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Abstract

A water quality index (WQI) is a single value indicator of the water quality determined through summarizing
multiple parameters of water test results into simple terms for management and decission makers. In this pa-
per, thirteen parameters were considered. On the basis of these data, raw and treated drinking water from
Tigris River within Baghdad were analyzed. Cluster analysis conducted on the WQI data in this area was
applied to detect the fluctuation of water quality. In this study, WQI showed that Tigris water never reached
“Excellent” levels nor fallen to “Unsuitable” condition, except in occasional untreated water samples. Effects
of various sources of pollution were evident and the needs for intensive studies on WQI became evident.
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1. Introduction

Globally, there is an increasing awareness that water will
be one of the most critical natural resources in future.
Water scarcity is increasing worldwide and pressure on
the existing water recourses is increasing due to the
growing demands in several sectors such as, domestic,
industrial, agriculture, hydropower generation, etc. There-
fore, the evaluation of water quality in various countries
has become a critical research topic in the recent years
[1].

The quality of water is defined in terms of its physical,
chemical and biological parameters, and ascertaining its
quality is important before use for various intended pur-
poses such as potable, agricultural, recreational and in-
dustrial water usages, etc. [2]. It is assessed with the help
of various parameters to indicate their pollution level. It
is quite likely that any sample of water will exhibit vari-
ous levels of contamination with respect to the different
parameters tested [3].

In monitoring programs, generally relevant chemical,
physical, and biological factors are annually (or with less
intervals) sampled and analyzed to sort out governing
factors for the water quality variations. Generally, such
monitoring gives a clue about the status of water quality
that might be valid for a limited time and pre-specified
objectives. However, these data may not give the indica-
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tion of trends in water quality over time and across geo-
graphic areas. Traditional approaches to assessing water
quality are frequently based on a comparison of experi-
mentally determined parameter values with existing
guidelines. In many cases, monitoring allows proper
identification of contamination sources and may face
legal compliance. However, it does not easily give an
overall vision of the spatial and temporal trends in the
overall water quality in a watershed [4]. Many attempts
were made to present the water quality data in under-
standable and acceptable ways using the water quality
index (WQI) [5].

WQI is an arithmetical tool used to transform large
quantities of water quality data into a single cumulatively
derived number. It represents a certain level of water
quality while eliminating the subjective assessments of
such quality [5-7]. It is intended as a simple, readily un-
derstandable tool for managers and decision makers to
convey information on the quality and potential uses of a
given water body, based on various criteria [6]. Further-
more it turns complex water quality data into information
that is understandable and usable by the public. It gives
the public a general idea of the water quality in a par-
ticular region.

The advantage of this approach, besides getting the
information and data necessary, is also determined the
general health or status of the system of concern. In this
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way, the index can be used to assess water quality rela-
tive to its desirable state (as defined by water quality
objectives) and to provide insight into the degree to
which water quality is affected by human activity [8].

To summarize the vast amount of analytical data re-
garding water quality into useful, easy to understand and
convenient management tools for the assessment of wa-
ter quality, the concept of WQI was developed and pro-
posed first by Horten [9]. It is a single number like a
grade that expresses the overall water quality at a certain
area and time based on several water quality parameters.
It is also defined as a rating reflecting a composite influ-
ence, on overall quality of water, of a number of water
quality parameters. WQI value makes information more
easily and rapidly understood rather than a long list of
numerical values for a large variety of parameters. Addi-
tionally, WQUI’s also facilitate comparison between dif-
ferent sampling sites and/or events. Thus, they are con-
sidered better for transmitting information to general
audiences [6]. When their specific characteristics and
limitations are considered [10-12], WQI’s can be quite
useful for the purpose of management and decision-
making. Nevertheless, many different methods for the
calculation of WQI’s have been developed. In general,
they all consider similar physical and chemical parame-
ters but differ in the way the parameter values are statis-
tically integrated and interpreted [5].

