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Investigation on natural radionucildes leVels in multiple media

in bone．coal mine areas of fiVe proVinces
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Abstract This paper reports methods and results of the investigation
of natural radionuclides 1eVels in multiple me—

dia in the bone—coal mine areas in Hubei，Hunan，Jiangxi，zhejiang，and Anhui ProVinces．In the studied bone—coal

mine areas，the specific activities of 238U and 226Ra in the soil samples were 0_37 and O．24 Bq儋，respectjvely：the spe—

cific activities of 226Ra in the samDles of bone—coal，bone．coal cinder and bone—coa|cinder br．ck(BCCB)were 1．3，

1．4 and 0．9 Bq儋，respectively．In the water samples collected from the bone。coal mine areas，the aVerage concentra。

tions of natuml uranium and 226Ra were 33州L and 58 mBq，L，respectively，while in the water samples coIlected

f两m outside the bone．coal mine areas，they were 3．4¨∥L and 45 mBq／L，respectively．In addition，the specmc actiVi_

ties of 238U and 226Ra in air aemsol samDles from the bone．coal mine areas were 0．6 and 0．5 mBq／m’，respectiVely．
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1 Introduction

In five provinces of Hubei， Hunan， Jiangxi，

Zhejiang and Anhui，there is a quite rich bone—coal

reserve fover 4．54×1 0Ⅲton)and it is almost 90％of

the total reserve of China．In the“National Investiga—

tion of Natural Radioactive Level"(abbreviated as

“NINRL”hereinaften from l983 to 1 990，it has been

found that the sDecific activities of natural radionu—

clides such as 238U and 226Ra are rather high in

bone—coal．This high activity is a main ef!f-ect factor

which causes the rise of activitv level in bone—coal

mine areas and the rise of radon cOncen口ation in

bone—coal cinder brick(BCCB)houses．This effect has

been recognized bV the local environment protection

administrations．It has been proved that the investiga—

tion of radionuclides level is very helpful fbr envi—

ronment administrations to estimate and assess the

enVironment impact of mining and utilizing bone—coal

in China，and it also provides fundamental data and

scientific basis for formulating policies，laws，regula—

tions and standards for mining and utilizing bone-coal．

In 1 99 1． National Environment Protection

Agency and Safety Protection Bureau of the Chinese

Nuclear Industry Corporation haVe drawn up the pro一

．iect of“me study of e骶ct of mining and utilizing ra—

dioactivitv—associated bone．coal on environment”．

There are nve main items have been estimated and

assessed in this p rI巧ect， including 丫一ray doserate，

natural radionuclides，concentration of“‘Rn，heavy

metal elements．and estimation of additional dose．The

investigation of natural radionuclides content in vari—

ous media(soil，water and air)is one important part in

the proiect．The investigation lasted more than tWo

vears，and was ended in 1 993．

This paper win report the specific actiVities of

naturalradionuclides 238U，226Ra，232Th and 40K in the

samDles of soil， water and air collected from the
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bone—coal mine areas in the fiVe proVinces

2 T订ethods and instruments

2．1 Sample coUection and preparation

The ambient media of the bone—coal mlne areas

in the five provinces haVe been sampled s乜ictly by the

method stipulated in Ref．【1】．When collecting the am—

bient solid samples，one should arrange the sample

points as a quincunx in a square area of 1 0m×1 Om．

Each s踟ple of the fiVe points was at least 1 kg and the
3cm surface 1ayer should be scraped o氲Finally'one

solid sample of about 1～3kg was taken from me mix—

ture of the fiVe samples by quartatering．In laboratory，

before measurement，the solid samples were dried in

the shade or by fire，ground into particles with the size

of 0．O l 6 mm，and sealed in me polythene boxes of

妒75mm×50mm． The ambient water was sampled

twice a year'once in high water season and once in

low water season．Each water sample，50L，was acidi—

fied by HN03 to pH2～3，then carried to laboratory for

radiochemical analVsis．The ambient air was sampled

bv the LXCL—l 5—1 filter membrane．EverV aerosol

sample was collected through the air of 1 O，000m3 and

was analyzed by the HPGe 1，spec订ometer-

Altogether’in mis inVestigation，we haVe col—

lected 8 1 samples of bone—coal，58 of bone．coal cinder

(BCC)，44 of bone—coal cinder brick(BCCB)，39 of

soil，8 of nue dust ash，3 of cement，34 of water and 8

of aeros01．

2．2 Measuring methods aIId i潞truments

’I’he丫-ray spectrometry was used for radlonu。

clides analysis． The instrument used for measuring

specif!ic actiVity of radionuclides is ADCAM100

HPGe 1，spectrometer made by 0RTEC Company’

