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108 ANNE.X B: EXPOSURES FROM NATURAL RAD[ATION SOUR.CES 

...thoron dea1y productS simi Jar to that for radon decay products. 
Tl\ value of 40 nSv (Bq h m-Jr 1 for equilibrium ~uivalem 

tions of thoron, derived in Annex A, ''Dou 
assessme rhodologies", seems appropriate for ev-.ùuating 
e;cposures bot'h indoors and outdoors. 

155. The con~on of "'Rn ;, about 10 Bq m·' 
outdoors and approxi~ely the same indoors. However. il 
is not possible to use the oncentration of the gn.s in dose 
evalua-tion, since the conc ration is strongly dependent 
nn the distance from the source. larting with the .issumcd 
represcn-t.ativc cquilibrium equi ent concentrntiom;, as 
discus~cd above. the nnnual eftectiv ~e may be dcrived 

as follows: "" 

Indoors: 0.3 Bq m·• ŒEC) x 7.000 h x 40 nSv (Bq h m·lr' ,, 
='G.084 mSv 

Outdoors: 0.l Bq m-) (EEC)x l.760h x 40nSv(Bq't1 m· 1r 1 

= 0.007'mSv 
'• \ 

The average annual effective dose from thoron deca')( , 
products is thus e~timnted to be 0.09 mSv. 

156. For completeness. the contributions to eff~ctive dose 
from two relatively minor pathways of exposure to radon 
and thoron can be added. namcly dissolution of the gases 
in blood with distribution throughout the body and the 
presence of radon in tnp water. The do~e coefficients for 
radon nnd thoron dissolved in blood following inh;ilation 
intake are thosc u~ed in the UNSCEAR 1993 Report [U3] . 
The do~e estimace for radon is 

lndoors: 40 Bq m·' x 7.000 h x 0.17 nSv (Bq h m·Jr• 
= 0.048 mSv 

Qutdoors: 10 Bq m) x 1.760 h x 0.17 nSv (Bq h m-J) ' 
= 0.003 mSv 

For thoron. 1t is 
Indoors: 10 Bq m·J x 7.000 h x 0.1 l nSv (Bq h m·'r 1 

-= 0.008 mSv 
Outdoors: 10 Bq m·l x 1.760 h x 0.11 nSv (Bq h m· 3r 1 

== 0.002 mSv. 

157. Radon in tap water mny lcad to exposures from the 
ingestion of drinking water nnd from rhe inhalation of 

radon released to air when water is used. The concentration 
of radon in water and the release to air were discussed 
car lier. Although the calculated result is shown below. this 
is nota i.eparnte contribution to the effective dose, since the 
radon source from water usage would have been included 
in the measured indoor radon concentrations. The 
parameters for the inhalation pathway were presented in 
paragraph 114: concentration in water of 10 kBq m·1, air­
w.itcr concentration ratio of J o·•. indoor occupancy of 
7,000 hours per year. The inhalation dose coefficient 
c1pplicd is that for the gas. The ingestion of tap water was 
estimo.ted in the UNSCEAR 1993 Report [U3 J to be 100. 
75. and 501 a- 1 by infants. children. and adults . Assuming 
the proportion ofthcse groups in the population to be 0.05. 
0.3, JJ\d 0.65, the weighted cstimate of consumption is 
60 J a· 1. A conservative cstimate of the inge~tion dose 
coefficient has recently been evaluated [NIO]. The 
estimared exposure., from radon in water are therefore 

Inhalation: 10 kBo m J x 10·• x 7,000 h x 0.4 x 
x 9 nSv (Bq h m" 3)'' = 0.025 mSv 

· Jngestion: 10 kBq m·l x 601 a· 1 x 10· 3 m3 1' 1 x 
x 3.5 nSv Bq· 1 = 0.002 mSv. 

158. The totnl annual effective dose from radon is thus 
l. l ms/ fr_om inhalation of mRn and its decay products 
prcsent in ll.i_r from ail sources. 0.05 from radon gas 
dissolved in btood, and 0.002 from radon gas in ingested 
tap water (total ~. J 5 rnSv). The eslimates for thoron are 

' 0.09 from inhalatio~of :21'Rn and its decay produ<:ts and 
0.01 from thoron ga!I d'~lved in bluod (total= 0.10 mSv). 

159. Considering the rang~radon exposures determmed 
from i;urvey data and the gene~y log-normal distribution 
of such exposures in particular are.as. one would expect to 
find man y large populations ardtipd the world (-1 a~ 
individuals) whose average expo~u're~ differ from the 
above-cstimated global averagcs by a factor of more thnn 
2, and man y smaller populations (-10~ ind1~· duals) whose 
average expo:,,ures differ by a factor of more t an 1 O. Thus 
the estim.ites of the global averages are igniticant 
primarily bccause they detine the normal radon and thoron 
exposures and typii:al effective doses. 

Ill. ENHANCED EXPOSURES FROM INDUSTRIAL ACTIVITIES 

160. Thcre are a number of circumstnnccs in which 
materials containing natural radionuclides are re.covercd, 
processed, used. or broughr into posiùon such that radiation 
exposures rcsulL This human incervcntion causes extra or 
enhanced exposures. Although any indOOf exposure from 
building materials ~urrounding the body would fait in this 
c:ite~ory. &uch :m cKpo:;urc is con . ..ïdcrccl II normul 1.:v111puni:nt 
of the natural radiation background. The exposures generally 
included in the category of enhanced t::xposures are those 
:i.rising from the minerai processing industries and from l'ossil 
fuel combu~ticm. 

