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Abstract
Heavy metal accumulation has been a hot topic of many studies in recent years, as they are toxic elements that can be highly 
harmful to human health and the environment. The metal concentrations of some trees used for monitoring air quality give 
information about the pollutant sources in the ambient atmosphere. In this study, P. pinaster, C. arizonica, P. orientalis, 
C. atlantica, and P. menziesii were determined to investigate their use as biomonitors for air quality. Metallic bismuth and 
bismuth compounds, which have been widely used in several industries, have low toxicity to humans, although bismuth 
toxicity can show over-dosage depending on its application. The variability of bismuth levels in the organs of the species 
was investigated to explain atmospheric deposition over the years. The bismuth accumulation of C. arizonica and P. pinaster 
increases depending on time interval. The ascending-descending trend in other species could not be obtained clearly via 
dry and wet deposition of atmospheric metals. Our analysis reveals that the total deposit (barks and wood) of P. pinaster, C. 
arizonica, P. orientalis, C. atlantica, and P. menziesii were 134, 115, 94, 131, and 148 mg/kg, respectively, and they have 
been quite clearly reflected atmospheric bismuth deposition. The bismuth concentration has significantly increased since 
the 1983 sampling; P. menziesii can be valuable bioindicators for highlighting polluted areas. Compared with the traditional 
air samplers, the proposed P. menziesii bioindicator is proven to be more effective, low cost, and sustainable and thus has 
broad application prospects in bismuth concentration.
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1 � Introduction 

The population concentrated in urban neighborhoods 
needs land use changes for many urban services with the 
complex dynamics and dissolution of rural areas [1–3]. 
Anthropogenic activities such as the concentration of 

buildings, transportation infrastructure, and production 
systems raise many environmental issues and climatic 
risks, deforestation, land degradation, and ecosystem 
losses [4, 5]. In addition to the well-known ecological 
costs of these changes, the need for a comprehensive 
assessment of their irreversible impact on public health 
is increasing daily. Human health in cities has risen enor-
mously depending on pollution types arising from the 
wrong positioning of commercial, industry, school, parks, 
and industrial and commercial zones [6, 7]. Heavy metals 
constitute environmental pollution that extends to various 
regions simply as a function of air flows and atmospheric 
deposition [8, 9]. Moreover, interrupting the urban ven-
tilation in cities and the fact that structures and capacity 
built against prevailing winds do not allow the distribution 
and diluting pollutants increase the presence of air pollut-
ants, and over 90% of the urban population is exposed to 
atmospheric pollution in Europe region [10, 11]. In addi-
tion, the innovative and exciting process proposed in this 
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paper thoroughly absorbed bismuth (Bi) metal in the tree 
residues for extraction, which significantly improved the 
source in urban to recover from the bark in future studies.

Currently, air pollutant concentrations occur in a dense 
smog layer like pollution cover in that region because reso-
lution gases released cannot be dispersed in the high-pres-
sure air environment [12]. Moreover, many toxic metals do 
not spread easily, especially heavy metals can remain in the 
region for quite a long time and threaten all age group’s res-
piratory and immune systems [13]. Previous reports stated 
that toxic metals could adversely affect human health and, 
unfortunately, cause more negative effects in children than 
in adults [14, 15]. Since the daily intake of toxic substances 
in children is less than in adults [16, 17]. Therefore, it is 
necessary to continuously monitor environmental pollut-
ants and determine the measures to be taken if their con-
centrations increase to protect the environment and public 
health. However, since it is tough to monitor pollutants con-
tinuously, methods have been used for air quality in urban 
[18]. At the beginning of the species used in biomonitors 
studies, tree and landscape species had high absorption 
capacity in the region. The usability of trees used in many 
studies in monitoring heavy metals and toxic substances 
in urban areas has been tested, and positive results have 
been obtained [19–21]. Anthropogenic pollutants from the 
atmosphere trees may absorb onto foliage and bark, which 
can be successive uptake by roots over time. The potential 
of tree bark has been substantially exercised as an extraordi-
nary natural biosorbent material of atmospheric organic pol-
lutants, including wet and dry deposition (gas and particle 
phases) by researchers [22–24]. In particular, these species 
placed in regions to keep the emissions from traffic, indus-
try, and businesses in cities have been determined to be 
relatively high compared to the other areas [25–27]. How-
ever, deposition of all types was not positively correlated 
with heavy metal releases for all species. Both semivolatile 
and particles can be absorbed by the bark from the urban 
air [28, 29]. The accumulation of air pollutants depends on 
organ, perennial, defoliation-evergreen, and resistance to 
toxic substances in this species. The assembly of several 
metal elements in a tree’s organ is mainly controlled as the 
passive atmospheric sampler. In contrast, organ trace met-
als are attributed to dry and wet atmospheric deposition 
[30–33]. The application of tree bark (inner and outer) and 
wood in monitoring toxic metal can obtain depending year. 
This method is more economically practical than active air 
samplers. It can be extensively and routinely used for many 
tree species’ pollutants in atmospheric deposition condi-
tions. Based on the above information, we hypothesize that 
tree bark in directions can perform as a possible passive 
sampler to evaluate the concentration of Bi.

