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Abstract

By this study, it is focused to assessment of inhalation quality for Kocaeli province especially Northeast side of Marmara Sea (Gebze
county and its territory). In this case, radioactivity analysis in air was realized via air dose rate measurements around this region which
is so closed neighbor to big city Istanbul. By measuring of the outdoor gamma dose rates on 35 stations, it was possible to get the
average dose rate. Then it was calculated to annual dose in air. Besides, cancer risk was determined for Kocaeli. All these values were
compared with the World’s references (UNSCEAR) and reported finally. It was measured the average dose rate as 23.90 nGyhr?! and
annual dose was calculated to 29.31 uSv. This dose is required to excess lifetime cancer risk as 1.02x10™%. These values could be
compared to the similar studies which existed around the world. Finally, the average annual effective dose equivalent and excess
lifetime cancer risk for Kocaeli, are less than the world average. This study would be used to a reference for further investigations,
besides it will be usefull to compare with different studies for Kocaeli which, will be evaluated in the future, for example after a
nuclear pollution, such as based on a reactor leakage comes from Black Sea region and neighbours, nuclear attacks, etc., too. Another
benefit would be made to enlarge to find this kind of studies in literature.
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Gebze (Kocaeli / Turkiye) Bolgesinde Maruz Kalinan Gama Doz

Degerleri ve Kanser Riskinin Degerlendirilmesi

Oz

Bu calismada Kocaeli ili, 6zellikle Marmara Denizi’nin kuzeydogu tarafi (Gebze ili ve gevresi) gama doz degerleri ile kanser risk
degerleri arastirilmistir. Acik havadaki radyoaktivite analizleri, Istanbul’a yakin olan bu bélge igin gama doz hizi Slgiimleri ile
gergeklestirilmistir. Calisma alaninda 35 bolgede dis ortam gama doz oranlar Olgiilerek ortalama doz orani elde etmek miimkiin
olmustur. Daha sonra yillik gama doz degerleri hesaplanmistir. Ayrica bu degerler kullanilarak kanser risk degerleri elde edilmistir.
Tiim bu degerler Diinya Referans degerleri (UNSCEAR) ile karsilastirilmistir. Analiz sonucunda ortalama gama doz hizi 23.90
nGyhr?, yillik doz hiz1 ise 29.31 pSv. Yasam boyu kanser risk degeri 1.02x107* olarak hesaplanmstir. Bu degerler, diinya ¢apinda var
olan benzer ¢aligmalarla karsilagtirilabilir. Sonug olarak, Kocaeli i¢in ortalama yillik etkin doz degeri ve yasam boyu kanser riski
degeri diinya ortalamasinin altindadir. Bu ¢alisma, ileride yapilacak arastirmalar igin referans olarak kullanilacag: gibi, ileride Kocaeli

icin farkli ¢caligmalarla kargilagtiritlmasinda faydali olacaktir, 6rnegin bir niikleer kirlilikten sonra 6rnegin Karadeniz’den gelen reaktor
s1zintis1 gibi.

Anahtar Kelimeler: Gama doz, Yillik etkin doz, Kanser risk, Kocaeli
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1. Introduction

Radioactivity which a randomize event, occurs naturally
(primordial nuclides) or by artificial processes. The largest
contribution to total radiation dose whichever received by
humans, comes from Natural Radiation. Therefore,
environmental radioactivity measurements are necessary for
determining the background radiation level especially due to
natural radioactivity sources. The natural radiation which
measured outdoor gamma dose, consist of cosmic rays and
terrestrial components. Terrestrial radiation can be measured via
gamma-ray spectroscopy separately. By the way, cosmic effects
would be calculated by subtracting of terrestrial from measured
outdoor gamma dose, too. The United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR,
2008) estimates the global average human exposure from natural
radiation sources as 2.4 mSv per year and the radionuclides that
are present of soil samples (terrestrial components) are
considered to be responsible for a portion of this amount [1].
Rest amounts are originated water and air, too.

1.1.Literature Survey

Over the past two decades, a few results due to radioactivity
levels have been published in some papers related gamma dose
rates in air for Turkish provinces ([2] to [12]). Near by, there is
no study for Kocaeli region in literature especially. Therefore,
the purpose of this study is to measure dose rates in air from
different locations throughout the city and then assess the cancer
risk to human life by calculation of the outdoor gamma dose.
The human population in this city is up to one million and this
study will be baseline for next studies about environmental
radioactivity measurements, too.

