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Abstract

The Canadian Council of Ministries of the Environment (CCME) Water quality index used in
this study for rating water quality in Al- Radwaniyah-2 drainage indicates that the quality of water
in all studied stations is poor. The studied water parameters in it usually deviate from normal levels
and the water is not capable to protect or support ample aquatic life. The Results showed that the
TDS, Total hardness, Turbidity, Magnesium, Total coliform and Fecal coliform are the main factors
responsible for deterioration of the drainage water quality. These parameters need to different
procedures to maintain the quality of water in order to protect aquatic life or for any other uses.
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Introduction

Assessment of surface water quality can be
a complex process undertaking multiple
parameters which are capable of causing
various stresses on overall water quality [1].
To analyze water quality, different approaches
like statistical analyses of individual
parameters or multi-stressors water quality
indices, etc. have been considered [2]. Various
water quality indexes have been developed in
the past 40 years [3]. These indices are based
on the comparison of the water quality
parameters to regulatory standards and give a
single value to the water quality of a source
[4,5]. In general, water quality indices are
tools to determine conditions of water quality
and, like any other tool require knowledge
about principles and basic concepts of water
and related issues [6]. The Canadian Council
of Ministers of the Environment (CCME)
Water Quality Index (WQI) was developed for
simplifying the reporting of water quality data
[7]. The CCME WQI provides a mathematical
framework for assessing ambient water quality
conditions relative to water quality objectives
[8]. It is flexible with respect to the type and
number of water quality variables to be tested,
the period of application, and the type of water
body (stream, river reach, lake, etc.) tested.
The (CCME) Water quality Index (WQI)
facilitates to evaluate surface water quality for
protection of aquatic life with specific
guidelines. Calculations of the index are based
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on scope (F1); frequency (F2) and the
amplitude (F3). Sampling protocol requires at
least four parameters, sampled at least four
times and no maximum parameters has been
set. Water quality guidelines that define
physical, chemical or biological characteristics
of the water that can not be excluded without
causing harmful effects are essential. The
resultant index can be referred to a standard
table which constitutes numerical values
ranging between 0 to 100 with a rating of
excellent, good, fare, marginal and poor.
Deviating parameters can be monitored
depending on the type of aquatic surface
quality [7].

The amount and quality of drainage water
managed, changes in the rate of flow, physical
properties and chemical concentrations need to
be determined. Drainage water is no different
from any other water supply and is always
usable for some purpose within certain quality
ranges. This study considered the first attempt
in Irag which describes the application of the
CCME Water Quality Index to monitor the
changes in water quality at drainage of Al-
Radwaniyah-2 in Baghdad area in order to
know the suitability of the water properties to
protect of aquatic life in this drainage.

Study Area

AL-Radwaniyah-2 drainage is considered
one of the most important projects in Baghdad
area, through its contribution to the serve of
the agricultural areas in that region and feed
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artificial ponds for breeding fish along
waterway. The total length of the Radwaniyah-
2 drainage reached to 14 Kilometer, while the
width varied between 10 to 12 m, depth
reached to 2.5m and discharge rate close to
5 m3/ Second. Area along waterway known by
cultivation of fruits and vegetables and field
crops as well as breeding animals of various
kinds. Linked to AL-Radwaniyah-2 drainage
some small branches and at the end of which
the drainage entering main drain called
Al-Masab AL-Aam River Fig.(1). Four
stations were selected to represent the drainage
water quality, first station located at the
beginning of the drainage and station 2 located
at the end of drainage, while the other two
(station 2 and station 3) located in the middle
of the drainage.

Methodology
Sampling and analytical methods

Samples of water from selected stations
were taken twice each season from October
2011 till August 2012. The samples were
collected in acid-washed polyethylene sample
bottles. After rinsing three times with drainage
water, the bottles were immersed at least
30 cm below the water surface, capped to
exclude air, and then returned to the laboratory
for analysis. Preservation and transportation of
the water samples to the laboratory were as
per standard methods [9].Total dissolved
solids and pH were measured in the field
with a portable multi meter HANNA Model
(HI 9811-5), while all other parameters
included total hardness, Dissolved oxygen,
BODs, Mg, Turbidity, Nitrate and Phosphate
were determined in laboratory following
the standard protocols [9]. Microbial
examinations, which included total coliform
(TC) and fecal coliform (FC) conducted
according to methods were mentioned in
Forbes [10] and Garrity [11].

The CCME WQI

The CCME WQI model consists of
three measures of variance from selected
water quality objectives (Scope; Frequency;
Amplitude). These three measures of variance
combine to produce a value between 0 and 100
that represents the overall water quality. The
CCME WAQI values are then converted into
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rankings by using the index categorization
schema presented in Table (1).

Calculation of the Index

After the body of water, the period of time,
and the variables and objectives have been
defined, each of the three factors that make up
the index must be calculated.

