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Abstract This paper introduces the resident’s additional dose in bone-coal mining areas. The increase of the annual

additional effective doses accepted by the residents living in the carbide-brick houses, the staffs working in the car-

bide-brick houses and the miners working in the bone-coal mining areas of Hubei, Hunan, Jiangxi, Zhejiang and An-

hui Provinces is caused by the rising of environmental radioactive level. The investigation of natural background ra-

diation in the bone-coal mining areas indicated that both mining and utilizing bone-coal cause the rise of environ-

mental radioactive level. The ranges of the annual additional effective dose accepted by the residents, staffs and min-
ers is 1.9—6.8 mSv, 0.5—2.0 mSv and 8.2—71 mSy, and with an average of 3.8 mSv, | mSv and 40 mSv, respec-

tively. The annual additional effective doses accepted by part residents and staffs exceed the dose limit of 1 mSv for

public exposure, and part miners exceed the dose limit of 20 mSv for occupational exposure. And the contribution of

dose caused by inhaled radon to the total additional effective dose is over 76%.
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1 Introduction

In the National Investigation of Natural Radioac-
tive Levels (abbreviated as “investigation of levels”
hereinbelow) during 1983 to 1990, it is found that the
specific activities of radionuclides in bone-coal are
relatively high. The increase of radioactive level in the
environment and the rise of the public accepted dose
might be caused by some artificial activities, which
include mainly mining and utilizing spontaneously
bone-coal by local peasants, producing bone-coal
cinder brick (commonly abbreviated as BCCB, or
called carbide brick) with bone-coal cinder (BCC) on
a small scale, and building the dwelling with BCCB.
In order to grasp the state of exposure dose accepted
by the special crowd living in the high radiation level
areas, to work out “actuation level” for the indoor ra-

don concentration to accord with our national condi-
tions and to provide scientific basis and basic data for
taking the preventive measures, the State Environment
Protection Bureau and Chinese Nuclear Industry Cor-
poration decided to carry out a project of “the study of
effect of mining and utilizing radioactivity-associated
bone-coal mines on environment”. The main investi-
gation items include: y-rays doserate in field, specific
activities of natural radioactive radionuclides and
content of non-radioactive elements in various envi-
ronmental media, indoor and outdoor radon concen-
tration and dose estimation etc.. The project took more
than two years, and was completed in 1993. One of
the important subprojects is the estimation of the addi-
tional effective dose for the residents living in the
bone-coal mining areas of the five provinces. The es-
timation results of annual additional effective dose for
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the residents are given in the paper.

2 Selection of investigated sites

As the monitoring sites, two or three bone-coal
mines were selected for every province of five prov-
inces (Hubei, Hunan, Jiangxi, Zhejiang and Anhui),
and thirty rooms of BCCB house and ten rooms of
ordinary red-brick (ORB) houses were selected in
every mining area, respectively, according to factors
such as geographical distribution, bone-coal reserves,
its multiple utilization, and bone-coal power station.

The monitoring sites of y radiation level include
fields and roads in mining areas and in reference spots,
and opencast localities and shaft of mines, as well as
inside and outside of the houses. The monitoring sites
of radon concentration include main inside and out-
side of the house, and mining localities of bone-coal.
The measurement period of radon concentration is
three or six months.

The SG-102 X-y doserate meters produced by
Institute of Laoshan Electronic Instrument and the
CSR solid state nuclear track detector'! prepared by
Shanghai Institute of Radiation Medicine were used
for the purpose.

3 Dose estimation

The estimation of annual additional effective
doses includes internal radiation caused by inhalation
and ingestion of radioactive materials and external
radiation caused by y-rays. The internal radiation dose
comes from inhalation of radon and/or radon daughter,
ingestion of foods and immersion inhalation of air
near the ground. The last two parts are not included in
the dose estimation because of their contributions to

[21

total dose are only 0.1% and 3%, respectively.

3.1 External radiation dose

The formula used for estimating the dose caused
by y-ray external radiation is as follows:"!

He, = [Droux(1-q)+D,inxq]x8760%0.7x10° (1)
where Hg, is annual effective dose caused by y-ray
external radiation (mSv/a); Dy, is y-ray doserate
outdoor (nGy~h’l); Dy, is y ray doserate indoor
(nGyh™); g is residential factor of residents (0.8 ac-
cording to Ref.[3]); 8760: number of hours per year;

0.7: conversion factor of effective doses according to
Ref.[3] (SV/Gy); 10°®: unit conversion factor of y-ray
doserate (mGy/nGy).

