71. Tiirkiye Jeoloji Kurultay: 23-27 Nisan/April 2018 71* Geological Congress of Turkey

JEOTERMAL AKISKANDA RADON VE ETKIiLERIi: BATI
ANADOLU ORNEGI

Gamze Giil Mungan®, Filiz Giir Filiz®, Alper Baba*
“Izmir Yiiksek Teknoloji Enstitiisii, Izmir, Ttirkiye
tEge Universitesi Niikleer Bilimler Enstitiisii, Izmir, T tirkiye

(gamzegulcetinkaya@iyte.edu.tr)
oz

Radon, dogada kayaglarda, toprakta, yiizey, yeralt1 ve kaynak sularinda dogal olarak bulunan
yarl Oomrii 4.5x10° olan uranyum (U?*®) ailesi igerisindeki radyum (Ra??*)’un bozunmasiyla
ortaya cikan radyoaktif bir gazdir. Radon gazi ve bozunum firiinlerinin olusmasi ve miktari
esas olarak yasam ortaminin jeolojik 6zellikleriyle iliskilidir. En 6nemli kaynaklar1 kayaclar,
toprak, su kaynaklar1 ve yap1 malzemeleridir.

Radon bozunarak yar1 6miirleri kisa olan kati haldeki radon tirlinlerini ortaya ¢ikartir. Ha-
vadaki toz taneciklerine ve su damlaciklarina tutunarak solunum yoluyla akcigerlere giden
bu radyoaktif karigimlar bozunumun devam etmesiyle birlikte akciger dokusunda hasara ve
zamanla akciger kanserine sebep olabilmektedir. Bu nedenle, su, toprak ve hava ortamlarinda
radon konsantrasyonlarinin belirlenmesine ve saglik {izerindeki etkilerine yonelik ¢alismalar
giderek artmaktadir. Ornegin evlerde havadaki seviyesinin litrede 0,148 Bekerel’in iistiinde
olan radonun azaltilmasi gerektigini 6neren Amerika Birlesik Devletleri Cevre Koruma Ajansi
(US EPA), 1988 yilinda radon gazini kanserojen olarak siniflandirmistir.

Degisik miktarlarda uranyum igeren toprak ve kayalarla yakin temasta olan yiizey sulari ve ye-
ralt1 sularinda radona rastlanmasi sagirtict degildir. Radon tarafindan kirlenmis su bir nedenle
yutulursa kansere, 6zellikle de mide kanserine neden olabilir. Radon igerikli suyun neden ol-
dugu 6liimlerin orani, havadaki radonun neden oldugu 6liim oranindan ¢ok daha diisiik oldugu
onceki arastirmalarda kabul edilmistir. Bu da suyla taginan radonun saglik agisindan riskini
azaltmakta, hava i¢indeki radon bozunum iiriinlerinin sagliga etkisini 6n plana ¢ikartmaktadir.

Tiirkiye, jeotermal sistemlerin olusumunu saglayan volkanik sistemlere ve tektonik yapiya
sahip Alp-Himalaya orojenik kusagi {izerinde olmasi sebebiyle jeotermal enerji potansiyeli
acisindan diinyadaki zengin {ilkeler arasinda yer almaktadir. Birgok alandaki jeotermal akiskan
igerisinde arsenik, bor, civa, kadmiyum, kursun, krom gibi elementlerin yaninda bazi jeoter-
mal sahalarda radyoaktif radon gazi da yiiksek diizeyde bulunmaktadir. Bu c¢alismada, Bati
Anadolu’daki bazi jeotermal sahalarda sicak su numunelerinin radon konsantrasyonlarinin ve
bu sularin termal amagh kullaniminda saglik tizerindeki etkilerinin olup olmadigiyla ilgili de-
gerlendirmeler yapilmistir. Giiniimiize kadar Bat1 Anadolu’da bulunan bir¢ok hamam, kaynak
ve igmelerdeki sularda radon gazi Sl¢iimleri yapilmistir. Ornegin, Kusadasi’ndaki kaplicalarda
3-281 Bq/l araliginda, Seferihisar bolgesindeki Cumali, Karakog, Doganbey kaynak sularin-
da 0.44-52.88 Bq/l arasinda, Denizli’deki termal sularda 0.67-25.90 Bq/l araliginda, Izmir’in
Cesme ilgesindeki termal sularda radon 1.22-22.76 Bg/l araliginda ve Izmir Dikili ilgesi termal
sularinda 0.3-31 Bg/l araliginda degismektedir. Afyonkarahisar Sandikli’daki kaplica da 16
Bq/1, Balikesir Susurluk Kepekler Hamaminda 406 Bg/l, Mugla Kdycegiz Sultaniye kaplica-
sinda 335 Bq/l, Canakkale Kestanbol kaplicasinda 240 Bg/l ve Tuzla termal kaynaginda 3.74
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Bq/l radon degerleri dlgiilmiistiir.

