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Abstract: Historical pollution can be elucidated with variations of elements’ concentration in tree rings
by using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). However, the
capacity of chemical elements’ absorption significantly depends on the tree species and element types.
Metal concentrations in the rings for five species (Platanus occidentalis, Salix koreensis, Chamaecyparis
obtusa, Pinus densiflora, Ginkgo biloba) were investigated in light of metal pollution history in ambient
air of D industrial site located in Daejeon, Korea. The calibration for LA-ICP-MS was performed
using cellulose-matrix matched standards with 13C normalization. Tree ring series except for Ginkgo
sp. showed that the accumulation rates of Pb and Cd were higher between 1992 and 1999. Other
elements, such as Fe, Cr, Mn, Cd, Zn, and Sr, showed a variation in the rings, likely due to the different
physiological processes of element uptake and radial mobility. Concentrations of Pb and Cd in the
annual rings of Pinus sp. corresponded to the metal monitoring data for the ambient air with the
correlation coefficients of 0.879 and 0.579, respectively. Moreover, Cd in Platanus sp. and Pb in Salix
sp. showed a positive correlation to ambient metal concentration compared to Chamaecyparis sp. and
Ginkgo sp. Therefore, caution should be taken to select candidate elements as well as tree species to
reconstruct the ambient air metal pollution history by measuring the concentration of metal in the
tree ring.
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1. Introduction

The use of laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) to detect
the presence of metals within solid samples is advantageous because it is relatively easy to prepare
the sample and the analysis time is short. LA-ICP-MS was first attempted in the mid-eighties by
Gray et al. [1], but the laser energy and beam size were difficult to control, resulting in low precision
and accuracy. However, more recently developed pulsed Nd:YAG and excimer lasers have made it
possible to analyze solid samples using laser beams with diameters of 1 to 200 µm. LA-ICP-MS has been
applied to analyze a variety of materials, including biological samples (e.g., protein and lichen) [2,3]
and in-situ grain-scale minerals [4]. Prior environmental science research revealed that characteristics
of past environments can be inferred from the distribution of metals in tree growth rings [5–7], and this
is called dendrochemistry. Moreover, studies have been conducted on the movement characteristics
of metals in plants [8] and the environmental events such as volcanic eruption or acidic rain [9]
through analyzing metal concentrations in tree growth rings. The United States Geological Survey
has proposed an alternative method for tree ring analysis using LA-ICP-MS to determine the annual
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metal component deposition in Ponderosa Pine tree cores [10,11]. Annual growth rings also have the
potential to record atmospheric pollution [8,12], which is related to the route of metal uptake in trees.
Airborne particulates are deposited on leaves, tree surfaces, and soil. The metals in the deposited
particulate matter were leached by mild acidic rain and the bioavailable metals moved to the tree
roots and stems. Metal uptake in wood primarily occurs through soil minerals or pore water and the
metals are subsequently transported into the wood through the roots and stem vessels. The other
routes are through the respiration process in foliar stomata or direct deposition onto tree stems [13].
The variations in the accumulation of metals in plants is likely associated with tree species which
have different absorption pathways through root for metals from groundwater and soil layers [14] or
through leaf for metals from air [15]. The xylem structures of trees have an important role in water
absorption and transfer. Generally, the seed plants are phylogenetically divided in gymnosperm
(e.g., coniferous wood) and Angiosperm (e.g., porous wood) and they have different xylem anatomy
with tracheid cells which make a difference in metal mobilities and binding efficiencies [16]. Moreover,
each cation has different movement characteristics in the xylem [10,17]. The inner wall of wood stem
has several negatively charged carboxyl, and exchangeable transporting cations. The exchange capacity
of cations is related to their abundance and chemical form [13]. Therefore, we have to consider these
physiological processes for dendrochemistry. We investigated metal distributions in tree rings of
roadside trees planted in industrial areas as well as metal atmospheric pollution records to determine
which species of roadside tree can be used as an indicator of historical pollution.