To the best of our knowledge, this investigation is the 
first work on the biomonitoring capacities of the selected 

species in the Bi minerals weakly accumulation correlates 
for a wide range of deposit types by possibly including 
the dense residential and traffic areas in the province of 
Düzce. Bi is diamagnetic and a group V element, known as 
a harmful by-product and a critical mineral by the European 
Commission in 2017. However, the chemical industry has 
been widely used as an essential metal for its economic 
importance in pharmaceutical, paint, and solvent areas. The 
accumulation in the organs of the P. pinaster, C. arizonica, 
P. orientalis, C. atlantica, and P. menziesii was obtained 
at the urban scale and had the same characteristics as the 
literature data. In line with the findings, it is aimed at a 
passive atmospheric sampler to estimate primary Bi-level 
and to spread the species that can be used as biomonitors, to 
minimize the impact of the pollutants in the cities on public 
health. We also anticipate that considering arousing curi-
osity, can we make the semiconductor or conductors that 
accumulate ready for reuse? It provides new insight into 
the atmospheric metal deposition on biomonitoring spe-
cies, which will assist in a future strategy for green metal 
recovery from nature.

2 � Materials and methods

2.1 � Study area and preparation sampling

Figure 1 shows that the study includes species collected 
from the rural region of Düzce in Türkiye and counts more 
than 400,976. Their common feature is that they are widely 
found and have the same age. At each site, a total of 135 
samples were prepared for collecting trees to coincide from 
May to June without rainy conditions in 8 sampling loca-
tions. To separately evaluate the inner bark, outer bark, and 
wood parts of Pinus pinaster, Cupressus arizonica, Picea 
orientalis, Cedrus atlantica, and Pseudotsuga menziesii 
were detailed described in our previous study [34]. Trees 
precisely measured tree-ring series width, preferentially cho-
sen 40 years for each annual tree ring and a trunk diameter of 
20–30 cm due to frequent planting throughout Düzce City. 
The 2–3 mm outer bark from each direction of the trunk was 
removed at 1.5 m from the topsoil, and the 2–3 cm thick 
inner bark samples were taken with a homogenization by 
stainless-steel twist drill. Also, the bark samples from 3 to 4 
individual trees with the same species were separately pre-
pared for the calculation content of Bi. The samples were 
taken to the polyethylene bags and kept at − 18 °C before 
analysis.

Briefly, the samples were taken care of and without 
being exposed to any contamination, individually pack-
aged from every position (west, east, south, and north), 
and brought to the laboratory, respectively; (i) it was 
put in an oven at 55 °C for 2 weeks for drying, (ii) cut 
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into small pieces after making sure that the moisture was 
removed, (iii) 10 mL of 65% HNO3 (Merck) was added to 
the samples for acid digestion performed assisting within a 
microwave treatment at 280 PSI and 180 °C during 20 min. 
Samples were prepared for microwave-assisted digestion 
after the tubes cooled down following their removal from 
the microwave (Ethos One, Milestone GmbH, Germany); 
distilled water was added to fill up to 50 mL according to 
US EPA 3052 Method [35], (iv) the element concentra-
tions in the samples filtered through the filter paper were 
read at the appropriate wavelengths in the inductively 
coupled plasma optical emission spectrometry (ICP-OES, 
SpectroBlue, Spectro, Analytical Instruments GmbH, Ger-
many) using Method 6020B [36]. Method detection limits 
(MDL:1.8 µg/kg) were appointed from method blanks with 

every 10 for Bi according to US EPA 200.7 Method [37] 
and presented calibration correlation coefficients ranges 
of 0.989–0.995.