JN 21 2002 17:20 

161 . The Commiaec g.:naiùlyrevi~enhanccd expœures in il~ 
eva!W!lions of narural radiation sources. as in the latest 
as~sment in che UJ',,'SCEAR 1993 Report fU31. The 
contribution to the t()(aJ expa;ure is usually rather minimal. The 
UNSŒAR 19&2 Repcrt [U6) provided more c:letailed review uf 
enhanced e:xpœures from natural l',OW'œ;, refcrring to thcm ut that 
tlme as technotog,cally mcxl.ified e;cpœuro;. There are :ilso somc 
practic.cs tha.c lead to diminished expœures i:uch as paving roads 
and using l::uilding materials of low radioactive content These 
nlterations in e-xpœures are usunl!y ofb'lï ~ignificanœ thnn thcl'.e 
thar cnu-.e enhanccd expo,urc, 
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ANNEX B: EXPOSURES FROM NATURAL RADIATION SOURCES 109 

162. ln general. the topic of enhanced exposures is 
receiving greacer attention with several meetings devoted 

10 this subjcct having recently taken place and several 
publication~ issued, e.g. [B26. E6, E7. 1<20. K21, M34]. 
Since the Committee has not ye1 undertaken a widcr review 
of this subject. the reader is referred to the topical 
publications and proceedings for updated information. 

I 63. ln lhis Chapt.er. exposures of the gcneral public arising 
frorn emissions of nacurally occurring radionuciides to the 
environmem from indu.rufa.l activitics are reviewed. Indu.\try 
uses many different raw materials that contain naturally 
cx:curring radioactive materials. somètime abbreviated 
NOR.\1. These raw matcrials nre minoo. transported, and 
processed for funher use. The consequent emissions of 
radionuclides to air and water lead to the eventual exposure of 
humans. The main industries are identitied bclow, along with 
1he raw materials and by-products or wastes they generate. 
The radionuclide content ofthese raw material~ and wa,tcs is 
summarizcd in Table 27. 

164. Phosphate processing. This industry may be sub· 
div1dcd into (a) wet processing. (b} thermal processing. and 
(c) fernli1.cr production. The primnry produc.:t is pho.~phoric 
ncid. ln the thermal process. the product may be 
phoi.phorus or. using nitric acid. phosphoric acid. 
Pho~phoric acid is used in the manufacture offertilizers. ln 
the wet phosph:ite proce~~ing industry. phosphogyp~um is 
produced as J by-product. The thermal process (using 
cokes and silica} produces n slag (CaSiO;) ns a wuste 
product. 

165. Mela/ ore processù1g. Important me~I ores nre 
cas~iteritc or tinstone (tin). 1an1alite. columbitc, 
fergusonitc, koppite. samarslcite. and pyrochlore (niobium. 
iron. manganese. and others). Most of the mctal~ are 
separated using charcoal or coke. Furn:icc !.lag from the 
processing is often used in cernent production. Another by­
producr, car co:11. is used to produce elcctrodc pitch. 
creosote oil. carbolineum. soot oil. and road u1r mix. 

166. Uranium mi,ri,rg. There are several locations that 
conta in the residues of former uranium mining operations, 
for c:umple. in eastern Gcrmany (B29. E9. R23J. The 
procedures to de.i.J -with the landfills. w.iste rock and iilag 
pi es and the racliological consequenccs arè bcing 
cvalu.ited. 

167. Zirco11 sall(is. Imporrnnt zirconium minerais nre 
zircon (ZrSiO,) and baddcleyite (Zrûi). Sorting 
discrimina:es these minerais from other hcavy minerais or 
simple silica. The processing involvcs proce<lures such as 
s1eving, washing. drying. and grinding. These proccsses do 
not produce any ~pecific waste products. 

168. Titanium pigment production. Titanium pigments 
include titnnium dioxide (Ti01) and synlhctic rutile. 
Processing waste products includc large quantities of 
cokes. ore and SiOi pllrticles. and tilter cake (classified M 

chem1cul waste). 
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169. Foui/fuels. For electric power production the mosr 
important f~sil fuels nre coal, natural gas. and oil. Large 
amount~ of fly ash and booom ash result from coal 
combustion. Gypsum is recovered if a desulphurization 
installation is present. 

170. Oil and gas extraction. The large voluml!s of 
production water needcd for the extroction of oil and gas may 
contain natural radionuclides, mainly :.26Ra and its deca)' 
product~. Scalings may fonn as a result of precipitation at the 
oil/water intestace. or radon decay products (especially 21<1Pb 
and l

111Po} may be dcposited in the installations. 

17). Buildi11g mate rials. Materials used b>· the building 
indus1ry that may be of radiological significnnce include mnrl. 
blast fumace slag, fly ash, Portland clinker. nnd anhydrnte (in 
the cernent indu.~try} and clny (in the ceramics industry). In 
the cernent industry, some s1le~ is produced as a w.1~te 
product. 

