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Abstract

The aim of this study was to determine the impact of road transport on soil physi-
cochemical characteristics and concentration of heavy metals in the bark of purple
willow. The study was carried out at two groups of sites situated along a national
road at a distance of 5-10 m and ca. 100 m from the road. At each of the sites, annual
willow shoots were cut and surface soil samples were taken. The concentrations of
Zn, Pb, and Cd in bark samples were measured and of K, Ca, Mg, Zn, Cr, Cu, Ni, Mn,
Pb, and Cd in the soil. The concentrations of Mn and Pb were predictably higher in
soils located near the road, which may indicate an impact of road transport on the
soil content of these metals. The concentrations of Zn, Pb, and Cd in S. purpurea
bark from the sites located at distances of 5-10 m and ca. 100 m from the road
were similar. However, the Cd concentration in the bark exceeded the maximum
permissible concentration in the dried material, despite the low Cd concentrations
in the soils at of all the sampling sites. It is important to pay due attention to the
concentrations of this heavy metal in this plant material when it is intended for
pharmaceutical use, even in that obtained from plants growing on soils qualifying
as “uncontaminated”. Salix purpurea used for Salicis cortex should therefore be
cultivated under controlled conditions.
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Introduction

Willows (Salix species) have an ability to synthesize diverse phenolic compounds such
as salicylates, cinnamic acid derivatives, flavonoids, and condensed tannins, which are
important secondary metabolites [1-4]. Willows with high salicylate concentrations,
e.g., S. purpurea L., S. daphnoides Vill, S. fragilis L., and S. myrsinifolia Salisb., are rec-
ommended for herbal production and are a promising source of herbal drugs [5-11].
Phenolic glycosides are very important for human health, and willows as herbal drug
plants have a long-lasting history in remedy traditions [3]. Salix extracts and bark drugs
are in current use for the treatment of pain and inflammation [12-15]. Several studies
have however shown that Salix species exhibit a capacity to accumulate high concentra-
tions of heavy metals, especially in the leaves and in and on the bark [16-20]. Wood
and bark are important sinks for biologically-available metals, whose concentrations
in wood are frequently lower than in roots and bark [21,22]. Particularly noteworthy
are Cd and Zn, which are more easily transported to the shoots [23] and accumulated
in the wood and bark, i.e., the pharmaceutical raw material from willow.
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The development of road transport contributes to accumulation of various types of
pollutants in soils, including heavy metals particularly when located in the immediate
vicinity of busy communication routes [24-27]. A significant number of such areas
close to road systems are used agriculturally, which may therefore pose a toxicological
threat to crop plants and soil organisms due to the increasing concentrations of heavy
metals, especially in their bioavailable forms [28]. In general, the heavy metal concen-
trations in surface soils near roads decreases with increasing distance from the road
[29-33]. Among these are Cd, Pb, and Zn which are classified as metals with a very
high degree of potential hazard [28,29] and can thus pose a threat to living organisms
occupying these habitats. Furthermore, particular attention should be paid to plant spe-
cies which are a source of herbal raw materials for man. Although they are introduced
into cultivation, many species are also obtained from both natural or anthropogenic
habitats. Very often, herbal plants occur along roadsides and are collected due to easy
access and transport. Unfortunately, medicinal plants frequently exhibit a capacity to
accumulate toxic elements selectively, and the heavy metal concentrations in many herb
plant species can exceed permissible safe concentrations [34-37]. Some herbal plants
such as the common dandelion are actually regarded as good indicators of anthropo-
genic toxic metal pollution of the environment [24,25,38]. Food chain transfers may
also ultimately result in accumulation of elements in the human organism and, in the
extreme, eventual disturbance in physiological processes [39,40].

Willow bark is obtained for the production of natural aspirin from various willow
species in both natural and anthropogenic localities [41-43], and the purple willow is
a common component of plant communities occurring on the roadsides and accom-
panying ditches in Poland. In the current literature, much attention is paid to heavy
metal contamination of herbs [24,25,34-37]. However, less information is available
on the concentration of these elements in pharmaceutically utilized Salix tissues
[44]. It therefore seems important to examine the ability of pharmaceutical willow to
accumulate heavy metals in the bark and the dangers related to their presence in the
raw material obtained for the pharmaceutical industry and, hence, in drugs produced
from the milled bark. It is also important to understand the relationship between heavy
metals in soils and bark of pharmaceutical willow species. The aim of this study was to
determine the impact of road transport on selected soil physicochemical characteristics
and the concentrations of heavy metals in purple willow bark.

Material and methods
Description of the study site

The study was carried out at sites situated along the national road No. 82 in mideastern
Poland (51°2522"N, 23°14'10" E). Six sites of S. purpurea located at a distance of 5-10 m
from the road (SPR) and six sites distant >100 m from the road (SPN) were selected.

