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In this study, the activity concentrations of terrestrial and anthropogenic radionuclides in the soil samples collected from Bafra
Kizihrmak Delta were measured by using gamma spectrometry with an Nal(Tl1) detector. The average values of activity concen-
trations of 23®U, 232 Th and “°K were found to be 37.2 + 2.8, 33.7 + 3.1 and 413.0 4 59.8 Bq kg™, respectively. *’Cs was also
measured in some samples. It has a mean value of 13.8 + 1.0 Bq kg™'. From the activity concentrations, the absorbed gamma
dose rates in outdoor and the corresponding annual effective dose rates and external hazard index (H,) were estimated.

INTRODUCTION

Environmental radiation is composed of both natural
and anthropogenic (or artificial) radiation. Natural
radiation mainly arises from naturally occurring
radionuclides of terrestrial origin. Terrestrial radionu-
clides include mainly radionuclides in the **U and
232Th decay series and *°K". The main sources of an-
thropogenic radiation are radionuclides that can be
produced and/or released in medical facilities; mili-
tary-based nuclear weapons, nuclear accidents at
nuclear reactors and discharges of radioactive waste
of nuclear fuel from the nuclear installations. As a
result of radioactive fallout from the Chernobyl
nuclear reactor accident occurred in 1986, food and
environmental samples such as water, food, milk, soil,
etc., in especially Thrace and Black Sea regions of
Turkey were contaminated with long-lived anthropo-
genic radionuclides such as radiocesium and radio-
strontium®.

Human beings are exposed to radiation from both
natural and anthropogenic radionuclides in the envir-
onment. External exposures outdoors result from the
terrestrial radionuclides existing at different levels
related to the types of rock in all soil. Therefore, it is
important to determine the activity concentrations of
these radionuclides in soil samples. On the other
hand, the measurement of the average outdoor terres-
trial gamma dose rate in air is also important for the
radiological protection purposes and implementing
some precautions.

Recently, there are several related studies to deter-
mine the soil radioactivity, terrestrial gamma dose rate
and annual effective dose (AED) rate in the litera-
ture® 2. However, there is no study related to the

activity concentrations of the radionuclides in soil
samples collected from the Bafra Kizilirmak Delta
(bird sanctuary) in the literature. The objective of the
study is to determine the activity concentrations of ter-
restrial and anthropogenic radionuclides and evaluate
the outdoor gamma dose rate and corresponding AED
from the external exposure.

Geology of Kizihrmak Delta

Kizilirmak Delta is located in the central Black Sea
region of Turkey (Figure 1). It is in the region
between north latitudes 41.30N—-41.44N and east
longitudes 35.35E—36.07E. The delta owns its name
from Kizilirmak river which is the longest river in
Turkey. Kizilirmak Delta was evolved through quater-
nary. In addition to eustatic moves, tectonic moves
had an effect during its forming. The delta covers a
surface area of 564 km? and it is the third biggest
delta in Turkey. It is one of the most important
wetland complexes with its rich biodiversity and crit-
ical habitat for globally endangered bird species®?.
There are 321 different bird types in the delta and it is
an immigration area for birds. It is also one of the
most productive agricultural deltas in Turkey. The
delta contains mainly alluvial and clay soil. This kind
of soil consists of kaolinite which is waterproof.

EXPERIMENTAL METHODS
Sample collection and preparation

The survey area is in the region between 36.02'00"E—
36.06'15"E and 41.36'34"N-41.40'02"N. To measure
the terrestrial and anthropogenic radioactivity in soil
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Figure 1. Location of Kizilirmak Delta.

samples collected at 20-cm depth level from 30 differ-
ent stations. After stones and other foreign bodies
were removed from the soil samples, the samples were
oven dried at 105°C for 24 h to remove the moisture
content. In the next step, the samples were pulverised
and sieved through a 0.1-mm mesh to be homoge-
nised. After this process, the soil samples were packed
in a standard plastic containers (5.5 cmx6.5 cm
diameter), weighed and hermitically sealed and then
stored 4 weeks before counting by gamma spectrom-
etry to achieve secular equilibrium between 2*°Ra and
its short-lived decay products.

Counting by gamma spectrometry system

The measurements of the radioactivity concentrations
of 23U, ?*’Th and *K in the soil samples were
carried out using a 7.62x7.62 cm Nal(Tl) detector
(Ortec-905-4). Energy resolution of the detector mea-
sured in terms of full-width at half-maximumn is
46 keV at 661.8 keV '¥’Cs. The light decay time con-
stant for an Nal(Tl) crystal is ~0.23 ps. Typical
charge-sensitive preamplifiers translate this into an
output voltage pulse with a increase in time of ~0.5 s.