172. Thorium compounds. Thorium is usai mainly as an 
additive in other products. such as welding ele.ctrodcs. gas 
mantlcs. and i;pecial alloys and is rctrieved from monazite. 
thorite. or thorianitc. The activity content of the corripounds 
is present mainly in the primary product, metallic thorium. 

l 73. Scrap metal industry. Scrap met.al ~uch !I.S tubing. 
valves. nnd he.it exchangerl> from various process industrtl'\ 
may contain !.Cales with enhanccd levels of na1ur:il 
r.idionuclides. The pa.'1icular radionuclides and 1heir 
com:c:itrations would depend on the origin of the scrap. Since 
objects from nuclear industries an<l the uncontrollcd relenses 
of radioactive sources may add 10 this material. which may be 
recycled. the scrap-metal industry is a source of variable and 
heterogenous releases of r,1dionuclides into the environ ment. 

114. Emissùms. The n.imrnl radionuclides pre.~ent in 1hc 
rnw ma1erials or was1es of thesc industries are th ose of the 
l)~u and 212Th series. Releases are mainly ro air or water. 
although landfills nfcer dredging or wnstes disposed on 
land may al~o provide pathways of cxposure. 

l 75. Emissions of rddionuclide.~ 10 air and water from the~e 
industries are list.ed in Table 28. The throughpur of ore or rj"' 
macerial is for a typical installation. One of the main 
radionuclides released to air is mRn. It is rcleased by the 
phosphate and cc:ment industries. gas and oil extraction. ga\­
fircd power production. and. gencrally. industries that burn 
nnrurnl ga.s. For example, in the phosphate industry. enhance.<l 
radon concentrations be1ween 35 and 780 Bq m· 1 have be.en 
observed. depending on th~ working area and season [VoJ . 
Important sources of 210Pb to air are the elemencary 
phosphorus and iron and steel production industries. Cernent 
production give.,; rise to much of the 2

'
0Po reJeased. Brick and 

tile im,t.allalions may nlso be of importance because thcy are 
so numerous. 

176. A ~p~ial problem is imposed by the siorage of uranium­
containing minerais in muscums [V6]. In a mllseum in 
Brussels. where radium· èln<J uraniurn-containing minerais 

6:39529071 PAGE.es 

0 



FILE No.966 06/21 '02 15:30 JD:RPB 

from Katanga were stored, concentrations of radon of about 
10-15 kBg m·3were found in spite of enhanced ventilation. 
Besides radon emissions. high levels of gamma radiation were 
also obsecved in the vicinity of the storage rooms. In the house 
of the muscum careuixer who lived nearby, gamma leveJs of 
5-6 µSv h"' were found. After shielding of the minerais, the 
radiation lcvel was reduœd to l - 2 µSv h" 1. 

177. The r.idionuclidcs relcased to the atmosphere by large 
thermal processes such a.~ thœe used by elemenwy 
pho~phorus production. iron and steel production, and the 
cernent mdustry. are dispersed over grcat distances. Smaller 
thermal processes. such as the brick and tile industry, are also 
sources of airbome rele:ises. For other minerai proce.\sing 
industries. dusty conditions dunng handling and ~hipment of 
ores are the main rca'iCm for the releases of radionuclides to 
air. ln Lhose circumstances. the rather coarse panicles ure 
gencrally released mainly to the immediate ~urroundings of 
the pl,mt. 

178. The largest rele:ises of radionuclides to water ,lfe 
from the phosphate proce.~sing. followed by oil ond gn.~ 
production and prim:iry iron and steel production. As an 
example. two phosphoric acid plants in the Nethcrlands :ire 
responsible for some 90% of ail discharges of ~111Ph and 
211 'Po to water [Ll8). These two plants release nbout 
0.6· 0.8 TBq ofl.!6Ra per year (L24], which i~ comparable 
to the estimated annunl relense of 2: 6Ra with process water 
into the North Sea by the offshore oil production industry 
in the United Kingdom, Noni.,ay. the Netherlnnds. and 
Den mark [L25]. Annual relcases into river.~ of~~c.R:i and of 
~'Ra present in dilutcd brines from ~ingle Upper Silesian 
co:il mines m:iy be as high as 20 and 30 GBq. respectively, 
resulting in locally enhanced concentr.1tions in bottom 
.wdiments [L26. S63]. 

l 79. The large .unounts of g_vp.sum slurry d.ischarged in 
phosphoric ncid proouction may be rdeaSl.'CI into the se.a a~ is 
rhe cnse in t.he Netherlands. but mduS1rial wnstes arc 
sometimes also stored on land or in large lnndfills. 
Radionuclides released to \1,:nter in. for example, dischargcs 
fro:n oil and gas extraction offi.hore are generally cliluted by 
the large -.olumcs of water involved. Onshore process water is 
often pumped back into the oilfield. The tre.:itment of 
production waters before they are relensed may sign1ficanùy 
rcducc the radionuclide concentration [L26]. 

1 HO. Enhanced levels of radionuclides in the environ ment 
can corne from the proccssing and use of ~crap and 
recycled metals [B28, L22] . Although in general extensive 
men.sures are taken 10 ensure the continuous quality of the 
scrap and the new metal that is manufaccured from it, 
enhanced radiation levels are sometimes found. The 
number of reports on such incidents is grow1ng, partly 
because of incrcased awarcncs~ of the problem and panly 
bccause more me11!ourements are being made. The 
enhanced exposures may arise from lost radium radiation 
soun:cs or from natura!ly occurring radionuclides in pipes 
with scale containing enhanced concentrations [115]. 
Similnr problems arise from man-made sources, for 
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example. 22Na. '•Mn [Wl5], "°Co [C31], '31Cs [827,112] or 
1112lr, leading to contaminated scrap and recycled metals. 
The levels vary greatly, and the consequences depend on 
specific local circumstances. 