The calculation of F1 and F2 is relatively
straight forward; F3 requires some additional
steps.

F1 (Scope) represents the percentage of
variables that do not meet their objectives at
least once during the time period under
consideration (“failed variables™), relative to
the total number of variables measured:

}xlOO

_| number of failed variables
total number of var iables
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Fig.(1) Map showing current study stations in the Al-Radwaniyah-2 drainage.

Table (1)

CCME WQI categorization schema [CCME2001].

| Rank | WQIvalue |  Descripion |

Excellent

Water quality is protected with a virtual absence of threat or
impairment; conditions very close to natural or pristine levels; these
index values can only be obtained if all measurements are within
objectives virtually all of the time.

Good

Water quality is protected with only a minor degree of threat or
impairment; conditions rarely depart from natural or desirable levels.

Fair

Water quality is usually protected but occasionally threatened or
impaired; conditions sometimes depart from natural or desirable
levels.

Marginal

Water quality is frequently threatened or impaired; conditions often
depart from natural or desirable levels.

Poor

Water quality is almost always threatened or impaired; conditions
usually depart from natural or desirable levels.

F2 (Frequency) represents the percentage F3 (Amplitude) represents the amount by
of individual tests that do not meet objectives which failed test values do not meet their

(“failed tests™):

objectives. F3 is calculated in three steps.
i) The number of times by which an

number of failed tests individual concentration is greater than (or
= Totalnumber of tests |10 e (2) less than, when the objective is a
minimum) the objective is termed an

“excursion” and is expressed as follows.

139



When the test value must not exceed the
objective:
}1

For the cases in which the test value must
not fall below the objective:

Failed TestValuei
Objective |

excurtioni = {

excurtioniz{ Objective | }—1

Failed TestValuei

ii) The collective amount by which individual
tests are out of compliance is calculated by
summing the excursions of individual tests
from their objectives and dividing by the
total number of tests (both those meeting
objectives and those not meeting
objectives). This variable, referred to as the
normalized sum of excursions, or nse, is
calculated as:

{Z?lexcurtion i ]
nse =| <=

Number of tests

iii) F3 is then calculated by an asymptotic
function that scales the normalized sum of
the excursions from objectives (nse) to
yield a range between 0 and 100.

F3_ nse
0.01nse +0.01

Once the factors were obtained, the index
itself can be calculated by summing the three
factors as if they were vectors. The sum of the
squares of each factor is therefore equal to the
square of the index. This approach treats the
index as a three-dimensional space defined by
each factor along one axis. With this model,
the index changes in direct proportion to
changes in all three factors.

The CCME water quality index is finally
calculated as:

2 2 2
CCMEWQI =1oo{\'Fl F2 +F3 ]

1.732

The factor of 1.732 has been introduced to
scale the index from 0 to 100.
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Results and Discussion

The spatial and temporal variations of
monitored parameters in the surface waters of
the Al-Radwania-2 drainage are shown in
Tables (2, 3, 4) and (5) respectively.

pH

The pH results were very uniform
throughout this study, with minor spatial and
seasonal differences. The values ranging from
6.5 in October 2011 to 7.8 in February 2012. It
is obvious that the pH was relatively stable
among and within stations during the year and
seasonal variation of the pH values did not
show significant differences (according to
analysis of variance) among study stations.
The lowers value of pH during rainy month
(October) may be due to dilution of alkaline
substance or atmosphere CO». The observed
pH values were within the range (6.5-9.0) to
permit all natural processes of aquatic life
[12].

Total dissolved solids and Total hardness

Values of TDS recorded concentrations
varied between 865 and 1680 mg/L in all study
stations. Most of the results of total dissolved
solids have exceeded the permissible limits of
1000mg/L recommended by Iragi and
international standard limits. In general, total
dissolved solids values < 1000 are considered
fresh water and values > 1000 mg/l are
considered brackish water [13]. No significant
difference among stations depending on
analysis of wvariance. During study; total
hardness was ranged from 114 CaCOgs/L (in
summer) to 1000 mg CaCOas/L (in winter).
Total hardness considered indicator of
hydrogeology and aesthetic quality of water
[14,15]. In general, high total dissolved solids
(TDS) and high total hardness can cause taste
problems. The higher TDS of subsurface
drainage water may also increase treatment
costs due to the increased water hardness.
Public values for the protection of aquatic life
are concerned with the survival, health and
diversity of fish, wildlife and aquatic plants.
They may also damage plant and animal health
in the long term, or impair the reproductive
ability of aquatic species.
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Dissolved oxygen and biological oxygen
demand

Dissolved oxygen refers to the volume of
oxygen contained in water. Oxygen enters the
water through photosynthesis in aquatic plants
or from the transfer of oxygen between the air
and water (waves, turbulence, currents, etc).
Fast-moving water, lower temperature and
lower salinity all result in the availability of
more dissolved oxygen [16].

