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Abstract. The purpose of this paper is to present the comprehensive sanitary protection methods carried out by 
us at Bayun Obo Rare-earth Iron Mine. The methods are as follows.  First, comprehensive measures to prevent 
dusts in the air. Second, enhancement of the individual protection measures; Third, promoting long-distance 
running and the establishment a workers� club; Fourth, the establishment of job rotation system; Fifth, increasing 
the transparency of the medical examination results, paying more attention to the health of the miners; Sixth, 
publicizing the value of stopping smoking. Results showed that the above-mentioned six aspects of 
comprehensive sanitary protection methods which we instituted brought about predominant effects. For example, 
the average dust concentrations in the air at 7 locations in the crushing workshop and 6 in the mining workshop 
decreased from 1143.67 mg.m-3 in January to June 1983 to 47.617 mg.m-3 in January to June 1991, and to 
13.4mg.m-3 in 2001. In 1983 the average thorium lung burden of 130 dust exposed miners selected by random 
stratification was 0.85Bq, while the average thorium lung burden of 135 dust-exposed miners, similarly selected 
in 1991 was 0.25Bq, a decrease by a factor of 3.4. It is concluded that the comprehensive health protection 
measures carried out by us for about 20 years in Bayun Obo Mine were proved very effective and should be 
continued and improved. It is also valuable to recommend our experience to other rare-earth mines and factories 
as well as thorium dusty units both in China and abroad. 
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1. Introduction 
 
Whenever we went to the Bayun Obo Rare-earth Iron Mine to begin our study, we have paid more 
attention to the prevention policy, and combined the prevention and treatment together. We trust the 
workers and staffs, paid respect to their innovations. 
In those years whenever we finished our research each year, we had reported what we had found in our 
study to the managers, staffs and workers, and told them what kind of measures had to be taken, in order 
to improve their working conditions. Such report meetings were very useful to ease unnecessary fear 
among the workers handling the radioactive substance thorium, and were helpful for the majority of 
miners who loved their job.. 
 
2. Comprehensive measures to prevent dusts in the air  
 
Our study had prompted the managers of this mine to take comprehensive measures to reduce the air 
concentration of the dust in the production workshops, such as the crushing workshop etc. For 
example, the establishment of electric dust cleaning equipment, enclosure of the vibration screen, 
establishment of air conditioning in the rest room, establishment of chemicals� spray equipment to 
decrease the air concentration of dust, establishment of regulations to keep the dust-generating tasks 
were done under wet conditions. Since the establishment of the above-mentioned measures in 1983, 
their effects were obvious. The average dust concentrations in the air decreased from 1500.94 mg.m-3 

in 1983 to 53.6 mg.m-3 in 1991, and to 13.4 mg.m-3 in 2001. 
 
3. Enhancement of the individual protection measures.  
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What are the effects of individual protection measures in case that the air concentration of dust at the 
post was relatively high? We made the following observations: Mr. Gao and Mr. Ti were two workers 
in same post. Mr. Gao had a longer exposure history, but he often wore a mask. Mr. Ti had a shorter 
exposure history, but he rarely wore a mask. As a result, the thorium lung burden of Mr. Gao was 
lower than that of Mr. Ti. Another example should be mentioned. Mr. Liu was a perforator driver in a 
car, who took the following series of measures to decrease the dust concentration in his perforator car. 
Cleaning his car in wet condition, keeping the window glasses tightly sealed, using the pump machine 
to remove the dust inside the car, according to the wind direction in different seasons to decide which 
window should be open and which window should be closed. These comprehensive methods were 
very effective. Mr. Liu also always wear his mask in the post therefore his thorium lung burden was 
very low, just reaching the background level even though he had a exposure history of nine years 
(Table 1). 
 

 

Figure1  Dr.Chen Xing-an told the miners how to use the mask properly  

 

Table 1:  The preliminary observation on the practical effect of individual protection masks [2] 

Smoking history 

Name  Job 
Working 
history  
(year) 

Mask worn 
or not 

Smoking 
age （year
） 

Smoking amount
（cigarettes/day） 

Natural 
thorium 

lung 
burden(pCi)

Mr. Guo  belt 25 often 20 10 19.07 
Mr. Tian belt 16 rarely 15 20 28.87 
Mr. Sha shovel 23 worn 23 20 12.83 
Mr. Guo shovel 24 not 12 7 24.41 

