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Abstract The radioactivity levcl of the anlbient cnviIonIIlcIlt of Anrcn Bonc—f()aI

I，ower station(BcPs)was investigated sy8tcmat记ally． Tho 7 radiatioIl du川Ia}t、

levcl in the enviroImlent，the content 0f 238U m上d 226Ra in th ambient soil all‘1 tlll

协mland in七he direction of ddwnwind，nle collcentrations of 238U，232Th，226Ra，40K

and
2 22胁，a8 weU asⅡpotential cnergy in air，an(1 tlle conccntrations of natllrnJ lJ

and Th in e毋uent are all hiEher than t11c corre8ponding vallle8 of tllc—bc㈣-札、
Th additional annllal e仃ective dose equivalcnt to the resident8 liviIlg in t¨l101l洲s

made of bonc—coal cmder brick i8 2．7 mSv．
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1 INTRoDUCTIoN

It has been emphasized by recent international and domestic血vestigations and eVal一

uation reports on the radioactive contaI血nation to environment，and on the radioactity

dose received by public，that the contaIllinating influence of the ailborne radioactlVities

released from coal Dower station on the environment isⅡmch more severe than that fronl

nuclear power statjon【1—3】hl respect。f the“three sor￡s of wastes”problem of coa】power

stations，the project of‘‘Nuclear Power，Energy Resources and Environment EvaluaLioIl”

has been drawn up by the Safety Protection Bureau of the Chinese Nuclear lndllstry

CorpoTati。n

According to the requirement of this project，we have started the assessment of

the environmental impact of the special power stations，which use bone—coal Wjth mgheT

content of radioactive mldides as fuel，and of bone—coal nⅡnjng，electricity generathg

and bone·coal cinder utilizing，we chose Anren bone coal poweT station(BcPs)locate(1
in JiarLde C。unty of zhejiang Province as our object． Here in t his report we eValuatc

the hlnuence of its ‘‘three wastes”release on the aInbient environment，and provide

scienti矗c basis for future bone—coal utilization，dr玑regional energy deVelopment T)olicy

and formulate the standard fbT environment protection measures

M}L111lscnpt received datE1：2001—02一14
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Anren BCPS，located at 119。367E，290 40’N，is a pit head power station Meiping

viUage is to the west of the st8tjon and about 70 metre aⅣay from the station，a11d

its topo铲aphy is about 80 metre lligher than the statjon and it is situated on leewar(1

in s山nmer，autuIIm and曲ter， The population of乇he village is around 300． There

is a PaIljiacun village，at the mountain foot，aIId a￡。und 1000 persong Iiving in． This

vmage is to the northeast of the station and about 300 tr地tre awaⅣfrom the station，

its topography is about 100 metre lower than the station，and situated on the leeward

in sp“ng．The waste water from the BCPS flows through the drains or seeps through

the ground of the minmg area and is converged irL the rnountain foot at the northeast。f

tlle BCPS，and then丑ows into FIlchunjiang River via the band shape farrnjng areas of

Wan鲥iacun ViⅡage and JinjiaIlcun viuage，10cated between two cllains of smdl hius

The BCPS hag a capacity of 750 kW，annud ptoduction is 2，500M Wh and consuIIles

370，000 Illetric ton bone．coal each year．The chi蛐ey of the BCPS is 40 metre in he堙ht

It releases gas 27，000 m3／h and dust loo kg／h，most of whjch deposit within 30 metre

around the chim乱ey，The heaviest“st is deposited in PaⅡjiacun vmage射ea in sp“ng

and iIL Meiping viⅡage area in other seasons． The bone．coal dnder矗om the BCPS is

矗rst piled in the nearby site and then distributed to the local cement factories to be used

as an ingredient，ash in dust代mover is uEed as raw m乱erial for rea【Ling V205，and the

residue after the re丘nement is mled up in the waste·disposal site which is to the northeast

ofthe BePS

2 INVESTIGATION ITEMS AND METHoDS

In the course of the co埘啦rehensive utjUzation of bone．coal血Iling，electricity geIler

ating and V20 5 re血jng，the radioactive contaIr洫ants from Anren BCPS to the ambiellt

