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DOES NATURAL GAS INCREASE THE INDOOR RADON LEVELS?

The natural gas is naturally occurring hydrocarbon consists mainly of methane and includes varying amounts of
other hydrocarbons, carbon dioxide and other impurities such as: nitrogen, and hydrogen sulfide. It is used domestically
and industrially as a preferable energy source compared to coal and oil. Because natural gas is found in deep
underground natural formations or associated with other underground hydrocarbon reservoirs, there is a potential to
contain radon as a contaminant. This work was designated to measure indoor radon concentrations in dwellings
supplied with natural gas compared with those not supplied with it, where radon level was estimated using solid state
nuclear track detectors (CR-39). The results showed that radon concentration was significantly higher in dwellings
supplied with natural gas, where it was 252.30 versus 136.19 Bgm™ in dwelling not supplied with natural gas
(P < 0.001). The mean values of radon exhalation rate was 0.02 = 6.34 - 10 Bq - m? - h't in dwellings supplied with
natural gas and 0.01 £ 0.008 Bg - m2 - h'lin dwellings lacking it. In addition, a significant difference was observed in
the mean annual effective doses (4.33 and 2.34 mSv - y!, respectively) between both groups. Conclusively, the data
indicate that natural gas may represent a potential source of indoor radon.
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Introduction

Radon is considered one of the most dangerous
radioactive elements in human’s environment. Its
gaseous natures allows it to spread through the
atmosphere and leaks indoor, where it inhaled by
human and causes serious health problems. The
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greatest fraction of natural radiation exposure results
from inhalation of the decay products of radon, which
represent more than 50 % of the total dose from
natural source both indoor and in work places
(Fig. 1). On inhaling these daughters, which are short
lived #®Po and ?*Po, a major fraction will be retained
in the lung and may induce lung cancer [1, 2].
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Fig. 1. Radiation sources [19].

The literature, including our previous work, has
extensively documented many of the building
materials as a potential source of indoor radon [3].
In addition, water supply and the cracks in building
materials represent additional factors that deliver
radon to the indoor environment [4 - 7]. In addition
to these factors, the natural gas, used domestically,
may represent a potential source of indoor radon [8].

Worldwide, natural gas is used domestically and
industrially, where supplying dwellings with this gas
is expanding specially in big cities. Because natural
gas is exclusively obtained from underground
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sources, it may hypothesized that it contains trace
amounts of radon. These amounts may increase the
levels of indoor radon; especially the gas is not
affected by combustion and passes through the
flame. Due to its hazardous effects on human health,
many of the occupational health studies have
repeatedly investigated radon exposure in mines [9].
Also, many studies have been undertaken to evaluate
the potential building up of *’Rn delivered through
natural gas [10 - 13]. Some studies had monitored
radon concentrations in natural gas emerged from oil
well heads and estimated population exposure due to
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the use of natural gas [14]. Thus, there is consensus
agreement that the use of large quantities of natural
gas and longer exposure times in commercial
premises, such as kitchens and restaurants, could, in
principle, lead to higher indoor radon levels and
exposure of human health to some health problems.
In recent years, although the usage of natural gas for
domestic use in Egypt has rapidly increased, few
studies had investigated the potential of building up
of radon levels due to the excessive consumptions of
natural gas. This triggers the interest of monitoring
radon levels in homes supplied with natural gas.

Materials and Methods

CR-39 nuclear track detector (Intercast, Italy)
with a 500 um thickness was used in this work.

Radon measurements were made in the kitchens of
fifteen different dwellings, located in Cairo city, not
supplied with natural gas and another fifteen
dwellings supplied with natural gas. All dwellings
investigated were inhabited and natural gas was used
on a regular daily manner and have similar construc-
tion pattern. The detector matrix was fragmented
into squares (1X1 Cm), lightly cleaned with absolute
alcohol and then mounted in cans as previously
described [15]. Measurements were made in tripli-
cates for each kitchen. Cups were left at room
temperature for 30 days exposure time. During this
period, alpha particles from the decay of radon
daughters bombard the CR-39 nuclear track
detectors in the cup (Fig. 2).
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Fig. 2. The geometry of CR-39 track detector.

After exposure the detectors were chemically
etched ina 6 N NaOH at 70 °C for 6 h to reveal the
tracks, which were counted under optical
microscope. The density of tracks counted was
assumed proportional to the ?Rn exposure. Average
specific activity of radon in the dye samples is
calculated using the formula [16].