Plant and soil materials

At each of the sites, annual willow shoots were cut manually in November 2014. Simul-
taneously, soil samples were taken from topsoil (0-20 cm) at six loci from each site by
means of a core-drill. The soil material was thoroughly homogenized and air-dried at
room temperature and then sieved through a 2-mm stainless steel sieve. Willow shoots
were washed thoroughly with deionized water. Bark for chemical analysis was separated
from the wood by peeling, dried at 40°C to constant weight, and milled afterwards.
Milled bark samples were digested in a microwave oven in closed Teflon vessels using
a mixture of concentrated Suprapur nitric acid and hydrogen peroxide. The pH of the
soil samples was measured in distilled water (v/v 1:5) and in 1 M KCl (v/v 1:5) with a
pH glass electrode using the supernatant after mixing. Organic matter (OM) content
was determined by loss-on-ignition at 550°C in a muffle furnace. Phosphorous was
determined colorimetrically using the Egner-Riehm method. The concentrations of
Zn, Pb, and Cd in the digested bark samples and those of K, Ca, Mg, Zn, Cr, Cu, Ni,
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Pb, and Cd from soil extracted in 1 M HCI were measured by flame atomic absorption
spectrophotometry (Perkin Elmer 1100B).

Statistical analysis

The Levene’s test and Shapiro-Wilk test was used to ascertain the homogeneity of vari-
ances in the data sets and to determine the normality of the distributions of the data.
Mann-Whitney test was used to detect significant differences between specific sample
mean pairs. Variation in the soil characteristics and heavy metal concentrations in the
bark were explored using principal components analysis (PCA) [45]. Before analysis,
the soil data were centered and log transformed, and the bark data were centered and
standardized. The PCA analyses were conducted using the multivariate statistical pack-
age (MVSP) [46]. All other statistical analyses were carried out using the Statistica 6.0
software package [47].

Results
Metals in the soil

The physical and chemical characteristics of the topsoil horizon from the sites sampled
are summarized in Tab. 1. The results of the PCA showed considerable variation in
these soil characteristics (Fig. 1, Tab. 2) and the data revealed clear differentiation
between the sites. The first two principal components account for most of the variation
in the data set (79.5% of the total variance). The first axis explains 49.4% of the total
variance and represents Ca, Mg, and P. The second axis accounts for a further 30.1%
and mostly represents Zn and Ca (Fig. 1). The SPN sites placed on the left-hand side
of the ordination diagram show higher Ca, P, and Mg than the SPR sites located on the
right-hand side. Furthermore, the larger dispersion of points representing the SPN sites
in the ordination space indicates that they are more variable in terms of the parameters
measured, especially Zn.

The reaction of the soil at SPR and SPN was usually neutral (Tab. 1) and the mean
organic matter content in these surface soils was 10.23% for SPR and 10.15% for SPN.
The concentrations of all the macroelements studied in the SPR soils were slightly
higher than in the SPN soils, and the differences are statistically significant in the case
of P, Ca, and Mg. The analyses reveal that the mean concentrations of heavy metals
can be arranged in the following decreasing series: Fe > Mn > Zn > Pb > Cu > Cd > Ni
for SPR, and Fe > Zn > Mn > Pb > Cu > Cd > Ni for SPN. The concentrations of Fe,
Ni, Mn, and Pb were higher for SPR than SPN soils. However, statistically significant
differences are confirmed only for the two latter metals. The concentrations of Cu, Zn
and Cd in the soil samples were all similar.

Metals in plant tissues

The Zn, Pb, and Cd concentrations in the willow bark are presented in Tab. 3. The
results of the PCA show the variation in the heavy metal concentrations in the bark
of S. purpurea (Fig. 2, Tab. 4). The first two principal components account for most of
the variance in the data set (40.6% of total variance). The first axis explains 26.2% and
represents Zn, Pb, and Cd. The second axis accounts for 14.4% and mostly represents
Pb and Cd. The points representing the heavy metal concentrations in the bark on the
ordination diagram are characterized by large variabilities, and it is not possible to show
a clear boundary between the two groups analyzed. The willow bark has relatively high
heavy metal concentrations; the mean for Zn, Pb, and Cd in the bark ranges from 168
mg kg™ in SPR to 151 mg kg™ in SPN, from 0.23 mg kg™ in SPR to 0.30 mg kg™ in SPN,
and from 1.08 mg kg™ in SPR to 1.51 mg kg™ in SPN, respectively. The concentrations
of Zn, Pb, and Cd in the S. purpurea bark at the SPR and SPN sites are similar and no
statistically significant differences were found.
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Tab.1 Characteristics of the topsoil horizon for the S. purpurea sites located at a distance of 5-10 m from the road (SPR; n = 6)
and sites of distant >100 m from the road (SPN; n = 6).

Sol SPR SPN
Characteristic Mean Min Max SD Mean Min Max SD
pH (H,O) 7.34 7.23 7.43 0.07 7.06 6.27 7.36 0.38
pH(KCl) ............................. 714 ...................... 6 97 ...................... 730 ...................... 010 ...................... 6 80 ...................... 574 ...................... 719 ..................... 052 ...........

OM(%) .............................. 1023 ..................... 708 ..................... 1195 ..................... 176 ..................... 1015 ..................... 4 60 ..................... 1623 ................... 478 ...........

p(mgkg—l) ..................... 13692b 13092 ................ 24875 ................. 4042 .................. 7151& ................. 4364 9835 2310 ..........