2.2 � Statistically data use and visualization

Applying variance analysis of one-way ANOVA and Dun-
can’s was involved through the SPSS version 22.0 used for 
the data attained as a result of laboratory analysis of the 
samples. The data was followed by a test for Bi elements 
with statistically significant differences at the 95% confi-
dence level, and results were interpreted via the ANOVA 
and Duncan’s test. Values were periodically assessed with 
every eight samples for blanks and matrix spikes during 
the statistical analysis. The limits of detection (LODs) and 

Fig. 1   Overview of the study 
site showing the sampling plots  
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quantitation (LOQs) were determined as the concentration 
yielding a signal-to-noise ratio of 2–11, and the values of Bi 
were changed from 0.025 to 0.177 µg/kg. The distribution of 
excessive amounts of Bi concentrations was plotted based on 
the average in ArcMap 10.7 via spatial analysis tool.

3 � Results

The total accumulation of Bi concentrations in the progres-
sively collected samples’ outer, inner bark, and wood vary 
according to year and directions. It has been demonstrated 
that biomonitoring approaches can be obtained through tree 
bark uptake with airborne Bi in five ornamental species. Bi’s 
maximum and minimum values were obtained to evaluate 
the location, yearly variations, and directions. The meas-
ured concentrations of Bi varied and spatiotemporal trends 
and atmospheric conditions directly affected the absorption 
capacity.

3.1 � Effect of directions on the spatial distribution

The ANOVA and Duncan’s test results determined the 
variation of Bi concentration based on species in all 
directions in Table 1. The highest Bi concentrations are 
obtained in C. arizonica and C. atlantica in all directions, 
especially in the north, which is higher than others. The 
Bi concentration is statistically significant, and the highest 
values were obtained in P. orientalis and C. atlantica in all 
directions. To examine the directional variation, we sum-
marized published data on Bi accumulation and compared 

each other. Among the five species analyzed, East and 
North were the two major interaction contributors to the 
total Bi, with mean concentrations of 61 and 51 (mg/kg).

The changes in the concentration of other metals, except 
for Bi, have been examined in all species in Table 2. They 
are statistically significant at the 95% confidence level that 
the Bi concentration is analyzed for statistically significant 
(at least p < 0.05). Duncan’s test results showed that all spe-
cies were in the first group, while the highest values were 
attained in the outer bark. The variation of Bi concentration 
in the outer bark based on species is not statistically signifi-
cant. However, the highest concentrations were obtained in 
the outer bark; although the most elevated amounts were 
gained in C. arizonica and C. atlantica in wood, the low-
est values were procured in P. orientalis and P. menziesii. 
The variation of Bi concentration by species is statistically 
significant in all directions. When examining the values, it 
is noteworthy that the highest values were obtained in P. 
orientalis and C. atlantica species.

Based on the data obtained, the Bi distributions in the 
immediate vicinity of the area are spatially presented in 
Fig. 2. It is reflected by spatial analysis that the values are 
lower in the south directions. It has been determined that the 
Bi concentration is effective in the east and north directions.

The average Bi content of the area according to the meas-
urements made from different directions is shown in Fig. 3. 
Measurements of P. pinaster, C. arizonica, and P. orientalis 
plants show similar behavior. In these measurements, the 
values are higher east and north directions than in the oth-
ers. C. atlantica and P. menziesii gave similar results. The 
measurements in the north and west directions are higher 
than in other directions. What all the measures have in com-
mon is that there is a northward accumulation. Bi content is 
the highest in the southeast direction, reaching 62.2 mg/kg 
according to its mean values.