Water quality indices are generally calculated in two
steps. The selected water quality characteristics having
different units of measurement are transformed into sub
index values. These sub indices are then aggregated to
give a water quality index value. Various water quality
indices were reviewed by many researchers; [5,7,10-20].
WQI approach has been applied in many countries to
assess the overall status of their water bodies, such as
United States [21], United Kingdom [22], Canada [23],
India [24] and Egypt [25]. The concept is similar, where
a few important parameters are selected and compounded
into numerical rating for the evaluation of the water
quality. However, in Iraq such studies are in a prelimi-
nary stage or not existing, therefore this paper may be
regarded as the first attempt to be applied in this country
that possibly will lead to several investigations in the
future. The present study is a part of Nature Iraq Indices
Project undertaken to highlight the physico-chemical
drinking water quality index and the status of Tigris
River water quality which have been used as raw water
for the Water Treatment Plant (WTPs) within Baghdad,
the capital of Iraq.

2. Materials and Methods
2.1. Study Area

The study area (Tigris River within Baghdad City) is
located in the Mesopotamian alluvial plain between lati-
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tudes 33°14'-33°25' N and longitudes 44°31'-44°17' E,
30.5 to 34.85 m a.s.l. The River divides the city into a
right (Karkh) and left (Risafa) sections with a flow direc-
tion from north to south. The area is characterized by
arid to semi arid climate with dry hot summers and cold
winters; the mean annual rainfall is about 151.8 mm [26].

2.2. Application of the WQI

The data used in this paper were provided by Baghdad
Mayoralty (Amanat Baghdad) and cover the period from
February 2002 to December 2008. Raw water samples
were collected using clean polyethylene containers from
sites in the river just close to the WTPs that represent the
stations of this study. While treated water samples were
collected from the treatment plants just before the distri-
bution of potable water to the houses through the water
supply network. Samples were analyzed for chemical
and physical properties immediately after collection. The
data were merged (monthly average values for each pa-
rameters) to obtain a data set covering seven years of
data for seven raw (Tigris river before treatment) and
seven drinking water (after treatment) stations, (Figure
1). For calculating the Water Quality Index, a set of thir-
teen water quality parameters have been selected based
on both importance of the parameters and availability of
data. These thirteen parameters are pH value, Alkalinity,
Turbidity, Total Dissolved Solids, Hardness, Calcium,
Magnesium, Chloride, Sulphate, Ammonia, Fluoride,
Iron and Aluminum.

2.3. Calculations of the WQI

For calculating WQI, the following steps were used:

In the first step, unit weight (#;) for various parame-
ters is inversely proportional to the recommended stan-
dard (Vunaara) for the corresponding parameter. W; val-
ues were calculated by using the following formula pro-
posed by Tiwari and Mishra [24],

K

W= ——— (1)

Vstandard

where, K = proportionality constant, Vgugaq = World-
widely accepted drinking water quality standard pre-
scribed by WHO [27].

The constant of proportionality K in the above equa-
tion can be determined from the following condition,

1

W= K Z{V—J )

standard
In the second step, Quality rating (Q,) is calculated as,
vV

0,= 100 [ actual ] 3)
Vstandam’
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While, the quality rating for pH (Q,) was calculated
on the basis of,

QpH =100 (V(Vactual Vt;z’eal ) ) &)
standard — "ideal

where, V.= value of the water quality parameter ob-

tained from the laboratory analysis.

Visew = the ideal value of pH considered as equal to
(7.00).

Vandra = value of the water quality parameter ob-
tained from recommended WHO standard of corre-
sponding parameter.

This equation ensures that ;= 0 when a pollutant is
totally absent in the water sample and Q; = 100 when the
value of this parameter is just equal to its permissible
value. Thus the higher the value of Q; is, the more pol-
luted is the water.