181. Erpo:suns. Both external and internai ·cxposures 
may result from naturally occurring radionuclides relensed 
by industrial activities. In gener;,.J, in~tallations are located 
away frorn residential areas. and because external r;,.diation 
lcvcls decrease with distance from the plant, local residents 
are not significantly exposed. The workers. however, may 
rece1ve low doses in connection with ore stock piles or 
wnste deposits. Estimated and measured doses are in the 
range 0.1- 300 µSv n ·• from direct e;,tposures. with the 
higher values for locations near mineral-sand~-handling 
industries. The ma/timum effective doses are summarized 
in Table 29. 

182. Radionuclides dispersed in air may contribute to 
e11ternal irradiation while airborne :md aftcr dcposition. 
The contributions to total dose nppe.1r to be negligible. 
Inhalation and ingestion are the pathways that contribute 
to in1ernal exposure. Inhalation contributes to ex.posurc 
only in the vicinity of the plant. particularly with mineral­
sands-processing plants. Doses depend on distance and 
could be up to 50 µSv a· 1 for office workCl'5 in a building 
just Out!iide the plant site (LIS). 

1 S3. Because most food products consume<l by mdi viduals 
arc prcx.luced in large agricuhurJI regions. possible dose from 
ingestion of radionuclideli are small. For a 1yp1cal situation. a 
small popul:ition in the vicinity of an elementary phosphorus 
plant. the c:ikulated dose would be of the ordcr 100 µSv a 1 

[LIS]. More genercl.lly. the estimated doses .... ould be 1 1 Cl 
µSv a 1

• Ingestion doses chat could result from discharges of 
wastes to watèl' are ncgligiblc compared 10 those by the uther 
pa!hways. 

184. ln the United Kingdom. the doses from sintering plants 
of the steel industry to critical groups of the populanon were 
calculated 10 be between about l .5 and 18 µSv a 1

. The 
highcst dose was i!ttributed to il sinter site with relatively low 
stack~. Inhalation contributed less than 22%, with the main 
exposure route being the ingestion of food. The annual 
collective dose calculatcd for the population (10 a di~tancc of 
3.0<X) km) was estimnted 10 be between about 2.9 and 5.5 man 
Sv[H33]. 

185. Pcnfol<l et al. [PIO] made a pilot study of the 
radiological impact of coal-fired stations in the United 
Kingdom. Yarious pathways of exposure were considered. 
The highest dose rate for a critical group (about 250 µSv 
a· 1) came from the use of fly ash m building m.tterials. 
Other pathways caused do.~c rates for criticsl groups 
betwccn 0.07 and 55 µSv a· 1

• 

186. The radiation exposure of critical groups of the 
population surrounding a site with a wood-chip-burning 
oven was determined in a Swedish study [H34] . The 
maximum individual dose rate wns found to be 2.4 nSv n 1• 
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187. Annual per caput effective doses from process 
industries documented in the UNSCEAR 1993 Report 
ranged from 1 nSv to 20 µSv and for critical groups up to 
about 1 mSv. Those mentioned above and other more 
recent data are for ve:ry specific situations or critical 
~oups. On the wholc, however. theyarein agreement with 
~he earlier cstimates. and they support the conclusions of 
the UNSCEAR 1993 Report [U3J. 

J 88. Swmnary. The indumial activities enhancing 
exposure from natural sources involve large volumes of 
rnw materials containing natwal radionuclides. Discharges 
from industrial plants to air antl v.ater and the use ofby-

FAX :6139529071 PAGE 

prcxlucrs and waste materials may be the main contributors to 
enhanœd expœure of the general public. For typical 
industries and releases. exposurcs occur primarily in close 
proximity tome plants. A complete review is made difficult by 
thediversicy of industries involved and the local circumstances 
associar.ed with thee:<posures. Estimated rnax.imum expœures 
are greatest for phosphoric acid production and the mineral­
sands-processing industries. Aliliough exposure rates of the 
ordcr of 100 µSv a· 1 c:ould be received by a few local 
residents. levels of J - 10 µSv a I would be more common. 
These exposure rates constirute a negligi.blc component of the 
total .mnual effective dose from all natural sources of 
radiation. 

IV. WORLDWIDE AVERAGE EXPOSURE FROM NATURAL SOURCES 

189. The componentç of exposure caused by naturnl 
raùiation sources have been reasscsscd in this Annex based 
on new information and dilta from meaçurcments and on 
further analysis of the processes involved. Thesc exposure 
componentscan now be added toprovide an estimate of the 
total average èXposure. It must tirst be stated thac the 
average exposure probably does not pertain to any one 
intlividual, since there are wide distributions of exposures 
from cach source and the exposures combine in various 
ways at cach location, depending on the specific 
concentrations of radionuclides in the environmcnt and in 
the body, the latitude and altitude of the location. and 
many other factors . 