Mr. Liu  perforating 9 Worn and 
other 

measures 

23 15 3.03 

Mr. Wu perforating 16 Wet mask 13 10 2.14 
Mr. Feng perforating 23 Anti-dust 

mask 
20 10 9.27 

Mr. Wang perforating 17 Ordinary 
mask 

15 10 42.23 
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Note：The Prevention rate of Wo-han Tye anti-dust mask is 98～99.6%。 
 

. 
4. Promoting long-distance running and the establishment a workers� club 
 
We found that a miner, Mr. Liu x had always did a 4000 meters� run every morning, and that he 
insisted on wearing the mask during his quite hard work in a dust-generating workshop. Some 23 
years later, we found that his thorium lung burden was quite low. His experience prompoted more 
miners to take up long-distance running as an exercise in the morning.  
In winter, the temperature in Bayun Obo Mine area was as low as -30ºC. Apparently, there was a need 
for a gymnasium in which the miners could do exercises during the quite long winter time there. Based 
on our suggestions, the first miners� club was established in 2001. This was the first miners� club in 
the history of the Bayun Obo Iron Mine, which was approved by the Rare-Earth Office of the Planning 
Commission of the People�s Republic of China. 
 
5. The establishment of job rotation system  
 
According to our observations on two dust-exposed miners having relative high thorium lung burdens, 
we found that when they left the dusty post for a certain period, their thorium lung burdens decreased. 
In contrast, in two other exposed miners who did not leave their dusty posts, their thorium lung 
burdens continued to rise. This meant that leaving the dust post for a certain period could produce 
some preventative effects. Therefore, we decided to arrange that those miners having a thorium lung 
burden near or higher than 2 investigation levels (120 pCi) should leave the dust post for a certain 
period until their thorium lung burden dropped to below one investigation level. In addition, according 
to a follow-up study on the thorium lung burden clearance of a miner who suffered Stage I 
pneumoconiosis, we had found that 44% of his thorium lung burden had a half life of 112 days. This 
follow-up study was carried out from 19 Sep. 1983 to 30 Aug. 1990. In total, 13 measurements of 
exhaled thoron activity were carried out on this miner. The miner left his dusty post on 15 Oct. 1984 
and the follow-up again proved that leaving the dust post was beneficial to his health. 
 
6. Increasing the transparency of the medical examination results, paying more 

attention to the health of the miners. 
 
Our study in the Bayun Obo Rare-earth Iron Mine was somewhat different from those carried out in 
the similar study before 1970 in this mine. We had recorded the thorium lung burden values for each 
miner, and this allowed to review their thorium lung burden reports directly. We could provide better 
answers to each individual to questions related to thorium health effects. The relationship between us 
and the miners was therefore very friendly. Whenever they met difficulties in the treatment of their 
diseases, we helped them to treat them in Beijing. For example, we helped one miner with treatment 
for his brain tumor in Beijing, and another was helped with treatment for his chronic nose disease, also 
in Beijing. Such work let the miners understand that our study not only for research but also for the 
protection of their health. This kind of friendship promoted the realization of the value of the various 
protection measures in this mine. 
 
7. Publicizing the value of stopping smoking 
 
Eighty % of the miners at this mine were smokers [4], and this was one of the important factors 
inducing the high rate of excess lung cancers among the dust exposed miners. We always found that 
groups of young men were smoking cigarettes in the street around this mine. We also found that most 
of these people did not know about the harmful effects of cigarette smoking. Therefore, whenever we 
reported our investigation results to the managers, staff and miners, we would tell them about the 
importance of stopping smoking. We hoped that the percentage of smokers there would decrease 
someday. 
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Figure 2  Dr. Chen Xing-an reported the investigation results to the miners and told them the 
importance of stopping smoking. 

 
8. Results of comprehensive sanitary protection methods 
 
The above-mentioned six aspects of comprehensive sanitary protection methods which we 
instituted brought about predominant effects. For example, the average dust concentrations in 
the air at 7 locations in the crushing workshop and 6 in the mining workshop decreased from 
1143.67 mg.m-3 in January to June 1983 to 47.617 mg.m-3 in January to June 1991. In 1983 
the average thorium lung burden of 130 dust exposed miners selected by random stratification 
was 22.95pCi, while the average thorium lung burden of 135 dust exposed miners, similarly 
selected in 1991, was 6.75pCi, a decrease by a factor of 3.4. 
 
9. Conclusions 
 
The above-mentioned results showed that a combination of radiation health investigation, 
improvement of working conditions, paying more attention to the health of the workers, 
popularizing the scientific knowledge and enhancing the individual sanitary protection 
measures could produce significant effects on the protection of the workers� health, and were 
welcomed by both the managers and the workers. This type of work was rarely published in 
the reports both in China and abroad. 
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