environment maillly are bone—coal，bone—coal cinder．ash in dust remover be“veen tlle

bojler and chjmney，clImey dust，gases discharged from the chjnmeyl waste water fronl

the BCPS and V205 re血ing workshop So，the investigati。n items include 7 dose rafe

in the ambient environment，concentration of 222Rn and d poten“al enerEy in air、ra—

dionuclides jn varied media and so on．The measuriIl岳and analytical methods卸d theli

lo、ver Ievel of detection fLLD)are Usted in the Table 1

TabIe 1 Debction itenls．methods．iIlstrumcnt8

E⋯TO】ll⋯I 7，4dlItlⅡh scln“110tl⋯1 et hud SG．100 X⋯I o⋯-⋯et er 10¨f r’，h

AtnI o‘p hpfr c⋯cnl r‘tl⋯f 22 2R¨I⋯k cIch m r【h口d csH deIccloT 3Ⅲ，q“l 5

o』’otP J“l_I ene’《y TII⋯‘lnf‘h。d FJ．i3 d dntrrloT 20¨J，|li’

236u．4“K '5P。c”⋯ITy IrPG。1 8pcft rometr r Il 1l{q，q-m川一

22‘’R‘．032T h 1‘pcc‘Tolnett， HpG e 1-pec‘TomP‘℃r n L ljq卜^⋯”l‘

L Jqul‘l N4t⋯l u⋯⋯ I一^B⋯p e¨o^r。phy JI J一1 I·5cr delcct。t 0 0’，Ⅲ，l

N-‘⋯l Thonum N-235 P x'rIc“on 721‘pocI rorhoI。met c r 0 07，Ⅲ，『

⋯Ra rtecl】“【^⋯f b-rlum。-lnd e FJ 2603 Iow hIct‘rn¨nd d eleclo r『)5ⅢJjtI，『，

1。K At。In⋯bso’p‘l⋯Pectrophot。JnP，ry AA 670 5pecl rop hDtom·t e r 0 uⅢu‘l，I

H ulld 258lJ’oK '8p。cI⋯ct，y HPG。1 sperlfoltIc’er o q J’q／L“

22“R-，232 rh 1 5pect rollIt‘r， HPGe，5lJ。rt⋯ct et 0¨}，I，k#
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3 INVESTIGATIoN RESUI用S AND DISCUSSIoN

The monjtoring reslllts of the radioactiVity leVel in the an曲ience of Anren BCPS

are listed in 1、ables 2—7 according to items of 7 radiation dose rate，concentratjon。f

222Rn and d potential energy，and content of nuchdes in the media． The monito“ng

reslllt iTI HaIlgzhou Huapu Nllrsery'which is taken as a referenc8 point，is出so 1isted i Tl

these Tables．

，Ihble 2 7 radiation dosc rate in anlhient envir01mlent of the BCPS(1)(11Gy仆

⋯⋯“““8—T——了掣L—1而——___—1善竿——而F一■ z±0 jL^nCe ” f±^、‘’ Jt4nt P

Note： (1)Thcse values in the table has beeIl subtracted tlle backgroulld valuc()f【()圳i(

r“y．(2)n=NuIIlber of samplcs，面=Average of the measured vaIues．s=Standald deviati()ns of“1(、

measured value8

T曲le 3 7 dose ratel the∞ncentration of 222Rn，and“poteIltial eIlergy in illd【眦aIl(1 t)lmhlI

h⋯e—i磊霜Tr——i赫ii— Lnd⋯(8q In 8)【1) ㈨ld⋯⋯。“)(21

Notc：(1)Q110ted from R￡f．[4】，(2)Estimated values，(3)T11c I kiIld lJou8e is tllc 110lIsc IⅢ1(1

of normal red brick，【4)The II kind hou8c is th h01lse ma(1e of bone—coaI cinder brick，(5J(¨()㈣

from Ikf．㈦

T铀le 4 Concentration of 222Rn and a pokntial eIlergy iIl outd(M

VvlA●e r s⋯·er vvInlt r s¨⋯¨11

Table 2 shows the 7 radiation dose rate level，the order from high to low is as foU。w：

bone—coa】>ash in dust remoVer>bone—coal cinder，respectiVely The average vallles

of 1 radiatjon dose rates in the矗eld of MeipiIlg village，bone-coal ndne area，and BCPS

afea are 4 3，5．9 and 6．2 times hjgher and in road is 3．6 times hjgher than the refe州1ce

point，respectiVely．

¨㈧w舻凳"m盯栌纂毛笔州～怒羞
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7rable 4 shows the concentrations of 22≯fh and a potential energy in outdoor air at