K(mg kg_l) 8860 .................. 6160 13720 2534 .................. 6693 3080 .................. 1 1830 2733 ..........

Ca(mgkgil) .................. 2 3,646‘) 16,720 ................ 34)520 5,878 .................. 6,313a ................. 4)280 ................... 1 0,136 2,334 ..........

Mg(mgkg—l) ................. 2 2213b 14560 ................ 25920 ................. 4071 ................. 11567a 3640 ................... 1 6380 3001 ..........
Fe(mgkgl) 826 536 1163 216 730 304 ..................... 1’464 359 ............
Mn(mgkg—1)1083b ................... 812 ..................... 1308 ..................... 177 .................... 639d .................... 2 48 ...................... 984 ..................... 282 ...........

Nl( mg kg_ 1) ....................... 250 ...................... 144 ...................... 344 ...................... 0 59 ...................... 191 ...................... 0 88 ...................... 272 ..................... 058 ...........

Cu( mg kgl ) ...................... 4 05 ...................... 2 84 ...................... 4 92 ...................... 0 69 ...................... 573 ...................... 256 ...................... 956 ..................... 286 ...........

Zn(mgkgl) ...................... 824 ...................... 328 ..................... 1696 .................... 4 28 ...................... 891 ...................... 608 ..................... 1260 ................... 200 ...........

pb(mgkgl) .................... 785b .................... 6 08 ...................... 988 ...................... 147 549a .................... 4 32 ...................... 808 ..................... 135 ...........

Cd(mg kg—l) ...................... 293 ...................... 124 ...................... 504 ...................... 136 ...................... 502 ...................... 200 ...................... 836 ..................... 261 ...........

Different letters indicate significant differences according to the Mann-Whitney test. All elemental data relate to the 1 M HCI-
extractable concentrations measured.

0.35
€ SPR

0.28 < SPN

0.21
0.14
0.07

0.00

Z sixy

-0.07

-0.14
-0.21
-0.28

-0.35

o
(o]
o

G0
8zc'0-
Lo
10
L0°0-
00
vL'0
L0
820
SE0

Axis 1

Fig.1 Results of a PCA based on the soil physicochemical characteristics of S. purpurea
sites. SPR - sites of S. purpurea located at a distance of 5-10 m from the road; SPN - sites of
S. purpurea distant >100 m from the road.
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Tab.2 Results of a PCA based on the soil physicochemical
characteristics of S. purpurea sites. (A) Eigenvalues and vari-
ance (%) explained by the first two PCA axes; (B) Loading
components for each variable associated with the two axes.

Heavy metals Axis 1 Axis 2

Eigenvalues 0.285 0.174

Tab.3 Concentrations of selected heavy metals (Zn, Pb, Cd) in the bark of S. purpurea at the studied sites located at a distance

of 5-10 m from the road (SPR; n = 6) and sites of distant >100 m from the road (SPN; n = 6).

SPR SPN
Heavy metal Mean Min Max SD Mean Min Max SD
Zn (mgkg™) 167.92 141.00 187.90 15.89 150.73 120.40 173.20 18.60
Pb (mg kg™) 0.23 0.12 0.63 0.18 0.30 0.12 0.51 0.16
Cd (mgkg™) 1.08 0.58 1.53 0.33 0.99 0.57 1.51 0.30
Discussion

In the present study, the values of all the macroelements analyzed were slightly higher
in the SPR soils than in the SPN soils, and the differences were statistically significant in
the case of P, Ca, and Mg. The greatest attention should, however, be paid to the heavy
metals. The concentrations of 1 M HCl-extractable Fe, Ni, Mn, and Pb were also higher
in the SPR than in the SPN soils but statistically significant differences were confirmed
only for Pb and Mn. The general trend presented above is in good agreement with the
results from other research confirming the fact that the concentrations of heavy metals
in soils located near roads decrease with increasing distance from roads, and so their
highest concentrations is close to the transport route [30,33]. As demonstrated by
Modrzewska and Wyszkowski [32], the concentrations of Pb, Cd, Cr, and Ni in soils
located directly adjacent to the road (25 m) were higher than that of these elements in
the top layer of soil taken from distances of 50 m and 100 m. Cadmium, Pb, and Zn
are classified as metals with a very high degree of potential hazard to human health
[28,29,48-51]. The permissible concentrations of Zn, Ni, and Pb in soils used for agri-
culture are <300 mg kg™, <100 mg kg™, and 100 mg kg™, respectively [52]. Therefore,
the concentrations determined in SPR and SPN soils are below these limits, taking
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Fig.2 Results of a PCA based on the Zn, Pb, and Cd concentration in bark of S. purpurea.
SPR - sites of S. purpurea located at a distance of 5-10 m from the road; SPN - sites of S.
purpurea distant >100 m from the road.

