Eastern Mediterranean Health Journal, Vol. 14, No. 6, 2008 1257

Assessment of lung cancer risk due
to exposure to radon from coastal
sediments

A. El-Gamal® and G. Hosny?
o) sl o il 0931 M ) 8 o) A Ol e Aoyl gl
(S Olger (ot Q_cj
22Rn 0530 ) 5 S5 o e oo 2 Ol s LY ez Lo Ol L) (5 ol 1o
O3 58 5 i Valall e dlede Ledsinal y clgor ,l g SUL 5215 (3 camds 5 gemy sl sl
@ kL) LU e e 3 685 ) Ol ey BLoYI bl e b e 315 Loy clgm oty S 15
8.63 5 (33.12 6,45 (s lne 2Ly SULU =15 3o/ L i 42,98 0531 ) 55 5 Lo gie s 35 . 2
0321 I (25 Ol ety oY) st oy aly (6,16 0,5 (5 )lnr B2L) LN ol 3o/ LS
T 25,15 ((B4.67 5,05 (5 ks 1ELY LU s (3 83.4 (Lt sk ST L saey 1050
UL a5l s e g st bl 3 el VARl cslSTy (19,52 5,005 (5 kas 31 2L SLL
oYl et e ) S 4y e Of (U Way as, 3 iy wYARL el Of ) PR

ABSTRACT We conducted a lung cancer risk assessment for internal exposure to naturally occurring
222Rn gas both indoor and outdoor. A series of equations were used to estimate Rn concentrations
indoor and outdoor and the associated lung cancer risk in some coastal regions in Egypt. The mean
222Rn concentrations were 42.98 (SD 33.12) Bg/m® and 8.63 (SD 6.16) Bg/m® indoor and outdoor re-
spectively. The mean risk of radon-induced cancer (deaths per million population) was 83.4 (SD 64.67)
indoors and 25.1 (SD19.52) outdoors. Levels were higher for western regions of the country compared
to eastern ones but the highest levels were in Rashid (Nile delta). Smoking was shown to increase the
risk considerably.

Evaluation du risque de cancer du poumon di & une exposition au radon provenant de
sédiments cotiers

RESUME Nous avons mené une évaluation du risque de cancer du poumon lié & I'exposition interne
au gaz radon (**2Rn) présent a I'état naturel a I'intérieur comme a I'extérieur des habitations. Une
série d’équations a été utilisée pour estimer les concentrations en radon en milieu clos et en plein
air, ainsi que le risque associé de cancer du poumon dans certaines régions cotiéres d’Egypte. Les
concentrations moyennes de ???Rn étaient respectivement de 42,98 (écart type 33,12) Bg/m® et de
8,63 (écart type 6,16) Bg/m?® a l'intérieur et a I'extérieur des habitations. Le risque moyen de cancer
du poumon provoqué par le radon (nombre de décés pour un million d’habitants) était de 83,4 (écart
type 64,67) a l'intérieur des habitations et de 25,1 (écart type 19,52) a I'extérieur. Les niveaux étaient
plus élevés dans les régions de l'ouest du pays que dans I'est, mais c’est a Rosette dans le delta
du Nil que 'on enregistrait les niveaux maximums. Il a été démontré que le tabagisme augmentait
considérablement le risque de cancer.
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Introduction

Radon (Rn) is a naturally occurring radioac-
tive, odourless and colourless gas [/]. It is
of particular concern because it is ubiqui-
tous, and it is very mobile in the environ-
ment [2]. There are 3 isotopes of radon but it
is ??Rn that is of particular epidemiological
interest [/].

It is well known that inhalation of the
short-lived decay products of ??Rn provides
the main pathways for radiation exposure
of the lungs [3]. When *Rn gas itself is
inhaled, most is exhaled before it decays
but *?Rn progeny may be deposited on
the cells lining the airways where they can
damage the DNA and potentially cause lung
cancer.

It is recognised that **Rn is a health
hazard in both mining and non-mining en-
vironments [4,5]. ?*Rn is the second most
important risk factor for lung cancer after
smoking, and causes between 6% and 15%
of all cases [6]. Exposure to **Rn in the
home and workplace is one of the main risks
of exposure to ionizing radiation, causing
tens of thousands of deaths from lung can-
cer each year [7,8].