Panjiacun Village，which are about the s锄e leVel as those at the Teference point．Tlle

concentrations of 222Rn in the outdoor air at the BCPS and Meiping viuage is about one

times hjgher than that at the reference pomt，aIld the d poten“al eneTgy is about 2 tmles

hi曲er than that at the reference point．

Table 5 Sp。c访c actiY“es 0f radionuchdes in solid 111edla (Bq·kg～，dTied wf-imlt)

i ● R^“《。 i ^ HI“go i I n^11 B” i _ ¨^¨K。

Note：(1)n=Number of sampIcs，面=Averagc of mea吼11 cd valucs，s=Standard d(，via“()1l L“

measurcd values，(2)Thcre was only one 8ample

Table 6 sp。c试c activi‘y击tadi。1luclides in 01ltdooT air (10一4B(1／m3

ra”Jl^c●⋯Ⅲ-Ee 2 t 38 0 33 2●● 0 67 0 54-0 80 2 55 O 92㈣ 0 35 0 II-¨7 7

BfPs 2 5 Bl 3 72-7 01 d【)7 3 26 d目H 2 68 】¨6t4 30 1 7H 0 77l 71

MeIpln《vllI‘gc 2 5 5 2 3 72 7 33 6 28 3 49 0 n T 1 2“ 0 00·2 3J 1 R0 uIj I Ji

RcfHc¨⋯In‘ 2 0 6 2 D16I 08 O 6l O 05_LiB{2) (1 82 0 6 3l叭 0^， 0 3 L．‘I Tl

No￡e：(1)n=Nurrlber of samples)暮=Avcrage of measured values，(2)If the mcasur砌v柚1f、()f

one of咖c saI“ples i8 10werl the L工D value wa8 used instead for calculatio“

Tabk 5 shows that the conteIIt of 238U．226Ra in the bone．co出used bv the BCPS

is 20 times and 27 t硫es王Ligher than that in ordinary coal，respectiveIy It is evident

that the bone．coal is a kind of fuel of which the content of radionuclides is quite high

The farmmg矗elds，located outsjde the power station and the bone coal瑚jILing are扎are

irrigated directly by the water discharged from the耐ning area，therefore，the content

of 238U and 226Ra jIl the矗eld soil have been risen 5 6．2 8 times than that in the soil

of the reference p0int，re8pectiVely．Because of bone—coal tnjning，transporting aIld t11e

ash release from the cllimnev of the BCPS、the contents of 238U and 226Ra in tlle soil

at Meiping viⅡage and the BCPS are 15—20 times higher than those in the soil of the

ref色rence point．So tha七the radioactiVe conta血nation to the soiJ at theⅡ正ni“g area is

obvious

Table 6 shows the avera舭concentration of radionucUdes of 238U，226Ra．202Th a11(1

4‘1Kin out do。r airattheBCPs andMeiping village are 5．67×10一4Bq／m3，5 18×lo一4Bq／n13

1．97×10—4Bq／ru3 and 1．77×10—4Bq／m3，respectively．1n coInpaTison with the reference

point，these values are obViously highe。
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Thble 7 Content of natural radionucIidcs in thc water 8amI】1e8

V01．13

弋彳i而iiii高冲广——F—而r—百百磊F—i百—丽丽——■五百——————瓦了—百_下-一
u⋯DfIh⋯u【．1n．p⋯t(3) 2 n 26 O 21．o 30 l 4l o R 2 02 <LL" 一 52f． ^¨-d

Dr⋯H) 2 ●B1 3日●．53 9 12I 31．2l 2 ㈣ 0 25 0 9 jIj 5 j¨㈦I}

Rl⋯⋯dlIke 5(5-0) 30 0 30 O 05．1 23 3 02 0 9．t 2 2 O u5 0 u1 0 2 0H 6 111 r、?