Then, the overall WQI was calculated using the
method proposed by Ott [10] and Harkins [28] on the
basis of weighting and rating of the different phys-
ico-chemical parameters, as follows:

WQI=Z_:Z’11WiQi ©)
1=
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Figure 1. Sampling locations across Tigris River, Baghdad
City.

Copyright © 2010 SciRes.

Based on the calculated WQI, the classification of
water quality types is given according to [24] as shown
in Table 1.

2.4. Quality Rating and Weighting

Water quality parameters were studied in respect to their
suitability for human consumption. The ‘standards’
(permissible values of various pollutants) for the drink-
ing water, recommended by the World Health Organiza-
tion [27], and unit weights are given in Table 2.

3. Results and Discussion

3.1. Annual WQI

Applying the former equations on the results of water
analysis data of Tigris River, annual WQI (Raw and
Treated) have been plotted in Figure 2. Spatial profiles
of the results showed that, for raw water, none of the
samples are coming neither under “Excellent” (range
0-25) nor “Good” (range 26-50) water quality, indicating
that the Tigris River water is generally “Poor” (range
51-75) at the upstream and is either “Poor”, “Very poor”
(range 75-100) or “Unsuitable” (above 100) at the mid
and downstream. This may reflect the effect of pollution
from urban wastes and anthropogenic activities. On
temporal basis, the WQI values for raw water for all sites
were highly increased in the last three years (2006-2008).

Table 1. Water quality index scale.

WQI 0-25 26-50 51-75 76-100 >100

Water Excel- Very Unsuit-
. Good Poor

quality lent poor able

Table 2. Drinking water standards and unit weights.

Water quality parameters Standards Unit Weights
W)
pH value (pH unit) 6.5-8.5 0.007990
Alkalinity (mg/L) 100 0.000679
Turbidity (NTU) 5.0 0.013583
Dissolved Solids (mg/L) 500 0.000136
Hardness (mg/L) 100 0.000679
Calcium (mg/L) 100 0.000679
Magnesium (mg/L) 30 0.002264
Chloride (mg/L) 250 0.000272
Sulphate (mg/L) 250 0.000272
Ammonia (mg/L) 0.2 0.339574
Fluoride (mg/L) 1.0 0.067915
Iron (mg/L) 0.3 0.226383
Aluminum (mg/L) 0.2 0.339574
JWARP
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The effect of dryness in the area in the last three years
might be behind the clearly observed depletion of WQI
throughout this period, especially in the upstream sta-
tions where there is no high intervention between the
effects of dryness and those of human activities.
Nevertheless, for spatial profiles of treated water, none
of the samples are classified as “Excellent” or “Unsuit-
able”. The results showed “Poor” to “Good” quality in
all stations. As for temporal trend, water quality was
generally “Good” at the upstream throughout the study
period (WQI range: 25.24-43.11) for AL KARKH and
EAST TIGRIS WTPs. With few exceptions the results of
WQI showed generally “Poor” but not “Unsuitable”

quality at the midstream and downstream. This might be
due to increasing pollution of raw water from urban
wastes and anthropogenic activities [20]. Generally, the
peak year of degradation of water quality was 2008 in all
stations.

For both raw and treated water, the phenomenon of
water quality degradation along Tigris was generally
evident throughout the seven years results. Therefore, the
authorities should practice more efforts in controlling
various activities along the river bank. The urgent water
management rules should be applied, enforcing waste-
water treatment systems among the factories and other
activities.
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Figure 2. Annual water quality index.
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3.2. Cluster Analysis

Cluster analysis was applied to find different classes (sub
clusters) within the WQI data that might help us to show
how the water quality is affected by the course of the
river through the city. The raw and treated WQI data for
all sites was processed by SPSS statistical software. The
cluster analysis was carried out on the data applying
Ward’s method, using Squared Euclidean Distance as a
measure of similarity. Ward’s hierarchical clustering
method was chosen for this purpose as it aims to mini-
mize the loss of information at each step in the clustering
process [29].