USA．Fbr s01id sanlples analyzed by the spectrometer'

the lower leVel of detection(LLD)is 0．9 Bq／kg f．or

238U，and 0．3 Bq瓜g for bOth 40K and 232Th．F0r aero．

sol s锄ples，the LLD is 2．6×l 0‘5 Bq／m3 fbr 238U and
232Th，and O．86×10。5 Bq，m3 fbr 226Ra and 40K．And for

water samples，the LLD is 0．05 pg／L for natural ura—

nium，0．5 mBq／L for“oRa，0．07嵋／L for natural tho—

rium，and 0．6 mBq／L for 40K．

3 Results

In this inVestigation，all the measuring methods

and instlllments fbr natural radionuclides in various

media of bone．coal mine area can be traced to the na．

tional metrology standard．

3．1 SoHd

The solid materials c011ected from the bone．coal

mine areas of the five Drovinces include bone．coal，

BBC．BCCB and soil．The natural radiOnuclides’mean

sDecific activities of various solid materials are shown

in Fig．1～Fig．4，which demonstrate the dif绝rences

between the natural radionuclides’mean specinc ac．

tivities of the four s01id samples f如m the bone．coal

mine aI-eas and the activities of soil samDles of the

five provinces，which were measured in“NINRL"．

ExceDt for the BCC and so订in Hubei Provjnce，the

sDecific activities of 232Th and 40K are lower than

mose of soil of the five provinces，given by“NINRL"．

The specific activities of“oRa in bone—coal，BCC，

BCCB and soil are 1 302，1437，963 and 237 Bq／kg，

respectiVely，which are 28，3 1，2 1 and 5 times，respec-

tively'as much as the“oRa’s speciflc activities of soil

given by“NINRL”．12·61 And the 226Ra’s specific activ—

ity in BCC of Hubei Province is 3 1 33 Bq瓜g，which is

84 times the“oRa’s value in soil given by“NINRL”．

1k speci位ac吐vities of 226Ra，232Th and 40K of

Hubei，Hunall，and Zhejiang ProVinces in flue dust ash，

the total of ash in dust rI；mover’chiHlnev ash and nue

ash，produced by bone．coal burning，are listed in Ta．

ble 1．711able 1 also lists the specific activities of‘‘oRa，

232Th aIld 40K for three kinds of cement samples

mixed with bone．coal cinder ftom Hunan PrOvince．

11able 1 shows that，except for the”K of the flue

dust ash in Hubei，the specific activities of厶uTh and

斗uK in nue dust ash of Hubei，Hunan and Zheiian2，are

all close to or 10wer than the values in soil measured

in“NINRL”，and the mean spec访c activities of“oRa of

the flue dust ash in Hubei，Hunan，and Zheiiang are

3699，625 and 1 748 Bq／kg，respectiVely’which are 99，

1 1 and 40 times，respectively，the values of soil in

these three provinces measured by“NINRL”．And

among the three kinds of Hunan’s cement samples

IIlixed with bone．coal cinder'the specific activity of

zzoRa in clinkerless cement and in building cement is

2 1 0 and 240 Bq／l(g，respectiVely'both of which are

higher than 200 Bq／l(g，the limit Value set in Ref．【7】．
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Fig．1 Concentrations of Various radionuclides in
bone。coal

samples ofthe fiVe pmVjnces．

Fig．3 Concentrations of Various radionudides in bone—coal

cinder brick samples ofthe fiVe proVinces．

Fig．2 Concentrations of
Various radionuclides in bone—coal

cinder samples of the fiVe proVinces．

Fig．4 Concentrations of Var沁us radjonuclides in soil samples
f的m bone—coal areas of the fiVe proVinces．

，I妯le 1 Specific activities of radionucIides in flue dust ash and cement f如m bone—coal electr．c power plants(Bq，l(g)

Province Item 九 “oRa ¨2Th 叭’K

——一一 兰旦箜!垦!竺!!堕竺 丝竺竺 苎￡竺!墅苎业堕呈! 坚!塑 兰堡!!垒!型!!!望 丛呈呈1
1丽丁—]函i面磊磊面i———1蕊F瓦万——j丽广1西i两『_——i7．7 63～26 18 l 209

Hunan Ash in dust remOver

Chimnev ash

F1ue ash

AVerage

Zhejjang Ash in dust remoVer

Chimnevash

AVerage

Average of the three proVinces

Hunan Yiyang cement

ClinkerleSs cement

3

4 640～2200

l 1670～2000
’

589 27．9 369

600 30．2 292

685 35．3 556

625 31．1 406

1685 29．0～76．0 45．0 700～900 790

18lO 40_3～68 50．0 590～835 747

1748 47．5 769

2024 42，l 795

52 21．0 160

210 14．0 240

Building cement 240 18．O 210

Average 3 52～240 167 14．O～21．0 17．7 160～240 203一-—_—_—---二二———————————-一一一一Fig．5 shows the ratios of specific activities of

226Ra．232Th and 40K in BCC and flue dust ash to thOse

in bone．cOal．The radionuclides of 226Ra，232Th and

40K in bone．coal are concentrated paniaUy in BCC

and nue dust ash by buming．The cOndensation factors

of 226Ra．232Th and 40K f幻m bone．coal to BCC or nue

dust ash are about 1．5．

3．2 Water

1、able 2 shows the concentrations of natural ra—

diOnuclides in water samples n．om galleries，escape

canals， ponds， and rivers inside and outside the

bone．coal areas in Hunan，Jiangxi，Zhejiang and An—

hui Provinces．

In the water samples of bone—coal areas in the
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fbur provinces，the mean specific activities of zzoRa

and 40K and the mean concentrations of namral ura—

nium and th硎um盯e 58．1mBq／L，244 mBq／L，32．6
肛g／L and 2．26 pg／L，respectiVely，which are 1 8，3．5，

