on the form available for plants (which is
dependend on soil reaction), and the ability of the plants
itself to absorb certain metals selectively.
The mean metal content in the leaves and root of cultivated plants and weeds in the Wiślinka area significantly
exceeded background values, while in the Osiek area they
were within the range of concentrations assumed as background. The content of trace elements in analyzed plant
samples varied widely, depending on the composition of the
soil, which was enriched with phosphogypsum particles and
other environmental factors, but the detailed mechanisms
are still unknown. This study shows that industrial pollutions around the phosphogypsum stack in Wiślinka are an
important source of trace metals in crop and meadow plants.
The analyzed cultivated plants from the Wiślinka area
are an important source of essential trace metals and may
provide larger amounts of trace metals to the human body
than cultivated plants from non-industrial areas. On the basis
of values of trace metals concentrations in edible plants from
the phosphogypsum stack and uncontaminated area from
Osiek, it was calculated that the factor contaminations of
vegetables from a private household are much higher, varied
considerably, and range from 2.1 for Pb, 3.7 for Zn, 2.8 for
Ni, and 3.2 for Fe in green parts, to 11.8 for Pb, 12.2 for Zn,
9.4 for Ni, and 5.5 for Fe in root times higher in comparison
to non-contaminated vegetables (control samples). The levels of analyzed trace metals in chosen vegetables were higher than the permissible FAO levels in food. Heavy metal
contamination of crops grown around the phosphogypsym
stack in Wiślinka may be a health risk to the local population through the consumption of these vegetables.

Acknowledgements
The authors would like to thank the Ministry of Science
and Higher Education for financial support under grant No.
DS/530-8120-D196-12. The authors would like to thank
the Research Group of Environmental Chemistry,
Ecotoxicology and Food Toxicology (Dorota Danisiewicz
and Leszek Bielawski) under the direction of Professor
Falandysz from the Institute of Environmental Sciences &
Public Health, University of Gdansk, for their help in performing some of the analyse.

References
1.

DUFFUS J. H. Environmental Toxicology. Edward Arnold
Publishers Limited: London, 1980.

The Concentration of Trace Metals...
2.

3.

4.

5.

6.

7.

8.

9.
10.

11.

12.

13.
14.

15.

16.

17.

18.

OSUJI L. C., ONJUKE Ch. M. Trace heavy metals associated with crude oil: A case study of Ebocha-8 oil-spill-polluted site in Niger Delta, Nigeria. Chem. Biodiv. 1, 1708,
2004.
National Inspectorates for Environmental Protection,
Voivodoship Inspectorates for Environmental Protection,
Chełm, Maria Curie-Skłodowska University of Lublin.
Heavy metals in environment and their analysis. Bibl.
Monit. Śr.: Chełm, 1995 [In Polish].
ALLOWEY B. J., AYRES D. C. The chemical basis of environmental pollution. Polish Scientific Publishers PWN:
Warszawa, 1999 [In Polish].
HASHMI D. R., ISMAIL S., SHAIKH G. H. Assessment of
the level of trace metals in commonly edible vegetables
locally available in the markets of Karachi city. Pak. J. Bot.
39, (3), 747, 2007.
NABULO G., BLACK C. R., YOUNG S. D. Trace metal
uptake by tropical vegetables grown on soil amended
with urban sewage sludge. Environ. Pollut. 159, 368,
2011.
WOLAK W., LEBODA R., HUDNICKi Z. Heavy metals in
environment and their analysis. Heavy metals in environment and their analysis. Publishers Polish Inspectorates for
Environmental Protection: Chełm, 1995 [In Polish].
KABATA-PENDIAS A., PENDIAS H. Biogeochemistry of
trace elements. Polish Scientific Publishers PWN: Warsaw,
1993 [In Polish].
KABATA-PENDIAS A., PENDIAS H. Trace elements in
soils and plants. CRC Press Boca Raton: USA, 1984.
SHARMA O. P., BANGAR, RAJESH JAIN K. S., SHARMA, P. K. Heavy metals accumulation in soils irrigated by
municipal and industrial effluent. J. Environ. Sci. Eng. 46,
(1), 65, 2004.
SRINIVAS N., RAMAKRISHNA RAO S., SURESH
KUMAR S. Trace metal accumulation in vegetables grown
in industrial and semi-urban areas – a case study. Appl. Ecol.
Environ. Res. 7, (2), 131, 2009.
KABATA-PENDIAS A., PIOTROWSKA M., MOTOWICKA-TERELAK T., MALISZEWSKA-KORDYBACH B.,
FILIPIAK K., KRAKOWIAK A., PIETRUCH C. Chemical
basis for the assessment of soil pollution. Trace metals, sulfur and PAHs: Warsaw, 1995 [In Polish].
http://www.epa.gov/radiation/neshaps/subpartr/about.html
BORYŁO A., SKWARZEC B., OLSZEWSKI G. The radiochemical contamination (210Po and 238U) of zone around
phosphogypsum waste heap in Wiślinka. J. Environ. Sci.
Health, Part A 47, 675, 2012.
PÉREZ-LÓPEZ R., NIETO J.M., LÓPEZ-COTO I.,
AGUADO J. L. BOLÍVAR J. P., SANTISTEBAN M.
Dynamics of contaminants in phosphogypsum of the fertilizer industry of Huelva (SW Spain): From phosphate rock
ore to the environment. Applied. Geochem. 25, (5), 705,
2010.
BERNHARD Z., CHE FAUZIAH I., MCLAUGHLIN M.,
COZENS G. Heavy metals in soils and crops in Southeast
Asia, 1. Peninsular Malaysia. Environ. Geochem. and
Health 36, 343, 2004.
BERNHARD Z., CHE FAUZIAH I., MCLAUGHLIN M.,
COZENS G. Heavy metals in soils and crops in Southeast
Asia, 2. Thailand. Environ. Geochem. and Health 36, 359,
2004.
BORYŁO A., SKWARZEC B., OLSZEWSKI G., NOWICKI W. The effect of phosphogypsum waste heap in Wiślinka
for environment (Part II), Ochr. Powietrza Probl. Odpadów
45, (3), 81, 2011 [In Polish].