The accumulation levels among the species were com-
pared in terms of outer bark, inner bark, and wood. Based 
on Bi accumulation levels in outer bark, inner bark, and 
wood, they were determined as follows: 32, 53, and 47 mg/
kg in C. atlantica; 26, 37, and 53 mg/kg in C. arizonica; 
57, 45, and 49 mg/kg in P. menziesii; 28, 27, and 41 mg/
kg in P. orientalis; 49, 52, and 33 mg/kg in P. pinaster. 
It shows that the interorgan transmission in Bi accumula-
tion is from outside to inside, except for C. atlantica, is 

Table 1   Directional variation of Bi concentration (mg/kg) 

*** indicate p < 0.001, and Duncan’s test results show that the group 
is located as a, b, c, etc.

Species North East South West

P. pinaster 43 a 74 c 17 a 10 a
C. arizonica 63 b 76 c 37 c 11 a
P. orientalis 37 a 58 b 30 bc 7 a
C. atlantica 64 b 44 a 26 b 63 b
P. menziesii 47 a 54 ab 38 c 61 b
F value 12.1*** 9.9*** 7.3*** 54.8***

Table 2   The mean of the 
Bi accumulation (mg/kg) 
concentration in bark and wood

Ns, not significant, and *** indicate p < 0.001, and Duncan’s test results show that the group is located as a, 
b, c, etc.

Organ P. pinaster C. arizonica P. orientalis C. atlantica P. menziesii F value

Outer bark 49 ab 26 a 28 a 32 ab 57 b 2.4 ns
Inner bark 52 b 37 ab 27 a 53 b 45 ab 2.3 ns
Wood 33 a 53 c 41 ab 47 bc 49 bc 7.8***
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directly affected by atmospheric pollutants. The assembly 
in the remaining species shows that air pollutants and Bi 
are positively correlated. Bi accumulation shows that P. 
orientalis and C. atlantica do not accumulate from outside 
to inside, but other species get about contaminants released 
from the atmosphere. It is seen that the accumulation data 
of C. arizonica and P. pinaster reflect the atmospheric Bi 
deposition quite clearly compared to the others in Fig. 4.

3.2 � Average data in all species

The ANOVA determined that all species’ changes in 
Bi concentrations of average values by period were 

statistically significant (p < 0.05). As a result of the analy-
sis of variance, the Bi concentration in the north and east 
directions, according to the mean values, is not statistically 
significant. The period-based change is statistically sig-
nificant except for 1993–1997 and 2003–2007. In general, 
the values obtained in the north direction are quite high. 
When the change of Bi concentrations in different direc-
tions periodically is examined, it is seen that the differ-
ence occasionally is statistically insignificant. The changes 
based on the direction are also statistically significant only 
in the 2003–2012 period. In these periods, the highest val-
ues were obtained in the west, and the others were in the 
same group due to the Duncan test result. For comparison 

Fig. 2   The spatial distrubition of Bi concentration a P. pinaster; b C. arizonica; c P. orientalis ; d C. atlantica; e P. menziesii; and f mean accu-
mulation
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between present and historical data, the variation of Bi 
concentration by years is placed in Table 3. When the data 
were grouped according to the four directions and years, 
the concentrations of Bi in the tree ring followed the order 
of East > North > West > South and 1988–1992 > 1998–2
002 > 1983–1987 > 2003–2007 > 2008–2012 > 2013–201
7 > 2018–2022, respectively.

According to the years in each species, Bi accumulation 
was 89 mg/kg in P. pinaster in 2003–2007 and 375 mg/kg 
in P. orientalis in 1983–1987. Exposure to seasonal pollut-
ants is correlated with reduced quality of gasoline and die-
sel fuel with additives commonly used in traffic, industrial 
emissions, and fossil fuels burned in homes. Bi-accumula-
tion data of C. arizonica and P. pinaster show an increase 
depending on time. The ascending–descending trend in other 
species could not be obtained clearly in Fig. 5.