2. Materials and Methods

2.1. Site Description and Sampling

Construction activities on the D industrial complex began in 1969, and it had a total built up area
of 1256 m2 by 1979. It currently houses 353 businesses, including machinery, petrochemicals, and
electronics firms [18]. Two points of a soil measurement network and one point of an atmospheric
metal measurement network are located in the vicinity and interior of the complex. They have been
operational since 1991 and 1994 respectively, and continue to collect environmental pollution data.
Management reports about the creation of tree-lined roads in South Korea (2013) informs that tree-lined
roads in the Daejeon region are planted largely with Prunus sp., Gingko sp., Betula sp., Platanus sp., and
Chionanthus sp. [19]. The region for analysis, the D industrial complex, was mainly seeded with Gingko
sp., Platanus sp., and Salix sp. Five main tree species, Platanus sp., Salix sp., Ginkgo sp., Chamaecyparis
sp., and Pinus sp., were selected and samples were obtained (Figure 1). A Haglof increment borer
(30 cm) was used to obtain core samples at a height of less than 30 cm from the ground. The collected
samples were placed in polyethylene bags, stored on ice until they were transported to the lab, and
subsequently stored at 20 (±2) ◦C in low humidity in a 1000 class clean room until their sectioning.
At each sampling point, the topsoil (0–5 cm) was collected using a plastic trowel and samples were
transferred to the lab in amber glass bottles sealed with Teflon-coated caps. The details of sampling
sites and tree core samples are given in Table 1.
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Figure 1. Sampling site location in D industrial area, Daejeon, Republic of Korea.

Table 1. Details of wood core samples collected and sites of collection

Site No. Tree Species
(Scientific Name) Ring Structure Type Number of Tree Rings Site GPS

D1 American sycamore
(Platanus occidentalis) Diffuse to semi-porous 32 36◦22’12.66” N

127◦24’46.45” E

D2 Willow (Salix koreensis) Diffuse to semi-porous 28 36◦22’20.96” N
127◦24’43.25” E

D3 Japanese cypress
(Chamaecyparis obtusa) Coniferous 40 36◦22’16.84” N

127◦24’43.77” E

D4 Korea red pine
(Pinus densiflora) Coniferous 42 36◦22’3.43” N

127◦23’58.73” E

D5 Ginkgo (Ginkgo biloba) Coniferous-like
structure 37 36◦22’29.00” N

127◦24’56.00” E

2.2. Wood Sample Preparation for LA-ICP-MS Analysis

The sample surfaces were washed sequentially with methanol, distilled water, and 1% (v/v) HNO3

and dried at room temperature for 24 h. The dried samples were longitudinally sectioned and ground
using 400 grit silicon carbide. Then, they were washed twice in the same manner and cut into two pieces
with a Teflon-coated blade. Prior to analysis, each ring was marked with a sharp blade for counting the
number of rings and measuring ring width. The segments of the cores were fixed in a stainless-steel
holder and put into the chamber of a laser ablation system (ESI NWR193, Bozeman, MT, USA). The
element concentrations were collected by using ICP-MS (Perkin Elmer Elan DRC-e, Vaudreuil-Dorion,
QC, Canada) interfaced with a 193 nm ArF excimer laser ablation system. The spot’s size was 100 µm
and ablation speed was 50 µm/s. The surfaces of wood cores were analyzed in line scan mode and the
average concentration in each annual ring was calculated. After quantifying the metals in the tree
samples, it was observed that hardness and properties varied according to tree type and wood age.
Thus, 13C was used as an internal standard to correct for baseline shift of ICP-MS and differences in
matrix ablation efficiencies, and changes in wood density in the ablation process [6,20–22].
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2.3. Preparation of Matrix Matched Standard for Quantitative LA-ICP-MS Analysis

For metals’ (Pb, Cd, Cr, Mn, Sr, Zn, Fe) quantification within the tree rings, the cellulose powder,
a major wood component, was mixed with a standard solution of metals at concentration levels to create
matrix-matched calibration standards [11]. Cellulose (2 g) from Sigma Aldrich was mixed with 15 mL
of 20% (v/v) HNO3 for 4 hours for washing residual metals in the powder. The mixture was filtered
using a 0.45 µm PVDF teflon filter, compacted into a cake, dried in a 1000 class clean booth, and finely
ground with agate for 3 min. Metal multi-standard solutions (AccuStandard, ICP-MS-CAL-R-1-SET,
USA) at concentrations of 10, 50, 100, 200, and 500 mg/L (13 mL each) were mixed with 2 g of dried
cellulose powder and shaken for 4 h at 150 rpm. Then, the mixtures were filtered, dried, and finely
pulverized in the same conditions as cited above. The fine powder was pressurized for 10 min at
120 bars using a compression molding machine (Perkin Elmer, Shelton, UK) to create a solid material
in the form of 13 mm diameter pellets. The concentration of metals in standard pellets was confirmed
by acid digestion. Standard powder samples (0.1 g) were placed in 50 mL Teflon tubes and digested
with high-purity HNO3 and H2O2 for 24 h at 70 ◦C, and subsequently with high-purity HNO3 under
reflux condition at 70 ◦C for 3 h. The solutions from standard pellets were analyzed for metals by using
ICP-MS. The resulting pellets were used as matrix-matched standards for LA-ICP-MS calibration for
metals’ quantification in wood core samples.