Tab.4 Results of a PCA based on the Zn, Pb, and Cd

concentration in bark of S. purpurea.

and variance (%) explained by the first two PCA axes.
(B) Loading components for each variable associated

with the two axes.

into account the fact that forms extracted in 1 M HCI constitute
about half of the total content. The Pb concentration is obviously
related to the overall pollution gradient in space and time. The
highest increases in environmental Pb concentrations in the last
decade of the twentieth century reflected emissions originating
from the combustion of leaded gasoline by traffic [48,49] or local

(A) Eigenvalues

Heavy metals Axis 1 Axis 2 sources of contamination from industrial areas [50]. Similarly,

(A) the Mn concentration in the surface soil layers may be connected

with the increased level of motorization [51]. Manganese also

..‘,‘l?i.g?fl.vfl?ef,. [ 3662 . 2019 o originates from fuel combustion which probably explains the
Percentage 26.16 14.42 higher concentrations of Mn and Pb in the surface layers of the
Cumulatwepercentage2616 a0ss SPR soils in comparison with those at the SPN sites (Tab. 1). The
Cd concentration was highly variable between sites; in a major-

(B) ity of cases, it was >4 mg kg?, and it exceeded 6 mg kg™ at four

7n 0017 sites. Both the SPR and SPN soils may therefore be considered as
contaminated with Cd [52]. It should be added that the extractable
B 0725 Cd fraction here is only a part of the total concentration in the
Cd 0.477 0.689 soil. Fertilizers often contain elevated amounts of heavy metals

© The Author(s) 2018

(notably Cd in phosphates), which can increase the concentrations

of the available forms of these elements in the soil when there has
been long-term fertilizer application [53,54]. The high Cd background concentration
in the region where there are no point sources of pollution might therefore result from
fertilization of the neighboring fields with phosphatic fertilizers containing relatively
high amounts of this element in addition to the parent geology [28,55-57].

In studies on the concentrations of heavy metals in herbal raw materials, soils located
along roads are often characterized by higher heavy metal concentrations [58]; similarly,
the plants growing in these soils. Prior to the present research, it was assumed that the
concentrations of heavy metals in soils located along roads would be higher than in the
soils sampled at a distance of >100 m from the road. The results of our analysis showed
a completely different picture. In the present study (Tab. 3), the Pb concentrations in the
bark from the SPR sites (0.23 mg kg™) and SPN sites (0.30 mg kg™') were normal [59]
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and did not exceed the maximum permissible concentration in the dried raw material
[60]. Lead is mainly accumulated in the roots of plants as it is only weakly translocated
[23]. This may account for its relatively low concentration in the bark of S. purpurea
from both the SPR and SPN sites. Therefore, from the point of view of the concentration
of this metal, willow bark can be regarded as a safe raw material that can be used in
the pharmaceutical industry. However, the Cd concentrations are somewhat different
(Tab. 4); its concentration in the bark from SPR (1.08 mg kg™) and SPN (0.99 mg kg™)
exceeds the maximum permissible concentration in the dried material [60]. Despite
the low Cd concentration in the soil at both SPR and SPN, that of this metal in the bark
was high. The problem of accumulation of excessive Cd amounts has been described
in willows by other workers (e.g., [44]), as well as in other herbal plants. Increased
concentrations of this element have been found in rosemary, tarragon, lovage, ribwort
plantain, and common nettle raw materials [61,62]. Unfortunately, this fact disqualifies
the raw materials from their use in the pharmaceutical industry. Cultivation of purple
willow taken from natural habitats can provide a glycoside-rich raw material [42] and
can reduce the risk of Salicis cortex contamination with heavy metals, especially Cd.
Several other studies have shown that Salix species exhibit a capacity to accumulate high
concentrations of Cd, Pb, and Zn, especially in leaves and bark [16-20], all of which are
used as pharmaceutical materials. Wood and bark are important sinks for biologically
available metals [22,63], and metal concentrations in wood are frequently lower than
in roots and bark [60]. Particularly noteworthy are Cd and Zn, which are more easily
transported to shoots [23] and accumulated in wood and bark. These tissues are slow
to enter the decomposition cycle and therefore accumulated metals can be immobilized
in a metabolically inactive compartment for a considerable time [22,63].

Salix purpurea is a common species in Poland found mostly beside rivers and streams
in, for example, Salicetum triandro-viminalis associations. It frequently grows on ar-
able land, peatlands, and along roads. Some authors [42] emphasize the selection and
introduction of willows with a high salicylic glycosides concentration for cultivation
under controlled conditions. We strongly support this proposal, taking into account
the capacity of S. purpurea for heavy metal accumulation in and on its bark, as dem-
onstrated in this study (Tab. 4), and the risk of their inclusion in the food chain.

Conclusions

Given the widespread occurrence of the purple willow, its bark can be obtained as a
raw material from both natural and anthropogenically-transformed stands, such as
those located near roads. This poses a threat of contamination of the raw material with
heavy metals and, as shown in this study, such a danger in the case of Cd also occurs at
a considerable distance from transport routes. A low concentration of the extractable
forms of Zn or Cd in the soils does not ensure an equally low level of this element in
the bark. It seems important to pay attention to the concentration of these heavy metals
in plant materials intended for pharmaceutical use, even in those obtained from plants
growing on soils qualifying as uncontaminated. Salix purpurea plants can accumulate
concentrations exceeding the acceptable limits in their bark. This has implications for
the cultivation of this willow for pharmaceutical purposes in controlled conditions,
i.e., on soils low heavy metal status.

