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Abstract

Using a portable microcomputer multi-channel gamma spectrometer to di-
rectly measure the radioactive content in the soil, the on-site gamma energy
spectrum measurement was carried out on the soil of 7 parks in a certain city.
The survey results show that the specific activity of *’k in the urban park soil
ranges from 470.88 bq/kg to 640.2 bg/kg. The specific activity of ***u ranges
from 26.77 bq/kg to 33.31 bg/kg. The specific activity of *’th ranges from
42.14 bq/kg to 54.72 bq/kg. The content of the three radionuclides in the soil
in the park is lower than the national average, and far lower than the radioac-
tivity of ordinary building materials.
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1. Introduction

Natural radioactive radiation is the main component of the earth’s radioactive
and an important part of the human living environment. With people’s gradual
understanding of radionuclides in nature and the wide application of radionuc-
lides in various fields, the radiation of radionuclides pollution has gradually at-
tracted people’s attention [1] [2] [3]. Soil is one of the main radiations that ra-
dionuclides transfer to the environment [4]. Measuring the concentration of ra-
dionuclides in the soil in a certain area helps to understand the local radioactivi-

ty level. Analysis of the activities of various radionuclides in the soil can also
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understand the distribution of nuclides and provide suggestions for public radi-
ation protection [5]. As the first choice for leisure and entertainment in people’s
daily life, the park is the closest place to nature in the city. Therefore, it is neces-

sary to measure the level of radionuclide in the soil in the park.

2. Investigation Method
2.1. Instrument and Technical Route

The environmental gamma energy spectrum measurement method uses a gam-
ma spectrometer composed of NaI(Tl) scintillator detectors as a tool to directly
determine the specific activity of radionuclides in environmental soil on site. Its
working principle is that the energy deposited by gamma rays produces fluores-
cence in the scintillator, and the fluorescence emits electrons on the photoca-
thode of the photomultiplier tube, which are then amplified to form a voltage
pulse. The more energy deposited by gamma photons, the greater the pulse am-
plitude of the probe output. The microcomputer multi-channel system analyzes
the height distribution of the pulse, and then the energy distribution of the y-ray
deposited in the scintillator can be obtained. Analyze the obtained gamma spec-
trum. Then the nuclide information can be extracted [6].

A portable microcomputer multi-channel gamma spectrometer was used to
measure the energy spectrum of the park soil, and the high-purity germanium
gamma spectrometer was used to measure the laboratory gamma energy spec-
trum of the park soil samples. According to relevant standards and methods, 7
typical parks in a certain city were selected as the survey target areas. The num-
ber of grid measurement points was determined according to the size of the park
and the functional planning area of the park, and 350 on-site gamma spectro-

metry measurements were determined point.

2.2. Measurement Process

According to the technical specification of ground gamma spectrometry mea-
surement, first turn on the instrument and preheat the instrument. After pre-
heating, check whether the instrument works normally. After the instrument is
stable, the instrument is placed vertically at the point to be measured, which is

close to the soil surface. The measurement time is 180s, and the data is recorded.

2.3. Quality Assurance

The portable multi-channel gamma spectrometer used in the experiment is
measured through the standard saturation model, and the calibration coeffi-
cients of K, U and Th are obtained in the calibration certificate issued by the re-
levant qualification unit. The calibration method is referred to EJ/T 363-2012
[7]. Before the experiment, the short-term stability of the instrument was
checked, and the gamma spectrum was continuously measured at a fixed posi-

tion. The stability measurement data are shown in Table 1.
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Table 1. Stability measurement data of portable gamma spectrometer.

K/% U/ x 107 Th/ x 107°
Average 2.09 10.87 44.54
Standard Deviation 0.16 0.95 1.38
Skewness 0.501 0.501 0.501

From the analysis of the measured data, the relative standard deviation of the
instrument is less than 10%, and the instrument is stable and meets the specifi-

cation requirements.