Crn(Ba-m ) =P (1)

kt

where p., — the radon track density, track/cm?; k —

the efficiency factor for CR-39 track detector. This
factor depends on the detector efficiency for detection
of alpha particles emitted from radon and its progeny
[17], and t — the exposure time (30 days). As the
inhalation of Rn gas and its daughters represent a
major risk factor, the exhalation rate was calculated
from the following equation according to Khan et al.
and Abu-Jarad [18, 19]:

E _ CVA ,

X A[t +%(e’“ —1)}
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where Ex — the radon exhalation rate, Bg/m?h; C —

the integrated radon exposure, Bq - m®h; V — the
effective volume of the cylindrical container, m®; A —
the radon decay constant, h*; t — the exposure time,
h, A —the area of can [20]. The annual effective dose
equivalent D, mSv -y, was computed from the
integrated specific activity of %?Rn using the
formula

0.4C (3.88 msv - WLM'1)7000 h

, 3
(3700Bg-m*)170h ®)
where C — the integrated specific activity of 2?Rn,
Bg - m*; 3.88 mSv-WLM™ — the ICRP conversion
factor. The other factors are to take account of the
house occupancy factor [21].

Results and Discussion

The indoor radon concentrations and annual
effective dose were investigated in a group of fifteen
dwellings supplied with natural gas and compared
with the corresponding levels measured in another
15 dwellings not supplied with natural gas. The
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indoor radon concentrations were significantly higher
(P <0.001) in homes supplied with natural gas, where
the range of radon concentration was 200.1 -
- 289.9 Bq - m™ compared to 78.0 - 177.9 Bq - m*, in
kitchens of homes not supplied with natural gas
(Tables 1 and 2). The average indoor radon level has
increased by 46 % due to the consumption of natural

gas. This observation agrees with some previous
studies. G.Y.Sent and his coworkers, [22] for
instance have reported a dramatic increase (from 22.8
to 707.8 Bq - m? 96.77 %), in the indoor radon levels
in dwellings using natural gas. Also, they found that
the indoor radon concentrations in Kitchens were
higher than the living rooms.

Table 1. Track density, radon concentration, radon exhalation rate
and annual effective dose in dwellings not supplied with natural gas

No. Track density, | Radon concentration, Radon exhalation rate, Annual effective dose,
of dwellings Track cm? Bg-m?3 Bg - m?h?! mSv -y

1 1428.57 166.55 0.013 2.86

2 2489.79 96.35 0.007 1.65

3 1020.40 140.96 0.011 2.42

4 408.16 175.58 0.014 3.01

5 1020.40 113.87 0.009 1.95

6 2040.81 177.92 0.142 3.06

7 1632.65 80.67 0.006 1.38

8 1020.40 77.98 0.006 1.34

9 1428.57 164.55 0.013 2.83
10 816.32 151.17 0.012 2.60
11 1632.65 163.34 0.013 2.80
12 612.24 113.37 0.009 1.95
13 2040.81 103.94 0.008 1.78
14 1428.57 165.44 0.0132 2.84
15 816.32 151.17 0.012 2.60

Table 2. Track density, radon concentration, radon exhalation rate

and annual effective dose in dwellings supplied with natural gas

No. Track density, | Radon concentration, Radon exhalation rate, Annual effective dose,
of dwellings Track cm2 Bq - m? Bg-m?2-ht mSv - y!

1 4244.89 286.77 0.022 4.93

2 2836.73 225.34 0.018 3.87

3 4081.63 255.31 0.020 4.39

4 5306.12 282.61 0.022 4.86

5 3673.46 280.88 0.022 4.83

6 2857.14 229.87 0.018 3.95

7 5510.20 220.14 0.017 3.78

8 5714.28 200.12 0.016 3.44

9 4693.87 256.37 0.020 4.40
10 5306.12 282.77 0.022 4.86
11 6122.44 233.89 0.018 4.02
12 4265.30 289.87 0.023 4.98
13 4204.08 211.47 0.016 3.63
14 3489.79 246.81 0.0197 4.24
15 4224.48 282.31 0.022 4.85

The large variability in the values obtained may
not attributed to other intervening radon sources
such as the nature of soil beneath the buildings,
types of building materials used, ventilation
conditions or water supply, where radon easily
dissolves in water and finds its way to dwellings
specially that supplied with underground water. In
this work, the possible participation of these
intervening factors was eliminated, where the chosen

312

investigated buildings are located in the same
housing compound, having the same design, built
with same construction materials and supplied with
the same water source. In addition, the height of the
dwellings above the ground was considered. This
study design may support the natural gas-related
increase in radon levels and the variability of
measurements may be attributed to the rate of gas
consumption. Specially, hot air ovens electrical
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heaters may substitute the natural gas in different
domestic uses.