The concentration of ?*Rn and ?’Rn
daughters in the indoor air depends on the
amount of **Ra in the soil and how easily
22Rn products can move through soil and
walls and mix with room air. Because **Rn
is a gas, changes in the atmospheric pres-
sure also affect its emission from the ground
and its accumulation in the indoor air [9].

Risk assessment is a method to assess
the likelihood that exposure to hazardous
agents will harm people or the environment
and is conducted to estimate the probability
of specific harm to an exposed individual or
population [/0].

The purpose of our study was to con-
duct a risk assessment of lung cancer due
to inhalation of either indoor or outdoor

22Rn in Egypt. In order to carry out the
risk assessment, a series of equations were
systematically used to estimate i) the con-
centrations of ?*’Rn in air that emanated
and was exhaled from sediments containing
226Ra and ii) the risk of death from lung
cancer from **?Rn internal exposure.

Methods

The following estimations and calculations
were made.

1. Estimation of ?*’Rn concentrations in
both the indoor and outdoor environ-
ment based on its emanation and exha-
lation from sediments containing **Ra
using a combination of previously pub-
lished equations.

2. Calculation of ?*?Rn internal exposure.

3. Calculation of annual effective doses
from ?2Rn exposure.

4. Calculation of the risk of death from
lung cancer from *Rn exposure based
on international risk values and the risk
assessment model [/7,12].

5. Estimation of the risk of death from
lung cancer from ?*?Rn exposure taking
account of the synergistic effects with
smoking.

Principles for the risk assessment
model

The original values used in these calcu-
lations are taken from published data of
coastal sandy sediments [/3—15]. The **Ra
values were measured by means of a high
resolution, low background gamma spec-
trometer, using a multichannel analyser
and coaxial high-purity germanium detec-
tor [/13,14]. The geographical locations of
the selected regions under consideration
are given in Tablel, and are located on the
Mediterranean coast of Egypt. These sta-
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Table 1 Calculated values of *?Rn concentrations in soil gas (C_ ), exhalation
rate of ?2Rn to atmosphere (J,) and ?*Rn concentration (C_ ) in indoor and
outdoor air in some selected coastal regions in Egypt

Region Latitude Longitude Cern J, Rn indoor Rn outdoor
north east kBg/m? Bg/mh Bg/m3 Bg/m3
A Matrouh-1 31°33'40" 25°09'44"  14.819 50.610 50.229 10.107
B Matrouh-2 31°21'39" 27°15'30"  11.255 38.439 38.150 7.676
C Matrouh-3 30°28'16" 28°45'55"  14.718 46.798 46.446 9.345
D Alexandria-1 31°08'53" 29°50'02"  16.944 53.877 53.472 10.759
E Alexandria-2 31°17'32" 30°01'12" 9.006 30.758 30.527 6.142
F Rashid 31°28'26" 30°21'48"  38.117 130.176 129.197 25.996
G Damietta 31°31'37" 31°50'31" 5.221 17.830 17.696 3.561
H Port Said 31°18'40" 32°10'50" 6.293 23.008 22.835 4.595
I North Sinai-1  31°03'50" 32°36'40" 7.020 20.708 20.552 4.135
J North Sinai-2 31°08'31" 33°47'17" 6.761 19.945 19.795 3.983
Black sand? 31°28'2" 30°21'48" 325.819 1112.719 1104.348 222.207

aBlack sand came from Rashid region.

tions were selected as large coastal cities
based on radiological assessment of the
Egyptian Mediterranean coast [/5]. Coastal
inhabitants of these governorates probably
use the marine sediments as building mate-
rials. Black sand, which is present in sedi-
ments in Rashid, was also assessed for Rn
emanation and exhalation rates, because it
is known to have relatively high amounts of
uranium. According to the Egyptian Central
Agency for Public Mobilization and Sta-
tistics (CAPMAS), the population census
estimates (X 10%) on 1 January 2006 of Ma-
trouh, Alexandria, Rashid, Damietta, Port
Said and North Sinai governorates were
278, 3885, 4777, 1100, 546 and 317 people
respectively.

The results of risk due to exposure to
22Rn and its daughters are presented as
risk per million inhabitants because the real
population number has spatial and temporal
variations. The inhalation rate varies with
activity level, age, weight and general phys-

ical condition but some of these variations
were not taken into account in the present
work [16]. This calculation was carried out
for inhalation rate of an adult man.

