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Abstract: In order to understand the different detection time of stone radioactive detection results 
impact, this paper for the three groups of stone sample take the different detection time radioactivity 
survey, and the detection results are analyzed. The best time of radioactive detection of the 
proposed stone is proposed. And on the premise of fully ensure the accuracy of the detection, 
provide the basis for maximizing detection efficiency. 

1. Introduction 

GB 6566-2010 Radical Nuclide Limit for Building Materials [1] is a mandatory standard for 
control of radical nuclides in building materials in China. The standard applies to inorganic 
non-metallic building materials used in various buildings, including building materials mixed with 
industrial waste residues. In addition to detection time of different building materials (radioactive 
level is not the same), detection equipment, shape and number of samples and testing methods are 
clearly defined in the standard. Radioactive ray strength is not constant, so the detection time should 
be determined based on the experience of detection personnel and different types of building 
materials. In general, the longer the test time is, the more ideal the test result will be. However, the 
work mode is not very scientific and the detection time is too long to improve the detection 
efficiency. 

Stone products are processed by their own natural ore, so its radioactivity mainly depends on 
radioactive level of the raw ore, and the ore origin, collection location and other factors will affect 
the radioactive level of the processed stone. Because product test results are scattered, only 
scientific development of detection time can effectively guarantee the test data. Therefore, a large 
number of radioactive tests at different detection time have been carried out for stone samples 
representing different radioactivity levels in three categories in the Thesis. Impact of detection time 
of different stones and different radioactive level on the test results can be can understood through 
analysis of the data and uncertainty of the test results, so as to scientifically and rationally develop 
the detection time to guide the actual detection operate accurately and efficiently. 

2. Test method 

2.1 Instruments 
Low background multi-channel r spectrometer, electronic balance, drying oven 
2.2 Test methods 
First, the instrument was preheated for more than 60min. Background, radium-226 standard 

source, thorium-232 standard source and potassium-40 radioactive source were continuously 
sampled to complete calibration of equipment parameters according to the equipment requirements, 
and radioactivity of dried stone samples was measured to obtain specific radioactivity of 
radium-226, thorium-232 and potassium-40. The measurement results were counted and uncertainty 
of measurement was analyzed. 

2nd International Conference on Materials Science, Machinery and Energy Engineering (MSMEE 2017)

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Engineering Research, volume 123

1557



 

3. Mathematical model 

The classical mathematical model used to measure internal and external illumination index is 
established according to stipulation of the test method and test procedure, and the relative standard 
uncertainty evaluation method is adopted. Modeling is carried out as follows, including model of 
internal and external exposure index: 
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IRa refers to internal exposure index; CRa refers to radioactivity specific activity of the natural 
radionuclide Ra in stone in Bq/kg; 200 refers to the specific activity limit of radionuclide Ra 
specified in GB/T6566-2010 Radical Nuclide Limit for Building Materials, in Bq/kg. 
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Ir refers to external exposure index; CRa, CTh and CK refer to radioactivity specific activities of 
natural radionuclide 226Ra, 232Th and 40K in the stone, in the unit of Bq/kg; 370, 260 and 4200 
refer to the specific activity limit specified in GB/T6566-2010 Radical Nuclide Limit for Building 
Materials only in consideration of external exposure, in Bq/kg. 

4 Test and data analysis 

4.1 Experimental data 
4.1.1 The radioactive standard sample was measured for the No. #1 stone product, and the 

measurement times are the common detection time of 600s, 1600s and 3600s respectively; the 
number of measurements is 20 times. Data statistical results of measurement for 20 times are shown 
in Table 1. 

Table .1 Radioactive measurement data statistics results of 1# stone samples 

Measurement time/s 
Internal exposure index External exposure index 

Average value Range Mean of range ratio/% Average value Range Mean of range ratio/% 

600 0.124 0.11 85 0.508 0.25 49 

1800 0.114 0.06 49 0.503 0.14 27 

3600 0.119 0.04 35 0.512 0.14 28 

4.1.2 The radioactive standard sample was measured for the No. #2 stone product, and the 
measurement times are the common detection time of 600s, 1600s and 3600s respectively; the 
number of measurements is 20 times. Data statistical results of measurement for 20 times are shown 
in Table 2. 