By the way, there are also stated the worldwide studies in
literature. As an example of them; in 2002, Ghiassi and
Mortavazi have measured the absorbed gamma dose rates in air
for Ramsar region of Persia. They have studied the effects of
radiation on human life. The annual dose was also calculated
that it is 260 mSv and this value is more higher than the
stipulated annual limit of 20 mSv in North Persia. In genetic
works, the effects of this high level were obtained the differency
of the blood lenfosid samples of humans [13]. Another
researches were also evaluated for Brasil and Canary Island [14]
and [15], too.

1.2. Measuring DistricT
1.2.1. Geographically Analysis

Kocaeli province is existed on east of Marmara Region and
coordinates are as well as 400 31/ - 420 42/ latitudes and 290 22/
- 310 22/ longitudes. Neighbours could be written as; North side,
Black Sea and Sile district (Istanbul); East side, Sakarya
province; South side, Yalova and Bursa provinces; West side,
Istanbul province. Kocaeli province has 6 county except Izmit
(central) and totally 653 settlements. Counties are Derince,
Gebze, Golciik, Kandira, Karamiirsel and Korfez. Kocaeli-
Istanbul border contents east of Kemikli River; Kocaeli- Bursa
border lines Samanli Mountains; Kocaeli-Sakarya border stars
east Esme and Masukiye’s east regions. Kocaeli spans an area of
3.626 km?. Population is around two million (Wikipedia, 2019

[16]).
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1.2.2. Topografic Analysis

Region consists of the mountains cumulatively as % 19.
North side, by hill by consequently, South side, Samanl
Mountains continiously. Samanli Mountains exists from Armutlu
peninsula and followed west-east lines. Its lenght is 130 km and
wideth is 30 km. Highest pick is Kartepe (1601 m) and the
others; Dikmen Mountain (1387 m) and Naldéken Mountain
(1125 m), Naz Mountain (917 m) and Cene Mountain (646 m).
Kocaeli has generally plateau and concerns around %74.6. The
most important plains are the 1zmit plain between Izmit city and
Sapanca Lake, the surface area of the Izmit plain between
Dilovasi, Altinova in the Karamiirsel and Sapanca lakes of the
Izmit Gulf is 70 km?, and its height is 10 m. It is a wet and fertile
land and suitable for agriculture. Important rivers are Kocadere,
Kaynarca, Doganci and Sarisu; and Streams are Cayiova,
Hatipdere, Agadere, Derebogazidere, Erenlerdere, Memelidere,
Bekirdere, Serindere, Yalakdere and Cenesuyu river [17]. There
are Sapanca and Herzegovina lakes within the provincial borders
of Kocaeli. The width of the Lake of Sapanca starting from 17
km east of 1zmit Bay and extending to 16 km east and 7 km of
which is within the borders of Kocaeli is 5.5 km in the north-
south direction and its surface area is 47 km2. Samanlidaglar
section of Kocaeli province is covered with forests. Generally,
the upper parts of the mountains are covered with coniferous
trees and the lower parts with broad-leaved trees. As you
approach the sea, vegetation (maquis) of the Mediterranean
climate is encountered. Fruit, vegetables and olives are dominant
in the coastal regions of the province. Topografic map of Kocaeli
is given in Figure 1 [17].
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Figure 1: Topografic map of Kocaeli [17]

1.2.3. Geomorphologic Analysis

The northern part of Kocaeli province is an abrasion surface
originated plateau area that corresponds to the water section area
between the Black Sea and Izmit Bay (Marmara Sea) and
constitutes the highest part of the Kocaeli Peninsula. Finally, the
area, which was penetrated in Pliocene, completely increased
during the "Post-Alpine" tectonic movements, the southern part
was completely elevated, and later it was split into rivers and
turned into a plateau. The average elevation in the western part
is around 200-300 m. The elevation value increases to the east
and the field gets a hilly view with deep slope and valley slope.
Shapes belonging to Kkarst topography are commonly found in
parts of the peninsula, which consist of molten (karstic)
limestones. It is a typical section between the Triassic and Upper
Cretaceous aged Karstic limestones, between the Tavlili-Hereke
line on the west of the Tavlili-Hereke line, and the area between
the Dil Heresi-Tavsanli Creek-Ayvalik Stream on the east, and
the area stretching up to Kosekoy-Tepekdy in the north. In this
area, where Karstification is deep, there are numerous and varied
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karst depressions, dry valleys, subatans, criminals and caves,
consisting of various lapias, dolinas and valas [17].