References

1. Julkunen-Tiitto R. A chemotaxonomic survey of phenolics in leaves
of northern Salicaceae species. Phytochemistry. 1986;25:663-667.
https://doi.org/10.1016/0031-9422(86)88020-7

2. Julkunen-Tiitto R. Phenolic constituents of Salix: a chemotaxonomic
survey of further Finnish species. Phytochemistry. 1989;28:2115-2125.

© The Author(s) 2018 Published by Polish Botanical Society Acta Agrobot 71(4):1753 7 of 11


https://doi.org/10.1016/0031-9422(86)88020-7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

© The Author(s) 2018

https://doi.org/10.1016/S0031-9422(00)97930-5

. Julkunen-Tiitto R, Virjamo V. Biosynthesis and roles of Salicaceae salicylates. In:

Arimura G, Maffei M, editors. Plant specialized metabolism: genomics, biochemistry,
and biological functions. Boca Raton, FL: CRC Press; 2017. p. 65-83.

. Paunonen R, Julkunen-Tiitto R, Tegelberg R, Rousi M, Heiska S. Salicylate and biomass

yield, and leaf phenolics of dark-leaved willow (Salix myrsinifolia Salisb.) clones under
different cultivation methods after the second cultivation cycle. Ind Crops Prod.
2009;29:261-268. https://doi.org/10.1016/j.indcrop.2008.05.009

. Forster N, Ulrichs C, Zander M, Kitzel R. Factors influencing the variability of

antioxidative phenolic glycosides in Salix species. ] Agric Food Chem. 2010;58:8205-
8210. https://doi.org/10.1021/j£100887v

. Krauze-Baranowska M, Poblocka-Olech L, Gtéd D, Wiwart M, Zielinski ], Migas P.

HPLC of flavanones and chalcones in different species and clones of Salix. Acta Pol
Pharm. 2012;70:27-34.

. Poblocka-Olech L, van Nederkassel AM, Vander Heyden Y, Krauze-Baranowska M, Gtod

D, Baczek T. Chromatographic analysis of salicylic compounds in different species of the
genus Salix. ] Sep Sci. 2007;30:2958-2966. https://doi.org/10.1002/jssc.200700137

. Sugier D, Sugier P. Evaluation of three Salix species growing in natural state as a source of

pharmaceutical raw material (Salicis cortex). Herba Polonica. 2007;53:319-324.

. Sugier D, Sugier P. Phenolic glycosides content in purple willow bark originated from

natural habitats. Herba Polonica. 2007;53:325-330.

Sugier D, Sugier P, Pawetek M, Gawlik-Dziki U. Salix myrsinifolia Salisb. as a source of
phenolic glycosides: distribution and habitat conditions in the mid-eastern Poland. Acta
Scientiarum Polonorum, Hortorum Cultus. 2011;10:75-88.

Sugier D, Sugier P, Bana$ A, Szewczuk C. The difference between the content of
phenolic glycosides and macroelements (K, Ca, Mg) in the bark of herbal willows. Acta
Scientiarum Polonorum, Hortorum Cultus. 2011;12:31-41.

Chrubasik S, Kiinzel O, Model A, Conradt C, Black A. Treatment of low back
pain with a herbal or synthetic anti-rheumatic, a randomized controlled study.
Willow bark extract for low back pain. Rheumatology. 2000;40:1388-1393.
https://doi.org/10.1093/rheumatology/40.12.1388

Vlachojannis ], Magora F, Chrubasik S. Willow species and aspirin: different mechanism
of actions. Phytother Res. 2011;25:1102-1104. https://doi.org/10.1002/ptr.3386

Gawlik-Dziki U, Swieca M, Sugier D. Enhancement of antioxidant abilities and the
lipoxygenase and xanthine oxidase inhibitory activity of broccoli sprouts by biotic
elicitors. Acta Scientiarum Polonorum, Hortorum Cultus. 2012;11:13-25.

Gawlik-Dziki U, Sugier D, Dziki D, Sugier P. Bioaccessibility in vitro of nutraceuticals
from bark of selected Salix species. The Scientific World Journal. 2014;2014:782763.
https://doi.org/10.1155/2014/782763

Meers E, Vervaeke P, Tack FMG, Lust N, Verloo M, Lesage E. Field trial experiment:
phytoremediation with Salix sp. on a dredged sediment disposal site in Flanders,
Belgium. Remediation. 2003;13:87-97. https://doi.org/10.1002/rem.10077

Meers E, Vandecasteele B, Ruttens A, Vangronsveld ], Tack FMG. Potential of five willow
species (Salix spp.) for phytoextraction of heavy metals. Environ Exp Bot. 2007;60:57-68.
https://doi.org/10.1016/j.envexpbot.2006.06.008