In the present study, the estimated risks
were modified according to sex and smok-
ing habit. The population unit was theo-
retically divided equally into 500 000 males
and 500 000 females. The categorization of
Rogers and Powell-Griner [/7] and Maillie
et al. [/8] was used to classify smokers as:
light smokers (LS) < 25 cigarettes/day and
heavy smokers (HS) > 25 cigarettes/day.
Former smokers (FS) have a reduced sur-
vival when compared with never smokers
(NS). We assessed the risk for both males
and females for all categories of smoker
(NS, FS, LS or HS) according to Shopland,
Eyre and Pechcek’s relative risk (RR) val-
ues [/7]. They suggested the values of RR
for males for FS, LS or HS as 9.36, 18.8 and
26.9 respectively, and for females as 4.69,
7.3 and 16.3 respectively.
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Methods for calculating attributable
risk

Calculation of *’Rn emanation and
exhalation rates

In order to estimate the amount of indoor
and outdoor ???Rn, a series of equations from
(1) to (5) was used to calculate the emana-
tion and exhalation rates of *’Rn from its
original **Ra sediment holder. The typical
value of the *?Rn emanation coefficient for
sand is 0.14. The value of total porosity was
changed according to the grain size from
0.43 for fine sand to 0.39 for coarse sand
[19]. The concentration of Rn emanating
from dry sediments gas, C_, (Bg/m’), in the
absence of 2’Rn transport, can be calculated
from equation (1) [3,79].

Cin, =REps&™ (1-¢)

Where: R is the ??°Ra activity in the sediment
particles (Bg/kg), E is the ?Rn emanation
coefficient, p is the dry bulk density of the
soil (kg/m?) and ¢ is the total porosity.
Exhalation rate (flux density) of >**Rn at
the surface of dry sediments, J (Bg/m’s),
can be calculated using equation (2) [3].

Jo,=RAEp(-¢)L
Where: A is the *Rn decay constant (2.1

x 10°%/s) and L is the diffusion length and
derived from equation (3) [3,20]

(5]
A

Where: D is the effective **’Rn diffusion
coefficient (m?/s) and is derived from equa-
tion (4) [20].

D, =D, g exp(-6& R, —6R*)
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Where: D is the ***Rn diffusivity in open
air (1.1x 10° m*s) and R is the volumetric
water saturation (0 in dry sediments).

The rate of 2?Rn entry from sediments in
cubic metre volume U (Bg/m’h) is given by
equation (5) [3].

U =3.6e3 SsJp
14

Where: S, is the surface area of the walls
(m?), J is the flux density (Bg/m’h) and V
is the volume of the area (m?).

Calculation of indoor and outdoor *’Rn
The **’Rn concentration in air in a typical
room is determined by the equilibrium be-
tween the ?Rn gain (exhalation from walls
and soil) and loss (ventilation and **’Rn
radioactive decay). When the room is open
to the outside atmosphere, the ??Rn con-
centration is low due to the outdoor level.
Using the single compartment room model
with different ventilation rates, >>’Rn con-
centrations can be estimated either indoor
or outdoor according to the ventilation rate.
Ventilation rates 1 and 5 h were used to esti-
mate indoor and outdoor **?Rn respectively
using equation (6) [27].

Where: C, is the *’Rn concentration (Bg/
m’®), A, is the *’Rn decay constant (7.58 x
107/h) and A, is the ventilation rate (/h).

Calculation of *’Rn exposure

The equilibrium factor (F) as in equation (7)
below is the ratio of the equilibrium equiva-
lent 22Rn concentration (C__) to the ??Rn
concentration (C, ) [22].

EEC
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A special unit, the working level (WL), is
used to describe exposure to short-lived ra-
dioactive decay products of ??Rn. The WL
is defined as any combination of short-lived
222Rn decay products in 1 litre of air that will
result in the ultimate emission of 1.3 x 10°
MeV of alpha energy [23].

Exposure to ?2Rn (WL) both indoors and
outdoors can be calculated from the relation
in equation (8) (1 Bg/m*= 0.27mWL)[3],
which can be converted to the form of
equation (9).

0.27
WE=Coe 1000
The working level month (WLM) is the unit
of cumulative exposure and defined as the
exposure to 1 WL for 170 hours (1 working
month) [24] per unit **Rn concentration
(EEC). Exposure to *Rn (WLM) both
indoors and outdoors can be calculated from
equation (10) [3,23].
WLM =WL @
170
Calculation of annual effective doses from
222Rn exposure
The annual effective doses are derived from
equation (11) below [22]. The dose con-
version factors used in the calculations in
this study were based on the United Na-
tions Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) values
for indoor and outdoor ***Rn as 3.6 and 5.4
(nSv/h)/(Bg/m?) respectively [22].