Radon exhalation studies were also carried out in
the investigated dwellings, where the results showed a
significant differences (P <0.001) between radon
exhalation rate in dwellings using natural gas and
without usage it. The mean values of radon
exhalation rate were: 0.02+ 0.006 and 0.01+
0.008 Bg - m? - h in dwellings supplied and not
supplied with natural gas, respectively (see Tables 1
and 2).

Also, the annual effective dose equivalent was
estimated from the corresponding measured radon
concentration (see Tables 1 and 2). The data
indicated that the annual effective dose in kitchens
supplied with natural gas was higher than those
without natural gas. The annual effective doses were
3.44 to 498 mSv - y! and 1.34 to 3.06 mSv -y},
respectively. Annual effective dose reported through
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other studies was higher than (3 - 10 mSv - y™),
which is the lower than the limits recommended by
ICRP [21]. Fig.3 summarizes the difference
between the average of radon concentrations and
annual effective dose in dwellings supplied and not
supplied with natural gas. Radon can represent not
only hazardous factor emerged from natural gas. Air
pollution from natural gas stoves was reported.
Some studies [23] showed that the natural gas stoves
emit nitrogen dioxide (NO), carbon monoxide
(CO), and formaldehyde (HCHO), each of which
can exacerbate various respiratory and other health
ailments. In addition, natural gas brings harmful
chemicals into homes through the methane it
contains. Methane (which gives the flame its blue
color as it does in propane) is known to cause
asphyxia (severely deficient supply of oxygen) and
death. It typically contains impurities and additives
including radon and other radioactive materials.
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Fig. 3. Average radon concentrations (a) and annual effective dose (b)
in different dwellings supplied and not supplied with natural gas.

Conclusion

This study concluded that indoor radon levels,
radon exhalation rate and the annual effective dose
in dwellings supplied with natural gas are higher

than their values recorded in dwellings not supplied
with the natural gas. Improvement of ventilation of
such compartments is suggested to improve the air
quality and reduce the risk of radon inhalation.
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X. A. Aogean I'ani, /1. X. llladaan

Dizuune 8i00iNeHHs, aKyibmem MUCmeymaa, HayKu i oceimi,
Kaipcoxuil 0eporcasruil ynieepcumem «Aun-Lllamcy, Kaip, €cunem

Y1 NIABUIY € PAJIOH, IO MICTUTBCSA B ITIPUPOJJTHOMY T'A3I,
MOT0 PIBEHb YCEPEJIWHI ITPUMIIIEHD?

HarypansHuii Ta3 MiCTUTh TOJIOBHUM YHHOM METaH Ta KiTBKIiCTh, O 3MIHIOETHCS, 1HIIUX BYTJIICBOAHIB, JBOOKUCY
BYTJICIO Ta IHIIMX JOMIMIKIB, TAKUX SIK a30T, CIpKOBOJEHB. |'a3 BUKOPUCTOBY€ETHCS B OYAWHKAX Ta MPOMUCIOBOCTI SIK
NepeBakaroue PKEPEeNo €Heprii MOpIiBHAHO 3 BYTruUUIIM Ta Hadroro. OCKUIBKM TPUPOMHHMNA Ta3 3HAXOIWTHCS B
npupoaHuX (OpMallisiX Ha BEJIMKUX MIMOWHAX abo B IHIIMX MiJ3EMHUX BYIJICBOJHEBHUX pe3epByapax, BiH HOTECHIIHHO
Moxe OyTu 3a0pyHeHuit pajoHoM. Y naHii poOOTi NOCTaBIEHO 3a/1a4y BUMIPIOBaHHS KOHIIEHTpaLlii paJIoHy BCepenHi
KHUTJIOBUX IPHUMILIECHb, 0 SKUX HaIXOIWTh NPUPOIHUH Ia3, IOPIBHAHO 3 THMH, KyAH BiH HE HAJXOIWTh, [¢ PiBEHb
paIoHy OIlIHIOBABCA 3 BUKOPMCTAHHAM TBEPIOTIILHUX SMEPHUX TpekoBUX neTekTopiB (CR-39). PesynsTaTi BKa3yrOTh
Ha Te, M0 KOHIIEHTpAIlil 3HAYHO BWII B IMPUMIIIECHHSIX, I¢ BUKOPUCTOBYETHCS MPUPONHUIL ra3, a came 252,30 nmpotu
136,19 Bk - M B npuminienHsx, e npupoHUil ra3 He BUKopucToByeThes (P <0,001). Cepennst BenMuMHa MIBUAKOCTI
BunapoBysanHs 6yi1a 0,02 £ 6,34 - 10 Bk - M - rog! y npuMilieHHsX, 1e¢ BAKOPHCTOBYEThCS IPHPOAHUI ras, i 0,01 +
+0,008 Bk - M2 - rog, B mpUMIlEHHSX, Jie BiH HE BUKOPUCTOBYEThcA. CIIOCTEpIraly TakoX iCTOTHY Pi3HHIIO B
cepenHix piuHux edexkruBHUX mo3ax: 4,33 1 2,34 m3B -
TIPUPOTHHIA Ta3 € TOTCHLIIHHIM KEPETIOM pafoHy BCEpeArHI IPUMIIICHHS.