190. Jn a few countries the propor11on of the population at 
various levels of total exposures has been assessed. These 
data arc included in Table 30. and the combined 
distribution is shown in Figure XV. The average annual 
exposure for this distribution is 2.0 mSv. The distribution 
rises in a few dose intervals co the peak exposure and then 
ca1ls off co decreasing population ac doses 2 to 3 li mes the 
average. To smooth the distribution somewhnt, most 
exposure intervals have becn subdi vided. The general 
~hape of the distribution is probably fairly relevant. 
Although populations living in areas of high background 
exposures are not wcll represented in chis particular 
distribution. they would noc be expec1ed to be a prominent 
featurc. in part because not all components of their 
exposure are enhanced at the same time and because there 
i~ a relativcly small proportion of the population of mosc 
councries with significantly elevated exposures. 

!91. Average worltlwide exposure determined hy adding 
the various compont"tlts is summarized in Table 31. The 
changes from the earlier asscssment of the Committee [U3} 
arc also indicated. There are only rathcr minor changes for 

the exposure components. The worldwide average annual 
exposure to natural radiation sources rcmains 2.4 mSv. 
Neither the magnitude nor the precision of this escimate 
should be overemphasizcd. As indic:ned in Figure XV. 
ba.~cd on the sample population of Table 30. a broad 
distribution of exposures would be expectetl in any large 
populallon. 
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Figure XV. Distribution of population of flfteen 
countrles with respect to total annual effective dose. 

192. The normal ranges of e..,posures to the various 
components ofnatural radiation are indicated in Table 31. 
This accounts for common variations in exposurcs but 
cxcludcs those individuals at the cxtreme ends of the 
distributions. On this bs.~is, worldwidc an nuai expo.~un:s to 
natural radiation sources would generally be expected to be 
in the range 1 1() mSv, wi!h 2.4 mSv bcing the present 
estimate of the central value. 
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l 12 ANNEX B: EXPOSURES FROM NATURAL RADIATION SOURCES 

CONCLUSIONS 

193. Since cxposures to natural radiation source~ arc more 
significant for the world's population lhan most exposures to 
man-made source.<;, the narural background bascline warrants 
evaluation in some detail. Efforts should continue to broaden 
the database used for determining bath representative v.dues 
and extremes in exposurc.<; and to improvc dosimctric 
procedures. 

194. Bet.-ause of lhe wide variations in natural background 
exposure.5 even wilhin relarively small regions, more efforts 
will hc require.d to determine the detailed distributions of 
populations within dose intervals for the various component~ 
of exposure. Initial, still limited evaluarions of distribu1ions of 
eltlemal exp05ures outdoors and indoors and of the total 
Cltposure have bccn prc.c;ent.ed in this Annex. These 
evaluations seem to reveal patterns that would be expectcd to 
be genernlly valid for other countries and for the world 
population as a whole. The analysis of distributions will 
provide an improved basis for deriving worldwide average 
expœurcs and their normal and extreme variations. 

l 95 . The main unœrtninties in the assc.~sment of do,;e from 
natur.il radiation sources arise less from the limited number of 
mca~urement~ than from the complications of the dosimetric 
con$iùerations. The situation with respect to radon decay 
products is \\.cll known, but similar problems exil;t for cosm1c 
r.idintion and ingcsted radionuclide.<.. For CO$mic radiation, 
more information is needed on eJ<posurcs to neutrons at all 
altitudes and latitudes. e~pecially high-energy neutrons and 
high-2 nuclei ac aircr.ift nltitudes. along with critical c.I.ita or 
improved models to allow a reasonable estimation of effective 
doses from thcse component<; of the radiation field. For 
ingeit.ed radionuclid~$. good dosimetric models are a.vailable, 
but the problem is to estimate representative intake amounts 

Tl-.! ?1 ?CICI? 1 ?: ?? 

of the radionuclides and associate thcm with relativcly fewer 
determinations of concentrations in tissues of the body. 

196. Therc are many circumsr.ances in which individual!. 
reccive enhanced expœures to natural radiation. Living inside 
buildings is considered normal in this regard. and flying in 
airplanes usually in volves an insignificant proportion of most 
people's time. Tn the pas!, the Committee ha~ reviewed the 
expo!iures caused from the release of natural radionuclides in 
minerai processing industries. the use of pho.çphate fertilizers. 
and the combustion offossil fuels. These cnhanced exposures 
are usually quitc insignificant comparcd with the normal 
background expo!>ure from natural sources. This conclusion i~ 
still vafül. ba<;cd on a brief review of new information in thi, 
Anncx. 

197. The evaluations in this Annex of exposurcs from 
natural radiation sources indicate that the average annual 
effective dose to the world population is approximntely 
2.4 mSv. which is the same as the previous estimate of the 
Committec [U3] . The value of the estimatcd :iverage 
exposurc should not be talcen to be too precise. since broad 
averaging is involved. For individuals. annual exposurc~ 
r:inging from I mSv 10 1wo or three times the world 
average are frequently encountered. It is estimated that 
about 65% of individuabi have exposures between I and 
3 mSv. about 25% of the population have expo1,ures less 
than 1 mSv. and 10% have exposures greatcr than 3 mSv. 
Although the databasc continues to expand and 
char.!cteri1.ation of the distribu1ions of populations wi1h 
respect to the various componenL~ of natural background 
radiation is being improved. the generally assessed 
e,'Cpn~ure levels to which the broad spectrum of the world 
population is exposed seem reasonably well subst.intiated. 
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Table 12 
Distribution of population with respect to the indoor absorbed dose rate ln air from terrcstrlal gamma radiation 
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îable 13 
Reference annual lntake of air, food, and water 
[17. W1) 

