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Abstract

Ensuring the potability of drinking water is an ongoing challenge for all worldwide nations. “In this study, we” evaluated
dissolved “radon concentrations in” tap water consumed “in” Abidjan, Cote d’Ivoire. Samples of tap water were collected in
vials throughout 13 communes of Abidjan District. After being exposed for 97 days to sheets of LR 115 detector, they were
chemically etched and track onto their surfaces were optically counted. The results of the obtained dissolved radon concentrations
ranged from (0.13 =0.06) Bg/L to (2.12 0.87) Bg/L with an average of (0.81 +0.34) Bg/L. The resulting total annual effective
doses received by the public range from (1.3 £0.6) SV/Y to (21 £9) SV/Y with an average of (7.93 +£3.25) Sv/Y. The
obtained average dissolved radon concentration in tap water and corresponding total annual effective dose are larger and smaller
than those obtained in Egypt, Pakistan, Palestine by some authors and in Libya, Saudi Arabia by others, respectively. But, these
results are much lower than the threshold values of 100 Bg/L and 100 Sv/Y recommended by the World Health Organization
(WHO) to States to take action. This preliminary study should be extended to other regions and drinking water sources across
Cote d’Ivoire.
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1. Introduction

The waters, particularly the deep ones, are in contact with
plutonic rocks, such as granites, or metamorphic rocks. They
thus become laden with radioactive elements, including radon
gas [1]. This gas has been recognized as a definite human lung
carcinogen, by the International Agency for Research on Can-
cer (IARC) of the World Health Organization (WHO), since
1988 [2]. Being water-soluble, radon is then transported via
groundwater into the atmosphere [3].

Radon concentration values in water vary widely, ranging

from a few Bg/L to several thousand Bg/L. The highest values
are observed in groundwater and are generally associated with
high uranium concentrations in the rocks constituting the ag-
uifer [4].

Water from public supply networks that draw on ground-
water, naturally contains radon.

The first WHO guidelines including radiological parame-
ters for drinking water that dated back to the late 1950s have
been updated [5].
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Regarding radon dissolved in drinking water, the danger
stems primarily from the gas released into the indoor air of
buildings, which increases the risk through inhalation rather
than direct ingestion. Nevertheless, the WHO suggests thresh-
old values of 100 Bg/L and 100 pSv/Y for dissolved radon
concentration and radon annual effective dose from the inges-
tion and inhalation of such water, respectively; to trigger en-
hanced monitoring of the radiological quality of drinking wa-
ter [6].

However, despite regulatory advances, data on radon levels
in water, particularly drinking water, remains incomplete in
several geographical regions of the world, including Cé&e
d’Ivoire.

The present work falls within this framework and addresses
the lack of data in Cote d’Ivoire.

Data exists regarding radiological risks of drinking water
from different sources in Abidjan, including tap water and due
to gross alpha and beta activities as well as natural radioactiv-
ity, but, due to radon this survey was the first to take place [7,
8].

Studies on dissolved radon in drinking water typically re-
port global average dissolved radon concentrations remaining
well below international reference levels such as the WHO
and European Commission guidance value of 100 Bq L. But,
scientific curiosity requires that each specific situation be ex-
amined.

The objective of the present study was to measure dissolved
radon concentrations in tap water in the city of Abidjan using

the Solid- State Nuclear Track Detector (SSNTD) technique.
Several measurements of radon in drinking water have been
performed, by researchers throughout the world using other
techniques [9, 10].
But, the efficient and cost-effective SSNTD technique ena-
bles easy integrated measurements that are representative of
annual averages; that is why we used it.

2. Materials and Methods

2.1. Location of the Sampling Sites

The study was conducted in the Abidjan District located in
the southeast of Cote d’Ivoire, bordering the Atlantic Ocean
and the Gulf of Guinea. Its geographical coordinates and area
are 5° 20’ 11’ latitude North, 4° 01’ 36’ longitude West, and
2119 km?, respectively. Its population is estimated at between
6 and 7 million inhabitants in 2026. The subsoil of Abidjan is
essentially composed of sandy-clay formations.

Tap water samples were collected in vials, throughout 13
communes of Abidjan that are, Cocody, Adjame, Plateau,
Abobo, Yopougon, Treichville, Marcory, Koumassi, Port-
Bouet, Attecoube, Songon, Bingerville, and Anyama.