q⋯t-n RJ⋯ERlvctf81 9 0 50 0 08．1 23 4 06 0 9t Y Y 006 n 02．0 2 8R 4 j-_I ni

Notc：【】)礼=NuHlbcr。f 8arrlpIc8，i=Avcragc of nlca8LIrcd valuc，(2)Up l¨O Inctors flotll fI J

pour．iI卜point in Fuchunjiang，(3JDown 100 mcter8 from tIl{，pour-in—I)oint in FuchuIIjia“g．(1)u

511 meters from th。pour．in．point at the drain，(5)These arc rivers an(1lahs of zllcjiallg PI‘1vl州f

(6’Quoted from Ref．[5]．

The water disch甜ged from the BCPS，includ抽g from V2 05 re6ning workshop and

bone-co蛆mjIliILg area，seeps tllrough the ground and gets into drain at the mountaill

foot nearly the Panjiancun viuage to the northeast ofBCPS．It flows through band shape

faⅡ11ing nelds，such as Wan由iacun Viuage and Jinjiacun Viuage，and gets directly into

FuchllIlji aIlg mVer孤d there is no otherbranch to dilute it．The average conent of natural

uranium，226Ra，40K in the water samples coⅡected from Fuchunjiang River at the 11p

and down streams of the pour—in—point，is O．25pg／L，1．88InBq／L，arLd 52 5 rrLBq／L(see
Table 7)，respectively． It is 10岍er than that in rlvers of zhejiang Province inchlding

Qiantan自iang IuVer system． This rneaIIs that the BCPS’s discharged water do esll’L

severely ponute the Ihchu工l_jiang fLi、他r But the avefage contents of natural uraniunl

and thorjum in the water s眦lpks couected血the drain about 50 meter up stream from

the pour—in—point aTe 46．1 pg／L and 0 58 pg／L，respectively，and those for 226Ra and 4”K

are 12 1mBq／L and 56．5InBq／L，respectively(see Thble 7)．It is obVious that the dTain

water is contamjnated by radioⅡuclides．

4 PUBLIC DoSE ASSESSMENT

The total珊ual efrective dose eqllivaknt甘E is equal to the sum of e仟色ctive(10sc

eauivalent of internal irradiation and external irradiation The additional annud ef『ective

dose equi、吼1ent is the dⅡference between the total annual eff毫ctive dose equivalents of the

Tesident hving in the houses made of bone—coal cinder brick and that of the resident living

in the reference point．

Accordjngtothedose estimationfornmlasprovided bytheUNSCEAR report(1993)，
and based on the data on the 1 radiation dose rate and concentration of 222ItJl in indoor

and outd00r，the radioactiVity ofnucHdes in air on gTound(Tables 3，4 and 6)，the aImllal

eHkctive dose equivalents of the internal irrad主ation and the externaI irradiation areⅡsted

in Table 8

Table 8 shows the total a删al e舶ctive dose eqlli、枷ents for the residents living

in the nomal brick houses(the I kind)at the reference point and PaIljiacun village，
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that is，1 38，2．30 mSv，re8pectively，and those for the residents 1iVing in the bone-coal

cinder brick houses(the II kind)at Paqiacun Vill89e and Meipin viuage are 3．90，4．18

mSv，respectively．Fbr aⅡresidents Uving in these houses，the dose equivdent caused by n

potential energy due to daughters 0f 222Rn jn indoor and outdoor，盯e 5l％，63％，65％a11(1

63％of the tot al dose equivaknt，re8pectivelH with an average of 61％．The dose cause(1

by血potential energy due to daughters of 222Rn in indoor，are 46％，60％，63％and 59％。f

the tota玉dose，respectively，with an average of 57％。Thjs an“ysis shows that，no matter

where the residents bve，in normal brick houses at the reference po血t and PanJlacun

viuage or in b。ne—coal cinder bricl[houses at Panjlacun Viuage and Meiping viⅡ89e，the

main part of their anIm以e矗色ctive dose equivaIent is caused by n poten“al energy d1】。

to daughters of 022R皿indoors，which contribute more than half of the total doses． So，

the gross e骶ctive dose equjvalent call be greatly decreased by e娲ctively de盯easing tlle

concentration of 222Rn indoors 0nIy．The a柚ual additional e抒色ctive dose equivalent t()

the residents Uving in the bone-coal cinder bricl【houses at Panjiacun Vill89e and Meipillg

viuage are 2．52 and 2 80 mSv． It has exceeded the national standard“Regulations foT