3.2 Internal radiation dose

~ The formula used for estimating the dose caused
by inhalation of internal radiation of radon is as fol-

lows:

He o= CroouX(1-@)Xfi+CrainXgxf21x8760xAx 107
(2)
where Hg g, is annual effective dose caused by inhala-
tion of internal radiation of radon (mSv/a); Croou iS
average outdoor radon concentration (Bq'm'3); C Rruin
is average indoor radon concentration (Bq'm'3); fi:
outdoor radon equilibrium factor (0.8 according to
Ref.[4]); fo: indoor or pits radon equilibrium factor
(0.4 according to Ref.[4]); A: dose conversion factor
of equilibrium equivalent concentration (EEC) of ra-
don [9 nSv'h']/(Bq-m'3) according to Ref.[4]].
The other signs are the same as those in Eq. (1).
The residential factor to estimate the dose is set
at 0.8 for the residents living in BCCB houses, and the
monthly work time of 170 hours”' is taken for the
staffs working in BCCB house and the miners work-
ing in the bone-coal mines.

4 Results

Table 1 shows the estimate results of individual
annual additional effective dose caused by the external
radiation of y-rays and the internal radiation of inhaled
radon and/or its daughter for the residents Iivihg in
BCCB houses, the staffs working in BCCB houses,
and the miners working in opencasts or in pits.

4.1 Resident living in mining areas

Table 1 shows that the range of the average an-
nual additional effective doses caused by external ra-
diation and internal radiation for the residents living in
BCCB houses in bone-coal mining areas is from 1.9
mSv to 6.8 mSv, with an average of 3.8 mSv. While
the doses caused by y-ray external exposure are from
0.66 mSv to 1.3 mSy, with an average of 1.0 mSy, the
doses caused by inhalation of radon and/or radon
daughter internal exposure are from 1.0 mSv to 5.5
mSyv, with an average of 2.8 mSv. Except the residents
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living in BCCB houses of Xiushui mine areas of Ji-
angxi Province, the total annual additional effective
doses accepted by residents living in BCCB houses in

other mining areas may exceed the dose limit of I
mSv for public exposure which was stipulated in
Ref.[6].

Table1 The individual annual additional effective dose caused by internal and external radiation for four kinds of persons living or

working in the mining areas of the five provinces (mSv/a)

Residents living in BCCB houses

Staffs working in BCCB houses

External

Internal

External

Internal

Province  Mine’s name radiation radiation Sum radiation radiation Sum
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Hubei Miaopu 070 0.09 1S5 029 22 030 0.6 002 043 006 059 0.06
Zuantanyan 038 0.08 22 036 26 037 008 001 067 007 075 007
Tangxiang 1.4 011 3.1 037 45 039 033 002 093 008 13 0.09
Average 083 043 23 065 3.1 1.0 0.19 0.10 068 020 087 0.30
Hunan Nijiangkou 061 009 1.0 059 16 060 0.13 001 022 004 035 0.04
Ningxiang 2.0 012 28 062 5.0 063 059 003 071 007 13 0.07
Average 1.3 070 19 090 3.2 1.7 036 023 047 025 083 048
Jiangxi Yushan 1.1 011 1.0 036 2.1 038 025 002 029 005 054 005
Shangrao 1.2 011 1.8 038 3.1 040 031 002 053 006 084 007
Xiushui 031 007 020 032 05! 037 006 001 006 002 012 002
Average 087 0.04 1.0 065 19 1.1 021 021 029 019 050 003
Zhejiang ~ Anren 049 009 1.1 053 L6 054 0.5 001 032 005 047 005
Zhuge 2.1 0.14 438 075 6.9 076 064 003 13 0.10 197 0.0
Shuangpai 1.2 013 107 066 119 067 033 002 32 015 354 016
Average 1.3 0.66 5.5 4.0 6.8 042 037 020 1.6 1.2 2.0 1.3
Anhui Jixi 066 0.10 1.7 074 24 075 017 002 044 001 061 006
Yixian 066 009 5.0 1.3 5.7 1.3 0.15 001 126 010 141 0.10
Average 066 0.13 33 1.7 4.0 1.7 0.16 001 085 041 10 0.40
Average of the five provinces 1.0 026 2.8 1.5 3.8 1.6 026 009 078 045 1.0 0.51
Miners working in opencasts Miners working in bone-coal pits
Province  Mine’s name External Internal Sum External Internal Sum
radiation radiation radiation radiation
Mean SD Mean SD Mean _SD Mean SD Mean SD Mean SD
Hubei Miaopu 0.11  0.01 0.1 0.01 .
Zuantanyan 099 004 70 071 71 0.72
Tangxiang 028 0.02 028  0.02
Average 020 009 00 020 009 099 004 70 071 71 0.72
Hunan Nijiangkou 0.18 002 034 008 052 008
Ningxiang 0.18 002 042 012 060 0.12
Average 0.18 003 038 004 056 004
Jiangxi Yushan 032  0.02 032  0.02
Shangrao 030 002 030 0.02
Xiushui 0.13  0.04 0.13  0.04
Average 025 009 00 025 0.09
Zhejiang ~ Anren 061 003 003 002 064 004
Zhuge 17 005 65 022 82 023
Shuangpai 2.3 006 65 022 88 0.23
Average 061 003 003 002 064 004 20 030 65 03f 85 0.30
Anhui Jixi 036 004 032 008 068 008
Yixian 069 002 097 012 17 0.12
Average 053 017 064 032 12 0.51
Average of the five provinces  0.35 018 021 026 057 036 15 0.51 38 32 39.5 40