48 and 17 times，respectiVely；as舢ch as the Values
f6r riVer waters of the f6ur proVinces， giVen by

·cNINRL”．限ll】

Fbr the water samples from outside of bone—coal

area in Jiangxi，Zhejiang and Anhui ProVinces，the

mean sDecific activities of 226Ra and 40K and the mean

concentrations of natural uranium and thorium are

45．4 mBq／L，964 mBq／L，3．40嵋／L and 2．87嵋／L，

respectiVe】y，which are 13，13，6．3 and 21 times，re—

spectiVely’ as much as the values measured in

“NINRL”．A1l the specific actiVities of natural ura—

nium and natural thorium．and concen仃ations of 226Ra

and 40K are close to or lower than the values measured

in“NINRL'’with an exception of Values for pool wa—

ter in JiaIlgxi Pr0Vince，which are reJatively h蟾her．

n昏5 Condensacion fac幻rs of radionucljdes in various media

Thble 2 Concentrations of natural radionuclides in waters f而m inside and outside of bone．coal areas

Hunan Gallery water

Drain water

AVerage

Jiangxi Gallery water

Zhejjang Drain water

Anhui MiddIe reaches
2‘

Lower reaches
2’

AVerage

／herage of the four pmvjnces

Jiangxi P001 water

l zhejiang up。fpou卜j

Waterof river5)

AVerage

／herage of the three provinces

59．7 <LD¨ 100 320

15．3 <￡，D 46 740

37．5 0．0l 73 530

13．8—20．2 17．5 1．38一15．3 7．0 135—324 14l 10．9一1500 333

38．4—53．9 46．1 O．25—0．90 0．58 3．1—21．2 12．J 50一63．O 56．5

2．34—63．3 32．8 1．03—2．32 1．68 3．5—5．7 4．60 20．5—8 1．6 51．1

5．2l一46．7 26．O O．90一1．53 1．22 3．5一13．2 8．35 35．7—92．9 64．3

29．4 1．45 6．48 57．7

32．6 2．26 58．1 244

3．0一12．9 7．95 4．4—9．45 6．90 9l—169 130 43．1—5550 2797

0．16—0．30 0．23 <LD 0．7—3．97 2．34 50．0—54．8 52．4

O．2l一0．30 O．26 <LD 0．8—2．02 1．4l 50．0—55．3 52．6

O．25

0．50—1．73 1．12

O．73—5．08 2．90

2．0l

3．40

0．04

1．46一1．85 1．66

1．32—1．98 1．65

1．66

2．87

I．88

3．1一10．8 6．95

1．4一1．8 1．60

4．28

45．4

52．5

16．9—50．6 33．8

46．7—54．0 50．4

42．1

964

Noces：1)If the measured VaIue is<己D，half LD was used instead for calcuiation：2)Upper reaches，middIe reaches，lower reaches of
two little riVers which flow past the bone—coal areas；3)100 m up f而m the pour-in-point jn Fuchunjiang River；4)100 m down from
the pour_in_point in Fuchunjiang RiVer；5)The riVer is connected with little riVers which past the bone—coal areas．

3．3 Gas

Fig．6 shOws concentrations of natural radionu—

clides in aerosol samples collected 行om Anren

bone—coal mine areas of Zhejiang ProVince．

The results show that the cOncen仃atiOns of natu．

ral radionucildes in Anren bone—coal mining area and

1iVing quarters are both higher than those in the refe卜

ence points．Especially the cOncentration of zj5U and

“oRa is 9．1 times and 8．5 times the concentration in

me reference poinCs，respectiVely．The highest concen—

tratiOns occurred in minin2 areas，me lowest ones Oc．

％o．I可uIl—I_II

o口_|们c1_
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curred in the ref色rence points，and concentrations in

the living quarters were placed in the middle．

Fig．6 Concentrations of radionuclides in aerosol jn Anren

bone．coal areas．

3．4 RelocatiOn of radionucHdes

F唔7 shows the transfer quantities of 238U from

underground in the fiVe proVinces．These magnitudes

were estimated based on the specific actiVities of

bone—coal and annual output of bone—coal．

prOtect 111iners as well as enVimnment itself in the

bone—coal areas，we must strengthen the radioactiVe

monitoring during the whole pmcess of bone—coal

mining and utilizing．And 226】Ra should be the key ra—

dionuclide to be monitored．

4．2 Strictly implement releVant standard

In Hubei，Hunan，J iangxi，Zhejiang and Anhui

Provinces，the specific activities of 226Ra in bone．coal

cinder are quite high，with the mean Values from 689

to 3 1 33 Bq／l(g．Especially when the bOne—coal cinder

is used as building materials，it is important that the

Standard GB6566—2001“Limit of radionuclides in

building materials”should be strictly implemented．
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