Figures 1 and 2 show the map of Céte d’Ivoire and the map
of Abidjan, with the location of Abidjan and the sampling sites
respectively.

Sikasso®

MALI j
¢
c {
By
Es !

%
{
{

GUINEA

A
o~

10°

DENGUELE SAVANE

Korhogo
© 9

®
v Odienné

<
¢
J

&

\k—.. .f_u\(;‘ﬁngve\ei .J_u« <..
o ; g

< s
{1 @Beoumi @Bouaké |

s

3

COTE D'IVOIRE

National capital
Provincial capital

o

e

—.-—International boundary
...... — Regional boundary

BURKINA
FASO

4
xi
E A~
‘\'"”. I
®Ferkessedougou
N
,A Y

Uy

15 "
MA

LLE DU BANDA

AL

®
Dabakala’

Katiola
®

N

Bondoukoug

Wy

2y

A,
3
o

(S

Ay
~
J

&

) A 7
OMOE Lo
o

Tanda®

assou L M'Bahiacro
gl ®

\

; Nz

J
LACS §

G va
WORODOUGOU \'3
. @Mankon?__.’y'~r
: K ®séguéla )
f‘\(, 7 @E\ankuumsi/ ——————— S !
oy MONTAGNES -, b
£ Iy noua 3+ _ Sak
/i © & Vavouag e & 9"
| f L e Man H L it
¢ Danane §  HAUT > 3
7 : ®Bangolal SASSANDRA 7 Bouaflé "
} -~ g, i ®© i
4 '} e 5 Daloa , MARAHQUEY &
. O A
P Guiglo, DUekoue }w
y 3 Issia Y=
& vovencavauy [X© /
i, i Nmfrer? ™ FRC
r i i @ (="
- 3 ] A, Gagnoa ;
Niw i % Lakota
- i gSoubre,_ ./ © @D
L
\__4.A ‘( SUD BAND
LIBERIA ¢ - %
¢

< Bougouanou §  ©
3 :
R
)
vy
N,
b

~®
£Dimbokro -
Ay J

§
3

i

Daoukro {,
0,
i GHANA

®adzope § [
YN

AGNEBY

7/

: / Agboville
\iassale, 9% 2
ivo % © L.

AMA’
AMA ¢
i

/

0 30 60 90km
P

0 30 60 mi

4 Y

Figure 1. Map of Cé

45

te d’Ivoire [11].


http://www.sciencepg.com/journal/rst

Radiation Science and Technology

http://www.sciencepg.com/journal/rst

B Sampling site
I Ebrie Lagoon
0 Sub-prefecture

0 City of Abidjan

S0US NIANGON NORD

PREFECTURE -
T
SONGON 7

SCHNEIDER

W anvama

W oroucon

CENT DOUZE
HECTARES

A\DJAME_HABITAT
SAINT JOSEPH

kml(mm

)

BROFODOUME

W :z080

GBAGBA
M RINGERVILLE

.(()(UI!)

BONOUMIN

Figure 2. Map of Abidjan District showing the location of the sampling sites [12].

2.2. Experimental Procedures

2.2.1. Sampling Methods

At each sampling site, the level of ventilation at the location
of the tap was recorded.

Identical volumes of water samples were collected while
minimizing turbulence at the tap outlet and against the walls
of the identical sampling vials, which could promote radon
degassing. The vials were hermetically sealed immediately af-
ter sampling.

Subsequently, the samples were transported to the labora-
tory in sealed containers to prevent any exchange with the out-
side atmosphere.

A single sample was taken per site. So the absence of repli-
cates is noted as a limitation.

2.2.2. Detector Exposure

Samples of LR 115 type 2 (manufactured by Dosirad-
France) were previously affixed to the inner surfaces of iden-
tical closures to those of the sampling vials. They were
wrapped in sheets of paper to minimize background noise. The
initial closures of the vials containing the collected water sam-
ples were quickly replaced by the latter. Then, the start time
and date of the exposure for each LR 115 sample were rec-
orded.

46

Figure 3 shows the diagram of the exposure device.
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Figure 3. Diagram of sampling device.

Tap water sample

2.2.3. Detector Analysis

After 97 days of exposure, the detectors were removed from
the sampling vials. They were then chemically etched ina 2.5
mol/L sodium hydroxide solution heated to 60<C for 90
minutes, and rinsed thoroughly with water before being air-
dried. The revealed alpha -particle tracks on their surfaces
were then counted using an optical microscope.

