
T a b 1 e 

Est¥mated per caput annual effect¥ve dose eQ~\valent 
f rom natural sources In areas of nor町凶1backQround 

(Est¥mates from the UNSCEAR 1982 Report are glven ¥n parentheses.) 

Annual effectlve dose eQu¥valent (~Sv) 

Source of ¥rrad¥at¥on 
External lnternal Total 
Irradlat¥on ¥rradlat¥on 

Cosmlc rays 
lonlz¥n9 component 300 (280) 300 (280) 
Neutron component 55 (21) 55 ( 21) 
Cosmogen¥c rad¥onucl¥des 15 ( 15) 15 ( 15) 
Pr¥mordlal radlonuclldes 
K-40 150 (120) 180 (】80) 330 (300) 
Rb-87 6 (6) b (6) 
U-238 serles: 
U・238.. U-234 5 【10)
Th-230 7 (7) 
Ra-22b 100 (90) 7 (7) 1300 (1040) 
Rn・222.. PO・214 1100 (自00)
Pb-210 ... Po-2l0 120 (130) 
Th-232 serles: 
Th-232 3 (3) 

Ra-228 ・・ Ra-224 160 (140) 13 (13) 340 (330) 
Rn-220 .. 11-208 160 (170) 

Total (rounded) 800 (650) 1Ii00 (1340) 2400 (2000) 

Table 2 

Absorbed doちe rdlp5~n a¥r derl~~d from expo~ure rate measurements 
¥n the centre of a 12-s torey bu¥ ld¥nQ 

[附]

Level Oose rate Transm¥ s S ¥on 
(nGy h-1) factor 

Roof 31.4 
12 20.2 0.64 
10 20.0 0.64 
B 16.1 0.58 
5 11.4 0.55 
4 13.1 0.44 
2 11.5 0.37 
8asell11!nt 8.6 0.27 
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T a b 1 e 3 

Average act¥v¥ty mass concentrat¥ons 
Df Dotass¥um-40. uran¥um-23B and thor¥um-232 

1n so¥1 and absorbed dose rate in alr 1 m above the ground surface 
[832] 

Oose rate per unit Average 
Rad 1 onuc 1 1 de act ¥vity mass act¥vlty mass Absorbed dose 
or concentrat¥on concentrat¥on rate 1 n a ¥ r a/ 

decay series ¥n sol1 ¥n 50¥1 al 
(nGy h-1 (BQ kg・1) (nGy h-1 ) 
per BQ kg-1) 
(loIet loIe¥ght) (loIet loIe¥ght) 

~-40 0.043 370 (100-100) 16 (4・30)
U-238 0.421 25 ( 10-50) 11 (4-21) 
lh-232 0.&&2 25 ( 7-50) 17 (5-33) 

圭/ The typ¥cal range ¥s g¥ven ¥n parentheses. 
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Oose rate per 
unlt spec¥f¥c 
concentrat¥on 
¥n so¥1 
(nGy h-1 
per BQ kg-1) 
(loIet loIe¥ght) (loIet loIe ¥ ght) 

Average 
spec ¥f ¥ c 
concentrat ¥on 
¥n so¥1 a/ 
(BQ kg-1) 

Absorbed dose 
rate ¥n a¥r a/ 

(nGy h・lj

K与40
U-2J8 

lh-232 

0.043 
0.427 
0.&&2 

1 b (4・30)
11 (4-21) 
17 (5-33) 

310 (100-700) 
25 ( 10-50) 
25 ( 7 -50) 

空/ The typ¥cal range Is glven in parentheses. 



Country 
or 
占rea

Austria 

Belglum 

T a b 1 e 

Estlmates of outdoor absorbeddose rate ln alr from terrestrlal radlatlon sources 
1m above Qround level obtalned In large-scale surveys 

Absorbed do¥e 
Year Number of rate in alr 
reported measurements (nGy h-1l 

lype of survey and Instrumentatlon used 

Average Range 

19BO > 1000 43 20-150 6round survey In populated areas 
wlth Gelger counter 

19B7 272 43 13-58 Ground survey with thermolumlnescent 
dosimeters. gammd spectrometer and 
lonizatlon chamber 

Ref. 

[T9) 

(015) 

Canade 1984 33 areas 24 1 B-4~ Aer¥al survey w¥th a sclnt¥llat¥on detector [G2B) 
Chlna 198& 38b&1 80 bO← 120呈/Ground survey wlth lonlzat¥on chambers and ['0121) 

sc¥nt¥llation detectors 
China (1alwan 1972 2b &9 Analysls of soil samples us¥ng ['0118) 
Prov¥nce) gammd spectrometry 
Oenmark 1980 14 s¥tes 38 17 -52 Ground survey w¥th ¥onlzat¥on [Nl &) 

chamber and ga冊naspectrometer 
Flnland 1980 &5 [L17. R7) 
France 1985 5142 &8 10-250 Ground survey wlth thermolum¥nescent [M25. 

dos¥meters (prel1mlnary results) R&] 
German Oemocrat¥c 
Repub 11 c 1969 1005 85 b/ 24←2JO Ground survey wlth lonlzatlon chamber (013) 
Germany. Federal 
Repub 1¥c of 1918 24739 53 4←350 Ground survey wlth sclntlllation detectors [凹]
Hungary 1987 123 s¥tes 55 20-130 Ground survey wlth thermolumlnescent [N21 j 

dosimetE'rs 
lceland 1982 28 11-83 [EB.R7J 
lndla 198& 2800 55 20-1100 Ground survey wlth thermolumlnescent [N19j 

c/ dos Imeters 
lreland 1980 2&4 42 0-180 Ground survey wlth lonlzatlon chamber [M2&j 
ltaly 1972 13&5 57 7-500 6round survey wlth lonlzatlon chambE'r [C17J 
Japan 1980 1127 49 5-100 Ground survey wlth lonlzat¥on chamber [A15J 

and sclnt¥11atlon detectors 
Netherlands 1985 1049 32 10-&0 Ground survey with ;onlzat¥on chamber [V2] 
N口r凶dy 1917 234 73 20-1200 Ground survey wlth ¥onlzat¥on [S53J 

chamber placed ln a car 
Poland 1980 352 sltes 37 15-90 Ground survE'y w¥th thermolumlnE'scent (N17J 

dos Imete rs 
Romanla 1979 2372 Bl 32-210 Analysls of soil samples using [TlO] 

ga間naspectrometry 
Sweden 1979 BO 18→ 4000 ← [J1B. R7] 
Swltzerland 19&4 &0 d/ Ground survey w¥th ¥onizatlon chamber [Hl9 j 
Un ¥ted K I ngdom 1984 1400 40 0-100 Ground survey wlth energy-compensated (630J 

Gelger counters (prel¥mlnary results) 
Unlted States 1912 25 areas e/ 46 13-100 Aer¥al survey wlth sc¥nt¥llat¥on (012] 

detectors 

生/Range of the means. 
~/ A contr¥butlon of 1.0 ~R per hour from nuclear weapons fal10ut was sublracted from the total exposure rate. 
~/ Range of the arlthmetlc means for each provlnce. 
~/ A contr¥butlon of 3.; ~R per hour from nuclear weapons fal10ut was subtracted from the total exposure rate. 
~/ lnhab¥ted by approxlmately 30% of t~e country's populat¥on. 
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T a b 1 e 5 

PODulat¥on-¥oelqhted means of absorbed dose rate In a¥r 
1 m above Qround level 

obta¥ned In a larqe-scale survev¥n Ch¥na 
(nGy h-11 
I凶21)

Number of 
Clty. measurements lndoors Outdoors 
provlnce or 
autonomous 
reg¥on Garrma Cosmlc rays Gamma Cosm¥c rays 

Indロors Outdoors rays (Ionlzlng rays ( ¥on¥2¥ng 
component) component) 

Belj¥ng 623 516 87. 0 28.1 59.7 31.2 
Shangha¥ 442 227 11 8.7 25.2 &9.8 29.1 
T¥anj In 308 236 117. 1 21.0 13.8 30.0 
Hebel 292 316 91‘O 30.& 6&.0 34.0 
Shanx¥ 3454 1842 105.9 30.9 &9.7 31.3 
1 nner Mongo 1 ¥ a 1620 1620 106.5 34.9 70.2 38.5 
He¥ longj lang 2073 2650 109.1 29. & 12.8 32.9 
Ji 1 in 1273 1107 109.9 29.0 77 .3 32.7 
Liaoning 472 481 %.0 29.1 &1.0 71.3 
Shandong 2149 2149 115.7 29.3 16.1 30.8 
Jlangsu 2331 808 101.0 26.1 68.9 29.7 
Anhul 1549 1549 104.1 28.0 69.5 30.0 
Zhej 1 ang 1312 1312 151. 4 27.3 92.3 30.0 
Jiangx1 2093 896 144.3 27.0 99.0 29.4 
Fujldn 6694 1276 lol.6 21. & 119.2 29.7 
Henan 4077 2236 118.1 27. 5 77 .2 30.2 
Hubel 1462 1439 112.7 21.6 73.0 30.4 
Hunan 1677 1534 130.4 28.5 89.1 30.2 
Guangdong 1112 1112 158.2 24.7 104.2 29.1 
Guangxl 1555 1555 133.6 21.8 93.0 29.8 
Shaar、xl 894 901 108.3 31.4 &1. 0 34.7 
Nlngxla 992 230 121.6 39.2 76.3 45.6 
Gansu 850 853 118.6 51.0 81 .1 55.9 
Qlngha¥ 230 257 113.9 61. 7 78.2 76.9 
Xinj¥ang 3250 2510 124.1 3&.5 81. 9 41.0 
Slchuan &846 4707 11&.5 29.7 79.3 32.9 
Gulzhou 698 682 112.5 3&.7 91.9 39.5 
Yunnan 2198 2126 120.0 44.5 81. 3 4&.8 
T¥bet 803 759 12&.4 10&.1 94.1 119.0 

Total for Ch¥na 53952 38611 119.5 30.0 80.3 33.0 
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T a b 1 e & 

Resu1ts of 1arQe-sca1e survevs of lndoor absorbed dose rate ln alr 
due to Qamma terrestrla1 radlatlon 

Country Year Number of 1ype of 
reported dwe111ngs bul1dlng 

Absorbed dose rate 
ln alr (nGy h司 1)

Popu 1 a t1 on-
Average welghted量/

Co間百ents Ref. 