Efficiency calibration of the system in the 186.2—
2614.4-keV energy range was done using the well-
known reference materials of IAEA: RGU-1, RGTh-1
and RGK-1%. Each sample was then counted for
~24 h in the same source-to-detector geometry as used
for the determination of the efficiency calibration. All
samples were counted while the detector was placed in
the table top lead shield (Lead Shield G-5 made Ortec).
After counting, the environmental gamma background
measurements obtained at the laboratory with an
empty container placed in the detector with same time
that elapsed for the prior counting. MAESTRO-32
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MCA software is used for spectrum display, analysis
and system adjustment and calibration prior to sample
measurement. The activity concentrations of **U and
232Th were determined using the gamma-ray line of the
1764.5 keV from >'*Bi and the gamma-ray line of the
2614.4 keV from 2°°T1, respectively, assuming secular
equilibrium in the **U and ***Th decay series. The ac-
tivity concentration of “’K and '*’Cs was measured dir-
ectly by their own gamma-ray line at 1460.8 and 661.7
keV, respectively. However, the activity concentrations
of ¥7Cs were corrected for due to the interference of
609-keV gamma photopeak from 2'*Bi in the 661.7-
keV gamma photopeak from '¥Cs.

Estimation of air-absorbed dose rate and corrsponding
AED

Two different formulas were used to estimate the
outdoor air-absorbed dose rates (nGy h™') at 1 m
above from the ground due to the activity concentra-
tions of **U, 2*’Th and *°K in the soil samples. If the
sample does not contain '*’Cs concentration®®:

D = 0463 Ay +0.604 - Apy, +0.0417- A (1)

and if the sample contains '*’Cs concentration®””:

D =0470- Ay +0.572 - Aty +0.0421 - Ag
+0.156 - Acs (2)

where D is the absorbed dose rate (nGy h™ ') and Ay,
Ay, Ax and Acg are the activity concentrations of
38U, 22Th, “K and '¥’Cs in Bq kg ', respectively.
The corresponding AED in units of mSv per y was
estimated as follows'":

AED =D x DCF x OF x T (3)

where D is the outdoor absorbed gamma dose rate
given Eq (1) and (2), DCE, OF and T are dose conver-
sion factor (0.7 Sv Gy ), outdoor occu?ancy factor
(0.2) and time (8760 hy 1), respectively'".

External hazard index

H,, can be calculated from the activity concentration
values as follows®”:

Ay | A | Ak
Hy=—"+—+-— 4

* =370 " 259 " 4810 @
where Ay, A1y, and Ak are the activity concentrations
of 2*¥U, #**Th and *°K in Bq kg, respectively. If this
value is less than unity, then the radiation hazard is
insignificant.
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Table 1. The activity concentrations of 2>*U, >*Th, “°K and ""Cs were measured in the soil samples of Kizihrmak Delta.

Sample no. Activity concentration (Bq kg 1)

238(y 2327y, a0 137
1 37.1+4.1 321+14 402.2+14.1 <MDA
2 3354738 322+1.4 407.9+13.8 <MDA
3 204+1.5 248+1.4 231.8+14.0 <MDA
4 20.4+59 344+14 293.8+13.8 79+1.6
5 35.1+3.1 322+1.1 289.2+11.6 <MDA
6 428+5.4 37.6 £ 1.5 246.4+14.6 <MDA
7 57.2+3.7 349+ 1.5 532.7+16.8 <MDA
8 57.1+£2.5 43.4+9.7 400.0 +£12.8 19.2+4.6
9 47.2+3.7 37.1+1.2 1056.9+12.0 <MDA
10 67.3+3.5 56.9+23 12472+ 14.8 <MDA
11 56.5+3.6 <MDA 1161.8+15.7 <MDA
12 39.6 +£2.0 41.4+43 538.2+8.2 10.9+0.9
13 49.84+3.3 80.1 +£9.9 1189.8 +14.3 <MDA
14 353+5.1 36.0+1.1 561.5+12.3 <MDA
15 403+22 30.0+ 1.1 291.4+10.6 203+ 1.5
16 21.8+1.7 15.4+1.0 160.1 +8.1 121+1.0
17 382+5.5 38.1+14 372.3+13.8 <MDA
18 30.6+2.5 28.6+1.3 207.4+13.0 <MDA
19 21.0+2.7 22.4+0.9 182.0+8.9 <MDA
20 57.0+3.0 314175 110.3+8.4 11.3+1.1
21 30.8+2.5 16.8+1.0 215.14+10.0 18.8+1.2
22 322+54 20.2+1.0 143.1+20.5 174+2.4
23 52.7+14.2 36.6+1.2 345.1+11.8 <MDA
24 39.1+3.9 32.1+1.1 341.8 +£10.7 6.0+1.3
25 32403 3.7+0.1 326+1.2 <MDA
26 35.8+3.5 348+1.3 34744125 <MDA
27 374+3.6 27.8+1.2 351.8+12.3 <MDA
28 2.6+0.3 43412 33.0+1.3 <MDA
29 42.0+3.0 28.6+1.1 332.7+11.4 <MDA
30 33.6+3.3 83.8+4.5 364.5+ 144 <MDA
Min 2.6 <MDA 32.6 <MDA
Max 67.3 83.8 1247.2 20.3
Average 37.2 33.7 413.0 13.8
Standard deviation 15.1 17.2 327.6 5.3
MDA, minimum detectable activity.
RESULTS AND DISCUSSION confidence level of 95%. The ***Th average concentra-