[ 
ir ~ 
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--·· 
11\k prodUt!S 
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Roois and frJits 
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e 14 

lf!.(ants Il year J 

1 900 

.. -
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120 
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20 
I\O 
5 
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90 140 
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eentratlons of uranium and thorium sertes radionuclides ln air 

1 -· J 1 
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Table 15 
Concentrations of uranium and thorium serles radionuclides ln foods and drlnldng water 

/ù_~icM/ 
country 

Nc,nn Amtl'ica 
Umred Statc.~ 

A~i:i 
Chin:i 
lnc,a 
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F.umpc 
ltJly 
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Table 15 (continued) 
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0.7·21 7.4 
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0-0.S l 
F: ··-·· . 

1 

1 
0.2-7 600 ' 18,570 

0-4.2 1 
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Table 16 
Annual lntake of uranium and thorium serlea radlonuclldea ln dlet 

r Region / country An nuai inlalct ( Bq J 
Rtf. 

mu 11011i 'HRa mph llOpn .n71i mRa m711 '"U .. ·-
North A mcnc.s 

1 
1 

Puerto Rico 9.1 (Hill 
United States S.5-6.2 2 2-3.7 10-24 16-23 22 1.1-2.2 13-16 1 7.3-8.0 IB8. F3. FS, Hl2. 

19. M23. M24. PB. 

1 
S31.S33. W61 

1 

South Amrnca 1 

Argentin1 9.S 18 IB7. US] 
Srazil 40 1 40 !LIO. P91 

Asla 
Chino 57 l2-J2 75-110 f>8- DO 9.3 66 1 .:? .6 [L.16,Y5.Y6. Zl 1 
lndia 2.9 8.8 46 20 3.3 47 [Cl 6, 05. LI 1. 

S4lJ 
J3pan 3.:!-6.6 0.6 9-15 73-80 2.:?0 0.6-0.8 [K7. Nl3.S22. 

1 1 S27.S42.S4.SJ 
1 

Eumpc 
1 Belg1um 16 [S2S] 

Bulg11ria 22-211 (1<81 
Czech Rcp. 40 IT(,1 
France 4.4 14-19 18 [G7. S32. UBJ 
Germ~ny 

1 

Il J .4 40 62 2.2 17 17 [F4. GS. M22J 
ltuly l l · 19 40 40 (Cl7. D9.M2 11 
Nt!herl:inds 27 [S21!J 
Pnland 6.4 2.1 19-20 45 44 1 2 (P3. P7J 
Romani~ 58 19 57 51 2.2 2.2 Il 121 
Ruslilnn Fcd. 16 .SS-84 40-55 [07. L12J 
L'.K. 44 11-16 16-30 2S-44 (CIS. H l 4, Hl 5, 

1 S29. S}OI ·--- L 
,. ---

Rcfcrcncc value • S.7 3.0 22 30 58 1.7 IS 1 3.0 02 - --
o ln~k.e hy sdu\ts; con>11mp11on me,; from Table 13 ~nd rcfercnœc0nc.:cntrat1011s in foods and water from Table \5. 
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Table 17 
Annual effective dose from Inhalation of uranium and thorium serte, radionuclides 

1 

Conunrra1im1 Elf1ct1Yt do,c coeffiàtnr //9/ (µSv Bq"1) Co'"'"itttd t!ftctlvt doJt '· • (11Sv) 
R4dio· in air 

1 ni,c/idt (11Bq ni''J lnfanr1 C/11/drtn Adi,/IJ /,ifallJS 
1 

Clu/drtn Adults 
Age, 

wriglutd 

0 
mu l : 9.4 4 2.9 0.018 0.022 0.021 0 021 
l)lll 1 : Il 4.8 J.S 0.02l 0.027 0.026 0.026 
l~h 0.5 35 16 14 0.033 0.04S O.OSI 0.048 
2l61ù l 11 4.9 3.S 0.021 0.027 0026 0.026 

1 l l"Pl, 500 3.7 1.5 1.1 3.5 4.2 4.0 4.0 

l 
'·"Po 50 Il 4.6 3.3 1.0 1.3 1.2 1.2 
ll'Th 0.5 50 26 25 0.048 0.073 0.091 0.084 
1:IJt.. 1 10 4.6 2.6 0.019 0.026 0.019 0.021 
l2"Th 1 IJO 55 40 0 25 O.Jl 0.29 0.29 
~u 0.05 10 4.3 3 1 0001 O.OOJ 0.001 0.001 

1 Tow 5.0 
1 

6.0 1 5.8 
1 

5.8 1 L 

a Assumed breathing rlll~ infants 1.900 m' A", childrcn 5,600 m1 a '. adults 7,300 m> ~· 1. 

h Commmed effective dose from the anm1al intak.e. Age dislnbution for weighted val~es: infants O 05, childrcn 0.3. adi:lts 0.65. 