4 � Discussion

Atmospheric deposition is the principal metal source strongly 
correlated to airborne pollutants. The xylem tissues of trees 
have been influenced by long-term atmospheric pollution in 
cities, where higher than in rural areas due to a lack of direct 
proximity to emission sources. The absorption abilities of 

species have been used in biomonitor studies due to phys-
icochemical reactions and properties [38]. According to our 
study, the environmental concentrations, geographical dis-
tribution, transportation, and deposition of Bi in the Düzce 
region were investigated for Bi susceptibility on P. pinaster, 
C. arizonica, P. orientalis, C. atlantica, and P. menziesii. We 
focus on the influence of the accumulation in the organs exam-
ined according to the years and species have been revealed 
that are generally controlled by the physicochemical prop-
erties of species. Differences in accumulation levels mainly 
show changes in their main structures due to their reactions 
under stress conditions [39]. This also indicates the effect of 
the observed high concentrations of Bi damage on the outer 
and inner bark growth. The differentiation of the properties of 
biomass puts them in a stabilization process that is vulnerable 
or resistant to Bi.

Stabilization changes in species can be explained by 
physiological effects such as growth or shrinkage in 
leaves, tissues, and organs. Although adaptation is prob-
lematic in many species used in bioindicator studies, it 
has successfully resulted in a long time of air pollution. 
Kuang et al. [40] used tree barks of Pinus massoniana 
L. for atmospheric Cu, Fe, Bi, Zn, Ni, and Pb deposi-
tion in Qujiang, China. They found significant correla-
tion elements in the outer barks at Qujiang, although 

Fig. 3   The mean content of Bi concentration in each direction a P. pinaster; b C. arizonica; c P. orientalis; d C. atlantica; e P. menziesii; and f 
mean accumulation 
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correlation only determined Pb-Ni and Cd-Co pollution 
at Dinghushan. Martin et al. [41] tried to define heavy 
metal pollution in the eight zones of Spain by using tree 
cores, bark, and soil. They show that heavy metal con-
centrations were changed between 0.02 and 27.44 mg/
kg; however, deposition of Cu element varied from 2 
to 6.34 mg/kg. Xylem and barks showed differences in 
the amount on trees lower than our study values in Cu 
amount. A research carried out by Yousaf et  al. [42] 
conducted a biomonitoring study about atmospheric 
Cu, Hg, Bi, Ni, Pb, and Zn concentrations in the outer 
and inner bark of A. pseudoplatanus in nine zones of 

Toronto, Canada. The pollution level of these sites 
was compared unpolluted areas (reference point) and 
obtained randomly among several sites as follows: Zn 
(126.1 µg/kg) > Mn (94.1 µg/kg) > Pb (68.3 µg/kg) > Hg 
(51.7–80 µg/kg) > Cu (53.3 µg/kg) > Ni (23 µg/kg). Solgi 
et al. [43] studied the biomonitoring of airborne metals 
(Cu, Pb, and Zn) in the leaves and barks of eleven trees 
from 11 sampling sites. The average concentrations of 
Cu, Pb, and Zn were detected as 6.92–19.4, 1.2–78.6, 
and 15.2–44.2 mg/kg, respectively. Biomonitoring stud-
ies are usually applied to have airborne contamination in 
selected areas that provide well-documented disparities 
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in residents’ health and mortality rates. Thus, several 
studies on tree bark and leaves show positive correlations 
between toxic pollutants deposition and environmental 
problems by several biomonitoring studies within the 
literature [44–46]. According to the report by Moreira 
et al. [47], they collected 171 tree barks to evaluate trace 
elements from four species in urban areas of São Paulo 
City. They also note that they tried to show the correla-
tion of local atmospheric pollution between deposition 
on biomonitoring species and vehicular emissions. Their 
study demonstrated that tree barks could be useful for 
identifying specific emissions sources. At the same time, 
vehicular emission is still one of the most significant 
sources of airborne pollution in many cities [48–50]. 
Recently, research led by Cosma et al. [51] focused on 
how evaluating the radioactive contamination of 137Cs 
in Romania (February 2013–July 2014) via some trees 
bark of spruce and oak tree aged 50–60 years and oak 
trees > 120 years. These results reinforce findings that 
the total 137Cs concentrations in bark varied in several 
regions due to the Chernobyl nuclear bomb of May 1986. 
Radionuclide dispersion was accumulated on barks by 
wet deposition during rainfall.