2.4. Experimental Conditions of LA-ICP/MS

For laser ablation, the preprocessed samples were inserted and fixed by using a stainless-steel
holder in the ablation chamber. The ablation chamber was safely sealed and flushed with N2 for 30 min.
With the ICP-MS instrument connected, plasma was turned on and the carrier gas (Ar) flow rate was
set to 1 L/min, while the He flow rate was gradually increased to 700 mL/min into the carrier gas (total
flow; Ar-He 1.7L/mL). For laser tuning, NIST612 (metal in a glass) standard was used to perform three
or more rounds of analysis (energy 40%, repetition. rate 30 Hz, spot size 100 µm, 10–20 lines, 32 s
ablation). The actual wood sample was considered for data collection when the target value (208Pb:
50,000 cps) was reached. Laser ablation was performed in line scan mode [23]. The ICP-MS set-up and
other parameters are provided in Table 2.

Table 2. Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) and ICP-optical
emission spectrometry (OES) instrumental parameters and operating conditions.

Laser System ESI NWR193UC Laser Ablation System

Laser type ArF 193 nm Coherent Excimer laser
Ablation mode Line scan

Energy 50%
Repetition rate 30 Hz

Purging gas N2, 2 mL/s
Spot size 100 µm

Scan speed 50 µm/s
Depth/pass 5 µm

Beam focusing Z auto movement
Sample carrier gas He 0.7 mL/min

ICP-MS Perkin Elmer Elan DRC-e

RF power 1300 W
Coolant gas flow rate 19 L/min

Auxiliary gas flow rate 1.3 L/min
Nebulizer gas flow rate 1 L/min

Elements (m/z) Pb (208), Cd (111), Cr (52), Mn (55), Sr (88), Zn (66),Fe
(56), Ni (60)
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Table 2. Cont.

ICP-OES Perkin Elmer Optima 5300 DV

RF power 1300 W
Plasma gas 15 L/min
Carrier gas 0.5 L/min

Makeup gas 0.65 L/min
Nebulizer gas 0.8 L/min

Sample flow rate 1.5 mL/min
Replicate 3

Wavelength (nm) Fe (259.940), Mn (257.610), Cu (324.754), and Pb
(220.353)

2.5. Soil Sample Preparation and Metal Analysis

The soil samples were air-dried at 20 (±2) ◦C for 7 days, sieved to <2 mm, grounded to a fine
powder (<180 µm), and then refrigerated (below 4 ◦C) until analysis. The ground soil samples (10 g,
minimum) were digested in a Teflon tube with 50 mL of high-purity HCl and HNO3 (3:1) for 2 h,
then concentrated in 0.5 M HNO3 using a reflux condenser, filtered through Whatman No. 40 filter
paper, and diluted with 0.5 M HNO3 to 50–100 mL for subsequent analysis. The solution samples were
analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES, Optima 5300 DV,
Perkin Elmer, Wellesley, MA, USA) for Fe, Mn, Cu, and Pb, and by ICP-MS for Cd, Cr, Sr, Zn, and Ni.

2.6. Atmospheric Monitoring Data and Statistics

The annual atmospheric metal monitoring data, available from a national atmospheric heavy
metal measurement network site for points within 5 km, were reviewed. The monitoring has been
focused on 7 elements (Cd, Pb, Ni, Cu, Mn, Fe, Cr) in the atmosphere since 1991, following the
October 1990 establishment of the Clean Air Conservation Act of Republic of Korea. The metal
concentration monitoring and climate (temperature, precipitation) data were obtained from the
National Air Pollution Monitoring Information System (NAMIS; http://namis.or.kr). To verify the
relationship between historical atmospheric metal pollution and metal concentrations in annual rings
of wood, Pearson’s correlation analysis was performed (SPSS version 21.0) for the metal concentrations
in tree rings at a significance level of p < 0.05.