The activity concentration values of 238, 232Th, 40
and *’Cs measured in the soil samples are given in
Table 1. The + values represents 1 standard deviation
due to counting errors. As shown in Table 1, the
average activity concentrations of 2**U, #*>Th and
40K are measured to be 37.2+2.8 Bq kg~ ! (range:
2.6+0.3-67.3+3.5 Bq kg '), 33.7+3.1 Bq kg !
[range: minimum detectable activity (MDA)
83.8 +4.5Bq kg 'Jand 413.0 + 59.8 Bq kg~ ! (range:
32.6+1.2-1247.2+4.8 Bq kg !), respectively. The
population-weighted world averages of these nuclides
are 33 Bq kg~ ! (range: 16—110 Bq kg™ ") for 238U, 45
Bq kg~ ! (range: 11-64 Bq kg™ ') for **Th and 420
B(é kg~ ! (range: 140-850 Bq kg~ ') for K. The
238U average concentration measured in the samples
is statistically the same as the world average within the

tion is less than the world average but it is within the
range. The average activity concentration of “’K is
statistically indistinguishable from the world average.
137Cs was detected in 9 samples of the total 30
samples. In 21 samples, the concentration activity of
137Cs is below the MDA which is ~0.5 Bq kg™ !. The
activity concentrations of '*’Cs measured in nine soil
samples varied from 6.0 + 1.3 to 20.3+1.5 Bq kg !
with a mean value of 13.8 +1.0 Bq kg~ '.

The absorbed gamma dose rate in air 1 m above
the ground was estimated for each soil sample using
the activity concentrations of 23U, 2*>Th and “°K
given in Table 1. The estimated values of the absorbed
gamma dose rate (D) are given in the second column
of Table 2. From Table 2, the absorbed gamma dose
rates varied from 5.1+0.3 to 122.3+8.3 nGy h™!
with an average value of 54.1+4.6 nGy h '
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Table 2. The absorbed gamma dose rate (D), the
corresponding AED (AED) and external hazard index (H.y).

Sample no. DmGyh™ ) AED (uSvy ') He
1 53.9 66.1 0.31
2 52.5 64.4 0.30
3 34.5 423 0.20
4 43.0 52.8 0.25
5 48.2 59.2 0.28
6 53.4 65.5 0.31
7 70.3 86.2 0.40
8 70.0 85.8 0.40
9 88.9 109.1 0.49
10 118.4 145.2 0.66
11 55.8 74.2 0.36
12 68.3 83.8 0.39
13 1223 150.0 0.69
14 62.1 76.2 0.35
15 49.4 60.6 0.29
16 26.3 322 0.15
17 56.8 69.7 0.33
18 40.5 49.7 0.24
19 31.2 38.2 0.18
20 50.4 61.9 0.30
21 33.6 41.2 0.19
22 334 40.9 0.19
23 61.5 75.4 0.36
24 52.3 64.1 0.30
25 5.1 6.3 0.03
26 52.6 64.5 0.30
27 49.2 60.3 0.28
28 5.2 6.4 0.03
29 51.0 62.6 0.29
30 82.7 101.5 0.49
Min 5.1 6.3 0.03
Max 122.3 150.0 0.69
Average 54.1 66.5 0.31
Standard deviation 259 31.8 0.15

The population-weighted world average of the
outdoor absorbed dose rate in air is 58 nGy h™' (18—
93 nGy h™ ")V, The average of the absorbed gamma
dose rates is statistically indistinguishable from the
quoted average value. The corresponding AED was
estimated taking into account the absorbed gamma
dose rates. The estimated values of the corresponding
AED are given in the third column of Table 2. The
values of the AED varied from 6.3 to 150.0 uSv y !
with a mean of 66.5+5.9 pSvy .