Knrwouogi crnosa: npupomHuil ra3, KOHLEHTpALis paJoHy, IIBUIKICTh BHIIAPOBYBAHHS PaJOHY, SAEPHI TPEKOBI
JIETEKTOPH, piuHa e(eKTUBHA 103a.

pik! BianoigHo. TakuM YMHOM, JaHi BKa3yIOTh Ha Te, LIO
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X. A. Aogean I'anm, 1. X. lHlabaan

Dusuueckoe omoenenue, hakyibmem UCKyccmea, HayKu u 00pasoeanus,
Kaupckuii 2cocyoapcmeennviii ynugepcumem «Auin-Llamcy, Kaup, Ecunem

MOBBIIIAET JIU PAJIOH, COJEPKAIIMIACAH B IIPUPOTHOM I'A3E,
EI'O YPOBEHb BHYTPU NIOMELIIEHUN?

HarypanbHplii Ta3 COOEP)KMT TIJIaBHBIM 00pa3oM MeTaH M BKJIIOYAaeT W3MEHSIONIMECS KOJIMYECTBA JIPYTHX
YTIJIEBOJIOPOJIOB, JIBYOKHCH YTJIEpOAa U JIpyrHe IMpHMeECH, Takue Kak a30T, CepoBOIOpol. ['a3 mcmoib3yercs B AoMax U
MIPOMBIIIEHHOCTH KaK TNPEIIOYTUTENbHBIH HCTOYHUK DSHEPTrHH IO CpPaBHEHWIO ¢ yrieM u HedThlo. [lockonbky
TIPUPOIHBIN Ta3 HAXOIUTCS B IPUPOAHBIX (HOpMAIHAX Ha OOJBIINX TTyOHHAX WM B IPYTUX MOA3EMHBIX YIIIEBOAOPOIHBIX
pe3epByapax, OH MOTCHIMAIBLHO MOXET OBITh 3arpsi3HeH pajJjoHoM. B nmaHHOW paboTe IOCTaBlieHa 3aada M3MEPEHHUS
KOHIIGHTPALIMN paJioHa BHYTPHU JKHIIBIX IIOMELICHUH, B KOTOPBIE MOCTABISAETCS NPUPOAHBIHA Ta3, 0 CPaBHEHHIO C TEMH,
Kyla OH He IIOCTaBJIAeTCS, IZle YPOBEHb PaJOHa OLEHUBAJICS C HCIOJIB30BAHHEM TBEPIOTENBHBIX SOEPHBIX TPEKOBBIX
nerektopoB (CR-39). Pesysnprarsl yKaspIBalOT Ha TO, YTO KOHIGHTPAIMH 3HAYMTENRHO BBINIC B ITOMCIICHMSX, TS
UCIIONB3YETCsl NPUPOHBIHA ra3, a uMmeHHo 252,30 mpotus 136,19 Bk - M® B momemieHusx, Iie HOPUPOAHBIA ras He
ucnonssyercs (P < 0,001). Cpesnss BenmauHa ckopocTd ucnapenns 6suta 0,02 = 6,34 - 10 Bk - M2 - ! B momemenusx,
rIie ucronb3yeTcs mpuponnsii ras, u 0,01+ 0,008 bk - M? . 7l B MOMemeHnsX, TIE OH HE ucnomas3yercs. OTMmeyanu
TaKKe CYLIECTBEHHYIO PasHUIly B CPEIHHMX TOMOBBIX 3(QQeKTMBHBIX m03ax: 4,33 u 2,34 M3B - TOX! COOTBETCTBEHHO.
Taxum 00pa3oM, DaHHBIE YKa3bIBAIOT HA TO, YTO HPHPOIHBIA Tra3 IpeICTaBIsAeT NOTCHIMANbHBIH HCTOYHHK pPaJoHA
BHYTpPHU NOMEIICHHSI.

Kniouegvie cnosa: mpUpOAHBIA Ta3, KOHIEHTpALUs pPajioHa, CKOPOCTh MCIAPEHUsl palloHa, sIZEPHbIE TPEKOBBIC
JIETEKTOPBL, ToJ10Bast (D PeKTUBHAS 103a.
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