Table .2 Radioactive measurement data statistics results of 2# stone samples 

Measurement time/s 
Internal exposure index External exposure index 

Average value Range  Average value Range  

600 0.530 0.13 25 1.014 0.22 22 

1800 0.501 0.11 22 1.031 0.23 22 

3600 0.499 0.15 31 1.009 0.28 28 

4.1.3 The radioactive standard sample was measured for the No. #3 stone product, and the 
measurement times are the common detection time of 600s, 1600s and 3600s respectively; the 
number of measurements is 20 times. Data statistical results of measurement for 20 times are shown 
in Table 2. 
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Table .3 Radioactive measurement data statistics results of 3# stone samples 

Measurement time/s 
Internal exposure index External exposure index 

Average value Range  Average value Range  

600 1.171 0.19 16 2.149 0.47 22 

1800 1.162 0.16 14 2.146 0.35 16 

3600 1.176 0.13 11 2.158 0.30 14 

4.2 Analysis for uncertainty of measurement  
4.2.1 Sources for uncertainty of measurement 
In comprehensive consideration of factors such as equipment, personnel, environment and 

measurement methods, the sources of uncertainty of measurement include that a variety of random 
factors to make the data collection results not repeated on measurement, uncertainty in the 
measurement result caused by measuring change on environment temperature, uncertainty in 
balance measurement results, uncertainty of measurement criteria used for detecting low 
background multi-channel r energy spectrometer, uncertainty of the spectrometer system, 
uncertainty of standard soil sample activity for calibration and human factors. 

Specific activities of radium-266, thorium-232 and potassium-40 measured with different 
detection times by using three different radioactive levels in the test room are shown in Table 1 to 
Table 3. Component analysis of uncertainty is carried out according to JJF1059.1-2012 Assessment 
of Uncertainty in Measurement and Representation [2]. The main factors that affect the uncertainty 
in the whole process are: 

4.2.1.1 Components of relative standard uncertainty introduced by repeated detection of specific 
activity of radium-226, thorium-232 and potassium-40 are expressed by urRa, urTh and urK; 

Relative standard uncertainty of sample repeat detection: 
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2
20

1

)(
)1(

1 



 i

i dd
nn  

Relative standard uncertainty of sample detection radium-226 rRau = Rau / Rad  

Relative standard uncertainty of sample detection thorium-232 rThu = Thu / Thd  

Relative standard uncertainty of sample detection potassium-40 rKu = Ku / Kd  
4.2.1.2 Relative standard uncertainty introduced by balance indication error u1rel. The 

uncertainty of introduction of balance can be traced back to the measurement certificate. Expansion 
uncertainty of balance provided in the certificate is 10g and k = 2. The maximum weighing range is 
2000g, namely the standard uncertainty is 10/2=5g and k =1. The relative standard uncertainty of 
the balance u1rel= 5g/2000g =0.25%; 

4.2.1.3 Uncertainties introduced by standard radioactive sources of radium-266, thorium-232 and 
potassium-40 have been given in the calibration certificate, and they are 4.8%, 4.4% and 4.4% (K=2) 
respectively. Therefore, the relative standard uncertainty of standard soil samples is: u2rRa = 2.4%, k 
= 1; u2rTh = 2.2%, k = 1; u2rK = 2.2%, k = 1. 

4.2.1.4 Uncertainty of standard used for verifying low background multi-channel r energy 
spectrometer of testing equipment Z18090015 u3rel and system uncertainty u4rel。 

The verification certificate of low background multi-channel r energy spectrometer shows that 
the degree of certainty of measurement standard is 7.6% and k = 3. It can be seen that the relative 
standard uncertainty u3rel=2.53% and k =1. 

It can be seen from the verification certificate that system uncertainty of low background 
multi-channel r energy spectrometer is 10% and k =2. When k = 1, the relative standard uncertainty 
u4rel = 5.00%; 

4.2.1.5 Uncertainty introduced by manual calculation. During calculation of the spectral line 
analysis, there will be an uncertainty component introduced due to different artificial calculation 
results of peak area. This part of the uncertainty component has been reflected in the repeated 
measurement of uncertainty assessment, so it is not assessed and takes 0. 

Advances in Engineering Research, volume 123

1559



 

4.2.2 Calculation of measurement uncertainty 
There is no correlation between the above uncertainty components according to Table 4 below. 

According to the formulas (1) and (2), and JJF1059.1-2012, the related combined standard 
uncertainty of the three samples is calculated as per the following formulas (3) and (4): 

Table.4 Statistics of the uncertainty components 
Category for source of uncertainty 

Type of 
uncertainty 

Component involved 
internal exposure index 

Component involved 
external exposure index 

Relative standard uncertainty urRa introduced by 
repeated detection of sample radium-226 

Type A 

u1rel、u2rRa、u3rel、u4rel。 

Include: urRa、u1rel、u2rRa、

u3rel、u4rel。 

urTh、urK、u1rel、u2rRa、u2rTh、u2rK、

u3rel、u4rel。 
Include: urRa、urTh、urK、u1rel、

u2rRa、u2rTh、u2rK、u3rel、u4rel。 

Relative standard uncertainty urTh introduced by 
repeated detection of sample thorium-232 
Relative standard uncertainty urK introduced by 
repeated detection of sample potassium-40 
Relative standard uncertainty u1rel introduced by 
indication error of balance  