Austrla 1980 [ 19] 

Chlna 19日b

Denmark 1985 

Fln1and 
France 

1983 
1980 
1985 

German Oemocratlc 
Repuol¥c 19&9 
Germany， Federa1 
Repub11c of 1918 

Hungory 1981 
lce1and 1982 
!reland 1985 
Japan 1984 

lta1y 1984 
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1he study covered 43% 
of toe country and 50% 
of the populatlon 

Range 10-200 nGy h司 1
Range 14-23 nGy h-1 
Range 10・140nGy h-1 

Ca1cu1ated from outdoor 
vd1ue of 49 nGy h-1 [A15] 
and Indoor/outdoor ratlo 
of 1.02 [A1B] 
Range 20・110nGy h・1
Pllot study 
Range 30-100 nGy h-1 

[¥0121] 

[552] 

[R1) 
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[R&) 

[013] 

[凶]

[ N21) 
[E1，R1] 
[10123] 
[A15， 
A18) 

[ 833] 

[J17] 
[553) 
[554] 

The study covered about 10% [K20] 
of the country. Outdoor 
doses from terrestrlal 
rddlatlon are hlgher thdn 
the country average 
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呈I The numbers In parentheses are the reported averages， assumed here to be equa 1 to the populat lon-
~elghted average. 

旦I The cosmlc-ray contrlbutlon has been subtracted from the publ1shed value. 

123 

Sol1d 
Frame 
Prefabrlcated 
凶ood
Varlous types 
Concrete 
Varlous types 
Varlous types 

223 
135 

&00 Var1ou5 types 

Varlous types 
Brlck 
Concrete 
Coal by-product 
prefabrlcate 
Red brlck 
Grave1-sand 
prefabrlcote 
¥oIood 
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T a b 1 e 

I ntake~ of uranlum-23B. thorlum-232. 
and the I r deCdY pro_dLJc t s tn normal a cea s 

Annual lntake (6Q) 
Source 

lnha lat10n Ingestlon 

U-23B serles: 
U-23B 0.01 5 
Th-230 0.01 2 
Ra-226 0.01 15 
Rn-222 200000 300 
Pb-210 4 40 
PO・210 0.3 40 

Th-232 serles: 
Th-232 0.01 2 
Ra・228 0.01 15 
Rn-220 100000 

T a b 1 e B 

Averaae actlvltv mass concentratlons ln oraans and tlssues 
of uranlum-238. thorlum-232 and thelr decav oroducts 

[mBQ kg-1 (fresh welght)) 
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U-238 serles: 
U-23B 7 2 15 50 50 2 2 5 3 2 
lh-230 0.3 0.3 20 20 70 0.3 0.3 10 7 0.3 
Ra-22b 2.7 2.1 2.1 170 110 2.7 2.1 2.7 2.7 2.i 
Rn-222 100 b/ 
Pb-210 200 200 200 3000 3000 140 200 200 200 200 
Po-210 200 200 100 2400 2~00 110 200 200 200 200 

Th宇 232serles: 
Th-232 0.15 0.15 20 b 24 0.15 0.15 3 2 0.15 
Ra-22B 0.5 0.5 15 50 50 0.5 0.5 10 5 0.5 
( Th-228) 
Rn-220 40 c/ 

豊/Ory bone (5 kg dry bone yleldlng 2.7 kg ash per skeleton). 
Q/ Radon gas. lhe radon concentratlons ln tlssues other than that of the lungs 4re negl1g1ble. 
f/ Thoron g4S. The thoron concentratlons In tlssues other than that of the lungs are negl1g1ble. 
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T a b 1 e 9 

Annudl absorbed doses result¥ng from ¥nternal ¥rrad¥at¥on 
by alpha em¥tters Irom the uran¥um-238 and thor¥um-232 decay ser¥es 

( IlGy) 

Red sone Other Effect¥ve 
Source Gonads sreast Lungs bone I¥n¥ng Thyro¥d K¥dney L¥ver t¥ssues dose 

marro .... ce 11 5 eQu¥valent 

U-238 ser¥es: 
1)-238~U-234 0.32 0.09 0.69 0.17 1.2 0.09 0.23 0.14 0.09 
Th-230 0.007 0.001 0.41 O.Sb 1.4 0.001 0.24 0.02 0.001 
Ra-22b a/ 0.17 0.11 0.11 0.48 5.4 0.17 0.17 0.11 0.11 
Rn-222・Po・214 b30 b/ 

80 c/ 
Pb-210~PO・ 210 5.4 5.4 2.1 5.1 36 5.4 5.4 S.4 5.4 

lh-232 ser¥es: 
Th-232 0.003 0.003 0.4 0.11 2.0 。.003 0.06 0.04 0.003 
Ra-228・Ra-224 0.08 0.08 2.4 0.3S 4.4 0.08 1.6 0.80 0.09 
Rn-220噌Pb-206 0.3 0.3 44 2.5 28 0.3 19 3.2 0.3 

10tal d/ 31 18 910 22 51 32 12 22 

圭/ lnclud¥ng doses resu1t¥ng from the formation of Rn-222 and Its short-l¥ved decay 
products ¥n the bOdy by decay 01 Ra・226(retent¥on factor of one th¥rd). 
b/ Tracheo・bronch¥al tree. 
c/ Lungs. 
~/ Contr¥but¥ons to the annual effect¥ve dose eQu¥valent (uSv). 

T a b 1 e 10 

Act¥v¥ty concentrat¥on of po10n¥um-210 ¥n ground-leve1 a¥r 
[¥<113) 

Polon¥um-210 
concentrat¥on 

Per¥od of Number of (usQ m-3) 
Country and place measurements samp1es 

例ean Range 

F¥nland 
Nurm¥jarv¥ 1969 32， da¥ly 30 10-&0 
Hels¥nk¥ 19&9 32， da¥ly SO 30-80 
France 
Toulouse 1965→19&8 31， monthly 50 20-100 
Germany， Federal Rep. of 
Mun¥ch-Neuherberg 191&-1919 201， ....eekly 30 <1-80 
Unlted K ¥ngdom 
Har....e 11 1955-19S1 4. da¥ly 20 4-30 
Ch¥ 1ton 1962-1965 41， monthly 40 1 S -140 
Su tton 1962 S. monthly 30 IS-45 
Unlted States 
Boulder 19&1-1912 15. da ¥ 1 Y 3S 20-120 
USSR 
V¥ 1n¥us 1966-1968 70(7) 20-120 

Rostov.na-Oonu 1911 3， monthly 130 55-220 

Ref. 

[Ml1 ) 
[Mll ) 

[MI2) 

[W13) 

[8&) 
[P7) 
(05) 

[P8J 

Quoted 
¥n [P9] 

[L9J 

(uSv) 

s 
7 
7 
8S0 

120 

3 
13 
160 

1160 
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1 ab 1 e 11 

Potentlal alpha energy ratlo 0' thoron and radon decay products 
1n dwe 111 nQS 

Potentlal alpha energy ratlo 
(thoron/radon) 

Country Number of 
dwel1¥ngs Ref. 