The results of cluster analysis for WQI of raw water
are illustrated with a tree dendrogram (Figure 3). It is
clear that WQI results divided the stations on Tigris into
three separate sub clusters: AL KARKH (TARMIYA) at
upstream, EAST TIGRIS, ALWATHBAH and ALKA-
RAMAH at midstream, and AR RASHID, ALQADISI-
YA and AD DAWRAH at downstream. WQI values of
raw water deteriorated from “Poor” to “Very poor” to
“Unsuitable” along the stretch of the river. However, the
major reasons of deteriorating water quality are the dis-
charge from drainage tributaries, city wastewater and
other forms of intensives human activities which are in-
creasing in trend from north to south. This comes in ac-
cordance with the findings of Fulazzaky [20] and Ouy-
ang [30] who referred to these factors as main reasons
for deteriorated water quality.

The results of cluster analysis of WQI for treated wa-
ter were distributed in three sub clusters as illustrated
with a tree dendrogram (Figure 4). The first sub-cluster
gathers AL KARKH and EAST TIGRIS WTPs, with
WQI values reflecting “Good” to “Poor” water. While,
ALKARAMAH and AL WATHBAH WTPs were in a
second sub-cluster and AD DAWRAH, AR RASHID
and AL QADISIYA WTPs were in a third sub cluster.
Water quality for both of these sub clusters was “Poor”
in general.

It is very important to establish an index showing the
information of the river water quality and providing the
warning alarm to take pollution control actions. This
investigation might be regarded as a pioneer attempt for
water quality indices in Baghdad as well as whole Iraq in
general. Undoubtedly, this may lead to more intensive
detailed studies on WQI in the area in order to fulfil the
existing gap of information about this subject in Iraq.
The results indicate the need for more consideration of
the WTPs along Tigris for years to come.

3.3. Efficiency of the Water Treatment Plants
Efficiency (E%) of the Water Treatment Plants situated

at Tigris River was calculated by determining the WQI
of the raw water and treated (Tap) water supplied by
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using the formula given below:

WQI of rawwater —WQI of treated water 8
WQI of raw water

E%= 100
(6)
The water treatment plants of Baghdad Mayoralty

have a capacity to treat 2,272,100 cubic meters per day

of raw water pumped from Tigris River, from which

2,082,000 cubic meters of water is supplied. The water

treatment plants follow the traditional treatment process,

in which raw water after aeration is treated with coagu-
lant (alum and lime) and pre-chlorination as required.

After flocculation, it is carried over to the sand bed filter

for filtration. After this, bleaching powder or chlorine

gas is added for disinfection to ensure the Residual Chlo-
rine at the tail end is in the range of 0.2 to 0.5 mg/L.

Table 3 represents the efficiency of the water treat-
ment plant situated at Baghdad City. From Table 3 it has
been concluded that the raw water is poorest in quality
throughout the year as the efficiency of WTPs range
from 25.07 to 63.30 in the whole period of study. Ulti-
mately, reconsideration of the WTPs system is needed
since these stations were designed to provide physical
and biological treatment rather than chemical treatment
of raw water. This will surely have more consequences if
combined with the already high levels of chemical pollu-
tion of raw water that we have shown in our results
above. Strict measures should be applied in order to con-
trol the levels of pollutants discharged into Tigris from
different kinds of point and nonpoint sources.

AL KARKH

EAST TIGRIS
AL KARAMAH
AL WATHBAH j_
AL QADISIYA
AD DAWRAH
AR RASHID j_
Figure 3. Dendrogram obtained using ward’s method for
raw water quality index.
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AR RASHID

Figure 4. Dendrogram obtained using ward’s method for
treated water quality index.
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Table 3. Efficiency of the water treatment plants.