WHO recommended a concentration of
dissolved oxygen of 5 mg/L or above.
Dissolved oxygen levels below 5 mg/L could
cause adverse affects to aquatic life [17].
From the results most of the dissolved oxygen
concentrations in this study were more than 5
mg/l .There were significant differences in the
oxygen content of water during the course of
the six months.

However, the dissolved oxygen
concentrations in water samples from the
Al-Radwania-2 drainage ranged between 5.1
and 84 mg/ L. The highest mean
concentration of dissolved oxygen was noted
in December, probably due to the low water
temperature.

Variations of the BODs values varied
between 1.5 to 4.4 mg/L throughout the study
period. Analysis of variance did not record any
significant differences locally and seasonally.

Turbidity and Magnesium

Turbidity in water is caused by presence of
suspended particles such as clay, silt, finely
divided organic matter, plankton and other
microscopic organisms [18]. Turbidity values
in current study varied from 0.1 NTU to
20 NTU. Seasonally, the lowest turbidity
values were detected in October, while highest
values were recorded in February and April.

Magnesium values varied from 20.4 to
128 mg/L. Magnesium causes hardness in
water. Also, higher levels affect human health
leading to Encephalitis [13]. Results of
Magnesium show that the maximum values
exceed the permissible limits according to
Iraqgi specifications. Analysis of variance does
not appear significant differences between the
stations.
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Nitrate and phosphate

The two major nutrients in drainage water
are nitrogen and Phosphorus. Nitrate is the
dominant form of nitrogen in subsurface
drainage water. High nitrate concentrations in
subsurface drainage can originate from a
number of sources: geologic deposits,
natural organic matter decomposition and
deep percolation of nitrate resulting from
fertilizer applications. Nitrate contamination
of subsurface drainage water has been
documented by Madramootoo et.al. [19].
Agricultural drainage water also contains
phosphate in both organic and inorganic
forms. Most of the phosphate in surface
drainage is in the organic form. Little
phosphate has been found in subsurface
drainage water because of its strong adsorption
in arid zone soils and in humid regions [19].
However, at the watershed scale, controlled
drainage has been shown to reduce phosphorus
losses [20].

NOs -N values varied from 4.6 to
18 mg/L, while PO43- P ranging from 2.5 to
108 pg/ L. Nitrate is one indicator of seasonal
variation associated with recharge and solution
of fertilizer, contamination from animal or
human wastes [14].

No significant differences among studied
stations. However, nitrite nitrogen at or below
5 mg/L and nitrate nitrogen at or below
90 mg/L would have no adverse effects on
most of the warm water fishes [21].



Table (2)
Water quality variables and objectives or guidelines used to calculate Water Quality Index in
station 1.
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October 2011 6.8 1200 | 170 6.4 24 71 9.6 101 0.1 1.5x 10° 4 x10*
December 2011 6.7 | 1280 | 554 | 5.1 25 70 7.9 25 1 4.1x10* | 2.1x10®
Febreuary-2012 7.6 1680 | 1000 | 6.8 2.6 128 18 95 15 2.4 x 10* None
April-2012 7.5 1150 560 6.1 3.1 37 8 68 15 8x 103 1x103
June-2012 7.3 980 150 7.2 2 37 9 104 10 2.3 x10* 2x103
August -2012 7.4 998 180 6.2 1.2 45 13 69 4 2 x 10 1x10?
Objectives 6.5-9 | 1000 500 5 2 50 45 100 5 200 200

Bolded values do not meet the objective, objectives have been taken from the lIraqi specifications (26),

Egyptian standard limits (24), USEPA (12) and Lumb it al., (8).

October-2010

Table (3)
Water quality variables and objectives or guidelines used to calculate Water Quality Index in
station 2.

1.2 x10°

6 x 10*

December -2011

2.9 x10*

2x 108

Febreuary-2012

4x 103

none

April-2012

1.2 x10°

1.1x 10*

June-2012

2.2x10°

1x 10*

August -2012

1x10°

1x10?

Objectives

Bold values do not meet the objective.
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Table (4)
Water quality variables and objectives or guidelines used to calculate Water Quality Index in
station 3.

jWo0T/NdD
SWI041]09 [e101

jWwo0T/NdD
SWJ041]09 [edaH

pd
8 = = —

] >
g 2 S|z §
L (3 S|4 o

1 —
3 s T 2 &
| e | <
r —

October-2011 6.6 | 1040 | 121 8 6.5 | 37 12 | 216 0.2 1.3 x10° 9x10*

December -2011 6.8 | 1160 | 544 | 8.4 2 68 | 7.5 | ND 0.9 6.9 x10* 4x10°

Febreuary-2012 7.7 | 1260 | 992 | 81 | 6.1 | 124 | 21 40 5 1x 10* none

April-2012 7.3 950 | 432 | 7.7 1 20 | 46 | 43 14 4 x10* 11x 10®
June-2012 7.2 920 | 114 | 7.9 2 30 | 9.7 | 56.4 15 | 2.3x10° 2x103
August -2012 7.5 980 | 400 | 7.1 2 49 7 42 10 350 140
Objectives 6.5-9 | 1000 | 500 5 2 50 | 45 | 100 5 200 200

Bolded values do not meet the objective, ND=Not detected.