Landberg T, Greger M. Differences in uptake and tolerance to heavy metals in
Salix from unpolluted and polluted areas. Appl Geochem. 1996;11:175-180.
https://doi.org/10.1080/15226519908500010

Lundackova L, Masarovicova E, Kralovéd K, Stresko V. Response of fast growing woody
plants from family Salicaceae to cadmium treatment. Bull Environ Contam Toxicol.
2003;70:576-585. https://doi.org/10.1007/s00128-003-0024-2

Rosselli W, Keller C, Boschi K. Phytoextraction capacity of trees
growing on a metal contaminated soil. Plant Soil. 2003;256:265-272.
https://doi.org/10.1023/A:1026100707797

Pulford ID, Riddell-Black D, Stewart C. Heavy metal uptake by willow clones from
sewage sludge treated soil: the potential for phytoremediation. Int ] Phytoremediation.
2002;4:59-72. https://doi.org/10.1080/15226510208500073

Pulford ID, Watson C. Phytoremediation of heavy metal contaminated land by trees —
a review. Environ Int. 2003;29:529-540. https://doi.org/10.1016/50160-4120(02)00152-6

Published by Polish Botanical Society Acta Agrobot 71(4):1753 8 of 11


https://doi.org/10.1016/S0031-9422(00)97930-5
https://doi.org/10.1016/j.indcrop.2008.05.009
https://doi.org/10.1021/jf100887v
https://doi.org/10.1002/jssc.200700137
https://doi.org/10.1093/rheumatology/40.12.1388
https://doi.org/10.1002/ptr.3386
https://doi.org/10.1155/2014/782763
https://doi.org/10.1002/rem.10077
https://doi.org/10.1080/15226519908500010
https://doi.org/10.1007/s00128-003-0024-2
https://doi.org/10.1023/A:1026100707797
https://doi.org/10.1080/15226510208500073
https://doi.org/10.1016/S0160-4120(02)00152-6

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

© The Author(s) 2018

Tlusto§ P, Szakova J, Vyslouzilovd M, Pavlikovd D, Weger J, Javorska H. Variation
in the uptake of arsenic, cadmium, lead, and zinc by different species of willows
Salix spp. grown in contaminated soils. Cent Eur ] Biol. 2007;2:254-275.
https://doi.org/10.2478/s11535-007-0012-3

Czarnowska K, Milewska A. The content of heavy metals in an indicator plant
(Taraxacum officinale) in Warsaw. Pol ] Environ Stud. 2000;9:125-128.

Kajka K, Rutkowska B. Accumulation of selected heavy metals in soils and common
dandelion (Taraxacum officinale) near a road with high traffic intensity. Soil Science
Annual. 2018;69:11-16. https://doi.org/10.2478/ssa-2018-0002

Mazur K, Gondek K, Filipek-Mazur B. Heavy metal contents in soils and plants from
areas localized along the No. 4 road within the boundaries of the county of Ropczyce-
Sedziszow. Part 1. Physico-chemical properties of silos and total heavy metal content.
Chemia i Inzynieria Ekologiczna. 2007;14:487-496.

Jankowska ], Sosnowski J, Kolczarek R, Deska J. Lead and cadmium
content in some grasses along expressway areas. ] Elem. 2014;19:119-128.
https://doi.org/10.5601/jelem.2014.19.1.591

Kabata-Pendias A, Pendias H. Biogeochemia pierwiastkéw sladowych. 2nd ed.
Warszawa: Wydawnictwo Naukowe PWN; 1999.

Ociepa-Kubicka A. Ociepa E. Toksyczne oddzialywanie metali ciezkich na roliny,
zwierzeta i ludzi. Inzynieria i Ochrona Srodowiska. 2012;15:169-180.

Czubaszek R, Bartoszuk K. Zawarto$¢ wybranych metali cigzkich w glebach w zalezno$ci
od ich odlegtosci od ulicy i sposobu uzytkowania terenu. Civil and Environmental
Engineering. 2011;2:27-34.

Modrzewska B, Wyszkowski M. Trace metals content in soils along the state
road 51 (northeastern Poland). Environ Monit Assess. 2014;186:2589-2597.
https://doi.org/10.1007/s10661-013-3562-z

Modrzewska B, Wyszkowski M. Content of selected trace elements in soils along state
road 51 (north-eastern Poland). Polish Journal of Natural Sciences. 2015;30:103-112.

Szydlowski K, Mielczarek M, Podlasifiska J. Zanieczyszczenie wybranymi metalami
cigzkimi gleb przyleglych do obwodnic Stargardu (S10) oraz Nowogardu (S6). Inzynieria
Ekologic-zna. 2017;18:253-260. https://doi.org/10.12912/23920629/68515

Kowol J, Kwapulinski ], Nogaj E, Babuska-Roczniak M, Brodziak-Dopierata B, Roczniak
W, et al. Assessment of phytotherapeutic mixtures as a potential route of absorption of
some metal compounds. Journal of Pre-Clinical and Clinical Research 2016;10:115-121.
https://doi.org/10.5604/18982395.1227568