Table 18 
Annual lntake and effective dose from Ingestion of uranium and thorium seriea radlonuc!ldes 

----------' 
. ·-

1 

Ac1iYi1y imalcc " Efft,11'vt dmt cnrjfic1rn1 f/2, 121 J Cnrnrnllltd tjftrtivt: dose • 
RD.d10• (BqJ (µSv Bq 1

/ (µSv! 
nuclidt 

1 

----· 
lnfanrl Childrtn Adulti hifanrs Childrtn Adulrs l,ifan1s C/11/drc,1 AJi,/U 

Agt· 
wi:ighwJ . 

u•u 1.9 3.8 5.1 0.12 0.068 0.04S 0.23 0.26 0.2S 0.25 
:l•u 1.9 3.8 5.7 O. 13 ' 0.074 0.049 0.25 0.28 0.28 0 28 
!li>fh 1.0 2.0 3.0 0.41 0.24 0 21 0.42 U 48 0.64 0 SS 
i2"Ra 7.S 15 22 0.96 0.80 0.2S 7.S 12 6.3 8.0 
l tOPb Il 21 30 3.6 1.9 0.69 40 40 21 2.k 
:,"Po 21 39 ! 58 8.8 2.f, 1.2 IBO IOO 70 85 
Zl"Tt, 0.6 1.1 1.7 04S 0.29 0.23 0.26 0.32 0.38 0.36 
mRi 5.S 10 15 S.7 3.9 0.69 31 40 li 21 
r.'Th 1.0 1 2.0 30 0.37 0.IS 0.072 0.38 0.30 0.22 0.25 
nsu 0.1 1 0.2 0.2 U.13 0 07) 0.047 0.011 0.012 0.012 0.011 

1 - --r 
Total 260 200 l 10 140 

a Consurnpuon rates from Tab!e 13 and conccntrotiun, in foods and water (rdcrcnce Y3luc5) from Table 15. 
b Comnuued effecuvc d.o,;c frorn the annual in111kc. Ase dmribu11on for wcighred values ir.fanl~ 0.05 , cbildrcn 0.3. cdult~ 0.6S 
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Table27 
Typlcal concentrations of radionuclides ln raw and produced materlals and ln wastes of the minerai 
processlng lndustry 

Typical co11cr1111a1im1 /1t urt / row niartnal T'yplcal cunctntra/1011 111 prodM~I ()r 1a1lmgs / ,vustt., 

Makrial (kBqlcg' 1J (/cJJq kg '') 

mu.uriu 1 :nrh-urits mu,suits mTh-.uri,r 
-

Phoaphate lnduatry 

Phosph3tc o.2-1.;---I~2<Aoriœ=1 1 0.9· 1 .3' 0.02 (Phosphoru~ slag) 
1.5 (Florida ore) 100 (2 '"Po) 

0.03 (Kovdof oreJ 600 (11"Pb) in e&lcirule 
0.11 (P:ilru~ ore) 1 1 (Phospbon.s slngJ 

Anifiml fer1ihz.er 0.3 • 3 0 008-0.04 

1 

0.2-1 ('l'R:1 :ind '"'PbJ 
2.2 (TSP_> __ j___ 0.00S (TSP) 

Rare earths, thorium compound& 1---------------··-r 
Monazitt 6-40 __ ! __ '% (b} ,,,cightl 

S-300 
--'----·----

3000' 

Oil and gaa extraction 

I J

4

LBqm-- '(lllRn)-i--! ·~-----~~~~~~~~~~~~l~-~
1
-(-~-·-c_~_~_c~_•c_)-~•----~-------i 8-42 kBq m 1 (product,nn 
watct) 

Nnturcl s~ 

t= __ 
Metal oru 

Iron tire 0.1-0.3 (cnal t3/J 1·-
0.1 S (bla~l fumacc ~13g) O. 15 (blJ~ fumacc ,l:igJ 

/ zinc-rich lillcrcake 1 
4 11 

~~-i:_·~_'':_1~_
1
~ ___________ 6_-_'io ____ ~ ___ 1_~·_io ____ , ____ 

1 
_<•
1
"_· tt_i ___ .~~-

6'-----1 
Coal tar tre11tment f----------....,...---------~---· 

0.l-0.3(2'"Posnd:iaPb) 1 1 0.2-06(elcctrodeptlchl -----------Co;\IUr 

Cokes and electrlc po-r production 
1----- -----.....---- ---- ------·--------------..-- -----

Coal 0.01-0 025 0.01-0.025 0.02- 0.04 ( cokt.\ l 
0.1 • 0.3 (coal tarJ 

0.2 (fi}' and bouom ash) 
0.4 (fly dust) 

0 2 (fly du~l) 

c· Cernant lnduatry 

, .~ -------- 0.-0-22--1----~.003 --,--o-os---0-.1-,-,.-.,-mcn-1-, -...--0.03-0.1 (ccmcnt) 

0 02 (silex) 0.003 (silex) 
Schist 0.04 0.056 

1 l'nrtl:ind chnkcr O 08 0.05 

1 Mln-1 unds h,odllng • - - ---1 
-r-,~-,~-:'._i_m 5-Jn_tl ____ ].__ __ 2_.3_~_(.;4_)_}_;_,.u_> _ _ ... ____ g_.o_l;_:i_·~ ____ _._I ___ R_"'' 'I . 1 