DRn = CRn Of n DfRn

Where: D, is the annual effective dose
from 2?Rn exposure (indoor or outdoor)
(mSv/year), C, is the concentration of
22Rn in indoor or outdoor air (Bg/m?), Of
is the occupancy factor (7000 hours indoor
or 1760 hours outdoor),  is the conversion
factor from nano (n) to milli (m) and Df,_is
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the dose conversion factor for >’Rn, calcu-
lated from equation (12).

Df,, =F Dc

Where: F is the equilibrium factor (0.4 for
indoor and 0.6 for outdoor) and Dc is the
dose coefficient (9 EEC).

Calculation of risk of death from lung
cancer from **>Rn exposure

According to ICRP [//], the population
cancer mortality risk per WLM of whole
body dose <R> is given as:

<RIE,,, > Lung cancer death (LCD) per | WLM
1000000 person

350 LCD
= per
1000000

WLM

Where: R is the number of deaths per
1 000 000 persons due to *Rn daughter

exposure (E, ) for 1 year.

Results

The calculated ?*Rn emanation and ex-
halation rate values are shown in Table 1.
Radon concentrations in indoor and outdoor
air were calculated using equation (6) and
are also listed in Table 1. The worldwide
median value and other national and inter-
national values are shown in Table 2 for
comparison.

The mean ?*’Rn concentrations in the
areas under investigation were 42.89 (SD
33.12) Bg/m® and 8.63 (SD 6.66) Bq/m? for
indoor and outdoor air respectively. The
222Rn concentration in indoor air ranged from
17.696 Bg/m? in Damietta to 129.197 Bg/m’
in Rashid. The detected ??’Rn concentration
in outdoor air ranged from 3.561 Bg/m? in
Damietta to 25.996 Bg/m? in Rashid.

The UNSCEAR committee suggests
rounded values for the equilibrium factor of
0.4 and 0.6 for the indoor and outdoor en-
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Table 2 National and international
environmental values for ?Rn concentration
(Cg,) indoors and recommended upper limits

C., indoor (Bg/m?)

Environmental values

National and international

Worldwide median [3] 46
El-Minia City, Egypt [25] 123
Cairo, Egypt [26] 24-55
Belgium [3] 48
Czech Republic [3] 140
Cyprus [3] 7
Finland [3] 120
Kazakhstan [3] 10
Poland [3] 41
Romania [3] 45
United States [3] 46
Upper limits
EPA upper limit [8] 148
ICRP upper range [9] 200-400
Sweden upper limit for
existing buildings [9] 400
CNSC occupational
exposure limit [9] 148
CNSC public exposure
limit [9] 70
Threshold range [32] 600-1000

EPA = US Environmental Protection Agency; ICRP =
International Commission on Radiological Protection;
CNSC = Canadian Nuclear Safety Commission.

vironment respectively [22]. The calculated
Cpc values for both the indoor or outdoor
environment are shown in Table 3. Indoor
C, ranged from 7.078 to 51.679 Bq/m’
and outdoor C_.. from 2.136 to 15.597
Bg/m’. The minimum and maximum values
of both indoor and outdoor air were seen in
Damietta and Rashid respectively.
Exposure to **?Rn as WL and WLM
both indoor and outdoor were calculated
using equations (9) and (10) (Table 3). The
22Rn exposure (WL) in indoor air ranged

from 0.0019 WL in Damietta to 0.014 WL

La Revue de Santé de la Méditerranée orientale, Vol. 14, N°6, 2008

in Rashid. The exposure from outdoor air
ranged from 0.0006 WL in Damietta and
North Sinai-2 to 0.0042 WL in Rashid.
Table 4 gives the international and recom-
mended levels of indoor exposure to *’Rn
(E,, ,) for comparison. **Rn exposure
(WLM) in indoor air ranged from 0.098
WLM/y in Damietta to 0.719 WLM/y in
Rashid. The exposure from outdoor air
ranged from 0.03 WLM/y in Damietta to
0.217 WLM/y in Rashid (Table 3).

The annual effective doses from ?*’Rn
exposure both indoor and outdoor are
shown in Table 5. The maximum indoor
and outdoor values were 3.256 and 0.247
mSv/y respectively, detected in Rashid.
The minimum indoor and outdoor values
were 0.446 and 0.034 mSv/y respectively,
detected in Damietta.