Efficiency%

WTPs

2002 2003 2004 2005 2006 2007 2008
AL KARKH 60.97 60.86 60.57 54.93 63.20 57.07 60.06
EAST TIGRIS 60.62 61.45 61.19 57.86 63.30 57.43 49.08
AL KARAMAH 39.47 44.52 38.79 39.30 34.50 35.87 30.14
AL WATHBAH 42.85 46.56 40.69 39.67 33.87 34.07 30.17
AL QADISIYA 29.03 34.96 33.99 31.46 31.86 29.36 29.69
AD DAWRAH 25.07 35.22 33.49 32.47 30.10 29.52 30.07
AR RASHID 31.26 36.22 30.66 33.18 34.16 31.26 28.84

4. Acknowledgements El-Sheikh, Egypt, 2005.
[91 R. K. Horton, “An Index Number System for Rating Wa-

Many thanks to Nature Iraq, without their support and
encouragement the work would have not been done. Our
special gratitude is forwarded to ‘“Nature Iraq Indices”
project manager Mr. Haider Abid for his efforts. How-
ever, our thanks are also extended to Baghdad Mayoralty
for supplying the raw data.

5. References

(1]

E. D. Ongley, “Modernization of Water Quality Programs
in Developing Countries Issues of Relevancy and Cost
Efficiency,” Water Quality International, September
-October 1998, pp. 37-42.

A. Sargaonkar and V. Deshpande, “Development of an
Overall Index of Pollution for Surface Water Based on a
General Classification Scheme in Indian Context,” Envi-
ronmental Monitoring and Assessment, Vol. 89, No. 1,
2003, pp. 43-67.

S. A. Abbasi, “Water Quality Indices: State-of-the-Art,”
Centre for Pollution Control & Energy Technology,
Pondicherry University, Pondicherry, 1999.

P. Debels, R. Figueroa, R. Urrutia, R. Barra and X. Niell,
“Evaluation of Water Quality in the Chilla'n River (Cen-
tral Chile) Using Physicochemical Parameters and a
Modified Water Quality Index,” Environmental Monitor-
ing and Assessment, Vol. 110, No. 1/3, 2005, pp. 301-
322.

N. Stambuk-Giljanovi¢, “Water Quality Evaluation by
Index in Dalmatia,” Water Research, Vol. 33, No. 16,
1999, pp. 3423-3440.

N. Stambuk-Giljanovi¢, “Comparison of Dalmatian Wa-
ter Evaluation Indices,” Water Environment Research,
Vol. 75, No. 5, 2003, pp. 388-405.

W. W. Miller, H. M. Joung, C. N. Mahannah and J. R.
Garrett, “Identification of Water Quality Differences in
Nevada through Index Application,” Journal of Envi-
ronmental Quality, Vol. 15, 1986, pp. 265-272.

N. Radwn, “Evaluation of Different Water Quality Pa-
rameters for the Nile River and the Different Drains,” 9th
International Water Technology Conference, Sharm

Copyright © 2010 SciRes.

[10]

[11]

[15]

[18]

[19]

ter Quality,” Journal of Water Pollution Control Federa-
tion, Vol. 37, No. 3, 1965, pp. 300-306.

W. R. Ott, “Environmental Indices: Theory and Practice,”
Ann Arbor Science Publishers Inc., Ann Arbor, Michigan,
USA, 1978.

D. Hallock, “A Water Quality Index for Ecology’s
Stream Monitoring Program,” Technical Report, Wash-
ington Department of Ecology, Environmental Assess-
ment Program, Olympia, 2002.

S. F. Pesce and D. A. Wunderlin, “Use of Water Quality
Indices to Verify the Impact of Cordoba City (Argentina)
on Suquia River,” Water Research, Vol. 34, No. 11, 2000,
pp- 2915-2926.

R. M. Brown, N. I. McClelland, R. A. Deininger and R.
G. Tozer “A Water Quality Index: Do We Dare?” Water
Sewage Works, Vol. 117, No. 10, 1970, pp. 339-343.

A. A. Bordalo, W. Nilsumranchit and K. Chalermwat,
“Water Quality and Uses of the Bangpakonk River (East-
ern Thailand),” Water Research, Vol. 35, No. 15, 2001,
pp- 3635-3642.