Average Range 
(mean or medlan) 

Austrla 12 0.11 0.2・2.7 (523) 
Conada 'l~ 0.3 [G15) 
Hungary 22 0.48 0.1-1 [ 12] 
Germany， Federal 27 0.b2 0.1-2.5 [凶b)
Republlc of 95 0.8 o -1.9 [U3) 

150 0.~1 [K 13] 
Norway 22 0.48 0.1-0.1 [ 524] 
Un ¥t ed K ¥ ngdom B 0.14 0.1-1.5 [C8) 
Unlted 5tates b8 0.b2 [Sb7) 

T a b 1 e 12 

Dnse factors for ¥ndoor and outdoor Inhalat¥on 
of thoron and thoron decav products bv member古 ofthe pub 1 ¥c 

Thoron gas 1horon decay products 

Oose rate Oose per unlt Dose rate per unlt 
per un ¥t もntake concentrat¥on 
concentrat¥on 

Organ or tl~sup 
lndoors Outdoors 

{¥lGy a-1 (nGy BQ-1 ) (llGy a-1 (llGy a -1 
per 8Q m-3) per BQ m-3) per BQ m-3) 
(a) (a) (a) (a) 

lungs 0.25 H 7日 2S 
Red bonl' marro，"， 0.02 0.8 4.5 1.4 
sone l¥n¥n9 cells 0.18 9 50 1b 
Llver 0.02 5.b 1.8 
r. \dney~ 0.10 b 34 11 
5plel'n 0.004 0.2 1.1 0.4 
Other 50ft t¥55ues 0.002 0.1 O.b 0.04 

[ffect¥ve 0.9b 50 280 88 
(1l5va-1 (nSv BQ-l) (llSV a-1 (llSV a・1
per BQ m-3) per 8Q m・3) per BQ m-3) 



T a b 1 e 13 

RanQe and reDresentat¥ve吋 luesof Darameters for est¥mat¥ng 
the area exhalat¥on rate of radon-222 from so¥ls 

[G2， 01， 51， Wl) 

白epre-
Parameter 5ymbol UnH Reported range sentat¥ve Ref. 

value 

[mana tI ng pO¥ler Fr 0.01←0.8 0.2 [01，51 ) 

[f f ect 1 ve bu 1 k 
dlffus¥on 
coeff¥c¥ent seff m2 s-1 10・11_310-b 5 10・7 [01，51 ) 

Poroslty Pso1I，ps 0.01-0.5 0.25 [01，51) 

[xhalatlon rate R BQ m 
-2 -1 

0.0002-0.07 O.Olb [G2，Wl ) s 

T a b 1 e H 

D Imenslons anrt relevant parameters of the reference house 

Parameter 5ymbol Value 
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0.2 m (concrete) 

0.2 m (br¥cks) 

T a b 1 e 15 

Normal content of radlum-22b and radon-222 
1n 5wed¥sh 50¥1. measured at 1 m depth 

[Al0) 

Rad¥um-226 
act¥vlty 

Radon-222 
concentrat lon 

Soll type mass 
concentrat ¥on 
(BQ kg-1) (kBQ m-3) 

T¥ 11. normal 
1111. wlth gran¥tlc mater¥al 
T¥ 11， wlth uran¥um-rlch gran¥te mater¥al 
Esker gravel 
5and， s ¥ 1t 
S011 contaln¥ng alum shale 

15- 62 
30-175 
125-360 
30- 75 
b- 70 
175-2500 

5- 30 
10- bO 
10- 200 
10- 150 
10. BO 
50・>1000
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Radon-222 source characterlstlcs for bulldlng mater¥als 

t.umber 01 Radlum-22& Radon-222 mass Emanatlng D¥ffuslon Ref. 
附aterlal Country samples concentratlon exhalatlon rate power length 

(BQ I<.g-l) (¥J.BQ I<.g ・15・1) (m) 

Concrete 
Heavy concrete U55R 18 && 3.2 0.035 0.13 [K2) 
llght~elght concrete U5SR 19 141 4.1 0.021 0.2& [口]
Ordlnary concrete 5weden 3 40-1>0 11-31 [P27J 
Aerated concrete 
based on alum shale S¥oIeden 1500 580 [P27J 
Alum-shale concrete Denmark 440 0.074 [J2J 
fly-ash concrete (4~) USA B 19 10 0.2& (11 J 
Fly-ash concrete Greece 4 11-17 &.4 -20 0.03-0.09 31 [55J 
Concrete Hungary -100 13 7.8 0.28 [11 ] 
Concrete Oenmark 4 4.7 0.04 [J2 J 
Concrete Norway 137 2自 0.01-0.20 0.13 [S&] 
Concrete Greece 11-12 2.9 -5 0.02-0.03 al [S5] 
Concrete U5A 50 9-32 2.5-20 0.13-0.25 [11] 
Concrete USA 1 0.13 [Z 1 ) 
Concrete U5A 0.17 [ZI ] 
(Adopted relerence 
value) (25) ( 10) (0.20) (0.15) 

Brlck 
Red brlck USSR 12 50 1.& 0.017 0.15 [口]
Reo brlck Hungary -200 55 3.9 0.03& [T1 J 
Red brlck Poland 3 18 0.02-0.05 [Pl ] 
Red brlck USA b 45 1.0 0.01 [11] 
Brlck Oenmark 2 0.17 [J2) 
8rlck Nor¥olay 18 &3 0.01 0.15 [S&) 
Brlck Greece 5 45 0.3-7.5 0.02 [S5) 
SI11coo brlc< Poland 3 7-15 0.008-0.1& [Pl ] 
Adobe brlck USA 2 30 3.5 0.0& 
(Adoptea reference 
value) (50) (2) (0.02) (0.15) 

Gypsum 
Gypsum USA 12 12 &.3 0.28 [11 ) 
Gypsum board Oenmark 0.23 [J2 ) 
8y-product gypsum 
(apatlte) PO 1 and 2& 0.035 [PI) 
By-product gypsum 
(phosphorlte) Poland 3 580-74C 0.13-0.20 [Pl ) 

llghtwelght expanded 
clayaggregate Nor¥olay 12 52 0.0】-0.20 0.20 [S&) 

Storage rock USA 9 55 0.04 [11 ) 

¥<Iood USA 2 0.2 [11 ) 

rl y a st: Poland 33 100 0.005 [ Pl ] 

Sldg Poland 11 10 0.007 [PIJ 

Cement Poland > 9-25 0.008-0.08 [PI) 
USA 50 1.0 0.01 [11] 

Sand USA 2 34 12 0.1& [11 J 
U5A 2 10 3 0.12 [11 ] 

Gr a ve 1 USA 14 2.2 0.07 [ 11] 

呈1 Calculated from data glven In the relerence. assum¥ng a dlfluslon length 01 0.2 m. 
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T a b 1 e 11 

Sources of radon entry rates ln the referen~~~~M~f 

Radon e，try rate (60 m-3 h-1) 
50urce 

Estlmated 
ar¥thmetlc mean Typ¥ca1 range 

Under1y¥ng so¥l 
OHfus¥on 1.7 

Pressure-dr¥ven flow 40 
Bu¥ 1d¥ng materia1s 6.4 
Outdoor alr 5 
Water 0.1 
Natural gas 0.3 

Tota1 (rounded) 50 

jo1・200

1-20 al 
1-10 

0.001-100 
0- 1 

2-200 

呈1 Exc1ud¥ng alum sha1e; a radon entry rate of 60 60 m-3 h・1
Is est¥1T凶ted¥f aerated concrete based on a1um sha1e ¥5 used. 

T a b 1 e 18 

Eau¥l¥br¥um factor r for radon daughters 

EQu¥ 1 ¥br¥um factor F 

Number of 
Country dwell¥ngs Average Range 

Canada 
March TO¥olnsh¥p 0.38 
13 citles 9116 0.52 al 0.19-0.67 b/ 

56 0.41 cl 
f ¥n land 35 0.47 0.30-0.63 
Germany. Federal 
Repub 11 c of 38 0.37 0.25-0.65 

200 0.30 
Italy 500 0.6 d/ 

SO 0.1 
Netherlands 60 0.3 
Nor¥olay 2S 0.5 0.3 -0.8 
5¥o1eden 225 0.44 0.1 -O.B 
Unlted K¥ngdom 130 0.30 el 
Un ¥ted 5ta tes 
New Jersey 21 O. S2 fI 0.26-0.7& 

0.&3 gl 0.33帽 0.62

生1 Ar¥thmet¥c mean of the rat¥o of the geometr¥c means of the 
eQu¥l¥br¥um eQu¥va1ent concentrat¥on and of the radon 
concentratlon In 13 c¥t¥es. 

包1 Range for the 13 c¥t¥es. 
~I Ar¥thmet¥c mean; 6auss¥an d¥str¥butlon ¥oI¥th 0 0.22. 

Ref. 

[l4 ) 
[M6) 
(544) 
[M5) 

(1015) 
[K6) 
(514) 
(514) 
[ P13j 
(513) 
[512) 
[10122) 

(611) 
[G11 ) 

~I Rat¥o of the med¥ans of eQull¥brlum eQu¥va1ent concentrat¥on 
and of radon concentrat¥on. 

