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Abstract

To investigate the distribution of various elements in the surface soil of the
northern slope of the Changbai Mountain Nature Reserve, this study employed
a portable X-ray fluorescence spectrometer for in-situ determination of element
contents, characterized element distribution patterns, and compared differences
in soil element contents across various locations. The results indicated that:
1) Among the 38 elements detectable by the instrument, 16 elements were de-
tected on the northern slope, with K, Fe, and Ca contents all exceeding 5000
mg/Kg, followed by S, Ti, Mn, and Cl, which exceeded 400 mg/Kg; 2) Among
different forest types, the low-altitude dark coniferous forest exhibited the high-
est contents of K, Fe, Ca, and other elements; 3) In the comparison between
the protected area and the planned management area, the contents of most
elements in the protected area soils were lower than those in the surrounding
planned management area; 4) At different distances from the main highway, no
obvious trend was observed for Pb in soil, while Zn content exhibited a decreas-
ing trend with increasing distance from the highway; 5) At different locations
along the main river, anthropogenic activities resulted in enrichment of K, CI,
and Zn elements in downstream sediments.
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Abstract

To investigate the distribution of elements in surface soils on the north slope of
Changbai Mountain Nature Reserve, this study employed portable X-ray fluo-
rescence spectrometry (PXRF) for in-situ determination of various element con-
tents, characterized their distribution patterns, and compared elemental content
differences across different locations. The results showed that: (1) Among the
38 elements detectable by the instrument, 16 were detected on the north slope,
with K, Fe, and Ca contents exceeding 5000 mg/kg, followed by S, Ti, Mn,
and Cl exceeding 400 mg/kg; (2) Among different forest types, low-elevation
dark coniferous forests exhibited the highest contents of K, Fe, Ca, and other
elements; (3) In the comparison between the protected area and the planning
management zone, most element contents in protected area soils were lower than
those in the surrounding planning management zone; (4) At different distances
from the main highway, the variation trend of Pb in soil was not significant,
while Zn content showed a decreasing trend with increasing distance from the
road; (5) At different locations along the main river, human activities led to
enrichment of K, Cl, and Zn elements in downstream sediments.
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The Changbai Mountain forest ecosystem represents the best-preserved and
largest primary forest area at its latitude worldwide, forming a crucial compo-
nent of the ecological barrier zone in northeastern China [1]. As early as April
1960, the Changbai Mountain National Nature Reserve was established in the
core area of this forest ecosystem, marking one of China’ s first nature reserves.
Soil constitutes a fundamental element of forest ecosystems, influenced by mul-
tiple factors including parent material, climate, and biota, while simultaneously
exchanging matter and energy with forest flora and fauna to facilitate ecosys-
tem evolution. The contents of major elements such as carbon, nitrogen, and
phosphorus in forest soils are critical to ecosystem productivity and nutrient
cycling, which has drawn extensive research attention. As products of rock
weathering, soils exhibit substantial compositional differences across regions.
Conventional methods for determining soil elements include chemical analysis
and photoelectric colorimetry, which typically require digestion processes that
are time-consuming and potentially hazardous. Portable X-ray fluorescence
spectrometry (PXRF) circumvents these issues while enabling rapid determi-
nation of multiple elements in soil samples. This technique has been widely
applied in heavy metal detection [2-4] and has demonstrated good correlation
with conventional laboratory methods [5].

Soil plays a vital role in sustaining life on Earth, providing essential nutrients

chinarxiv.org/items/chinaxiv-202408.00051 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00051

ChinaRxiv [$X]

for plant growth and influencing plant productivity and species composition
[6]. Understanding soil element contents and distribution facilitates better uti-
lization of ecosystem services. This study employed PXRF to conduct in-situ
measurements of various elements in surface soils on the north slope of Chang-
bai Mountain Nature Reserve, analyzing and comparing spatial distribution
patterns and underlying causes. The research provides a reference for in-situ
soil element determination and soil survey methodologies.