Tltanlum pigment production 

llmeni1c 
T1ranium nre 

-..._..,- ~--
2.3 < 1.5 : •1'UJ 1.2 400 • 

11 Phosphogypsum. Centrsl Florid.i ore. 
b i:•Ra in •1JlphS1e prcapiute. 

'"Ra jJ1Q.Jpl1AIC 

JN 21 20e2 17:24 

0.07-9 

1

. 0.07-9 0.15 (VBM) 
2.3 (tiltercakcJ 
0.03 (water) -~----· 

6139529071 

up 10 1 500 (scclc) 
0.13 (VBM) 

2.6 (fülcn:ukcl 
0.01 (waler) 
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Table 28 
Release of radionuclides lrom typical installations of minerai processing Industries 
[L18) ,-

/ndu.,rry 

- --
lenvntuy JI00'4)horus E 

Ph 
r, 

Transport 
<15Jhoric acid 

'Ulilkcr plant 
Tmru(IOrt 

ron aid ueel producrion 
TnllSpOft 

oaJ li! 1 lrollmenl C 
C oa~rcd l'owcr pin ni (600 MW e) 

Transporl 
C okei p,oduction 

Trarupo.11 
011 indu.stry 

anics 
inenl wicl.! handling 
tllnrnm-pigmenl 
as-fin:d pown piani ( 400 MW e) 
·1 extraction 
a., e1rnc1ion 

a Zir,onium. 
b lu"m'a ' . 

Ou 
1hroughp111 

(J:ra 1
) 

,..u 

570 
0.06 

700 007 
375 

0.02 
7 500 

001 
120 

1 350 0.16 
0.004 

88) 0.013 
0.001 

2 000 0.2 
3 200 0.03 
183 • 0.97 
50 0001 

600· 
3 500 

12 ooo• ~ -

.. 
™Th 

1 0.001 
0.002 

0.0001 

0.01 

008 
0004 
0.009 
0.001 
0.05 1 

! ; 

0.12 
0001 

R,l~auf r 0 UlnlO Jplirr~ (GBq a'> 

™Ra 

0.06 
0.09 

002 

0.01 

0. 11 
0004 
0013 
0.001 

0.2 
003 
073 

0_()()1 

n 

J 56 
0.0 
82 
22 
0.0 
18 

0.0 

3 
0 
1 
2 
0 
1 

34 
0.004 

13 
1 

1 

3 

0.00 
15 

O.OJ 
0.7 
62 
21 
540 
500 

0 

"°Pb 

66 
0.06 
0.08 
0.044 
002 
55 

0.01 
-0 

0.4 
0004 
0012 
0.002 

0.2 
0.09 
0.73 

0.001 

0 

11"Po 

490 
00(, 
01.i 

0.034 
0.02 
90 

001 
- 0 
0.8 

0 .004 
0.07 

0001 
78 
O.J 
0.73 

0001 

----~--'----- ··-----'---L_.L_ _ _J 

-- - .. 
Retenus tu 11-aru (GBq a '1 

"'K mu ,,.Th ""Ra "'Rn uopb uop0 

. - 24 166 
0004 0.18 0002 0.18 0.18 0.18 0.18 
0.008 336 8 737 654 997 

- 0.0.54 0.057 
0.001 0.07 0.0004 007 0.07 007 0.06 

1 . . 051 8 . . 
0.()1 0.03 O.OJ 0.03 0.03 004 0.04 

. . . 
0.27 . . . . -
0012 0.011 0.011 0.011 0.011 0.011 0.011 
0.032 . - . . 0 .024 0.032 
0004 ' 0.004 0.003 0.004 0.004 0005 0.004 

0.4 . . 
0 .14 . . . - . 

0.088 0.011 0066 0 .066 0.066 0.066 
0002 0.003 0.002 0 .002 0.003 0.002 

. . - - . 

217 

1 
174 

1 
174 174 174 

2.7 32 32 32 32 

() 

·-~ 

"'K 

. 

0.013 
19 

0.002 
-

0.04 
. 

0 .036 
. 

0.011 
. 
. 
. 

. 

. 

"Tl 

r m 
z 
0 

(0 
(J) 
(J) 

0 
(J) 

' 1\) 
,-... 

-
0 
1\) 

,-... 
01 

w w 

,, 
D 
X 
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~~ l Maximum effective doses fram naturel radlanucllde~ releaaed from typlcal lnstallarlona or operatlans of the 
minerai processlng lndustry 
[l18) ! 

Maximum tfftc1ivt dost rait (IJSv a I J 
/Nluslry 

E.utmal irradi111io" Arr dispersion paihways Wartr dispu:ian patltwayJ 
-

Elcmcnwy phospnonas proclucnon 130 2 <0.4 
Phosphonc icid production 8 -2 000 • 2 
Pcnilizcr production 20 <0.4 1.5 
Primnry iron and steel production 8 <0.4 3 
Coal t11r proœssing 4 <0.4 
Cokes production 4 <0.4 
Coal-fiffl:I power plant 12 <0.4 4 
Ga,-fircd pow~ piani <0.4 <0.4 . 
011 ~d gas Cltraction 2' <0.4 • 
Cernent production s <0.4 
Cet1.1111c mdustry plant <0.4 <0.4 
Mi11U3l sands handling 60 <0.4 320 
TiWlium pigment production <0.4 <0,4 l 

a lnhalotion d~ (radc,n) due 10 l:.nd till wi1h hirbour ~ludge below a resJdenual arn. 
b Rather uncertam value. 
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