As regards the estimation of lung cancer
attributable to exposure to *Rn and its
progeny, the maximum indoor and outdoor
risks were 252 and 76 per million popula-
tion respectively, in Rashid. The minimum
indoor and outdoor risks were 34 and 10 per
million population respectively, in Damietta
(Table 5).

As seen in the tables, large differences
were observed between the black sand and
the other samples for all the values esti-
mated.

Figures 1 and 2 show the variations in
the risk of death from lung cancer for males
and females according to smoking status
and exposure to indoor and outdoor Rn
progeny in each region. The lowest risk was
detected in Damietta for both NS males and
females with an estimated 17 and 5 deaths
per 500 000 due to indoor and outdoor *?Rn
exposure respectively. The risk rose steeply
to 464 and 140 deaths per 500 000 for HS
males and 281 and 85 deaths per 500 000
for HS females respectively.
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Table 3 Calculated values of equilibrium equivalent radon

concentrations (C_..

), and exposure (E) to ??Rn (WL and WLM) in

both indoor and outdoor air in some selected coastal regions in

Egypt
Region CEEC in CEEC out WL in ‘WL out 'WLM ina 'WLM out
Bg/m3 Bg/m3 WL WL WLM/y WLMly
A Matrouh-1 20.092 6.064 0.0054 0.0016 0.280 0.084
B Matrouh-2 15.260 4606 0.0041 0.0012 0.212 0.064
C Matrouh-3 18.578 5.607 0.0050 0.0015 0.258 0.078
D Alexandria-1 21.389 6.456 0.0058 0.0017 0.298 0.090
E Alexandria-2 12.211 3.685 0.0033 0.0010 0.170 0.051
F Rashid 51.679 15,597 0.0140 0.0042 0.719 0.217
G Damietta 7.078 2.136 0.0019 0.0006 0.098 0.030
H Port Said 9.134 2.757 0.0025 0.0007 0.127 0.038
| North Sinai-1 8.221 2481 0.0022 0.0007 0.114 0.035
J North Sinai-2 ~ 7.918 2.390 0.0021 0.0006 0.110 0.033
®Black sand 441,739 133.324 0.1193 0.0360 6.146 1.855

aThe recommended annual effective dose limit is 4 WLM/year [28].

bBlack sand came from Rashid region.

Discussion

The estimated results are discussed ac-
cording to the risk assessment model steps.

Table 4 International and recommended

levels of indoor exposure to *?Rn (E,, ,)
International and recommended Ewlin
levels
EPA background level [9] 0.004
EPA upper limit [9] 0.02
WHO recommended levels [9] 0.11
Canada action level [9] 0.10
Canada target level [9] 0.02
United States [9] 0.02
Sweden existing buildings,

permitted maximum levels [9] 0.11

EPA = US Environmental Protection Agency; WHO =
World Health Organization.

These steps can be summarized as hazard
identification, hazard characterization, ex-
posure assessment, dose assessment and
risk characterization [23,24].

Hazard identification and
characterization

The investigation of **’Rn emanation and
exhalation rates showed different patterns
between the regions west of Rashid (Ma-
trouh and Alexandria governorates) from
the regions east of Rashid (Damietta, Port
Said, North Sinai governorates). >?Rn exha-
lation rates in western regions were higher
than eastern regions. This may be due to the
presence of uranium in the mineral structure
of the sediments. Rashid had the highest
222Rn exhalation rate. It is located at the end
of Rashid estuary, which is characterized by
the presence of black sand in its sediments.
Our study demonstrated large differences
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Table 5 Calculated values of annual effective
doses (AED) and the risk due to exposure to
22Rn and its daughters in both indoor and

outdoor air in some selected coastal regions

in Egypt

Region AED, AED , Risk  Risk .
mSv/ly mSvly per per

million million
A Matrouh-1  1.266 0.096 98 30
B Matrouh-2  0.961 0.073 74 22
C Matrouh-3  1.170 0.089 90 27

D Alexandria-1 1.347
E Alexandria-2 0.769

0.102 104 31
0.058 59 18

F Rashid 3.256 0.247 252 76
G Damietta 0.446 0.034 34 10
H Port Said 0.575 0.044 44 13

| North Sinai-1 0.518
J North Sinai-2 0.499 0.038 39 12

Black sand® 27.830 2.112 2151 649
aBlack sand came from Rashid region.