1.1 Study Area Overview

Changbai Mountain Nature Reserve is located in southeastern Jilin Province,
with terrain that is higher in the southeast and lower in the northwest, aver-
aging 1312 m in elevation [7]. Due to unique geological structures, vegetation
shows distinct vertical distribution zones along elevation gradients: broadleaf-
Korean pine forest, dark coniferous forest, subalpine Betula ermanii forest, and
alpine tundra [8]. The reserve features high forest coverage and abundant water
resources, serving as the source of the Songhua, Yalu, and Tumen Rivers. The
Erdao Baihe River on the north slope of Changbai Mountain is one source of
the Songhua River and the only river flowing from Tianchi (Heavenly Lake).
Changbai Mountain Tianchi is a dormant volcano, with its most recent ma-
jor eruption occurring approximately 1000 years ago, representing the largest
Holocene eruption in terms of distribution range [9].

1.2 Sampling Point Layout

Sampling points were established on the north slope of Changbai Mountain
Nature Reserve and surrounding areas, covering roads, forests, and rivers [Figure
1: see original paper]. For road sampling, five points were selected on each side
of the 331 National Highway along the north slope (the highway largely coincides
with the eastern boundary of the reserve, with protected forest on the west side
and planning management zone forest on the east side), with sampling locations
at 0 m, 50 m, 100 m, 150 m, and 200 m perpendicular to the highway. For forest
sampling, five plots were selected from the Jilin Changbai Mountain Forest
Ecosystem National Observation and Research Station (hereinafter referred to
as Changbai Mountain Station). For river sampling, four points were established
along the Erdao Baihe River: at the source below Changbai Mountain Tianchi
Waterfall, before the river reaches Erdao Baihe Town after flowing through
forest, within Erdao Baihe Town, and downstream of the town, to determine
element contents in riverbank sediments. For each sampling point (2$x5x$5 +
5 + 4 = 59 total), three replicates were collected within a 1 m radius, with three
measurements taken per replicate using the instrument. Latitude and longitude
information for each sampling point is provided in .

1.3 Data Processing and Analysis

Among the 38 elements detectable by the PXRF instrument, 22 were found to
be below detection limits or below 10 mg/kg during our measurements. The
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remaining 16 detected elements were classified into four categories: elements
related to vehicle emissions, plant macronutrients, plant micronutrients, and
volcano-related elements [Figure 2: see original paper]. Zinc, a plant micronu-
trient also associated with vehicle emissions, was classified in the former cate-
gory based on actual detection results. Sulfur, both volcano-related and a plant
macronutrient, was classified in the latter category.

Different elements were selected for comparison based on sampling point at-
tributes. For the survey of element contents in protected area soils, all 16 de-
tected elements were considered. For comparisons among different forest types,
given elevation differences and varying distances from the Changbai Mountain
Tianchi crater, eight plant nutrient elements and seven volcano-related elements
were examined. For the comparison between protected and planning manage-
ment zones, all 16 detected elements were included. For soil element contents
at different distances from highways, Zn and Pb were selected based on relevant
research [10] and measurement results. For soil element contents at different
river locations, three elements related to human activities (K, Cl, Zn) and seven
volcano-related elements (including S, totaling eight) were considered, given that
the river flows through human activity zones and varies in distance from the
crater.

The study primarily calculated and compared means and standard deviations
for different sampling points based on their attributes.

2 Results
2.1 Overall Element Levels in Regional Soils

A total of 16 elements were detected in soils across the north slope of the reserve.
Among these, K, Fe, and Ca contents exceeded 5000 mg/kg, followed by S, Ti,
Mn, and Cl exceeding 400 mg/kg. The descending order of the 16 elements in
soill was: K >Fe>Ca>S>Ti>Mn>Cl>Ba>%r>7n>Sr>P>Rb
> Nb > Pb > Y [Figure 3: see original paper].