~I At mean vent¥lat¥on rate of 2 a¥r changes h- 1 • Calcu1ated 
to be 0.40 at 1 a¥r change h-1 • 

fI Cel1ars. 
gl F¥r吉tand second floors. 
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T a b 1 e 19 

Radon and equ¥1lbrlu，" equ¥valent concentratlons obtalned In rocent larqe-scale Indoor surveys 

Average va lue (BQ '"・3)
Country or area 側umberof 1YO' of Typo of sampllng Purpose 01 Oate o( Olstrlbutlon Ref. 

d>Al1lngs dwe】llng the survey comp 1 et lon or range 
Radon Radon HC 

"rgent 1 na 112 Ho...s Radon， pa ss 1 ve Popu!a I1 on 1985 37 (medlan) log-normo 1 [P21] 
expo~ure σ9 • 2.0 

"uslrla 
Sa 1 zburg 729 Ho同es Radon and radon Populat lon 】9801 15 (medlan) 9 (m.d lan) log・norlllOl [SI6] 

daughte"， grab exposure rang. <15-190 [SI1] 
samp1lng， usual】y 8q m・3(Rn) 
~ t lmes a year 

8elglum 79 73 houses and Radon. pa s s ¥ ve， 制atl。、-wlde 198~ 41 (medlan) log・nor同 1 [PI9] 
6 dpartments on~...year exposure pOPulatlon σ9・1.6

expos叫re
(pre 1111'1 nary 
survey) 

Canada 13‘13 Houses Radon and r.don Hat lon-wlde 1980 33 (mean) 7 (medlan) log-norlllOl [l5] 
daughters， grab varlablllty [G7 
sampllngs， preferably of exposures [Ul] 
In basements 

Port Hope 2960 Homes Radon， grab samples Remed¥a 1 of 1976 36 (問dlan) 11 (m噌dlan) log・norlllOl [~8J 
In basements Industrlal 1l5; 

conta..lnatlon 

Uranlum Clty 632 Ho...S In Radon and radon Causel o( 1976 ‘B (問dlan) Log-nor.国1 [L5] 
uranlum mlnln9 daughters， grab Incre".d σq・4.1
ε。冊...n¥tl es Sompl¥ng， ba 宮前官ents radon leve 1s 

[11101 lake 1921 ond Ilvlng ..e" In homes 1976 30 (同dlan) log.nor悶 1 [l5] 

Soncrof I 1162 Radon daughters， grob 1977 
σ9・2.9

26 (medlan) log・norma1 [l5] 
samp1lnq， base隅 nts Og・3.1
ond 1Ivlng or.os 

Sastotchewan 155 HOMS Rodon daughters， lndex map of 1980 11(問dlan) log-nor同 1 (l5] 
H grab samo1lng radon problem o (medlan) 
438 areas 28 (問d¥an)
175 65 (同dlan)
770 13 (問dlan)
961 H(岡山日}

E守、¥na 896 Popu 1. I、on 1983 120 (m.on) 60 (同日} [HI8J 
fxDosure 

8el:)¥n9 537 36~ hOUHS Populal ¥on 1987 30 (me.n) Range 0.6-259 (P22] 
113 .p.rt...nls erposure Bq m.3 (Rn) 

~nmark .00 HO作岡.s Radon， po ss ¥ ve 内at¥on.wlde 1985 50 (medlan) Range ~ ;0-700 rS&2] 
3-month exposure popuht lon 8Q ..-3 

'" su同時rand exposure 
¥n w¥nler (p¥ 101 survey) 

GPrlllOny， f.deral 5970 判。mes Radon. pas冒've. Ha t ¥on-w¥de 1984 40 (m.dl.n) 13 (med¥an) log-norIM 1 I凶7，
R.publ、定。f J...month e:rposure， popul~t lon 49 (mean) σ9 = 1.8 W15， 

1 In bedroom， expOSLJre ち61]
1 In l¥v¥n9 room 

'1nland 8150 Homes Rad on， pas s ¥ ve ， Na tI or.・w¥de 1982 b4 (med、an) log-no-n回1 [(5] 
l-monlh exposure populdtlon 90 (m.an) σq・3.1 [C21 J 
In 1Ivln9 room el'pOHre (C23] 

fTdnce 765 Houses Rc!don. pa s ~'ve and Nat ¥or-wlde 1965 4~ (med ¥an) Log.norma 1 (R6] 
and RnOP， .ctlve， populat lon 76 (mean) 
one-month expo~ure e冨po"re(pre1¥m¥nary re$u1ts) 

制剖n9ary 自33 Houses Radon daughters， Populat lon 1972 12 Log・norm凶1 [T6] 
grab sampllng， 1Ivln9 expOSL.re 
areas， data reduced to 
1 h-l vent¥l.tlon rate 

l..e land 736 House~ Radon， pd宮S1VE! Hatlon-wlde 1987 37 (med¥an) 3.1700 BQ m・3 I[M231 1 
b←n‘onth e.posur. popu tat ¥on C22 

exposure (prel¥m¥nary results) 

ltaly 1000 HouSpS 日adon.oas宮've. Na t ¥ on-wl de 199~ 43 (med ¥an) log-norr唱 1 [514， 
3-12 month o.pos ure< ， populat¥on 

exposure (pdrtlal results) 

.Japan 250 Houses Radon， electrostat¥c Na t ¥ on-w ¥ de 1989 10 (m..n) (N23] 
Integfdt Ing， 2 months; populat¥on 
total 1.5 year erposure 
eJ:posure 

量唱.therlands 1000 Houses Radon， pass Iv.， Nat¥on-w¥de 1985 2~ (med¥.n) 10 (medlan) Log-nor作..1 [川.
exposure fロr4 months populat ¥on 29 (mean) 12 (問an) σ9・1.6 P13， 
¥n tho 1 ¥vlng roo"， exoosure C22， P20] 

.旬r凶，y 1500 HousoS Radon. pass've. Assessment 1985 90 (m..n) 30-5000 (Sb6] 
1 week exposure 01 geograph¥cdl Ba m-3 

v.r ¥. tlon 
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T.bl. 19， contlnu.d 

Average value (8Q m・3)
Country or are. "u・b.r01τyp. 01 lyp. of sampllng Purpo，e of Oat. of 01. t r、butlon R.f. 

d同 lllngl d....l1lnq the survey ζ0・ol.tlon or raog' 
Radon R.don [[C 

PO land 201 Apart...ntl Radon and r adon Hatlon・wld. 1918 9 (1明日} 4 (1時制} Log-norlM 1 [ 613J 
daughhrs， grab popu Ia t、。n ..nq.O.4-11 
Idmollnq In the ...orst expD~ure BQ ..-3 (EEC) 
.entl】.tloncondltlonl 

s...d.n 315 O.t'Chtd hOUSOI 122 (同制1 Log-nor何回1 [S8， 
bullt T.for. 1915 65 (間dlan) S42 J 

191 Apart同 ntlbullt Radon， pass 1v. 2-.....k Hatlon-wld. 1982 85 (mun) 105 (同日) Log・nor同 1
b.fore 1915 e理po‘ure，1 In b.droom， populatlon 46 (...dlan) 

1 In 1I.ln9 ro開 expo~urt 

96 Oetach.d hOUltl 
bullt 1918-19目。 59 (耐日} Loq・nor叫 1

38260 O.tdCh.d hou，.， 5.arch for 例.dlanof 143 hOUI.' [510， 
bullt b.fore 1982 V.rloul dwelllngl wlth 19自6 about 100 I!lceed'oq 51¥， 

8008 Apart...ntl h I gh r adon 2000 8Q ..-3 S12J 
bullt b.lore 19自2 1...11 

S凶Itlrrland 123 Homrl Radon， pal.¥..， d.tec- Hatlon-wlde 19自2 60 (同dlan) Log-no門"，，1 [84J 
¥0'1， 1 In bas.冊~nt ， populat lon 150 (闘.n)
1 In 11，'ng ro.，..， @'xDOSure 
1 1 n b.droom 

105 Homrl Co"par lIon of 1983 22-5500 [829 J 
.....th.rproof .d 8Q '"・3(Rn) 
and con..ntlonal 
hOUS.S 

Un¥bd KlngdolO 2300 柄。ぬ.. Radon. paSs'vf， 1 ・ ye~H Hat¥on-...lde 1985 11 (..ed¥anJ LoC}-norr.:.・.1 (W22J 
exoo‘ur. In 11.lng pocu 1a ¥ 1 on 1 n 11 Y 1 n9-rOOlOI 。q・2.4
'00個 andIn exc05ur， 12 (medlan) In 1、vtn2 g-r。。伺$
1M 1 n b.d roo .. In b.droo偶5 σq・2.