355
19. YUSUF A. A., ARWOLO T. A., BAMGBOSE O.
Cadmium, copper and nickel levels in vegetables from
industrial and residential areas of Largos City, Nigeria. Food
Chem. Toxicol. 41, 375, 2003.
20. MOWSZOWICZ J. Flora jesienna. Guide for the determination of common wild herbaceous plants in autumn.
Warszawa, 1986 [In Polish].
21. SZAFER W., KULCZYŃSKI S. Polish plants. Polish
Scientific Publishers PWN: Warsaw, 1953 [In Polish].
22. BORYŁO A., SKWARZEC B. Bioaccumulation of polonium 210Po and uranium (234U, 238U) in plants around phosphogypsum waste heap in Wiślinka (northern Poland).
Radiochim. Acta 99, 1, 2011.
23. SKWARZEC B., BORYŁO A., KOSIŃSKA A., RADZAJEWSKA S. Polonium (210Po) and uranium (234U, 238U) in
water, phosphogypsum and their bioaccumulation in plants
around phosphogypsum waste heap in Wiślinka (northern
Poland). Nukleonika 2, (55), 187, 2010.
24. KASSIR L. N., DARWISH T., SHABAN A., LARTIGES
B., OUAINI N. Mobility of selected trace metals in
Mediterranean red soil amended with phosphogypsum:
experimental study. Environ. Monit. Assess DOI
10.1007/s10661-011-2272-7, 2011.
25. AL-HWAITI M. S. Contamination of potentially trace metals in Aqaba and Eshidiya phosphogypsum in Jordan. Int. J.
Econ. Environ. Geol. 1, (2), 35, 2010.
26. AL-MASRI M. S., AMIN Y., IBRAHIM S., AL-BICH F.
Distribution of some trace metals in Syrian phosphogypsum.
Appl. Geochem. 19, (5), 747, 2004.
27. AL-HWAITI M. S., RANVILLE J. F., ROSS P. E.
Bioavailability and mobility of trace metals in phosphogypsum from Aqaba and Eshidiya, Jordan. Chemie der Erde –
Geochem. 70, (3), 283, 2010.
28. PÉREZ-LÓPEZ R., ÁLVAREZ-VALERO A. M., NIETO J.
M. Changes in mobility of toxic elements during the production of phosphoric acid in the fertilizer industry of
Huelva (SW Spain) and environmental impact of phosphogypsum wastes, J. Hazard. Mater. 148, 745, 2007.
29. AL-HWAITI M., MATHEIS G., SAFFARINI G.
Mobilization, redistribution and bioavailability of potentially toxic elements in Shidiya phosphorites, Southeast Jordan.
J. Environ. Geol. 47, 431, 2005.
30. ZHUANG P., MCBRIDE M. B., XIA H., LI N., LI Z. Health
risk from heavy metals via consumption of food crops in the
vicinity of Dabaoshan mine, South China. Sci. Total
Environ. 407, (5), 1551, 2009.
31. BARODZIEJSKA B., GAJEWSKA M., CZAJKOWSKA
A. Research on content of heavy metals contamination in
independent agrarian production using atomic absorption
spectrometry technique. Ochr. Śr. Zas. Nat. 43, 38, 2010.
32. Official Journal of the European Union 19.12.2006.
33. SAMARA C., MISAELIDES P., TSALEV D., ANOUSIS I.,
KOUIMTZIS Th. Trace elements distribution in vegetables
grow in the industrial area of Thessaloniki, Greece.
Fresenius Environ. Bull. 1, 577, 1992.
34. JAWAD I. M. The level of heavy metals in selected vegetables crops collected from Baghdad city markets, Pakistan J.
Nutr. 9, (7), 683, 2010.
35. DARA S. S., Environmental Chemistry and Pollution
Control. S. Chand and Company Ltd., New Delhi, India.
pp.184-205, 1993.
36. GREMBECKA M., SZEFER P., GURZYŃSKA A.,
DYBEK K. Assessment of health quality of selected vegetables. In view of their element al composition. Bromat.
Chem. Toksykol. XLI, 328, 2008.