2.2 Element Contents and Distribution in Different Forest Types

The five plots at Changbai Mountain Station encompassed four vegetation types:
broadleaf-Korean pine forest, dark coniferous forest, subalpine Betula ermanii
forest, and alpine tundra. Overall, the descending order of eight plant nutrient
elements was: K > Fe > Ca > S > Mn > Cl > Zn > P [Figure 4: see original
paper]. Low-elevation dark coniferous forests exhibited the highest contents of
K, Fe, Ca, and other elements. Element contents varied significantly among
different forest types, while similar vegetation types (dark coniferous forests at
different elevations) showed comparable contents of K, Fe, and S. Contents of S
and P tended to increase with plot elevation. Among volcano-related elements,
the seven elements showed no distinct patterns.
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2.3 Element Contents and Distribution in Protected vs. Planning
Management Zones

The study compared element contents between protected and planning manage-
ment zone soils. Most element contents were lower in the protected area. Among
the 16 elements, Ca and S showed similar contents, while Mn was higher in the
protected area [Figure 5: see original paper].

2.4 Element Contents and Distribution at Different Distances from
Highway

National Highway 331 is the main route from the north slope of Changbai Moun-
tain to Tianchi. The study considered Pb and Zn as elements related to vehicle
emissions. The variation trend of Pb in soil was not significant, while Zn content
showed a decreasing trend with increasing distance from the highway [Figure 6:
see original paper].

2.5 Element Contents and Distribution in River Sediments at Differ-
ent Locations

In comparing element contents in river sediments at different locations, the
study found that elements related to human activities (K, Cl, Zn) gradually de-
creased before flowing through human activity zones, then increased after pass-
ing through these areas. Among volcano-related elements, the eight elements
showed no significant changes [Figure 7: see original paper].

3 Discussion

In-situ PXRF enables rapid determination of soil element contents, providing
an alternative solution for large-scale soil surveys and spatial mapping. Stud-
ies have used kriging interpolation to generate high-resolution soil heavy metal
pollution maps from PXRF-measured large-sample data, offering precise charac-
terization of contaminants [11]. Additionally, PXRF analysis of plant micronu-
trients warrants considerable attention [12, 13].

This study systematically compared differences in soil elements among different
forest types, at varying distances from highways, and at different river locations.
Previous related research within the protected area has only addressed heavy
metal elements in coniferous forest soils [14]. For the same vegetation type in sur-
face soils, that study’ s ranges for Mn, Zn, and Pb contents were consistent with
our results, partially validating our data reliability. Plant element contents dif-
fered substantially among forest types, possibly due to varying elemental uptake
preferences among plant species. Heavy metal pollutants from traffic typically
concentrate within 0.3 m of roads [15], and our study also showed a decreas-
ing trend in soil Zn content with increasing distance from highways. In the
comparison between protected and planning management zones, most element
contents were lower in the protected area, possibly because forest management
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in the planning management zone leads to more litter input and human activity
contributions. In the river location survey, contents of K, Cl, and Zn increased
in sediments after flowing through human activity zones, indicating that human
activities caused enrichment of these three elements downstream of inhabited
areas.

Soil moisture content typically leads to underestimation in PXRF detection re-
sults [16, 17]. To minimize moisture effects, our survey was conducted during
the less rainy month of September in the reserve, with all measurements com-
pleted within one week. Consideration of moisture effects remains essential for
future surveys.

4 Conclusion

PXREF is a suitable method for rapid in-situ detection and quantitative analysis
of soil elemental composition. Baseline data for element contents in Changbai
Mountain Nature Reserve soils are currently lacking. Based on this, we investi-
gated the distribution of various elements in surface soils on the north slope of
the reserve. The results indicate that the overall north slope surface soil experi-
ences low levels of human disturbance. This study contributes to understanding
elemental distribution in Changbai Mountain soils.
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