The calculated values of H. for the soil samples
are given in the last column of Table 2. It can be seen
from that all the values of H,, are lower than unity.
The soil in this studied field is safe recalling that it is
closed to settlements.

CONCLUSIONS

The activity concentrations of 238U, 232Th, “K and
137Cs in 30 soil samples collected from the Kizilirmak

Delta were determined. The results show that the
mean value of activity concentration of >**U is statis-
tically the same as the world average. After nuclear
weapon tests and some nuclear accidents '*’Cs and
13%Cs can be released into the environment. These
radionuclides can be transfered by some meteorological
events such as wind to thousand of kilometres. The
authors think that the '*’Cs activity concentration was
due to Cernobyl accident and around 500 atmospheric
nuclear weapon tests conducted until 1980. Fukushima
nuclear accident which happened in March 2011 has
no effect on the actvity concentarion of '*’Cs measured
in the samples because the soil samples were collected
before January 2011. The absorbed gamma dose rate
and AED values have been estimated and the mean
values of these quantitatives are statistically indistin-
guishable from the world average values. H., is less
than unity which means that there is no radiation
hazard in this area.

FUNDING

This study is connected with financial support from
the Ondokuz Mayis University with project number
PYO0.1904.09.0032.

REFERENCES

1. UNSCEAR (United Nations Scientific Committee on
the Effects of Atomic Radiation). Sources and effects of
ionizing radiation. United Nations Publication (2000).

2. Gokmen, 1.G., Akgoz, M. and Gokmen, A. Chernobyl
radioactivity on the Black Sea coast of Turkey. Anal.
Bioanal. Chem. 355(5-6), 736—738 (1996).

3. Sing, S., Singh, B. and Kumar, A. Natural radioactivity
measurements in soils samples from Hamirpur district,
Himachal Pradesh, India. Radiat. Meas. 36, 547549
(2003).

4. Malczewski, D., Teper, L. and Dorda, J. Assessment of
natural and antrhropogenic radioactivity levels in rocks
and soils in the environs of Swieradow Zdroj in Sudetes,
Poland, by in situ gamma-ray spectrometry. J. Environ.
Radioact. 73(3), 233245 (2004).

5. Varinlioglu, A. and Kose, A. Determination of natural
and artificial radionuclide levels in soils of Western and
Southern coastal area of Turkey. Water Air Soil Poll. 164,
401-407 (2005).

6. Merdanoglu, B. and Altinsoy, N. Radioactivity concen-
trations and dose assessment for soil samples from
Kestanbol granite area, Turkey. Radiat. Prot. Dosim.
121, 399-405 (2006).

7. Al-Masri, M. S., Amin, Y., Hassan, M., Ibrahim, S. and
Khalili, H. H. External gamma-radiiation dose to Syrian
population based on the measurement of gamma-emitters
in soils. J. Radioanal. Nucl. Chem. 267(2), 337-343
(2006).

8. Kurnaz, A., Kiigiikémeroglu, B., Keser, R., Okumusoglu,
N.T., Korkmaz, F, Karahan, G. and Cevik, U.
Determination of radioactivity levels and hazards of soil
and sediment samples in Firtina Valley (Rize, Turkey).
Appl. Radiat. Isot. 65, 12811289 (2007).

353

¥T0Z ‘02 Yo\ Uo A1SIeAIUN SIAe |\ ZnyopuQ e /610°s feuno [pio ixo pd.y/:dny wouy pepeojumoq


http://rpd.oxfordjournals.org/
http://rpd.oxfordjournals.org/

10.

11.

12.

13.

14.

15.

16.

17.

18.

H MUTUKETAL.

. Kam, E. and Bozkurt, A. Environmental radioactivity

measurements in Kastamonu Region of northern Turkey.
Appl. Radiat. Isot. 65, 440—444 (2007).

Bozkurt, A., Yorulmaz, N., Kam, E., Karahan, G. and
Osmanlioglu, A.E. Assessment of environmental radio-
activity for Sanliurfa region of Southeastern Turkey.
Radiat. Meas. 42, 1387-1391 (2007).

Kilig, O., Belivermis, M., Topguoglu, S., Cotuk, Y,
Coskun, M., Cayir, A. and Kiiger, R. Radioactivity con-
centrations and dose assessment in surface soil samples
from East and South of Marmara region, Turkey. Radiat.
Prot. Dosim. 128(3), 324330 (2008).