2.2.4. Concentration of Air-gap Emanated Radon

This concentration was calculated using the following for-
mula [13]:
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where

Ciis the concentration of air-gap emanated radon from tap
water (Bg/md);

p the track density (ranges from 17 to 258 tracks/cm?);

k the calibration factor (k = 0.033 track/cm?/day/Bg/m?, de-
termined in-house);

t the exposure time (t = 2328 h);

and po the background (po = 1 track/cm?).

The geometry used is the Euclidean geometry.

The uncertainty in the concentration of air-gap emanated
radon from tap water was computed using the following for-
mula derived from (1):

AC\2 _ [ap)? Ak 2
(&) =G+ () @)
where
AC; is the uncertainty in Cj;
Ap the uncertainty in p;

and Ak the uncertainty in k.

2.2.5. Concentration of Dissolved Radon

This concentration was calculated using the following for-
mula [14]:

Cd — Cix)\:hxt (3)
where
Cq is the concentration of dissolved radon in tap water
(Ba/L);

Ci the concentration of air-gap emanated radon from tap
water (Bg/md);

X the ??Rn decay constant (A = 0.00756 h'Y);

h the distance between the water surface and the detector (h
=0.09 m);

t the exposure time (h);

and L the depth of the water sample (L = 0.06 m).

The uncertainty in the concentration of dissolved radon in
tap water was computed using the following formula derived
from (3):

=
(cd - \q +

with AA=At=0
and where
Ah is the uncertainty and equal to h/(12)*? [15];
and AL the uncertainty in L and equal to L/(12)Y? [15].

B+ @ @

2.2.6. Annual Effective Dose from Ingestion of
Radon

This dose was calculated using the following formula [16]:
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Ding = Cq X Dy, X DCF Xt =7.3XCq (5)
where

Cq is the concentration of dissolved radon in tap water
(Ba/L);

Dy the daily water intake rate (2L/day);

DCF the dose conversion factor for the ingestion of radon
and its progeny (10 Sv/Bq);
and t the annual drinking time (365 days) [17, 18].

The uncertainty in the annual effective dose from ingestion
of radon in tap water was calculated using the following for-
mula derived from (5):

ADjpg

=73 xACq (6)

2.2.7. Annual Effective Dose from Inhalation of
Radon

This dose was calculated using the following formula [16]:

Dipp = CgX RXDXFxt=7.3%xCy )
where

Cyq is the concentration of dissolved radon in tap water
(Ba/L);

R the ratio of radon concentrations in air and water (10!
Bg.m3/Bg.L);

D the dose conversion factor (9 nSv/h per Bg/m?®);

F the indoor equilibrium factor between radon and its prog-

eny (0.4);

and t the annual time spent residing at home (7000 h) [17,
18].

The uncertainty in the annual effective dose from inhalation
of radon in tap water was calculated using the following for-
mula derived from (7):

ADjp = 2.52 X ACq (8)

The total annual effective dose is the sum of the annual ef-
fective doses from ingestion and inhalation:

DT = Ding + Dinh (9)

3. Results

The measurement results are summarized in Table 1. These
are the dissolved radon concentrations in tap water, the effec-
tive doses, and the characterization of the ventilation at the
sampling sites.

A histogram based on these results is presented in Figure 4.


http://www.sciencepg.com/journal/rst

Radiation Science and Technology

http://www.sciencepg.com/journal/rst

(usv/Y),

= =
Qo (4]
1 1

Total annual effective dose

(%]
1

\¢v &*\ o ‘b o

£ & P A
0‘0@0\
& & &
("0‘-\0"

& & o
@ '& & &L cf'
¢°°° ¥® 6\ @Q o°<:(‘

& F
& 9 W&

Figure 4. Histogram of total annual effective dose versus sampling
site.

4. Discussion

We observed that the dissolved radon concentrations are
higher at sites with poor ventilation (Bingerville, Cocody),
while they are smaller at sites with good ventilation (Treich-
ville, Koumassi, Plateau, Songon). It could seem that ventilat-
ing the area where a tap is located influence the concentration
of radon dissolved in the water from that tap. But, the litera-
ture review does not confirm this. What has been established
is that the reduction of radon in water once it leaves the tap is
governed entirely by physical turbulence, water temperature,
and pressure drops [19].