In T.drooml 

Corn ... a 11 and 100 Home~ 6rab sampllng 01 r.don S.uch f or 19851 1・o(m.dlanJ 14 (...dlan) L09-nor四 1 (W8， 。the.u.anl. and radon daughter. prob lem .ffU In 11，'n9・ In 1、.ln9- "g・3.2 821， 
frrou¥ re9¥0"1 plul ..ntl1atlon rate roo相官 roOlO官 (Rn) 09J 

plul l-ytar e，polure σq・5.2
wlth pa5l1.e (EECJ 
radon d.t.ctors 

Unlt.d Sta!el 552 51ngl.-I''''ly V.r 10uI Ha I1 on-wlde 1984 35 (m.dl.nJ L09-nor刷 1 ("" J hOI晴 S populat lon 61 (m.an) 。q・2.8
exposurt 
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T a b 1 e 20 

varlabllltv of radon daughter bronchlal dQi三工担旦E
as a oer cent chanQe from nomlnal annual dose for males 

( N14) 

factor Varla- Co四nents
bl1lty 

Unottached polon¥um-218 from 4% to 20% 

Oaughter product eQu¥libr¥um 
(1/0.9/0.7/0.7 to 1/0.9/0.6/0.4) 
Part¥cle deposltlon models 
Part¥cle s¥le (change In med¥an s¥le 
from 0.125 pm or 0.11 pm) 
Calculated phys¥cal dose to a glven 
s¥te In ep¥thel¥um 
Breath¥ng pattern (entirely act¥ve 
pattern to ent¥rely rest¥ng) 
(Mouth versus nose breath¥ng) 
Bronch¥al morphometry 
(Ch¥ld versus adult) 
Mucoc¥l¥ary c】earance
(normal to complete stas¥s) 
州ucusth¥ckne古S(none to tw¥ce 
norma 1) 
locat¥on of target cel1 (shal1白M
-22 pm to average -45凶n)
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.20 Act¥ve pdttern 
-25 Rest¥ng pattern 
{φ35) 
+60 

.10 

φ20 No mucus 
-30 Tw¥ce normal mucus th¥ckness 
-80 

T a b 1 e 21 

Oose and effect¥ve dose eau¥volent factors Der un¥t concentrat¥on 
of radon (or ¥ts decav Droductsl ¥n a¥r (or wateo 

(Appl¥cable only to adults ¥n the general populat¥on.) 

Oose factor Effect¥ve 
(nGy h-1 per BQ m-3) dose 

Pdthwa) eQu¥valent 阿a¥nassumpt¥ons 
factor 

Tracheo- (nSv h子1
Sto同 ch bronch¥al Lungs per BQ m-3) 

tree 

Inhalat¥on 
Radon gas 0.005 0.04 0.2 Oecay of radon and 

decay products ¥n the 
same tlssue; solubll¥ty 
factor of 0.4 

Radon decay ~T-B/!pot 1.5 ~y J・1
products (EEC) pfIBoi=0・2Gy J・1
lndoors 0.9 10 1 ¥ h !l ~8 m3 h・1

Outdoors 0.9 10 Same dos¥metr¥c 
coefflclents for lndoor 
and outdoor condlt¥ons 

lngest¥on 
Radon gas 0.0001 0.0001 Ost/A 5 nGy 8Q・1

Water consumpt¥on rate 
0.5 1 d ・1
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T a b 1 e 22 

Product~on of coal and reported act ¥v1ty回 ss concentrat~ons 
。fnatural rad~onucl~des 

Product~on of hard coa1 Act~v~ty mass concentrat~on 
1985 [UI5] (Bq kg・1)

Ref. 
Coal " of the 
equ¥va1ent world U-238 Th-232 K-40 
(109 kg) product~on 

Austra1¥a 118 30-48 30 40 [B10.f5] 
Austr¥a 11-363 1-11 7-59 [B9 ) 

Braz ¥1 E 0.3 100 67 370 [525] 
Canada 34 12 7 26 (T4，n] 
Czechos lovak¥a 26 0.8 4-13 ( J12) 
Ch~na 810 26 7 16 30 [F5，JI2) 
Germany， ied.Rep. 

B 1tum~ nous coa 1 88 3 20 < 20 [JI3] 
Brown coal 10 < 7 (J13] 
Greece (l\gn~te) 120-1300 0.7-0.9 [P10.Pll ] 
Hungary 3 0.1 1.5 [JI2] 
Ind~a 

Average 150 5 24 38 83 [lI2] 
Range 10-70 20-90 15-440 [ 112] 
Ita ly (1 ~gnlte) 
Central ltaly 15-25 】20-200 [01，616] 
5ard¥n¥a 250 [01，616] 
Poland 
Average 192 b 38 30 290 [13] 
Range 2-140 7-110 40-800 [T3] 
South Af r~ca 173 b 30 20 110 [525] 
USSR 
Average 494 1& 28 25 120 [Lll ] 
Un1ted K¥ngdom 
Yorkshlre area 20 20 240 (87) 
Country range 7-94 2.4-19 [C9) 
Country average 94 3 15 13 150 [ 5(9) 

Un lted 5tates 
Average 141 24 18 21 52 [B8] 
Range 1-540 2-320 1-710 [B8J 
Venezuela 0.04 0.001 < 20 < 20 110 (525] 
Yugoslav~a 0.4 0.01 12-530 21-50 [B9) 

¥oIorld 3100 100 

1 a b 1 e 23 

Uses of hard coal ln OECO countrles.1985 
[Ul ~ 1 

OECO Un lted Unlted 
Japan Klngdom States 

(109 kg) (") {拡) ( %) (") 

Domestlc 20 1.6 0.4 8.1 0.4 
Commerclal/publ1c serv¥ce 7 0.0 1.6 0.& 
Power stat¥ons 835 07.8 22.9 71. 7 84.4 
Coke ovens 211 17 .1 03.3 12.3 5.4 
lron and steel ~ndustry 5 0.4 0.3 0.03 0.3 
Chem¥cal ¥ndustr¥es 22 1.8 1.1 0.0 2.3 
Other ¥ndustr¥es 77 &.2 B.3 4.9 5.5 
Ra¥1 transport 0.2 0.02 
other 55 4.5 3.7 0.8 1.1 

Total 1232 100.0 100.0 100.0 100.0 
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T a b 1 e 24 

Radon and radon decav Droducts ln coal mlnes 

(Mean values wlth range ln parentheses.) 

Country or area 
Potentlal Annual 

Year Radon alpha energy potent~al Ref. 
concentrat1on concentratlon alpha energy 

of radon a/ exposure 
(BQ m-3) (v.J m-3) (mJ) 

European Co岡山n1tles 1981 0.09 0.2 [BI9] 
b/ 1981 0.2 0.5 [BI9) 

1981 0.5 1.2 [BI9] 
Germany， Federal 197& 105 [(6) 

Republ~c of (up to 400) 
lndla 1981 0.02 [N9] 

(0.01-0.04) 
Poland 1981 <2 c/ [04) 
Un1ted K ~ ngdom 19&8 ( 20-500) 0.4 [03 ) 

197& (up to 2) [010] 
1981 0.5 d/ [011] 

呈/1 v.J m・3cor!esponds to an eQul'1brlum eQu¥valent concentratlon of radon 
of 180 BQ m-J 

主/Radon decay product concentratlons and annual exposures derlved from 
t】o-monthmeasurements; 'og・norn渇1dlstr~butlons. 

~/ Less than 2 v.J m-3 for 94覧 ofthe measurements. 
旦/Hean annual exposure ln natlonal1zed mlnes， employlng 185，200 mlners; the 
mean annual exposure ln prlvate mlnes， employlng 1，500 mlners， was 1.0 mJ. 
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Coal Ash Ash productlon 
Source consumptlon content 

(109 kg) (~) (109 kg) (% of total) 

Domeτtlc and 
manufactured fuels 15.0 4.7 0.7 4.5 
Power 5tatlon5 73.1 11.1 12.5 80.1 
Carbonlzatlon (coke. ...) 17.5 6.0 1.1 7.1 
Other lndustry 12.1 9.6 1.2 7.7 
Other， lncludlng export 1.5 6.3 0.1 0.& 

¥oIelghted 
lotal 119.2 average 15.6 100.0 

13.2 

T d b 1 e 2& 

Total em¥5slons of re501fable partlculates 
1n the Urlted KinQdom 

[Cl1] 

lotal emissions 

Orlgln 106 kg % of 
total 

Domestic 337 74 
Commerclal/publlc serv¥ce 12 3 
Power 5tatlon5 28 b 
Other ¥ndustry 68 15 
Ra 11 tran吉port 10 2 

Total 455 100 
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Coal-f¥red power plants: est¥mates of annual atmospher¥c d¥scharges 
per un¥t enerqy generated 
(MBq per GW a) 

U-238 Th-232 
Fly-ash decay ser¥es decay ser¥es 

S¥te removal 1(-40 Reference 
eff¥c¥ency 
(完) U-238 Ra-22& Pb-210 Po-210 Th-232 Th-228 

Canada a/ 
Nant¥coke， 4000 岡凶 99.5 350 100 100 300 300 10 [14] 

France ? 3500 1000 7000 &000 [A5] 
6ermany， Federal Rep. of 
Brown coa1 100 70 200 400 40 40 [J14，S2&] 
Bitumlnous coal 500 500 4000 8000 200 200 [J14 ] 
sltumlnous dry ash 
removal 99 300 200 200 300 100 100 [H12) 
B¥tum¥nous 11qu¥d dsh 
removal 99 500 300 2000 &000 200 200 [HI2] 

lnd¥a 95 31000 o400 10000 [1l2 ] 
Ita1y 
L¥gn¥te， 250 M凶 95 42000 5500 5500 3500 22000 [01，61&) 
l¥gn¥te， 70 M凶 95 120000 23000 23000 34000 34000 [01，61&] 
Coa 1， 1280 M凶 99.5 3300 2500 2500 3300 [01，61&) 
USSR 
Zaporozhj e且I1200 M凶 90 200000 20000 81000 74000 20000 [16) 

(old) 
1000 MW 91.5 50000 5000 20000 18000 5000 [1&] 
(modern) 

Unlted K¥ngdom， 2000 MW 99.5 1000 1000 1000 1000 1000 1000 1000 [C9) 

