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METHODS

CONCLUSIONS

Our survey results show that although the specific activity of uranium in

the soil of Kunming phosphate mine in Yunnan is about twice the world

average, but the specific activity of thorium and potassium is in the normal

range. The average concentration of soil radon is higher. .

As phosphate rock mining in Yunnan is open-pit mining, we should further

pay attention to the issue of radionuclides in the atmosphere and indoor radon

and atmospheric radon.

Phosphate rock is a kind of mineral resource with natural radioactive

elements. Its mining and utilization will cause certain radioactive pollution to

the environment, and its pollution source may be derived from waste water,

waste rock or waste residue. Yunnan province is the main phosphate deposit

area in China, and Kunyang Phosphate Mine is one of the largest open-pit

mining phosphate mine in China. In order to understand the ionizing

radiation level of phosphate mine and its surrounding environment in

Kunming, Yunnan province, ground gamma ray spectrum, soil radon

concentration measurement and soil sampling were carried out by using a

scintillation gamma-ray spectrometer ( NaI(Tl) and a semiconductor radon

monitor (RAD7). Natural radionuclide specific activity of the soil samples

were determined by the HPGe spectrometer in laboratory.

A portable gamma-ray spectrometer (Model DigiDART) with a NaI(Tl)

(φ75 mm75 mm) scintillation detector (1024 Channels) was employed in this

research. The stripping method as recommended by IAEA (1989) was used

for determining 238U, 232Th and 40K activity concentrations in soil and rocks

(Fig.1).

Radioactivity concentrations of radionuclides in the soil

The ground gamma spectroscopy results show that the average 238U

specific activity in the soil is 68.2 Bq/kg, and the range of variation was 50.0

– 155.4Bq/kg; the average contents of 232Th and 40K were 65.8 Bq/kg and

547.8 Bq/kg, respectively. According to the field investigation data, the high
238U content mainly appears in the exposed areas of the Qizhusi Formation

and the Dengying Formation in the phosphate-bearing ore-bearing strata, and

the thorium and potassium belong to the normal distribution. The zones

covered with waste rock and waste residue near the phosphorus mine have

high uranium content. The contents of 238U and 232Th at every site are shown

in Fig.4.

Radon concentrations in soil gas

The statistical results of soil radon concentration in 29 sites showed that

the average soil radon concentration was 59.98±25.69 kBq/m3, and the

maximum radon concentration appeared in the Dengying Formation. The

maximum value was 255.71 kBq/m3. The minimum value was located in the

Zhangjiahe Formation, and the measured value is 6.13 kBq/m3. The radon

concentrations in soil gas in the Dengying Formation and the Phosphorus-

bearing stratum are generally high. The average soil radon concentration in

the three phosphate mines in the study area is basically consistent with the

measurement results of phosphate mines in Guizhou Province.

The annual effective doses equivalent

The gamma dose rate at a height of 1 m on terrestrial surface can be

estimated by using the specific activity of radionuclides in the soil. The

estimated absorbed dose rate in Kunming, Yunnan Province is about

94.7nGy/h, with a maximum of 189.0 nGy/h. The annual effective dose

calculated according to the dose rate is 0.11 mSv/a, which is lower than the

dose rate level of phosphate mines in other countries in the world.

Table 1 Radon concentration in soil gas
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Fig. 1 Radon measurement in the field 

Fig. 2 in-situ gamma-ray spectrometry 

Fig. 3 Geological map of investigation area 
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U and Th concentration in soil by a in-situ gamma-ray 

spectrometer (digiDART)

U concentration Th concentration

Fig. 4 Concentrations of 238U and 232Th in soil in Kunmin

lithology Ave Sd Min Max

Siltstone 10.58 6.297 6.13 15.03

Dolomites 37.68 15.093 26.69 59.83

Phosphorite 88.92 44.421 34.28 189.56

Dolomite (phosphorus-

bearing)
112.2 51.453 28.32 158.89

Siltstone 33.37 9.925 26.35 40.38

222Rn concentrations in soil gas were determined by a semiconductor radon

monitor RAD7, manufactured by Durridge Co., Inc. (Bedford, MA). The

‘sniff’ mode of the RAD7 was used in radon measurements in the field, with

sampling time of 3 min. and ‘auto’ pump mode. The probe was set at 1 m

below the ground (Fig2).

The contents of radionuclides such as 40K, 226Ra and 232Th in the soil were

determined using a high-purity germanium gamma spectrometer (HPGe). The

spectrometer had an energy resolution of 1.66 keV at 1332 keV of 60Co. The

detection efficiency curve of the germanium detector was calibration with a

set of radioactive sources containing radioactive reference material.

The annual effective doses equivalent (AEDE) due to 232Th, 238U and 40K

was calculated (UNSCEAR, 1993).

AEDE=Dr×0.2×0.7×10-6×8760    

where, AEDE: annual effective doses equivalent,mSv/y; Dr: dose rate, nGy/h; 

0.2: factor for outdoor; 0.7: conversion factor, Sv/Gy.