3. Results

3.1. Metal Distribution in the Annual ring of Roadside Trees

Seven metals (Pb, Cd, Cr, Mn, Sr, Zn, Fe) were determined in core samples obtained from roadside
trees (five species) planted in the D industrial complex area. The tree species analyzed were between
28 and 42 years old (±5), and the concentration of elements was distributed in a variety of ways
over time. The highest metal concentration by tree species was 1.87–11.65 ug/g Fe in Platanus sp.,
3.44–26.10 µg/g Fe in Salix sp., 1.25–15.14 µg/g Fe in Chamaecyparis sp., 231.0–11.5 µg/g Mn in Pinus
sp., and 2.3–80.1 µg/g Fe in Ginkgo sp. The lowest metal concentrations were 0.002–0.049 µg/g Cd in
Platanus sp., 0.02–0.27 µg/g Pb in Salix sp., 0–0.129 µg/g Cr in Chamaecyparis sp., 0–0.0004 µg/g Cr in
Pinus sp., and 0–5.80 µg/g Fe in Ginkgo sp. Considering the changes in metal concentrations over time
for each tree species, Pb and Fe concentrations were high in the 1990s (1992–1999) for all species except
Ginkgo sp. The other five elements (Cr, Mn, Cd, Zn, and Sr) exhibited different distribution patterns
for each tree species (Figure 2a–e). The metal concentration between early wood and late wood in
each annual ring showed a seasonal variation. The range of metal concentrations in trees were widely
distributed, so that some small error bars cannot be visualized in the graph.

http://namis.or.kr
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Figure 2. Time-resolved metal concentrations in the tree rings (±standard error). (a) Platanus sp.,
(b) Salix sp., (c) Chamaecyparis sp., (d) Ginkgo sp., (e) Pinus sp.

3.2. Monitoring Data of Atmospheric Metals

Records of seven metals (Cd, Pb, Ni, Cu, Mn, Fe, Cr) for the period ranging from 1991 to 2014
were obtained from a national atmospheric heavy metal measurement network site in the D industrial
complex area. As shown in Figure 3, the results suggest that the levels of Pb, Cd, Ni, Cu, and
Mn for 1992–1998 were significantly higher than after 1998. The highest concentration values were:
1.0416 µg/m3 of Pb in 1995, 0.0027 µg/m3 of Cd in 1995, 0.1056 µg/m3 of Ni in 1992, 0.2540 µg/m3 of Cu
in 1996, and 0.1228 µg/m3 of Mn in 1995. Notably, the highest level of Pb was in 1995 (1.04 µg/m3),
a much higher value than the Korean regulated level of 0.5 µg/m3 for Pb, but it gradually declined
to 0.04 µg/m3 in 2014. This decrease was likely due to the strengthened permissible emission levels
regulations for air pollutant emission facilities that took effect in 1995 and have continually phased
down the permissible levels.
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Figure 3. Metal concentrations in ambient air in D industrial site (1991–2014; data from Korean ambient
air monitoring network). Metal concentrations suggest the annual average value of each metal.

3.3. Metal Concentration in Surface Soil

Nine metal elements (Pb, Cd, Cr, Mn, Sr, Zn, Fe, Cu, Ni) were determined to identify the pollution
index [24,25]. The pollution index (PI) of soil is calculated by the average ratio of metal concentrations
in topsoil to the reference values [26], which represent tolerable metal levels in soil. Details of the
soil samples and PI values are given in Table 3. The results show that Fe was the most abundant
element in all soil samples, but upper crust soil typically contains 1%~5% of Fe, so this seems to be
a natural range. However, Pb was remarkably high in all soil samples, with the highest value of
730.4 mg/kg in the D1 site. Further, the surface soil of D2 and D3 sites contained 623.6 mg/kg of Pb, and
646.8 mg/kg of Pb respectively, likely because D1, D2, and D3 are located near a battery manufacturing
plant that is a major Pb emission facility. These values exceed the concern level for soil contamination
in Korea (200 mg/kg Pb). However, Pb concentrations in surface soils of D4 (34.3 mg/kg) and D5
(126.5 mg/kg) did not exceed the concern level, but were higher than the average upper crustal Pb
concentration (17 mg/kg) [27]. The D1, D2, and D3 sites were also considered metal-contaminated
because the pollution indexes (PI) were above 1.0.