Type B 

Relative standard uncertainty u2rRa introduced by 
standard radioactive source of radium-226 
Relative standard uncertainty u2rTh introduced by 
standard radioactive source of thorium-232 
Relative standard uncertainty u2rK introduced by 
standard radioactive source of potassium-40 
Relative standard uncertainty u3rel introduced by 
measurement standard 
Relative standard uncertainty u4rel introduced by system 
deviation of low background multi-channel r energy 
spectroscopy 
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(4) 
If k=1 specified in GB6566-2010 Standard,  

The relative expansion uncertainty of internal exposure index of sample detection RaIU
= 

1× RarIU
, the expansion uncertainty is U1= RaIU

× RaId
/100; 

The relative expansion uncertainty of external exposure index of sample detection rIU
=1× rrIU

, 

the expansion uncertainty is U2= rIU
× rId

/100. 
Uncertainty assessment results of radioactive measurement for stone samples of three different 

radioactive levels by using three different detection times were shown in Table 5, Fig. 1 and Fig. 2: 
Table.5 Different stone samples with different testing time radioactive measurement uncertainty 

results summary table 

Detection time/s Category of uncertainty 

 
Measurement uncertainty of internal and external exposure index of 1-3# 

samples/% 
1#1 2#2 3#3 

600 

UrIRa 7.67 6.31 6.16 
UrIr 8.93 7.29 7.59 
UIRa 7.67 6.31 6.16 
UIr 8.93 7.29 7.59 

1800 

UrIRa 6.78 6.30 6.14 
UrIr 7.77 7.29 7.17 
UIRa 6.78 6.30 6.14 
UIr 7.77 7.29 7.17 

3600 

UrIRa 6.38 6.30 6.12 
UrIr 7.40 7.38 7.12 
UIRa 6.38 6.30 6.12 
UIr 7.40 7.38 7.12 

Note: 1. Levels of internal and external exposure results of sample are 0.12 and 0.50 respectively; 2. Levels of internal and external 
exposure results of sample are 0.50 and 1.00 respectively; 3. Levels of internal and external exposure results of sample are 1.17 and 
2.15 respectively; 
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Fig.1 Relationship Among UIRa, IRa and Detection Time s 
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Fig.2 Relationship among UIr, Ir and Detection Time s 

5 Analysis and discussion 

1. Uncertainty introduced by repeated measurement, indication error of balance and other factors 
makes lower contribution to the uncertainty of measurement results from the calculation results, that 
is, it has little effect on dispersion of measurement results. Standard radioactive sources, standard 
equipment for calibration, system error of equipment and other factors with contribution on 
uncertainty of the results of more than 95% is the most important factor. 

2. It can be obtained from Table 5, Fig. 1 and 2 that measurement uncertainties of internal and 
external exposure level obtained by using stone samples with three different radioactive levels (high, 
medium and low) and different detection times are less than that given in GB6566-2010 Standard 
(K=1, 20%). Therefore, the measured data are reliable. 

3. It can be obtained from Table 5, Fig. 1 and 2 that uncertainties of the 3 samples have increased 
slightly with reduction of internal and external exposure level of the samples themselves under the 
same detection time, but they are within the allowable range. Therefore, it can be considered that 
internal and external exposure level of the samples themselves has little impact on its measurement 
uncertainty within a reasonable range of internal and external exposure index, and the factor can not 
be considered. 

4. In addition to 1# sample, measurement uncertainty the results of other two samples detected 
by using different detection times remains essentially unchanged, so it can be considered that the 
relationship between the dispersion time and the detection time is not significant when internal and 
external exposure level of the samples themselves is higher. However, if the internal and external 
exposure level is lower, the influence of detection time on dispersion of test results should be 
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considered. It can be seen from test data in Table 1 that the ranges of internal and external exposure 
index for 20 times reach 0.10 and 0.25 respectively when 1 # sample is detected for 600s, and the 
ratios between the ranges and the average values are 85% and 49%. Therefore, detection time 
should not be too short in the actual test, especially when internal and external exposure level of the 
samples themselves is lower. 

6 Conclusion 

The above analysis shows that the main sources for uncertainty of the results include standard 
radioactive source, standard equipment for calibration and system error of equipment. And if the 
test time and other conditions are fixed, different internal and external exposure levels of the sample 
itself have little impact on dispersion and accuracy of its measurement result and influence of the 
factor can be ignored. It can be found from statistical data of the above charts that dispersion degree 
of results of stone detection data and measurement uncertainty can be stable when the detection 
time is at least 1800s or above. Therefore, it is recommended that the minimum test time should be 
no less than 1800s when the radioactivity of natural stone samples is tested. 
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