Sularin termal kaplica ya da igmeler olarak kullanilmasi diistintildigiinde saglik agisindan
yiiksek radon igerikleri disinda farkli parametrelere de bakilmasi gerekmektedir. Insanlarin
kaplicaya gitme sikligi, kaplicadaki havuzun havalandirilmasi gibi parametreler dnemlidir.
Uzun siire kaplicay1 kullanan kisilerin soluma yoluyla radon gazindan etkilenebilecegi diisii-
niildiigiinde “Radyasyon Glivenligi Yonetmeligi” isyeri degeri olan 1 Bg/l sinir degeri saglik
acisindan esik deger olarak kabul edilebilir. Bu deger dikkate alinarak jeotermal kaynak sula-
rinin termal olarak kullaniminda soluma yoluyla insan iizerinde saglik agisindan risk olustur-
mamast i¢in gerekli caligmalarin yapilmasi 6nem tasimaktadir.

Anahtar Kelimeler: Radon, tibbi jeoloji, jeotermal enerji, Bati Anadolu
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ABSTRACT

Radon is a radioactive gas that is produced by the decay of radium, (Ra**%) from the urani-
um (U?¥) family, which has a half-life of 4.5x10° and which naturally occurs in rocks, earth,
surface, underground and spring waters. The formation and quantity of radon gas and decay
products are mainly related to the geological characteristics of the living environment. The
most important resources are rocks, soil, water resources and building materials.

Radon decays to reveal solid-state radon products with short half-lives. These radioactive
mixtures, which attach to airborne dust particles and water droplets and go to the lungs by
respiration, can cause damage to the lungs and eventually lung cancer, with the continuing
decay. For this reason, studies on the determination of radon concentrations in water, soil and
air environments and their effects on health are increasing. For example, The United States
Environmental Protection Agency (US EPA) has recommended that radon emissions in homes
should be reduced to under 0,148 Becquerel per liter. In addition, US EPA (1988) is classified
radon as carcinogenic.

1t is not surprising that radon is found in surface waters and underground waters, which are
closely associated with uranium-bearing soils and rocks in varying amounts. If water contami-
nated by radon is swallowed for some reason, it can cause cancer, especially stomach cancer.
Previous studies have shown that the rate of deaths caused by radon-containing water is much
lower than that caused by airborne radon. This reduces the risk caused by radon carried by
the water on health and gives prominence to the effect of radon decay products in the air on
health.

Turkey is one of the richest countries in the world in terms of geothermal energy potential be-
cause it is located on the Alpine-Himalayan orogenic belt, which has the tectonic structure and
the volcanic systems that provide the formation of geothermal systems. Geothermal fluids have
a different composition each field. Some geothermal fluid consist of the high concentration of
arsenic, boron, mercury, cadmium, lead and chromium elements. In addition, some geothermal
fields also have high levels of radioactive radon gas. In this study, the concentration of radon
gas in some geothermal field in the Western Anatolia and its effects on human health is eva-
luated. Radon concentration has been measured in many baths, spring and drinking water in
Western Anatolia. The concentration of radon changes each location. For example, the radon
values of some geothermal spa and spring in Kusadasi (Aydin) and Seferihisar (Izmir), Deniz-
li, Cesme ve Dikili (Izmir) are range from 3 Bq/I to 281 Bq/l, from 0.44 to 52.88, from 0.67 to
25.90 Bq/l, from 1.22 to 22.76 Bq/l and from 0.3 to 31 Bq/l, respectively. The radon value of
Sandikli (Afyonkarahisar) hot springs, Susurluk Kepekler (Balikesir) bath, Kdycegiz Sultaniye
(Mugla) spring, Kestanbol spring and Tuzla (Canakkale) springs reach 16 Bq/l, 406 Bq/l, 335
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Bq/l, 240 Bq/l and 3.74 Bq/l, respectively.

When considering the use of fluid as a thermal spa or a mineral spring, it is necessary to look
at the different parameters besides the high radon content in terms of health. The frequency of
people going to the hot spring, therefore, the ventilation of the pool in the spa is important. The
limit value of radon is 1 Bq/l, which is the “Radiation Safety Regulation” workplace value,
can be regarded as a threshold value for health when it is thought that people who use the hot
spring for a long time may be affected by radon gas through inhalation. Taking this value into
consideration, it is important to perform the necessary studies in order to prevent the risk on
human health through inhalation in the thermal use of geothermal springs.
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