0.039 40 12

between the black sand and the samples
taken from other regions for all factors es-
timated. The presence of black sand in this
region has been previously reviewed [/3].
The high ***Rn exhalation rates of some dry
sediments indicate that *Rn could con-
tribute significantly to the lung dose rate
in houses built with these sediments. The
concentration of indoor ??Rn can decrease
rapidly with increasing ventilation rate.
The mean concentration of indoor *Rn
(42.89 Bg/m?®) is lower than the worldwide
median value (46 Bq/m?) [3]. The interna-
tional published mean values in randomly
selected dwellings in some countries for
indoor ?Rn concentrations show wide vari-
ations; some of them are relatively higher
such as the Czeck Republic (140 Bg/m?),
Finland (120 Bg/m?) and Minia City, Egypt
(123 Bg/m?®) and others are lower such
as Cyprus (7 Bg/m®) and Kazakhstan (10
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Bq/m?) [3,25]. The arithmetic mean values
39.5, 41, 45, 46 and 48 Bq/m® for Cairo-
Egypt, Poland, Romania, United States and
Belgium respectively [3,26] are the most
comparable with our value. The estimated
indoor ??Rn concentrations were lower than
the published upper limits except for Rashid
(129.197 Bg/m®) which was higher than
the Canadian Nuclear Safety Commission
public exposure limit (70 Bg/m?).

The mean indoor ?*Rn concentration in
the western regions was higher [43.76 (SD
9.35) Bg/m?] than eastern regions [20.22
(SD 2.12) Bg/m?]. The same was true for
outdoor **?Rn. Again Rashid had the high-
est ?Rn concentration both indoor and
outdoor. Very high ?*’Rn concentrations
were found for pure black sand (1104.35
and 222.21 Bg/m? for indoor and outdoor
222Rn respectively).

The US Environmental Protection
Agency (US EPA) suggests modifications
to homes when *Rn levels exceed 148
Bg/m? (EPA action level) [8]. The Cana-
dian Nuclear Safety Commission uses 148
Bg/m® as the upper limit for annual oc-
cupational exposure and 70 Bg/m? as the
annual exposure limit for the general public
[9]. On the other hand, the National Council
on Radiation Protection and Measurements
remedial action level is twice as high as the
EPA limit at 296 Bg/m® [8,27].

According to **’Rn classification of soil
reported by Ljungquist [28], the majority
of the estimated values of indoor **Rn in
our study are around the normal risk level
(10.0-50.0 Bq/m®). Matrouh-1 and Alex-
andria-1 fell between normal risk and high
risk. The only region that could be catego-
rized as a high risk area was Rashid.

Exposure assessment

The main contribution to the exposure of
the population to natural radiation comes
from the inhalation of short-lived ?*Rn
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Figure 1 Estimated risk of death from lung cancer due to indoor radon exposure per 500 000 by
sex for never smokers (NS), former smokers (FS), light smokers (LS) and heavy smokers (HS)

Region

=
i
=
=

Males
solewa 4

ERbLAI

200 400 600 800 1000 1200

o

1200 1000 800 600 400 200 0
Risk
BNS CIFS ELS EHS

Figure 2 Estimated risk of death from lung cancer due to outdoor radon exposure per 500 000
by sex for never smokers (NS), former smokers (FS), light smokers (LS) and heavy smokers
(HS)
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decay products. Direct measurements of
the concentrations of all short-lived decay
products of *’Rn are difficult and limited.
They are estimated from considerations
of equilibrium between ?*’Rn and its de-
cay products. Applying the classification
of indoor exposure of Walsh and Lowder
[23], where an exposure around 0.05 WL
is considered high and 0.5 WL extremely
high, the estimated exposure levels in our
study are all less than this guideline. Walsh
and Lowder also noted that the outdoor
exposure is generally near 0.001 WL. The
outdoor exposure levels in our regions are
in line with this guideline except Rashid
which has a higher value (0.0042 WL).

The western regions had exposure values
slightly higher than the EPA-recommended
background value (0.004 WL) [9]; Rashid
showed a considerably higher value. On the
other hand, the eastern regions had lower
values.

Dose assessment

Actual measurement of lung dose is not
feasible, and measurement of 1 or more
parameters related to the lung deposition
of ?2Rn daughters has been used as proxy
for actual lung dose. In the home it is only
feasible to measure ?Rn concentration or
22Rn daughter concentrations [27].