4.2  Staffs working in BCCB houses

Table 1 shows that the range of the average an-
nual additional effective dose caused by y-ray external
radiation and by the inhalation of radon and/or its
daughter internal exposure for the staffs working in
BCCB houses in the mining areas is from 0.50 mSv to

2.0 mSv, with an average of 1.0 mSv. It means that the
annual additional effective dose accepted by partial
staffs may exceed the dose limit of 1.0 mSv for public

exposure.

43  Miners working in opencast localities

Table 1 shows that the range of the average an-
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nual additional effective dose of internal and external
exposure accepted by miners working in opencast lo-
calities of bone-coal mines in the five province is from
0.20 mSv to 1.2 mSyv, with an average of 0.57 mSv.
The average annual additional effective dose accepted
by miners does not exceed the dose limit of 1 mSv of
public exposure and is much lower than the dose limit
of 20 mSv for occupational exposure.'”

4.4  Miners working in bone-coal pits

Table 1 shows that the average annual additional
effective dose accepted by miners working in
bone-coal pits in Zhuge and Shuangpai of Zhejiang
Province is 8.2 mSv and 8.8 mSv, respectively, with
an average of 8.5 mSv. And in Zuantanyan of Hubei
Province, the average annual additional effective dose
accepted by miners working in bone-coal pits is 71
mSy, which is 3.6 times the dose limit of 20 mSv for
occupational exposure.® And the average annual ad-
ditional effective dose caused by inhalation of radon
and/or its daughter is 70 mSv, which is 98.6% of the
total dose.

The total annual additional effective doses for the
four kinds of personnel are shown in Fig.1.

45 395
4.0 3.8

35

0O Internal
@ External
O Sum

30 ¢

25

2.0

Dose (mSwvia)

Residents Staffs

Miners in
opencasts  Pits

Fig.1 Annual additional effective doses for various kinds of
personnel.

The contribution of radon inhalation to total dose
is prevailing for the residents and staffs living and
working in BCCB houses. As for the miners working
in the bone-coal pits, the dose caused by inhalation of
radon and/or its daughter is more than 76% of the total
dose. It is emphasized that the main point of radiation
protection should be effectively decreasing the radon
concentration in working environment.

5 Summary

The annual additional effective dose accepted by
the residents living in BCCB houses (except Xiushui
mine area of Jiangxi Province) and by the staffs
working in BCCB houses is 1.6—11.9 mSv and 1.3—
3.5 mSy, respectively. It is noticed that partial resi-
dents and staffs living and working in BCCB houses
might accept an annual additional effective dose
which exceeds the dose limit of 1 mSv for public ex-
posure stipulated in GB 18871-2002.'"

The annual additional effective dose accepted by
miners working in bone-coal pits (Zuantanyan mine of
Hubei Province) is 71 mSv, being 3.6 times the dose
limit of 20 mSv for occupational exposure.

The project team proposes that some effective
safety measures should be taken to protect environ-
ment and public health. For example, BCCB house’s
doors and window should be often opening, the venti-
lation in bone-coal pits should be enhanced and the
working condition should be improved. For the miners
working in pits, working time should be decreased
properly. In addition, if the equilibrated equivalent
concentration of radon in BCCB houses is over 400

Bg/m”,”” the house cannot be used as dwelling house.
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