99.5 4000 800 800 8000 8000 400 400 [C14 ) 
Un Ited Sta tes 99 300 300 300 300 200 200 [附14)

4900 5600 &300 &300 [N7] 
M-1， 510 MW C.I 99.3 2700 590 3200 7&00 90 BO [U5] 
M-2， 450 MWι/ 99.3 720 520 1900 1800 190 220 [U5) 
M-3. 125 MW C.I 99.4 350 100 &20 510 90 140 [U5) 
M-4， 12.5 M凶 C.I 99.7 450 100 830 720 220 230 [U5) 
M¥ ll1ken， 270 MW 99.7 550 70 70 100 &0 [K14 ) 
Model plant (modern) 99 1&00 1200 3900 3900 &70 &70 [U5) 
Model plant (1970) 80 1&000 1&000 32000 32000 14000 14000 [U5) 
Model plant (modern) 98-99 1100 1000 180 2&00 2&00 410 410 [ B8) 
Model plant (1972) 90 10000 4700 4700 9300 9300 3800 3800 [B8] 

UNSCEAR 1982 Report 97.5 4000 1500 1500 5000 5000 1500 1500 [Ul ] 

1 h 15 Annex 
modern 99.5 &00 250 250 750 750 250 250 
old 90 12000 5000 5000 15000 15000 5000 5000 

生/AS5um¥ng a coal consumpt¥on of 3 19 per 6凶 a.
~I Ash content of the coal of 30-39% (Oonety， Kuznets coal f¥eld); annual coal consumpt¥on of 51g. 
f/ Derlved from the rat¥o of em¥ss¥on rate to actlv¥ty feed rate for U骨 238.

l
 
l
 
l
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Estlmates of collect1ve effec_tlv_e dose egulvalent ~orrrnjJm_ents 
per unlt enerQY Qenerated 

resultlnq fro帽 atmosoherlcreleases 
f rom a tYPlc.1l・old・coal-flredpower plant a/ 

(10-l同 nSv per G凶 a)

lnternal [xternal 
lnh.1latlon lrr.1dlat1on ¥ rrad lat10n 

Radlonuc 1 Ide durlng the due to due to 
cloud depos¥ted depos¥ted 
passage act¥vlty .1ctlv¥ty 

U司 238 15 2 
U-234 17 2 
Th-230 &0 3 
Ra-22& 1.3 3 12 
Rn-222・d.1ughters 0.1 20 

Pb-210 ・・ PO・210 14 &b 
Th-232 290 
Ra-22B ' daughters oO 6.7 18 
Rn-220・daughters 30 

1 ota 1 (rounded) 455 135 30 

呈/Rele.1s¥ng about 10% of the fly-ash produced. 

T .1 b 1 e 29 

lotal 

215 

405 

&20 

Est¥mateS of col1ect¥ve effectlve dose eロu¥valentcommltments 
Der unlt enerQY Qenerated 

resultlnQ from atmos目her¥creleases 
f rom a typlc.1l modern coal-flred power plan t a/ 

(10-l man $v per GW (1) 

lnternal External 
lnhalatlon irradlat¥on Irradlatlon 

Rad 1 onuc 11 de durlng the due to due to 
c loud deposlted deposlted 
p.1s吉.1ge actlvlty act1v1ty 

U-238 0.15 0.1 
U-234 0.9 0.1 
Th-230 3 0.15 
R.1-22o 0.01 0.15 0.& 
Rn-222・daughters 0.1 20 
Pb-210 .. Po-210 0.7 3.3 
1h-232 1 ( 0.05 
Ra-22B・daughters 3 0.3 0.9 
Rn-220 • daughters 1.5 

10tal (rounded) 23 2& 1.5 

Total 

30 

20 

50 

呈/Uslng emlsslon control devlces that allow only about 0.5% of the 
fly-ash produced to escdpe. 
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E~t\mate~ of collect¥ve effect¥ve dose eQu¥valent co間前 tment~
Der year of pract¥ce ¥内 thecoal fuel cycle 

Collect¥ve effecl¥ve dose eQu¥valenl 
co間百¥tmentper year 01 pract¥ce 

(man Sv) 

Source 

Publ ¥ι Workers 

Coal m¥n¥ng 0.5-10 
Use 01 coal 
Electr¥cal energy product¥on 2000 
Oomestic use 2000←40000 
Coke ovens Not est¥n岨ted
Use 01 luel ash 50000 

2000 

60 

Not e~t\mated 
Not est¥rr凶ted
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Use Type 01 fuel "a~s (109 kg) 

Oomt'st¥c Gas/d¥esel 0¥ 1 
L¥Quef¥ed gases 
Gas/d¥esel 0¥1 
Res¥dual luel 0¥ 1 
Res¥dual fuel 0¥1 
Res¥dual fuel 0¥1 
Res¥dual fuel oil 
Jet fuel 
Motor ga~ol ¥ne 
Gas/d¥esel 0¥1 

200 
33 
26 
;>00 
22 
30 
120 
76 
490 
20 

Commerc¥al/publ¥c serv¥ce 
Power statlons 
lron and steel ¥ndustry 
Chem¥cals ¥ndustry 
Other ¥ndustr¥es 
A¥r transport 
Road transport 
Ra¥lways 

T a b 1 e 32 

Uses of natural9as ¥n OECD countr¥es.1985 
[UI5] 

OECO (total) UnHed Un Ited 
Use Japan K¥ngdom States 

Energy Share 
( PJ) (%) (%) (記) ('4) 

Oomest¥c 7980 24.4 47.1 24.9 
Co同時rc¥al/publ¥cserv¥ce 4310 13.2 5.8 13.7 
Power stat¥ons 5850 17.9 75.】 1.1 11. 1 
Natural gas extract¥on 2340 1.2 1.5 5.& 8.& 
Petroleum ref¥ner¥es &70 2.0 2.8 
lron and steel ¥ndustry 2.0 2.2 
Chem¥cals ¥ndustry 1 10000 1 3D.!> 1.7 10.7 1 30.5 
Other ¥ndustr¥es 0.2 15.2 
Other 1550 4.7 19.5 12.3 2.4 

Total 32100 100 100 100 100 
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Col1ectlve effectlve dose eQulvalent corrm \tment~lIlembers of the public 
a ttrlbutable to varlous systems of electrlclty productlon 

Type of 
plant 

Coal-flred 
Oll-flred 
Natural gas 
Geothermal 
Peat 

Collectlve effectlve 
dose eQulvalent 
corrmltment 

per year of practlce 
(man Sv) 

2000 
100 
3 
3 

T a b 1 e 34 

Normallzed 
collectlve effectlve 
dose equlvalent 
C orrml t町lent

(man Sv per GW a) 

4 
0.5 
0.03 
2 
2 

Estimated atmosoherlc dlscharqes from ohosohate industrial olants 

Annual Radlonucl1de dlscharges (GBq a-1) 
Input of 

Type of plant phosphate 
and loco3tlon rock U-238 lh-230 Ro3-22& Rn-222 Pb-210 Po-210 

(106 t) al 

Ore drylng and gr¥ndlng 
Unlted states， 

Ref. 

reference p lant 2.1 0.6 0.& 0.6 4000 0.6 0.6 [U9] 

Elemental phosphorus plant 
V1Isslngen， Netherlands 0.75 150 350 [831 J 
Unlted States 
poca te 11 0， 1 daho 0.15 0.15 0.15 1500 4 330 [U9] 
Soda Sprlngs， Idaho 0.2 0.2 0.2 11 00 210 780 [U9] 
Silver Bow， Montana 0.02 0.02 0.02 2000 4 2& [ U9] 
"'t. Pleasant， lenn. 0.001 0.007 0.007 40 2 4 [U9] 
Columb¥a， Tenn. 0.07 0.01 0.07 300 15 22 [凶]
Columbla， len同. 0.007 0.007 0.007 40 2 4 [U9J 

Wet-process fertlllzer plant 
Unlted States， 
reference plant 0.25 0.25 0.03& 0.13 0.13 [U9 J 

呈I Atmospherlc discharges of Rrト 222estlmated by UNSCEAR. 
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Est¥mates of col1ect¥ve dose comm¥tments per un¥t刷 SSof phosphate ore 
result¥ng from atmospher¥c releases from phosphate ¥ndustr¥al plants 

Collect¥ve dose comm¥tment (10・9man Gy t・1)

Rad I onuc l¥de A¥rborne 
dlscharge Red Gastro・ Other 

Lungs Bone bone L¥ver K Idneys Spleen Intestlnal soft 
(BQ t-1) surfaces marrow tract t¥ssues 

Ore dry¥ng and gr¥nd¥ng 
U-238 200 2.b 0.4 0.05 0.03 0.2 0.03 0.03 0.03 
U-234 200 3.1 0.3 0.04 0.01 0.2 0.01 0.01 0.01 
Th-230 200 2.9 23 1.7 0.04 0.04 0.006 0.006 0.006 
Ra-22b 200 0.2 0.1 0.03 0.03 0.03 0.03 0.03 
Rn-222 1.5 10b 11 a/ 