C. Cude, “Oregon Water Quality Index: A Tool for
Evaluating Water Quality Management Effectiveness,”
Journal of American Water Resource Association, Vol.
37, No. 1, 2001, pp. 125-137.

S. M. Liou, S. L. Lo and S. H. Wang, “A Generalized
Water Quality Index for Taiwan,” Environmental Moni-
toring and Assessment, Vol. 96, No. 1-3, 2004, pp. 35-52.

M. N. El-Gafy, A. Faria, A. El-Bahrawy, A. Khalifa, E.
El-Basiony and M. Abdelmotaleb, “Decision Support
System for Evaluation the Groundwater Quality,” Emir-
ates Journal for Engineering Research,” Vol. 10, No. 1,
2005, pp. 69-78.

D. K. Sinha and A. Saxena, “Statistical Assessment of
Underground Drinking Water Contamination and Effect
of Monsoon at Hasanpur, J.P.Nagar (Uttar Pradesh, In-
dia),” Journal of Environmental Science and Engineering,
Vol. 48, No. 3, 2006, pp. 157-164.

S. E. Goémez, R. C. Menni, J. G. Naya and L. Ramirez,
“The Physical-Chemical Habitat of the Buenos Aires Pe-
jerrey, Odontesthes bonariensis (Teleostei, Atherinopsi-

JWARP



A.H.M.J. ALOBAIDY ET AL.

dae), with a Proposal of a Water Quality Index,” Envi-
ronmental Biology of Fishes, Vol. 78, No. 2, 2007, pp.
161-171.

M. A. Fulazzaky, “Water Quality Evaluation System to
Assess the Brantas River Water,” Water Resource Man-
agement, Vol. 23, No. 14, 2009, pp. 3019-3033.

L. W. Canter, “Environmental Impact Assessment,” 2nd
Edition, McGraw-Hill Inc., New York, USA, 1996.

M. A. House, “A Water Quality Index for River Man-
agement,” Water and Environment Journal, Vol. 3, No. 4,
1989, pp. 336-344.

Canadian Council of Ministries of the Environment
(CCMC), “Canadian Water Quality Index 1.0 Technical
Report and User’s Manual,” Canadian Environmental
Quality Guidelines, Technical Subcommittee, Gatineau,
2001.

T. N. Tiwari and M. Mishra, “A Preliminary Assignment
of Water Quality Index of Major Indian Rivers,” Indian
Journal of Environmental Protection, Vol. 5, No. 4, 1985,
pp. 276-279.

Copyright © 2010 SciRes.

[25]

[26]

(27]

(28]

[29]

[30]

635

UNEP “Development of Water Quality Indices for Sus-
tainable Development: A Case Study,” Proceeding of the
Expert Group Meeting on the Implication of Agenda Re-
gion, Amman, 2-5 October 1995.

A. S. Al-Adili, “Geotechnical Evaluation of Baghdad Soil
Subsidence and their Treatments,” Ph.D. Thesis, Univer-
sity of Baghdad, Iraq, 1998.

World Health Organization (WHO), “Guidelines for
Drinking Water Quality,” 3rd Edition, Geneva, 2004.

R. D. Harkins, “An Objective Water Quality Index,”
Journal of Water Pollution Control Federation, Vol. 46,
No. 5, 1974, pp. 588-591.

J. H. Ward, “Hierarchical Grouping to Optimize an Ob-
jective Function,” Journal of the American Statistical
Association, Vol. 58, No. 301, 1963, pp. 236-244.

T. Ouyang, Z. Zhu and Y. Kuang, “Assessing Impact of
Urbanization on River Water Quality in the Pearl River
Delta Economic Zone, China,” Environmental Monitor-
ing and Assessment, Vol. 120, No. 1-3, 2006, pp. 313-
325.

JWARP




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