We also observed that, at each site, the annual effective
dose from ingestion is higher than the annual effective dose
from inhalation. Indeed, the annual effective dose from ingest-
ing tap water is typically higher than the dose from inhaling
radon because of how much more fluid we consume compared
to the tiny fraction of gas that transfers from water into indoor
air, combined with standard international dose conversion fac-
tors [20-22].

In Table 2, we compare the results of the current study with
those obtained in other countries.

Table 1. Radon concentrations and effective doses.

Site Name Ventilation Cd (Bg/L)
Bingerville Poor 1.61 +0.66
Cocody Poor 2.12 +0.87
Abobo Moderate 1.19 £0.49
Anyama Good 1.14 +0.47
Yopougon Good 0.99 +0.41
Songon Good 0.28 +£0.12
Attecoube Good 0.44 +0.18
Adjame Good 0.62 +0.26
Plateau Good 0.31 +0.13
Treichville Moderate 0.13 +0.06
Marcory Good 1.06 +0.44
Koumassi Good 0.23 +0.10
Port-Bouet Good 0.39 +0.16
Average 0.81 +0.34

Average

Ding (LSV/Y) Dinn (LSV/Y) Dr (LSV/Y)
12 +5 442 16 +7
16 +7 542 21 +9
94 31 12 +5
8 +3 3+1 11 +4
73 21 9+4
2109 1.0 0.3 3112
3+1 11205 41+15
442 21 6+3
2309 1.0 0.3 3312
1.0 £0.4 0.3 0.2 13406
8 +3 3+1 11 +4
21 0.6 0.2 2.6 +1.2
3+1 1.0 0.4 4014
7.93 £3.25
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Water type

Drinking water
Drinking water
Drinking water
Drinking water
Tap water

Drinking water

Drinking water

Tap water

Table 2. Radon concentrations in drinking water for different countries.

Cd (Bg/L)

1.65-3.82
0.27-5.40

0.20-1.23 (0.60)
1.02-6.42 (3.46)
0.04-0.48 (0.14)
0.33-0.90 (0.60)
0.39-0.47

0.13-2.12 (0.81)

Reference Country
Entesar et al, 2019 [13] Saudi Arabia
Shilpa et al, 2017 [23] India
Thabeyneh, 2015 [24] Palestine
Rafat, 2014 [25] Libya
Hussein, 2014 [26] Egypt

Nasir et al, 2012 [27] Pakistan
Marques et al, 2004 [28] Brazil

Present study

The range of dissolved radon concentrations in tap water
obtained in the present study has a maximum value larger than
those of Egypt, Brazil, Pakistan and Palestine and smaller than
those of Saudi Arabia, India, and Libya. Its minimum value is
larger than that of Egypt but smaller than those of Brazil, Pa-
kistan, Libya, Palestine, India, and Saudi Arabia.

The current average dissolved radon concentration is
slightly above those of Palestine and Pakistan, almost double
of that of Brazil, and much greater and smaller than those of
Egypt and Libya, respectively.

The average dissolved radon concentration [(0.81 +£0.34)
Bg/L] and total annual effective dose [(7.93 £3.25) Sv/Y]
obtained in the current study are much smaller than the thresh-
olds (100 Bg/L and 100 Sv/Y) recommended by the WHO
to States to take action.

The results of this study are representative of annual aver-
ages, given the SSNTD technique employed. Indeed, this
method enabled time-integrated measurements to be obtained
[29].

5. Conclusions

In this study, the concentrations of dissolved radon in tap
water consumed in Abidjan were measured and the corre-
sponding annual effective doses by ingestion and inhalation
and the total annual effective doses were computed. The tech-
nique of SSNTD used, allowed to perform integrated meas-
urements representative of annual averages. The dissolved ra-
don concentrations obtained are greater and smaller than those
obtained in other countries by some authors and others, re-
spectively. The annual averages of dissolved radon concentra-
tion and total effective dose are very much lower than the
thresholds recommended by WHO to States to take action.
Therefore, regarding the radiological risk due to radon, the tap
waters studied at Abidjan are safe for consumption. But, the
study should be extended to drinking water from all sources
throughout Cote d’Ivoire.
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Abbreviations

LR 115 Lexan Resin 115

WHO World Health Organization
SSNTD Solid State Nuclear Track Detector
DCF Dose Conversion Factor
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