2. Material and Method
2.1. Inhalation

Airborne radioactivity, provides the first oppurtunity to
identify the spectrum of radionuclides making up the
contamination. Radionuclides will very rapidly appear in ground
level air, and air samples can give the first indication of the
nature of the contamination. Radioactive materials in the air may
result in exposure to human by inhalation.

2.2. Measuring points for gamma dose rates in air

Coordinates are assigned by the GPS instrument which
Macellan Explorist 510. There are 20 pcs different coordinates
given in Table 1 for only Gebze county with dose rates together.

Table 1: Coordinates as classified due to Gebze county

ML-20 46.12 | 40.8141° | 705699.61 |29.4389° | 4520983.15
Gebze
27.31 | Average (20)

Measure | Dose Coordinates
-ment | Rates

I;oE:&tBn (Rg)y Latitude (pointed) Longitude (pointed)
ML-1 10.45 | 40.7977° | 705699.67 |29.4383° |4519161.00
ML-2 10.50 | 40.7979° | 705656.87 |29.4378° |4519182.04
ML-3 10.90 |40.7978° | 705598.12 |29.4371° |4519169.29
ML-4 11.00 |40.7979° | 705783.42 |29.4393° |4519185.56
ML-5 11.05 | 40.7970° | 705541.53 |29.4364° |4519078.83
ML-6 12.40 | 40.7975° | 705691.85 |29.4382° |4519138.57
ML-7 13.00 | 40.8137° | 705667.11 |29.4385° |4520937.80
ML-8 21.70 | 40.7980° | 705867.48 |29.4403° |4519199.01
ML-9 22.45 | 40.7975° | 705835.28 |29.4399° | 4519142.56
ML-10 29.25 [ 40.7973° | 705717.78 |29.4385° |4519117.07
ML-11 | 31.00 | 40.7972° | 705709.65 |29.4384° |4519105.73
ML-12 | 36.65 | 40.8138° | 705633.06 |29.4381° |4520947.97
ML-13 37.05 [ 40.8149° | 705612.79 |29.4379° | 4521069.62
ML-14 37.12 | 40.8146° | 705681.20 |29.4387° |4521038.19
ML-15 38.23 | 40.8145° | 705689.94 |29.4388° |4521027.32
ML-16 39.65 |40.8148° | 705714.32 |29.4391° |4521061.34
ML-17 42.16 | 40.8136° | 705658.98 |29.4384° |4520926.47
ML-18 42.41 | 40.8133° | 705626.17 |29.4380° | 4520892.22
ML-19 43.17 | 40.8142° | 705707.74 |29.4390° | 4520994.49

e-ISSN: 2148-2683

2.3. Measurement System

The outdoor air dose gamma rate measurements around
Hatay province were perfected by using a counter (Eberline,
ESP-2), portable device and connected with a SPA-6 model
plastic scintillator. Instrument was kept up to 1m from soail
surface and at the sampling point, measurement duration was 60
second. Then the average dose rates were recorded. The main
instrument is ESP-2. Related detector was connected to the ESP-
2 via an MHV-series coaxial connector. Readout of detector has
been presented with 2x16 alphanumeric display, LCD.

This ratemeter is operated by CPU/Intel 80C31 processor
family and has got external RAM 8KB, EPROM 16KB. The
scintilation detector body (SPA-6) connected to the counter
(ESP-2), was selected to optimize its output for the radiation of
interest. It provides the pulse signal to the electronics for
counting. The pulse rate from the detector is proportional to the
radiation field intensity at the detector. The high voltage supply
provides the required bias voltage to the detector. The high
voltage is keyboard adjustable and provides the correct operating
voltages for a large selection of detectors. The low voltage
supply regulates the operating voltage for the ESP-2 electronics
as shown in Figure 2 [18, 23]. The amplifier is a linear,
adjustable gain, multistage design. It amplifies the signal from
the probe to a usable level at the amplifier output. The
discriminator provides a signal on its output only if the signal
from the amplifier exceeds the adjustable threshold. This
provides a means for rejecting noise and/or unwanted signal.