Kwapulinski J, Michalewska A, Rochel R, Kowol J. Intoksykacja surowcow
roélin leczniczych metalami cigzkimi w §wietle obowiazujacych uregulowan
ustawodawczych oraz zalecen WHO. Problemy Ekologii. 2005;9:202-204.
https://doi.org/10.15199/17.2017.12.5

Mirostawski J, Wiechuta D, Kwapulinski J, Rochel R, Loska K, Ciba J.
Wystepowanie Pb, Cd, Mn, Ni, Co, Cr w wybranych gatunkach roélin leczniczych
na terenie Polski. Bromatologia i Chemia Toksykologiczna. 1995;28:363-368.
https://doi.org/10.5604/18982395.1227568

Rochel R, Kwapulinski J, Kowol J, Bogunia M. Migration of bioavailable chemical
forms of chromium from soil to medicinal plants. Fresenius Environmental Bulletin.
2009;18:1963-1966.

Ligocki M, Tarasewicz Z, Zygmunt A, Anisko M. The common dandelion (Taraxacum
officinale) as an indicator of anthropogenic toxic metal pollution of environment. Acta
Scientiarum Poloronorum, Zootechnica. 2011;10:73-82.

Bloniarz J, Zar¢ba S, Ranhama M. Zawarto$¢ kadmu i ofowiu w ziotach, preparatach
ziotowych oraz naparach wykonanych z tych zi6t stosowanych u dzieci i dorostych.
Przegl Lek. 2001;58:9-43.

Michalewska A, Kwapulinski J, Rochel R, Kowol J. Rola transporteréw metali ciezkich
w intoksykacji roslinnych surowcow leczniczych. Herba Polonica. 2004;50:111-119.

Sulima P, Przyborowski JA, Wiwart M. Willow bark - herbal raw material harvested
from arable lands. Herba Polonica. 2006;54:18-25.

Sulima P, Krauze-Baranowska M, Przyborowski JA. Variations in the chemical
composition and content of salicylic glycosides in the bark of Salix purpurea from
natural locations and their significance for breeding. Filoterapia. 2017;118:118-125.

Published by Polish Botanical Society Acta Agrobot 71(4):1753 9 of 11


https://doi.org/10.2478/s11535-007-0012-3
https://doi.org/10.2478/ssa-2018-0002
https://doi.org/10.5601/jelem.2014.19.1.591
https://doi.org/10.1007/s10661-013-3562-z
https://doi.org/10.12912/23920629/68515
https://doi.org/10.5604/18982395.1227568
https://doi.org/10.15199/17.2017.12.5
https://doi.org/10.5604/18982395.1227568

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

© The Author(s) 2018

https://doi.org/10.1016/j.fitote.2017.03.005

Szczukowski S, Tworkowski J, Sulima P. Kora wierzb krzewiastych Zrédtem glikozydéw
salicylowych. Wiadomosci Zielarskie. 2002;1:6-7.

Sugier D, Sugier P. Characteristics of abiotic conditions and heavy metals concentration
in bark of the pharmaceutical willow Salix purpurea L. in the Leczna-Wlodawa Lakeland.
Teka Komisji Ochrony i Ksztaltowania Srodowiska Przyrodniczego. 2010;7:400-409.

Jongman RHG, ter Braak CJF, van Tongeren DFR. Data analysis in community and
landscape ecology. Wageningen: Pudoc; 1987.

StatSoft. Elektroniczny podrecznik statystyki PL [Internet]. 2006 [cited 2018 Aug 24].
Available from: http://www.statsoft.pl/textbook/stathome.html

Kovach WL. MVSP - a multivariate statistical package for Windows ver. 3.1. Pentraeth:
Kovach Computing Service; 1999.

Pacyna JM, Pacyna EG, Aas W. Changes of emissions and atmospheric
deposition of mercury, lead, and cadmium. Atmos Environ. 2009;43:117-127.
https://doi.org/10.1016/j.atmosenv.2008.09.066

Nriagu JO. The rise and fall of leaded gasoline. Sci Total Environ. 1990;92:13-28.
https://doi.org/10.1016/0048-9697(90)90318-O

Weiss D, Shotyk W, Appleby PG, Kramers JD, Cheburkin AK. Atmospheric Pb
deposition since the industrial revolution recorded by five Swiss peat profiles: enrichment
factors, fluxes, isotopic composition, and sources. Environ Sci Technol. 1999;33:1340-
1352. https://doi.org/10.1021/es980882q

Lytle CM, McKinnon CZ, Smith BN. Manganese accumulation in roadside soil and
plants. Naturwissenschaften. 1994;81:509-510. https://doi.org/10.1007/BF01132685

Rozporzadzenie Ministra Srodowiska z dnia 1 wrzesnia 2016 r. w sprawie sposobu
prowadzenia oceny zanieczyszczenia powierzchni ziemi. Journal of Laws of the Republic
of Poland (Dziennik Ustaw). 2016 Sep 6, Item 1395.

Smolen S, Sady W. The content of Cd, Cu and Zn in carrot storage roots as related
to differentiated nitrogen fertilization and foliar nutrition. Pol ] Environ Stud.
2006;15(2A):503-509.