3. Results

The multi-channel gamma spectrometer is used to preheat the instrument. After
preheating, check whether the instrument works normally. After the instrument
is stable, the instrument is placed vertically at the point to be measured, which is
close to the soil surface. The measurement time is 180s. The data are recorded
and the soil in the park is directly measured, and the contents of three radionuc-
lides “K, ***U, and **Th were obtained, and the contents of the three radionuc-
lides were converted into specific activities through conversion coefficients. The
average value of these three radionuclides is 544 Bq/kg for “K, 30.2 Bq/kg for
%0, and 47.2 Bg/kg for **Th. The specific information is shown in Table 2.

The specific activities of “’K, ***U, **Th in soil of each park are shown in Fig-
ures 1-3.

It can be seen from the figure that the specific activity of radionuclides in the
soil of Park E is higher than that of other parks. However, in the analysis of a
single nuclide, the specific activity of “K in the soil of Park E is the highest,
which is 640.2 Bq/kg, the specific activity of ***U in the soil of Park F is the high-
est, which is 33.31 Bq/kg, and the specific activity of the soil in Park E is **Th.
The highest is 54.72 Bq/kg. The specific activity of *K in the soil of Park A was
the lowest at 470.88 Bq/kg, the specific activity of ***U in the soil of Park D was
the lowest at 26.77 Bq/kg, and the specific activity of **Th in the soil of Park C
was the lowest at 42.14 Bg/kg.

The survey results of this study show that there are certain differences in the
content of radionuclides in the soil of different parks, but the differences are not
significant. The radionuclide content in the park is compared with the national
average, as shown in Table 3 [8] [9].

As can be seen from the table, the three types of soil radionuclide content in

the city’s open parks are all lower than the national average.

4. Conclusions

1) After measuring the radionuclide content of 7 parks in the city, the results
show that the natural radioactivity level of the city park environment is not high,
and the specific activity content of “/K in the park soil ranges from 470.88 Bq/kg
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Table 2. Results of radionuclide survey in the park.

A ifi Standard
Park Name Nuclide ve.!re.lge speciiic Maximum Minimum ar? ér
activity (Bq/kg) Deviation
K-40 470.88 635.39 284.83 57.33
Park A U-238 28.36 60.39 16.67 6.61
Th-232 49.22 74.14 24.44 7.57
K-40 476.01 760.59 194.06 108.64
Park B U-238 30.06 43.84 15.56 6.31
Th-232 43.54 59.64 20.34 10.12
K-40 473.19 907.7 153.37 157.34
Park C U-238 31.28 47.79 13.71 6.42
Th-232 42.14 63.99 16.32 11.03
K-40 522.96 613.48 400.64 47.7
Park D U-238 26.77 41.87 11.12 5.37
Th-232 44.46 55.74 28.91 6.87
K-40 640.02 1020.38 338.04 160.94
Park E U-238 33.13 81.02 16.18 12.84
Th-232 54.72 119.49 25.17 18.4
K-40 610.48 1292.69 391.25 146.82
Park F U-238 33.31 54.34 18.65 7.14
Th-232 48.38 65.24 23.1 8.62
K-40 615.86 1054.81 428.81 102.82
Park G U-238 28.74 42.48 12.72 5.99
Th-232 48.44 68.74 29.6 9.19
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Figure 1. “K Specific activity.
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Figure 2. 2*U Specific activity.
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Figure 3. *Th Specific activity.

Table 3. Comparison of radionuclide content with national average.

“K (Bq/kg) 38U (Bq/kg) #2Th (Bq/kg)
Park 544 30.2 47.2
National average 584 38.5 49.1

to 640.2 Bq/kg; the specific activity content of **U ranges from 26.77 Bq/kg to
33.31 Bq/kg; the specific activity content of **Th ranges from 42.14 Bq/kg to
54.72 Bq/kg.

2) The radionuclide content in soil samples in the park is much lower than
that of ordinary building materials.

3) The survey area is a natural radiation safe area suitable for human life.
People can walk in the park, relax and exercise in their daily life, without causing

harm to the health of residents.
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