Figure 2: ESP-2 Rate meter and SPA-6 scintillation
detector, Eberline [18]

2.4. Outdoor dose rates as originated to the terrestrial
effect and cosmic ray

Absorbed gamma doses are originated to terrestrial and
cosmic rays together. In order to obtain the absorbed gamma
dose rates in air, the instrument was kept about 1 meter
upperside from ground level. Because about on this level; it is
important that how much dose exposed in air against to human
gonad. The human gonad is the more important organ against to
radiation damage. Annual doses in air were also calculated by
using the gamma dose rates. Gamma dose rate information was
given in Table 2. Related dose rate map was given in Figure 3,
too.
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Table 2: ADRA values for Kocaeli Province

Where ADRA is absorbed dose rate in air (nGyh), DFC is dose
conversion factor (0,7 Sv Gy?), OF is outdoor occupancy factor

(0.2), T is exposure time (8760 h y%). AEDE is annual effective

County Name ggtS:EZeSRi?r[?]rg?/ rI]Drc_)ls]e dose equivalent (uSv), DL is duration of life (70 year), RF is risk

(nm. of sampling) average ' factor  (Sv) as fatal cancer risk per Sv (calculate to stochastic

' effects; ICRP 60 [19]) uses value of 0.05 for the public (ICRP,
2007), ELCR is excess lifetime cancer risk.
Kocaeli [rural areas*] (15) 19.35 3.2._ A_EDE and ELCR values and Standard
Deviations
Annual doses and Cancer Risk values are given in Table 3
Gebze (20** 27.31
( ) for Gebze and Rural districts of Kocaeli. Standard deviations
were also calculated and given in below table, too. Due to large
Total (35) 23.90 differency of the values, deviations were also obtained in high
ratio as roughly 17% AEDE and 16% for ELCR.
o * *
*In this study, total 15 different points were selected to take dose ELCR= AEDE* DL* RF Ea.2
rate around Kocaeli rural (av. 19.35) lands as, Kumla River . .
(6.10)- Karayakuplu (9.90)- Kandira (13.00)- Hediyeli (14.70)-  1able 3: AEDE and ELCR values for Kocaeli
Demokrasi Park (14.75)- Dilovasi (14.80)- Y. H?rgke (15.18)- (AEDE) | Standard | ELCR |Standard
Tavsancil (16.50)- Akcaova (16.60)- Yassibagkdy (17.35)- o -~ -

- . . County [uSv], [Deviation [[(x10—4)],| Deviation
Yagcilar (18.75)- Cakmaklarkdy (26.59)- Derince (33.65)- Name average |for AEDE | average |for ELCR
Korfez (34.85)- UtikDam (37.55).**Gebze county is a big
industrial land and planned to take the dose rates from 20 Kocaeli-rural
stations in this county (Table 1). Regarding measured dose rates districts* (15) 23.73 - 0.83 -
for 20 locations as well picked from Table 1, dose rate map is
shown in Figure 3.

Gebze (20**) 33.49 - 1.17 -
Kocaeli (35) 29.31 4.84 1.02 0.17

EXPLANATION
Dose rate: nGy/h

699000 700000 701000 702000 703000 704000 705000 706000 707000

Figure 3: Outdoor Gamma Dose Rate (nGyh?) map for Gebze
and its territory

3. Results and Discussion

3.1. Determination of Annual Effective Dose
Equivalent (AEDE) and Excess Lifetime Cancer
Risk (ELCR) by using Absorbed Gamma Dose
Rates in air (ADRA):

It is easy to calculate annual effective dose equivalent
(AEDE) and Excess Lifetime Cancer Risk by using absorbed
gamma dose rates, with reference of (UNSCEAR, 2008) [1]:

AEDE= ADRA* DCF* OF* T Eq. 1

e-ISSN: 2148-2683

3.3. Comparison between OUR measurements to
RESA’s values

TAEK, Turkish Atomic Energy Agency periodically
measures the natural radiation in air by RESA [18,21,22] system
which consist of a Geiger detector and reader, too. Due to
locations of this system, there is one measuring point in Izmit as
central county as referenced to Kocaeli province. Below pictures
are referred the RESA system in Figure 4 clearly. It was
observed online as 70 nSvh* by RESA and it refers to 100 nGyh
1. Average of our measurements is 23.90 and maximum is 46.12
nGyh*. There are a lot of possible reasons due to this differency.