356
37. WHO, World Health Organization Geneva, Guidelines for
drinking water quality. Vol. II, health criteria and other supporting information. Geneva, 1984.
38. PANDEY R., SHUBHASHISH K., PANDEY J. Dietary
intake of pollutant aerosols via vegetables influenced by
atmospheric deposition and wastewater irrigation. Ecotoxic.
Environ. Saf. 76, 200, 2012.
39. KABATA-PENDIAS A., KRAKOWIAK A. Useful photoindicator (Dandelion) for trace metal pollution. The 5th
International Conference Proceedings: transport, fate and
effect of silver in the environment. Ecology and Natural
Resources. October, pp. 145-150, 1997.
40. KRÓLAK E. Accumulation of Zn, Cu, Pb and Cd by dandelion (Taraxacum Officinale Web.) in environments with
various degrees of metallic contamination. Pol. J. Environ.
Stud. 12, (6), 713, 2003.
41. KABATA-PENDIAS A., DUDKA S. Trace metals contents
of Taraxacum officinale (dandelion) as a convenient environmental indicator. Environ. Geochem. Health 13, 145,
1991.

Boryło A., et al.
42. KABATA-PENDIAS A. Biogeochemistry of copper and
molybdenum. In: Copper and molybdenum in environment.
Environmental and methodological problems. Zesz. Nauk.
PAN. Kom. Nauk. Człow. Śr. 14, 11, 1996 [In Polish].
43. HEMPHILL D. Availability of trace elements to plants with
respect to soil – plant interaction. Ann. N. Y. Acad. Sci. 199,
46, 1972.
44. CHIARENZELLI J. R., ASPLER L. B., DUNN C.,
COUSENS B., OZARKO D., POWIS K. Multi-element and
rare earth composition of lichens, mosses, and vascular
plants for the Central Barrenlands, Nunavut, Canada. Appl.
Geochem. 16, 245, 2001.
45. ROSAMILIA S., GAUDINO S., SANSONE U., BELLI M.,
JERAN Z., RUISI S., ZUCCONI L. Uranium isotopes, metals and other elements in lichens and tree barks collected in
Bosnia-Herzegovina. J. Atmosph. Chem. 49, 447, 2004.
46. JERAN Z., BYRNE A. R., BATIĆ F. Transplanted epiphytic lichens as biomonitors of air contamination by natural
radionuclides around the Žirowski Vrh urbanium mine,
Slovenia. Lichenol. 27, (5), 375, 1995.