2.2 b/ 
Pb-210 200 0.3 3.1 0.5 0.5 0.5 0.4 0.4 0.4 
Po・210 200 0.2 0.004 0.004 0.004 0.1 0.2 0.003 0.004 
External ¥rrad¥at¥on 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

Total 22 a/ 33 7.1 5.3 b.O 5.4 5.2 5.2 
lb bl 

Elemental phosphorus plant 
U-238 100 1.3 0.2 0.03 0.01 0.1 0.01 0.01 0.01 
U-234 100 1.5 0.2 0.02 0.007 0.1 0.007 0.001 0.001 
Th-230 100 1.4 11 0.8 0.02 0.02 0.003 0.003 0.003 
Ra-22b 100 0.1 0.5 0.05 0.01 0.01 0.01 0.001 0.001 
Rn-222 1.2 10b 14 al 

1.8 bl 
Pb-210 5.9 104 8.8 920 140 lbO 140 121i 120 120 
PO・2】O 2.9 105 340 5.8 5.8 5.8 170 300 4.1 5.8 
External ¥rrad¥at¥on 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 

Total lb ill 940 150 110 310 420 130 130 
3bO bl 

Wet process fert¥l¥zer plant 
U-238 250 3.2 0.5 0.01 0.03 0.3 0.01 0.01 0.01 
U・234 250 3.8 0.4 0.05 0.02 0.3 0.02 0.02 0.02 
Th-230 250 3.b 2B 2.1 0.05 O.Ob 0.001 0.001 0.007 
Ra-22b 40 0.04 0.2 0.02 0.005 0.005 0.005 0.005 0.005 
Pb-210 100 0.1 I.b 0.2 0.3 0.2 0.2 0.2 0.2 
Po-210 100 0.1 1.002 0.002 0.002 O.Ob 0.1 0.001 0.002 
External Irradlat¥on 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Total 12 32 3.3 1.3 1.8 1.3 1.2 1.2 

呈1Tracheo-bronch¥al basal cell layer. 
包1Pulmonary eplthel¥um. 
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Est¥mates of co11ect¥ve dose comm¥tments 
resu1t¥ng from wor1d-w¥de annual atmospher¥c re1eases 

from phosphate ¥ndustr¥al plants 

Col1ect¥ve dose co冊n¥tment(10-3 man Gy) 

Rad¥onucl ¥de A¥rborne 
d¥scharge Red Gastro- Other 

Lungs Bone bone L¥ver K¥dneys Sp1een ¥ntest¥na1 50ft 
(BQ t-1) surf aces 11祖rrow tract t¥ssues 

Ore dry¥ng and gr¥nd¥ng 
U-23B 20 260 37 5.5 2.6 23 2.6 2.& 2.6 
U-234 20 310 35 4.1 1.4 20 1.4 1.4 1.4 
Th-230 20 21 9.9 10 2.& 2.6 2.6 2.& 2.6 
Ra-226 200 0.2 1 0.1 0.03 0.03 0.03 0.03 0.03 
Rn-222 130000 1700 a/ 

200 b/ 
Pb-210 20 30 310 48 55 47 40 39 39 
PO・210 20 23 0.4 0.4 0.4 12 21 0.3 0.4 
Externa1 ¥rrad¥at¥on 470 470 470 470 470 470 470 470 

Tota1 2000 a/ 3200 710 540 580 540 520 520 
600 b/ 

E1emental phosphorus p1ant 
U-238 1.5 19 2.8 0.4 0.2 1.7 0.2 0.2 0.2 
U-234 1.5 23 2.6 0.3 0.1 1.5 0.1 0.1 0.1 
Th-230 1.5 22 170 12.7 0.3 0.3 0.05 0.05 0.05 
Ra-22& 1.5 1.6 7.4 O.B 0.2 0.2 0.2 0.2 0.2 
Rn-222 16000 180 a/ 

24 b/ 
Pb-210 800 1200 12000 1900 2200 1900 1 &00 1&00 1600 
Po-210 4000 4600 80 80 80 2300 4200 56 80 
Externa1 ¥rradlat¥on 35 35 35 35 35 35 35 35 

Tota1 220 a/ 12000 2000 2300 4200 5800 1700 1700 
5900 b/ 

Wet process fert¥l¥zer p1ant 
U-238 10 130 19 2.7 11 1.3 0.01 1.3 1.3 
U-234 10 150 17 2.1 0.7 10 0.7 0.7 0.7 
Th-230 10 140 1100 85 2 2.2 0.3 0.3 0.3 
Ra-226 2 2.1 0.3 0.3 0.3 0.3 0.3 
Pb-210 6 9 94 15 16 14 12 12 12 
PO・210 b 7 0.1 0.1 0.1 3.5 &.2 0.008 0.1 
External ¥rradlatlon 47 47 41 47 47 47 47 47 

Tota1 490 1300 150 67 88 (，8 (，2 62 

呈b/fT racheo-bronEhtalbasa l E e111ayer. 
Pulmonary ep¥thellum. 
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AveraQe actlvltv mass concentratlons of uranlum-238 and radlum-22o 
~旦n\t mass of ~2 Q.5 .J n phosphate fertll¥zer 

Bq/k9 P20S 
Country Ref. 

U-23B Ra-22o 

F¥nland 1700 480 [M21) 
Germany， Fed.Rep.of 2bOO 1700 [ P15) 

Unlted States 9200 1300 [U13] 
Un¥on of Sovlet 
Soclalist Republ¥cs 930 (DB) 

T d b 1 e 38 

Est¥mated collect¥ve dose comltment per maS$ of pho吉ohaterock 
result¥nq from the use of phosphate fert¥l¥zers 

Organ or t¥ssue Collective dose comm¥tment (10-7 mdn Gy t-1) 

U-23B U-234 TIト230 Ra-22b Rn-222 Pb-210 Total 

Internal irradiation 
Lungs 

Bone surfaces 20 20 
Red bone marrow 3 2 
Li ver 1 
K¥dneys 10 10 
Other tissues 1 1 

External irrad¥ation 
All tissues 

呈/Tracheo-bronch¥al basal cell layer. 
QI Pulmonary ep¥thel¥um. 

0.4 

&0 10 
4 1 
0.01 0.4 
2 0.4 
0.07 0.4 

2 

T a b I e 39 

300 al 300 al 
40 bl 

100 300 
20 30 
10 10 
10 30 
10 10 

2 

Est¥mates of collectlve effect¥ve dose eQu¥vdlent (0市川tmentto the 
Morld oooulat¥on ar¥s¥nQ from one vear of explo¥tat¥on of ohosohate rock 

Source of exp05ure 

Phosphate 自ndustrlaloperat¥ons 
Use of phosphate fertll¥zers 
Use of by・productsand waste 

Collect¥ve effectlve dose 
eQu¥valent cornmitment 

(man Sv) 

Hembers 
of the Worker5 
publlC 

60 al 20 bl 
10000 50 bl 
300000 Not estir旧ted

a/ An add¥tlonal 170 rnan $v to the Dutch populatlon 15 est¥rnated 
to result from dump¥ng phosphogypsum ¥nto the Rh¥ne. 
包IFrom external ¥rrad¥at¥on only. 
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Radon and radon decay products in non uranium mlnes 

Potential Annual 
a lpha potent1a 1 

Country Year Radon ene rgy alpha Type of mine Ref. 
concen ← concen- energy 
trat10n tration exposure 

of radon 
(BQ m-3) (..J m→3) (mJ) 

China 1915-191B 9000-20000 40-330 T1 n， copper. [533J 
a/ a/ and tungsten 

Germany. 1984 3 Lead and zlnc [KI5J 
Federal 1984 280 1 3 Iron [K15 J 
Rep. of 1984 20 0.2 0.4 PyrHe. zinc. 

ba r i te [ K15] 
1984 110 0.4 1 6.HHe [KI5] 
1984 0.4; & 0.9; 14 Fluorspan. barite [KI5J 
1984 4100 10 25 fluorspan [ Kl5] 
1984 &&00 20 &0 Gr aph ¥te [KI5] 

1200 b/ 2 b/ 5 b/ 
1984 120 0.2 0.4 Clay [KI5J 
1984 29000 60 200 feldspar [ K15] 
1984 730 1 3 51ate [K15] 
1984 460 0.8 2 011 shale [K15] 
1984 170 0.4 0.8 Rock sa1t [KI5J 
1984 B 0.02 0.04 5a1t sal1ne [KI5J 

India 1981 0.04-0.3 Gold [ N9] 
1981 1.4 -3.5 Copper [N9J 
1987 1200 4.8 Copper [M29J 

19 0.07 Gold [M29J 
190 0.7 LeadlZinc [10129] 
39 0.15 Manganese [M29J 
19 0.3 Mica [M29J 

1 t占ly 1981 0.04 Amianthinlte [53&] 
1981 1.2 8arHe [53&] 
1981 2.5 Baux ¥te [53oj 
1981 0.2 Cha 1 copyr lte [536] 
1981 0.04; 0.2 feldspar [53o] 
1981 1. 5; 5.& Fluorspar [53&] 
1981 0.08-11.4a/ Fluorspar [53&] 
1981 4.8 Magnet ¥te (53&] 
1981 0.04-5.4 a/ 5iderHe [53&J 
1981 0.03← 0.1 a/ 5teat1te [53&] 
1981 0.5; 3.4 5ulphur [53b] 
1984 100-2800 0.4 -10 c/ Not indicated [537] 