Lastly, Niu et al. [52] highlight the utility of 114 tree 
bark as biomonitoring for atmospheric polycyclic aro-
matic hydrocarbons (PAHs) pollution and calculated car-
cinogenic and noncarcinogenic risks in rural regions of 
China. They reported that the accumulation of PAH is 
primarily from atmospheric deposition rather than root 
uptake. In recent work, Flett et al. [53] assessed the his-
torical contamination of radiation biomonitoring study 
using Pinus ponderosa barks at a uranium mine area. 
The toxic pollutants in tree bark from mines provide air-
borne particulate matter, including U, Th, Pb, and As. 
Sut-Lohmann et al. [54] presented urban biomonitoring 
studies related to 25 bark samples of Pinus sylvestris L. 

for trace metal contamination of Cottbus in Germany. The 
results indicated correlation among elements concentra-
tion in bark depends on locations such as mining areas, 
roads or highways, factories, and high traffic. Numerous 
biomonitoring methods for air quality status assessment 
and investigations to obtain detectable ranges of several 
metal concentrations for long exposure in biomonitor spe-
cies have been reported throughout the world by Caldana 
et al. [55], Contardo et al. [56], Pereira et al. [57], Gua-
rino et al. [58], and Palusci et al. [59]. As severe vari-
ability of trace metals is linked with the spatial distribu-
tion, it follows that, in the absence of mitigating factors, 
the wet and dry deposition will increase that act as the 
precipitating factors, particularly tree bark structure and 
porosity, provide for an understanding of inescapable 
environmental conditions in urban areas. However, an 
exciting result is a Bi value in the barks associated with 
coal mines, combustion processes, vehicle-related emis-
sions, and mining activities as a potential source. This 
aspect is particularly true, and suitably related emission 
correlates with the dominating winds of the emitted par-
ticulate matter containing Bi towards the city.

5 � Conclusion

In this study, the usability of P. pinaster, C. arizonica, P. ori-
entalis, C. atlantica, and P. menziesii species as bioindica-
tors in Düzce city center yielded results. The time-dependent 
accumulations in their growth and metabolism, where Bi 
levels increase due to their exposure to industry and traf-
fic emissions in their region, explain the situation. Since 
the distribution of the species is suitable for its geographi-
cal and topographical features, it grows in most areas, and 
there is no growth problem; it is an excellent potential for 
application in biological monitoring studies. P. menziesii 
offers the opportunity to select distinct cultures that may 
exhibit a more robust response to air pollution. A complete 
understanding of barks (inner and outer) with the total Bi 
concentrations (102 mg/kg) shows a positive correlation 
between P. menziesii and anthropogenic activities due to 
atmospheric deposition. This study’s strengths include Bi 
values in P. menziesii are relatively steady, contrasting with 
other species. Moreover, before administering P. menziesii, 
these visible symptoms must be reproduced in fumigation 
experiments with air pollutants under controlled conditions 
to establish well-defined dose–response relationships. Still, 
other events of the present work may be conducted using the 
other bioindicators presented in the current literature. Over-
all, though, the P. menziesii is proven suitable for assessing 
Bi pollution for urban designers and policymakers more in-
depth research in urban air quality.

Table 3   Variation of the average Bi concentration (mg/kg) for years

Ns, not significance, *, **, and *** indicate p < 0.05, p < 0.001, and 
p < 0.001, and Duncan’s test results show that the group is located as 
a, b, c, etc.

Years North East South West F value

2018–2022 44 Aa 46 Aa 30 Aa 34 Aab 1.0 ns
2013–2017 47 BCab 58 Cab 32 ABa 24 Aab 4.7**
2008–2012 47 Bab 71 Cbc 23 Aa 21 Aa 20.2***
2003–2007 42 Aa 50 Aa 28 Aa 42 Aab 1.7 ns
1998–2002 63 Bb 80 Cc 26 Aa 32 Aab 26.1***
1993–1997 44 ABa 64 Babc 30 Aa 47 ABab 4.2*
1988–1992 58 Bab 56 Bab 33 Aa 57 Bb 3.1*
1983–1987 49 BCab 67 Cabc 32 ABa 28 Aab 6.3**
F value 1.7 ns 3.1** 0.4 ns 1.3 ns
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