Celik, N., Cevik, U., Celik, A. and Kucukomeroglu, B.
Determination of indoor radon and soil radioactivity
levels in Giresun, Turkey. J. Environ. Radioact. 99,
13491354 (2008).

Sahin, L. and Cavas, M. Natural radioactivity measure-
ments in soil samples of central Kutahya (Turkey).
Radiat. Prot. Dosim. 131, 526—530 (2008).

Belivermis, M., Kilig, O., Cotuk, Y, Topguoglu, S.,
Coskun, M., Cayir, A. and Kiiger, R. Radioactivity
concentrations in topsoil samples from the Thrace
region of Turkey and assessment of radiological
hazard. Radiat. Eff. Defect. Solid 163(11), 903-913
(2008).

Taskin, H., Karavus, M., Ay, P, Topuzoglu, A.,
Hidiroglu, S. and Karahan, G. Radionuclide concentra-
tions in soil and lifetime cancer risk due to gamma radio-
activity in Kirklareli, Turkey. J. Environ. Radioact. 100,
49-53(2009).

Kam, E., Bozkurt, A. and Ilgar, R. 4 study of back-
ground radioactivity level for Canakkale, Turkey.
Environ. Monit. Assess. 168, 685-690 (2010).

Celik, N., Damla, N. and Cevik, U. Gamma ray concen-
trations in soil and building materials in Ordu, Turkey.
Radiat. Eff. Defect. Solid 165(1), 1-10 (2010).

Tufan, M. C. and Bostanci, S. Radioactivity concentra-
tions in soil and dose assessment for Samsun city

20.

21.

22.

23.

24.

25.

26.

27.

354

center, Turkey. Radiat. Prot. Dosim. 151(3), 532-536
(2012).

. Turhan, S., Kose, A., Varinliogluy, A., Sahin, N. K.,

Arikan, L., Oguz, E, Yiicel, B. and Ozdemir, T. Distribution
of terrestrial and anthropogenic radionuclides in Turkish
surface soil samples. Geoderma 187, 117-124 (2012).
El-Kamel, A. H., Abd El-mageed, A. 1., Abbady, A.B.,
Harb, S. and Saleh, 1. 1. Natural radioactivity of environ-
mental samples and their impact on the population at
Assalamia-Alhomira area in Yemen. Geosciences 2(5),
125-132(2012).

Ugur, E A., Turhan, S., Goren, E., Gezer, E, Yegingil,
Z., Sahan, H., Sahan, M., Tel, E. and Karahan, G. 4
survey of distribution of terrestrial radionuclides in
surface soil samples in and around Osmaniye province,
Turkey. Radiat. Prot. Dosim. 154, 483489 (2013).
Canbazoglu, C., Turhan, S., Bakkal, S., Ugur, E A. and
Goren, E. Analysis of gamma emitting radionuclides
(terrestrial and anthropogenic) in soil samples from Kilis
province in south Anatolia, Turkey. Ann. Nucl. Energy
62, 153157 (2013).

Zubair, M., Verma, D., Azam, A. and Roy, S. Natural
radioactivity and radiological hazard assessment of soil
using gamma-ray spectrometry. Radiat. Prot. Dosim.
155, 467-473 (2013).

Ozesmi, U. and Karul, C. Bird observations in the
Kizilirmak Delta. DHKD (1989).

IAEA. Preparation and certification of IAEA gamma
spectrometry reference materials. Report-IAEA /RL/148.
RGU-1, RGTh-1 and RGK-1. International Atomic
Energy Agency (1987).

Saito, K. and Jacob, P. Gamma ray fields in the air due to
sources in the ground. Radiat. Prot. Dosim. 58, 29-45
(1995).

Markkanen, M. Radiation dose assessments for materi-
als with elevated natural radioactivity. STUK-B-STO 32.
Finnish Centre for Radiation and Nuclear Safety
(1995). ISBN 951-712-079-6.

¥T0Z ‘0z Yore \ uo AisieAiun sife |\ znyopuQ e /B1o'seulnolployxopdi//:dny woly pspeojumoq


http://rpd.oxfordjournals.org/
http://rpd.oxfordjournals.org/

	INTRODUCTION
	Geology of Kxzxlxrmak Delta

	EXPERIMENTAL METHODS
	Sample collection and preparation
	Counting by gamma spectrometry system
	Estimation of air-absorbed dose rate and corrsponding AED
	External hazard index

	RESULTS AND DISCUSSION
	CONCLUSIONS
	FUNDING
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