Table 3. Metal concentrations in surface soil samples and pollution index (PI) values. (Unit: mg/kg).

Site No. Tree Species Pb Cd Cr Mn Fe Sr Zn Cu Ni PI *

D1 Platanus sp. 730.4 0.324 57.6 353.3 16,285.6 157.3 161.5 74.6 17.6 1.604
D2 Salix sp. 623.6 0.400 90.9 379.1 21,758.6 147.1 315.0 87.0 27.5 1.625
D3 Chamaecyparis sp. 646.8 0.195 38.6 479.8 13,714.0 203.4 88.1 53.3 13.5 1.337
D4 Pinus sp. 34.3 0.032 9.4 137.6 13,450.1 92.2 0.1 38.3 5.4 0.156
D5 Ginkgo sp. 126.5 0.181 47.8 385.6 17,361.2 143.6 110.5 68.0 18.4 0.537

* Pollution index > 1 identifies soil contaminated with metals.

3.4. Tree Growth and Climate Condition

The average ring width of trees were 6.7 mm (minimum (min.) 2.0 mm to maximum (max.)
15 mm) in Platanus sp., 7.0 mm (min. 3.0 mm to max. 11.5 mm) in Salix sp., 6.1 mm (min. 3.5 mm to
max. 11 mm) in Ginkgo sp., 4.4 mm (min. 2.0 mm to max. 10.5 mm) in Chamaecyparis sp., and 3.7 mm
(min. 1.0 mm to max. 9.5 mm) in Pinus sp. The ring width of trees varies for the same year. The
annual temperature and precipitation data (1970~2015) were obtained from the weather station in
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the atmospheric metal monitoring site. The maximum rainfall was 2070 mm in 1998, and the lowest
was 828.7 mm in 2001. The annual average temperature ranged from 10.9 ◦C in 1974 to 13.9 ◦C in
2004. After the maximum precipitation in 1998, the ring width of Platanus sp. was 14.5 to 15.0 mm
(maximum) from 1999 to 2000, but other trees did not show any remarkable correlation with the ring
growth. The precipitation and temperature are important factors for tree growth; nevertheless, the
samples of our studies did not reveal a distinct correlation with weather condition.

4. Discussion

4.1. Air Pollution Correlation with Metal Concentrations in Annual Rings of Trees

This study analyzed the correlation between atmospheric metal concentrations measured at the
atmospheric metal measurement network located in the D industrial region (data for 1991–2014) and
the metal concentrations determined in the present study for five roadside tree species (Table 4).

Table 4. Correlation coefficients of metal concentration in five tree species and ambient air (1996–2012).

Species Ambient Air Metal Concentrations

Pb Cd Cr Mn Fe

Platanus sp. 0.353 0.825** −0.391 0.234 −0.243
Salix sp. 0.671** −0.029 −0.408 0.166 −0.655

Chamaecyparis sp. 0.249 0.052 −0.366 0.363 −0.573
Pinus sp. 0.879** 0.579* −0.289 -0.506 −0.234

Ginkgo sp. −0.266 −0.233 0.188 0.105 −0.189

* Significant correlation at p < 0.05 level; ** Significant correlation at p < 0.01 level.

The results confirmed that Pinus sp. exhibited a correlation between Pb (0.879) and Cd (0.579).
Platanus sp. showed a correlation with Cd (0.825), and Salix sp. showed a correlation with Pb (0.671).
The other two tree species, Chamaecyparis sp. and Ginkgo sp., had low correlations with atmospheric
metal concentrations.

4.1.1. Metal Concentration in the Tree Species

This study showed that Pinus sp. (coniferous tree) reflected Pb and Cd concentrations in the
atmosphere more effectively than the other elements measured, as confirmed by other studies [5,28–30].