Smolen S, Sady W. The effect of fertilizer nitrogen form and foliar feeding on Cd, Cu and
Zn concentrations in carrot. Folia Horticulturae. 2007;19:87-96.

Jarosz W, Nowinska Z. Zawarto$¢ metali cigzkich w nawozach mineralnych i wapnie
odpadowym. Postepy Nauk Rolniczych. 1992;4:39-43.

Satarug S, Baker JR, Urbenjapol S, Haswell-Elkins M, Reilly PEB, Williams
DJ, et al. A global perspective on cadmium pollution an toxicity in
non-occuptionally exposed population. Toxicol Lett. 2003;137:65-83.
https://doi.org/10.1016/S0378-4274(02)00381-8

Vasudevan DT, Dinesh KR, Gopalakrishnan S. Occurrence of high concentrations of
cadmium, mercury and lead in medicinal plants of India. Pharmacogn Mag. 2009;5(2A
suppl):15-28.

Szczepocka A. Kryteria oceny zanieczyszczen gleb metalami ciezkimi. Zeszyty Naukowe
Szkoty Gléwnej Stuzby Pozarniczej. 2005;32:13-27.

Kabata-Pendias A, Mukherjee AB. Trace elements from soil to human. Berlin: Springer;
2007. https://doi.org/10.1007/978-3-540-32714-1

Rozporzadzenie Ministra Zdrowia z dnia 13 stycznia 2003 r. w sprawie maksymalnych
poziomoéw zanieczyszczen chemicznych i biologicznych, ktére moga znajdowa¢

sie w zywnosci, sktadnikach zywnosci, dozwolonych substancjach dodatkowych,
substancjach pomagajacych w przetwarzaniu albo na powierzchni zywnoéci. Journal of
Laws of the Republic of Poland (Dziennik Ustaw). 2003 No. 37, Item 326.

Fischer A, Brodziak-Dopierala B, Steuer M, Rajczykowski K, Kowol J. Zawartos¢
kadmu w roélinach przyprawowych dostepnych na rynku i uprawianych indywidualnie.
Medycyna Srodowiskowa. 2017;20:27-33. https://doi.org/10.19243/2017103

Laskowska A, Wiechuta D. Accumulation of lead and zinc in chosen medicinal plants
from Katowice recreation area. Environmental Protection and Natural Resources.
2015;26:11-15.

Nissen LR, Lepp NW. Baseline concentrations of copper and zinc in shoot
tissues of a range of Salix species. Biomass Bioenergy. 1997;12:115-120.
https://doi.org/10.1016/S0961-9534(96)00065-7

Published by Polish Botanical Society Acta Agrobot 71(4):1753 10 of 11


https://doi.org/10.1016/j.fitote.2017.03.005
http://www.statsoft.pl/textbook/stathome.html
https://doi.org/10.1016/j.atmosenv.2008.09.066
https://doi.org/10.1016/0048-9697(90)90318-O
https://doi.org/10.1021/es980882q
https://doi.org/10.1007/BF01132685
https://doi.org/10.1016/S0378-4274(02)00381-8
https://doi.org/10.1007/978-3-540-32714-1
https://doi.org/10.19243/2017103
https://doi.org/10.1016/S0961-9534(96)00065-7

Wplyw transportu drogowego na wasciwosci gleb i zawartos¢ metali ciezkich w korze
wierzby purpurowej (Salix purpurea L.)

Streszczenie

Celem badan bylo okreslenie wplywu transportu drogowego na wlasciwosci gleb i zawartos¢
metali ciezkich w surowcu (korze) wierzby purpurowej. Badania przeprowadzono na stanowiskach
potozonych wzdtuz drogi krajowej w odlegtosci okoto 5-10 m i okoto 100 m od drogi. W kazdym
z nich wycigto roczne pedy wierzby i pobrano probki gleby. Okreslono koncentracje Zn, Pb i Cd
w prébkach kory oraz zawartos¢ K, Ca, Mg, Zn, Cr, Cu, Ni, Pb i Cd w glebie. Zawarto$¢ Cu,
Zn i Cd w badanych glebach byla podobna. Z kolei zawartos¢ Mn i Pb byla wyzsza w glebach
potozonych przy drodze, co moze wskazywa¢ na wplyw transportu drogowego na zawartos¢ tych
metali. Koncentracja Zn, Pb i Cd w korze S. purpurea pobranej z miejsc potozonych w odlegloéci
ok. 5-10 m i ok. 100 m od drogi byla podobna. Jednak zawartos¢ Cd w pozyskanym surowcu
przekraczala maksymalne dopuszczalne jego stezenie. Istotne jest zatem zwrdcenie szczegolnej
uwagi na zawarto$¢ kadmu w materiale roslinnym przeznaczonym do wykorzystania w przemysle
farmaceutycznym, nawet pozyskiwanym z roélin rosngcych na glebach zakwalifikowanych jako
niezanieczyszczone. Dlatego tez S. purpurea przeznaczona do wykorzystania jako Salicis cortex
powinna by¢ uprawiana w kontrolowanych warunkach.
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