Radiation Protection”(GB8703—88)，accordjng to which the annual additional efFective

dose equivalent is 1 mSv to pubHc，

Table 8 Anlmal e许礼tive dose oquhaknt (n1Sv)

11l⋯ KlIId b ExI⋯-l I”adl●lluⅡd⋯
of '⋯11^¨qⅡⅣE1 n p01 eⅡtl-l⋯||y HE R1． N^l⋯1 r●dIu·

⋯【Ldcs(1)D s“m^．id“⋯suln^Ll^l“tn“
h01J sc lnd⋯Outdoo T Sum Addl“o-hId⋯ou“l⋯Sum Adlll‘】on D⋯AddI“o”

Il Ph r⋯⋯ln‘ I L o』 0 56 0 05 0 6l 0 63 0 08 0 7l 0 06 — 0 7 7 一 I 3H

f’-nJl^c㈣v川“E”I L～ 0 52 01 2 0 B{ 0 03 l 38 O 06 1 44 0 73 0驯16 I 66 ¨HⅡ 2 30 0·)?

Pa”ll^汕⋯Jlo#o II L4 J l 01 010 11 6 0 55 2 46 0 n6 2 50 l 8l 0 22 0i 6 2 7 4 1口7 I 9¨ !j?

MF opI⋯llI^《e HP J l 04 0 27 l^l 0 70 2 46 01 B 2 62 I 9t 0 2 5 01 0 2 R T 21 0 {1日 =Hfl

Noh：(I)DLle to natllr“radionuclirle8 in air near卫rouIld，(2】T11c I kind h011st i8 t11c h()11sl

madc of Ilormal red brick l耐7n怕U kind hollse ls the house madc of bone一∞a1 ciIl‘lor br¨·k

5 CoNCLUSIoNS AND SUGGESTIoNS

From the analyses above，we can reach the fbUowing conclusions．

(11 In the锄幽ient environment of Anren BCPS，the了Tadiation dose rate level，the

content of 238U and 226Ra in soⅡ，the radioactivities of 238U，232Th，220Ra，4(1K in air，

the concentTations of the 222Rn and it’s d potential eneTgy，a11 are higher in comparison

with the reference pojnt． The average contents of natural uranium and thonum hl the

drain water ofBCPS锄1bience are 154 times and 12 times hi吐er than the normal valms

for rivers m Zhejiang Province．

(2)The additional a皿uaJ average e艉ctive dose equivalent to t11e residents】ivillg

in the bone．coal cinder brick houses is 2 7 mSv In order to benefit the develoDmenc

and comDrehensive utilization of Anren bone．coal rnjne．and reduce the in丑uence of tho
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“three wastes”丘om the BCPS on its舶nbient enVironment，the f0Uowing measures are

suggested：

(I)PreVent the scattering ofb0Ⅱe-coal and bone—coal cinder dllrjIlg trcⅥspor‰m
(II)Pro址bit using bone—coal cinder with Mgh radioactivity content to pave the roml

0r锄the house bases．

(III)Bnhance the ventilation of the rooms in order to decrease the concentrati011

of 222Rn in houses made of bone—coal cinder and decrease the total dose The houses

of bone—coal c血der bricl【with high concentration 0f 222Rn should not be used as livill篮

room．

(IV)use wet(dust remov血g)Ⅱlethod to improve the dust removing e伍ciency aIl(】

decrease the radioactive conta幽ation of dusts to the anlbient environment

(V)Prohjbit use prir血tive methods of burning bone—coal to make bone—coa】cillder

which is used as a ingredjent in cement．Strengthen the regulation of pri工Iutive H1etho(1s

in burnjng bone—coal to decrease the erⅣironmental contamination and the spread over

of radjoactive mate—a】s
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