One of them is that; Our measurements are not for only one
fixed point as well as in RESA. Other reason would be the
counting device type. RESA device is basic Geiger- Miiller
counter. Our device is scintillator and has higher efficiency.
Measurement times are also another reason to this differency.
Annual doses and Cancer risks were drawn in Figure 5 and
Figure 6.

Figure 4: RESA detector- counter and control center, TAEK [20]
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Figure 5: Horizontal Bar chart [AEDE in puSv]

ELCR

Figure 6: Line Graphic; Kocaeli-rural, Gebze, Kocaeli, Izmit-
RESA [ELCR, x104]

3.4. Statistics and comparison

Similar studies which picked up from literature, were
compared in Table 4, not only AEDE but also ELCR values, too.

Table 4: Comparison for AEDE and ELCR values

(105) Bayiilken, 2000
[10]Kastamonu
(60) 58.88 2.06 Kam, et all, 2007
[11] Sanliurfa 74.70 2.62 Kam, et all, 2007
M. E. TURGAY, et
[12] Bolu (74) 27.23 0.95 all.,
M. E. TURGAY, et
ThisStudy (35) 29.31 1.02 all,, ....
[20]Kocaeli TAEK- Resa, 365
(izmit) 122.64 4.29 days- online
[1] World 73.60 2.58 UNSCEAR, 2008
[13] R. D. J.-
Brasil 90.00 3.15 Licinio, et all., 2013
[14]Ramsar-
IRAN 105.00 3.68 Ghiassi, et all., 2002
[15] Canary I-
Spain 91.95 3.22 Arnedo, et all., 2017

[ref no],
Region, (AEDE) | ELCR
(nmof [uSv], |[(x1079)],
samplings) average | average Reference, Year
ana . . egerlier, et all.,
[02] Ad 82.00 2.87 |Degerli 11., 2008
[03]Ankara
(341) 71.83 2.69 Kapdan, et all., 2018
[04]Artvin
(204) 214.50 7.50 Taskin, et all., 2015
[05] Balikesir
(92) 156.30 6.30 | Kapdan, etall., 2011
[06]Canakkale
(379) 81.40 2.85 Kam, et all., 2007
[07]Edirne 7.U.Yiimiin, et all.,
(14) 47.30 1.66 2018
[**]Hatay
(215) 63.93 2.24 M. E. TURGAY, **
Muttalip Ergun
[08] IDA (75) 198.66 6.95 TURGAY, 2019
[09] Istanbul 79.72 2.79 G. Karahan, A.

e-ISSN: 2148-2683

**Not published, yet.

Data which existed in Table 4, refers below distribution in
Figure 7, regarding Excess Life Time Cancer Risk corresponding
to Annual Effective Dose Equivalent.

ELCR/AEDE

8,00

Figure 7: Distribution due to ELCR to AEDE [x10** ; uSv ]

4. Conclusions and Recommendations

Maximum dose rate for Kocaeli (Gebze district) was
measured to 46.12 nGyhr? and minimum was measured 6.10
nGyhr? for rural (around Kumla river). Maximum annual dose is
calculated to 56.56 pSv and 1.98 (x107%) as ELCR. Minimum
annual dose is calculated to 7.48 uSv and 0.26 (x10™*) as ELCR.
These values are a little bigger than the Bolu’ s values which
both provinces are neighbour. Kocaeli is important industry
region and so close to Istanbul. Relatively low radiation values
are important for regional population. This province has also
seaside line along the Black Sea and open to any nuclear
pollution which would be carried from Ukraine or Russia in the
future. By this study, it will be one of the literature database due
to comparison after a potentially nuclear pollution. Kocaeli is on
the North Anatolian seismic zone and whether if any increasing
of radiation doses would be shown the relation due to a seismic
activity, too. In this moment, these results in our study, indicate
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that there is no risk originates to inhalation around Kocaeli
province in Turkey.
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