Table (5)
Water quality variables and objectives or guidelines used to calculate Water Quality Index in
station 4.

7/6w -saod
71/6w -arenIN
ajeydsoyd
Aupigany
|wooT/N4D
SW0J109 [e101
lwEoT/N4D
SWI041]09 [e29-

October-2011

December -2011

Febreuary-2012

April-2012

June-2012

August -2012

Objectives

Bold values do not meet the objective, ND=Not detected.
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In the present study, nitrate values were
found below the maximum permissible levels
for protection of aquatic life.

Phosphorus in the Radwaniyah-2 drainage
also varied to certain extents as it ranged
between none detected to 216 pug/L.It is
regarded to be of great importance in the
biological productivity and is of vital concern.
Hutchinson [22] states that phosphate content
increases as a result of sewage contamination.
The considerable variation in phosphate
content in the present study is due to sewage
contamination. According to ANOVA test
found significant differences within months of
the study.

Total coliform and Fecal coliform

The coliform organisms have long been
recognized as a suitable microbial indicator of
drinking-water quality, largely because they
are easy to detect and enumerate in water [23].
Although coliform organisms may not always
be directly associated to the presence of fecal
contamination, the presence of coliforms in
water suggests the potential presence of
pathogenic enteric microorganisms such as
Salmonella spp., Shigella spp. and Vibrio
cholera. Total coliform in this study ranged
between 350 to 2.3 x10° CFU/100ml, while
Fecal coliform ranged between zero to 6 x 10*
CFU/100ml. The number of bacteria recorded
in this study clearly indicates the increasing
numbers of these bacteria for the permitted
number by Iragi and international
specifications [12, 24].

The rise in fecal coliform at all studied
stations is most likely caused by a combination
of lower flows that concentrate bacteria and
management of livestock corrals located
upstream of the studied stations. The corrals
are located directly on the drain and provide
direct and constant access to the water by
livestock. Inputs from livestock grazing in and
the possibility of septic system contamination
are also possibilities.

Analysis of variance shows significant
seasonal variations with respect with fecal
coliform only.

CCME WQI

The results of the physico-chemical
analysis of water in the study stations are
represented in Tables -2, 3, 4 and 5. Total
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numbers of variables examined were 11. Total
number of individual tests were 264, number
of parameters whose values were above
objective levels were 8, and number of tests

where objective values reached higher
concentrations than the observed values
included 97.

Values of CCME WQI calculated in this
study was 25, 29, 30 and 26 in stations 1,2,3
and 4 respectively and indicates that water
quality for protection of aquatic life can be
rated as poor (Table (1)). Low values of
CCME WQIs in Radwaniyah-2 drainage have
been attributed to a high level of TDS, Total
hardness, Magnesium, turbidity, total coliform
and fecal coliform for all four sampling
stations. This clearly indicates that the water
must be treated to remove the physical
impurities and microbial contaminants. In
other studies in lIraq and using the same index
showed that the water quality of the Tigris and
Euphrates Rivers are fluctuated between poor
to marginal categories [18, 25]. There is a need
to reduce soil erosion by watershed
management techniques, which will cut down
the turbidity and TDS in the waters that
threaten the aquatic life.

Conclusions and Recommendations

1. The Canadian Council of Ministers of the
Environment (CCME) Water Quality
Index for the Al- Radwaniyah-2 drainage
is typically of poor quality.Water quality in
the drainage is almost always threatened or
impaired; conditions usually depart from
natural or desirable levels (Table (1)). The
majority of TDS, Magnesium, turbidity,
total coliform and fecal coliform exceeded
objectives, thus impacting the Water
Quality Index.

2. Total coliform and fecal coliform densities
were always higher than aquatic life
objectives, therefore management
decisions should ensure cattle and sheep
are excluded direct access to water bodies.
This will help to minimize bacterial
contamination and nutrient loading to
Al- Radwaniyah -2 drainage.

3. Overall, strategies need to be implemented
to protect and enhance the water quality
and habitat in the AI- Radwaniyah-2
drainage. Natural vegetation slows erosion
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and helps reduce the amount of phosphorus
and turbidity inputs to the drainage. Where
feasible, “naturalize” drainage systems to
reduce streambed and stream bank erosion,
and allowing opportunities for nutrients to
be assimilated and settled out of the
drainages.
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