PO 1 and 19&&-1970 1.9 lron [ 04] 
19&&-1970 3.1 Py r lte ( 04] 
19&&-1970 0.& BarHe (04J 
19&&-1970 2.2 Zlnc-lead. copper [04J 
1972-197& 2.5 -3.1 a/ Zinc-lead. copper [04] 
1977-1978 2. S Zinc-lead， copper [CI5] 

5weoen 1970→1980 3-20 d/ 50 mines [535] 
1982 5 Iron， zinc， copper[558] 

United 1973-1915 1.5 -90 4-240 a/ Tin [534] 
Kingdom 1913-1975 0.4 -20 a/ 0.&-30 a/ Haematite [534] 

1973 2 4 Iron [534] 
1913→1975 0.08・1&0主/ 0.4-120 Fluorspar [534] 
1973-1975 0.2 -14 a/ 0.7-3D Limestone [534) 
1973 。目2; 0.4; 2 Calcspar [534] 
1913 0.&; b 0.4; 15 Homestone [534 J 
1973-1975 0.2 -10 0.4-20 fireclay [534] 
1973 0.1; 0.4 -5 Bal1clay [534] 
1ヨ73-1975 6 ; 30 10; 55 Lead [534] 
1973 i .5 3 Slate [534] 
1973 15 40 Ba r it e [534] 
1973-1975 0.06; 0.4 0.4; 1 5a 1t [534 J 
1975 2 4 S11ica sand [S34) 
1981 11 Other than coal [011] 

UnHed 1978 2oOO 5← 8 Zinc [532] 
5tates 1978 280 3 Iron [532] 

1978 1000 5 F1reclay [ 532] 
1978 50 0.8 fluorspar [532] 
1978 1&0 Copper [532] 
1918 20 0.04-0.1 Limestone [532] 

主/ Range of mean$. 
bl 凶intermeasurements. 
三/ Assumlng an average eQu¥librium factor of 0.1. 
重/ Average exposures decreasing w¥th tlme from 20 mJ in 1910 to 3 mJ in 1980. 
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Env¥ronmental rad¥at¥on f¥elds and occupat¥onal eXl)osures 
t n non-uran¥um m¥nes of the Un¥ted K¥nqdom 

(Based on [05]) 

RAOIATION CHARACTERISTICS 

Potent¥al 
alpha energy 

concentrat¥on 
。fthoron 
daughters 

(uJ m3} 

Potent¥al 
alpha energy 

concentrat¥on 
of radon 

daughters 

(1AJm3} 

232Th 

act¥vlty 
per unlt mass 

23BU 

act¥vlty 

per unlt mass 
M¥ne 
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0.9& 
0.1 

0.51 

0.&‘ 
0.41 
1.4 

O.Ob 
0.15 
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29.5 

1.9 
9.4 
0.B9 

29 

53 
5b 

<10 

2 
b 
90 
44 
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<10 

&0 
18 
180 
35 
210 

1: sed ¥問ntary
2: sed¥mentary 

3: sed¥mentary 

4: ¥ gneous 
5: s!'d¥m!'ntary 
&: ¥gneous 
1: sed¥m!'ntary 

8: ¥gneous 

OCCUPATIONAL OOSES 
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al 
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ore dust 

bl 
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Assum¥ng a 4n geometry. 
Assum¥ng an ore dust concentrat¥on of 3.B mg m- 3 • 

al 
bl 
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E st¥阿国tedatmospher¥c releases of natural rad¥onucl¥des 
f rom z¥nc m¥n¥ng and process¥ng fac¥l¥t¥es 

[A1， U8) 

Annual atmospherj( releases 
(MBQ) 

Rad¥o-
nucl¥de 

Smelter 

U-238 
U-234 
Th-230 

Ra-22o 
Rn-222 

Pb-210 
PO・210

内u
n
u

，ョ、，

1
1
 

M¥ 11 

O.Oo 
O.Ob 

0.05 
0.03 
40000 

0.05 
0.07 

M¥ne 

0.004 
0.004 
0.004 

0.003 
8500000 
0.01 

0.00& 
20 
2 

3 
3 

0.02 0.002 Th.232 
Ra.228 
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AtmosDher¥c releases of natural rad¥onucl¥des 
f rom a f¥rec1av m¥ne and refractorv Dlant 

[Ao] 

Annual atmospher¥c em¥sslons 
(HBq) 

Radlo← 
nucllde 

u明238
U-234 
Th-230 
Ra-22o 
Rn-222 
Pb-210 
Po-210 

Th-2J2 

H¥nes 

< 0.1 
< 0.1 
< 0.1 
< 2 
1200000 
<10 
< 7 

< 0.1 

T a b 1 e 44 

K 11 ns 

5 
5 
< b 
< 8 

< 200 
130 

< 

Rad¥onuclide act¥¥'ltles Der unlt mass 
1n surveyed a1umina p1ant orocess samoles 

[A9， U8] 

Sample 

Bauxlte ore 
Alumlna klln feed 
Alumlna product 
Red mud 
Brown mud 

Activlty per unlt mass 
(Bq Kg-l) 

238U 232Th 

250 200 
2 2 
10 7 
280 1目。
200 4bO 

T a b 1 e 45 

Estlmated atmosoher¥c releases of natural rad¥onuclldes 
f rom the surveyed alumlna plant and alum¥n¥um reductloOlD1ant 

[A9， UB] 

Rad 10・
nucllde 

U-23B 
U-234 
Ra-22b 
Rn-222 
Pb-210 
Po-210 

Annual atmospheric releases (HBq) 

Alumina 
k¥1ns 

2.5 
2.5 
2 

Red mud 
k 11ns 

70000 
300 
340 

Alumlnlum 
reduct¥on 
plant 

1200 
1000 
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Radlonucl¥de actlv¥tles per unlt mass 
1n surveved copper m¥ne and m¥11 process samples 

[A9， U8] 

Underground mlne and mll1 Open p¥t mlne anQ m¥11 

Sample 
238U 232Th 238U 232Th 
(BQ kg-1) (8Q ~g-l) (BQ kg-1) (BQ kg-1) 

Ore 30 23 80 110 
Concentrate 24 3 50 40 

T a b 1 e 47 

Estlmated atmosoherlc releases of natural rad¥onucl1des 
f rom copper ore mln¥nQ dnd orocesslnQ facll¥t¥es 

[A7， U8] 

Annual atmospher¥c releases 
(I1BQ) 

Rad¥o-
nuc l¥de 

l1¥ne 11¥ 11 Sme lter 

U-238 10 400 
U-234 14 400 
Th-230 700 
Ra-22o 7 bO 
Rn-222 240000 70000 
Pb-210 30 7000 
Po-210 0.07 7000 

Th-232 500 
Ra-22日 500 
Th-228 500 

T a b 1 e 48 

Estlmates of oer caout annual effectlve dose eaulvalents 
and of ranQes. exclud¥na extreme valuei， 

for the most ¥moortant ndtural sources of radlatlon 

Source of lrrad¥at¥on 

Externa 1 
Cosmlc rays 
Terrestr¥al sources 

Internal 
11:-40 
U-238 ・・ Ra-22& 
Rn-222 ... Po-214 
Pb-210 ... Po-210 
Th-232 ... Ra-224 
Rn-220 .. Tl-208 

Total (rounded) 

Annual effectlve 
dose eQu¥valent (~Sv) 

Mean Typ¥cal range 

360 300-2000 
410 200-1000 

180 100-200 
20 10- 50 
11 00 300-5000 
120 50-200 
20 10- 50 
1&0 50-500 

2400 1500-bOOO al 

呈IThe 90th， 95th and 99th percentlles are est¥mated 
to be 2300， 3300 and bl00 ~Sv ， respect¥vely， 
assum¥ng a log-nor同 1d¥str¥but¥on wlth a geometrlc 
standard devlat¥on of 2.5. 
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T a b 1 e 49 

t st¥mates of collect¥ve ~ffect \ve dose e白u¥valentcomm¥tments 
Eer曹earof Dract¥ce for var¥ous ¥ndustr¥al actlv¥t¥es 

Source 

Coal combust¥on 
Power plants 
Oomest¥c homes 
Coal m¥n¥ng 
Use of coal ash ¥n the bu¥ld¥ng ¥ndustry 
Geothermal energy product¥on 
0¥1 combust¥on In power plants 
Natural gas combust¥on ¥n power plant5 
Phosphate ¥ndustr¥al operat¥ons 
Use of pho5phate fert¥l¥zers 
Use of phosphogypsum ¥n houses 
Non-uranlum m¥n¥ng 

Collect¥ve effect¥ve dose 
eQu¥valent comm¥tment 

(man Sv) 

Publ¥c Workers 

2000 bO 
2000-40000 
0.5-10 2000 
50000 
3 
100 
3 
bO 20 
10000 50 
300000 
5ma 11 20000 
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