Nonetheless, the radial movement of elements in xylem has to be considered. The radial
distribution of trace elements in xylem are influenced by the stability of the minerals in annual
rings [31,32] and the radial movement in xylem is attributed to the tree ring structure. Navais et al. [31]
reported that water passes through the annual ring via radial parenchyma cells in coniferous wood,
such as Fagus, Acer, and Populus sp., while water movement is mainly confined to the outer stem
in porous wood, such as those in the sycamore tree, making these porous species (e.g., Platanus sp.)
more favorable for dendrochemistry. However, depending on the elements, the radial and vertical
movements vary [21]. For example, elements with low levels of movement through the xylem in
Norway spruce (coniferous) include Pb, Cd, Al, and Ba, elements with moderate movement include Sr,
Ca, Zn, Cu, and Cr, and elements with high movement include As, Na, and Mg [33]. Genus Salix is able
to accumulate significant quantities of metals in both leaves and roots, but the elements were detected
with different patterns in the leaves, stems, and roots [34]. In some plants, a counteracting behavior
of elements in the root is likely to occur for exclusion of toxic metals [35]. Therefore, potential errors
associated with dendrochemistry are related to the behavior of chemical element species in the wood,
and it is necessary to examine the application cases, respectively.

Generally, trace metals may differ in their wood entry routes. Pb is primarily transported into
xylem via foliar deposition in the aerosol form rather than through the roots [5,11,36,37]. Complexed
Pb has low transferability in the wood annual rings, while Ca and Mg as free ions absorbed from soil
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can be readily carried into the xylem inner walls and transported from sapwood to hardwood. This
may indicate that Pb is a better indicator of historical air pollution than Ca or Mg. Nevertheless, Fe is
an essential nutrient required in large amounts for chlorophyll synthesis and electron transfer in the
trees. The high level of Fe in the initial age of annual rings compared to the other elements does not
necessarily imply anthropogenic air pollution [37].

4.1.2. Source of Atmospheric Metals and Their Concentration in Tree Rings

The wood sampling sites in our study were located 1 km away from a battery plant, which had
been in operation since 1979. The plant has the second largest battery manufacturing facility in Korea
and was considered as a major air pollutant emitter by the Korean government. Emissions from
the battery industry contain toxic metals such as Cd, Pb, Li, Mn, and Zn [38,39], which is consistent
with the high levels of ambient Pb observed in the study area. Further, the historical ambient Pb
concentrations were correlated with Pb concentration in the annual rings of Salix sp. and Pinus sp.
The ambient Cd concentration recorded was correlated with the annual rings of Platanus sp. and Pinus
sp. Therefore, it may be inferred that tree rings were affected by activities from the industrial plant.

Ginkgo sp. is referred as a living fossil and has a similar xylem structure to conifer trees (e.g., Pinus
sp.), which has tracheid cells for water transfer. Chamaecyparis sp. also belongs to the Order Pinales,
the same as Pinus sp., so they basically have a similar transfer system (tracheid) in the xylem. However,
Pb, Cd, Cr, Mn, and Fe concentration in tree rings and in ambient air did not correlate, while Pinus sp.
did. This lack of correlation is probably linked to the physiological activity in each tree species.

4.2. Distribution of Metals in Topsoil and in Tree Rings

The high levels of Pb, Cd, Cr, Mn, Sr, Zn, Fe, Cu, and Ni in the topsoil denote contamination
from particulate matter emitted by the industrial plant and deposited onto nearby soils. However, no
similarities in element distribution were identified for these elements’ concentration in the most recent
five annual tree rings (sapwood part). Sapwood has some living cells and is conductive, which have a
function of water transfer, while heartwood is nonconductive. So, non-fixed cations can move easily
in the sapwood in the annual rings. This is likely the reason for the lack of correlation among metal
concentrations in the soil (Table 3) and the tree rings.

Therefore, the metal pollution level in the topsoil is not a reliable indicator for the past pollution
events. The concentration of metal on the surface soil only represents current pollution, however the
record of tree rings represents past pollution.

5. Conclusions

Dendrochemistry is a reliable indicator for environmental monitoring, but it requires an
understanding of the behavior of chemical species in the wood and the physiochemical characteristics
of different tree species.

The obtained results suggest that some elements (mainly Cd and Pb) in the annual rings of
coniferous tree such as Pinus sp. can provide information about air pollution history using the
LA-ICP-MS techniques, which can continuously and quantitatively detect variations of elements’
concentration in tree rings. Further, it was demonstrated that concentrations of Pb and Cd in the
annual rings of Pinus sp., Salix sp., and Platanus sp. were correlated with air pollution trends. Pinus sp.
well-represented previous atmospheric Pb and Cd at the D industrial site.

In future studies, it will also be possible to obtain improved results by reviewing pollution
data records and analyzing the correlation between metal pollution levels over time through metal
concentrations at multiple points using the same tree species and collected soil cores.
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