The mean annual effective doses from
22Rn exposure in our study are consist-
ent with the worldwide values 1.0 and 0.1
mSv/y for indoor and outdoor exposures re-
spectively [22]. The same pattern was again
observed between the western and eastern
regions, the western regions having higher
means for both indoor and outdoor air than
the eastern regions. Rashid again also had
the highest annual effective dose.

The annual effective doses calculated
are well below the recommended dose lim-
its of 20 mSv/y (corresponding to 4 WLM
or 3000 Bg/m® **Rn gas concentration)
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averaged over 5 consecutive years or an
effective dose of 50 mSv (corresponding to
10 WLM or 8000 Bg/m? *?Rn gas concen-
tration) in any single year [29]. UNSCEAR
gives the annual effective dose equivalent
per capita from natural sources in areas of
normal radiation background as 900 puSv/y
for internal exposure of *Rn and 2*’Rn
daughters until polonium-214 [30].

Risk characterization

Risk characterization is the final step of risk
assessment. The attributable risk is defined
as the excess lung cancer rate in a popula-
tion due to *’Rn exposure as a fraction of
the total lung cancer rate [27]. The number
of annual lung cancer deaths that can be at-
tributed to residential exposure to >*’Rn and
22Rn daughters is 350 per 10° population
per WLM/year, based on the risk value rec-
ommended by ICRP [/7], where 350 is the
number of persons that will be expected to
die per 1 000 000 persons due to exposure
to 1 WLM/year.

We calculated that the overall mean
number of radon-induced lung cancer
deaths was 83.4 (SD 64.67) and 25.1 (SD
19.52) deaths per million for indoor and
outdoor exposures respectively. Compared
with a risk estimation value for the Greek
population of 65 deaths per million [3/],
our values are slightly higher for indoor
but lower for outdoor exposure. The same
pattern was observed between the western
and the eastern regions, the western regions
having higher means for both indoor and
outdoor risks with 85 (SD 18.38) and 25.6
(SD 5.5) deaths per million respectively
compared with the eastern regions with
39.25(SD4.11) and 11.75 (SD 1.26) deaths
per million respectively. Rashid had the
highest estimated risks with 252 and 76
deaths per million for indoor and outdoor
222Rn exposure respectively.
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The US regulatory agencies assumed in
cancer risk assessment that risk is directly
proportional to dose and that there is no
threshold of carcinogenesis. On the other
hand, it has been established in recent years
that there is a threshold for lung cancer
induction by **Rn in humans of around 600
to 1000 Bg/m? in air for permanent intake,
in particular at home and at the working
place in areas of high natural uranium/ra-
dium geological situations [32]. All the
estimated values in our study were below
this threshold range, except for black sand
which was higher.

For smokers the risk of lung cancer is
significantly higher due to the synergistic
effects of 2?Rn and smoking [8]. Our results
show an increased risk of **’Rn-induced
death from lung cancer among smokers
compared with non-smokers, highlighting
the importance of the synergistic effect of
222Rn exposure and tobacco exposure.
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Conclusion

The majority of our estimates for indoor
222Rn are within the normal risk level. How-
ever, Matrouh-1 and Alexandria-1 fell be-
tween normal and high risk while Rashid
can be classified as a high risk area. The
estimated risk of radon-induced lung cancer
death in Rashid was 252 and 76 deaths per
million for indoor and outdoor **Rn ex-
posure respectively. Furthermore smoking
increased the risk of death from radon-in-
duced cancer.

Our data suggest that increased attention
needs to be paid to exposure to radon and
the associated health risks in order to pre-
serve public health and reduce the incidence
of cancer. The estimated values for lung
cancers possibly due to indoor *Rn should
be considered preliminary. Further epide-
miological studies should be undertaken to
examine the suggested hypothesis.
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Guide on safe food for travellers

The advice given in this guide is important for every traveller,
and of particular importance for high-risk groups, i.e. infants and
young children, pregnant women, elderly and immunocompromised
individuals, including those with HIV/AIDS.

The WHO Five Keys to Safer Food were specifically adapted to travellers
and WHO is looking for partners to disseminate this message. Following
the example of the Five Keys poster, now translated into almost 50
languages, WHO strongly encouradges the translation, reproduction
and dissemination of these recommendations.

The guide is available in 7 languages including English, French and
Arabic and can be downloaded at: http://www.who.int/foodsafety/
publications/consumer/travellers/en/index.html




