Eng.& Tech. Journal, Vol.28, No.22, 2010

A Proposed | ndex of Water Quality Assessment
for Irrigation

Dr. Abdul Jabbar Khalaf Al meini *
Received on: 5/1/2010
Accepted on: 3/6/2010

Abstract

A water quality index in asimplified concept isaway for combining the complex
water quality data into a single value or single statement. This study comprised the
development of a new index called theirrigation water quality index (IWQIY. This
index has advantages by reflecting the suitability of water for specific use( e.g.
irrigation water supply) and using a combination of many parameters that limits water
suitability to soil characteristics or crop yield.. The New proposed index method
utilizes five limitation groups that have been mentioned by Ayers and westcot (1985)
with few modification in their classification categories for irrigation water quality
assessment . These limitation groups are: (a) salinity limitation, (b) infiltration and
permeability limitation, (c) specific ion toxicity, (d) trace element toxicity; and, (€)
miscellaneous impacts on sensitive crops . A linear combination of these groups is
formulated to form the so-called IWQI, which is a technique that could be used to
classify irrigation waters with respect to four suitability categories. The mathematical
equations to transform the actual concentration values into rating values (quality sub
indices) have been formulated. Weighted minimum operator method was proposed to
obtain overall index scores based on individual index (sub-index) values. It is hoped
that this proposed method has provided an index (IWQI) used as a simple tool for
analysisthat serve decision-makers, non-technicians and/or farmers. This method has
not been applied previously weighted and their current results look much better than
the results of the un weighted minimum operator method , especially when there are
sub indices of low values with low weights, along with indices of low values with
high weights .The proposed technique was applied to assess the irrigation water
quality of Tigris, Euphrates and Shatt Al Arab riversin Iraq based on observed water
quality data. Data representing the monthly sampling of the three rivers were
collected during 2008 and considered in this study. Results revealed that the overall
quality of the surface water in Tigris river falls under the‘suitable’ class and remain
so until Kut city, and then ranged from moderately suitable to unsuitable until Qurna.
In Euphrates river the suitability of water falls under suitable class from Saglawiya
until Kifil and then the quality ranges from moderately suitable to unsuitable until
Qurna area. Water of Shatt Al Arab was not suitable through the year except in Jan,
Feb, and Oct where the water was dightly suitable. On the other hand, water quality
for Tigris and Euphrates was strongly affected by water returns resulted mostly by
agricultural use and to a limited extent by domestic uses inside and outside of Iraqgi
territories. This technique is hoped to help decision- makers in reporting the state of
the water quality, aswell as verification of the spatial and temporal variations.
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Introduction

Water resources form one of the most
important physical land resources in
arid and semi arid areas where irrigated
agriculture taking place . The quality
and quantity of the water supply are
equally as important as soil and other
factors to the success of an irrigation
project. Water quality and quantity were
considered as important criteria to be
evaluated for al land utilization types,
therefore it was considered as a crop
factor that determines land suitability
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classin FAO guidelines of land evaluati
on(FAO,1985) .

{MoWR) -IRAQ

Irrigated agriculture is dependent on an
adequate water supply of usable quality.
Water quality concerns have often been
neglected because good quality water
supplies have been plentiful and readily
available. This dtuation is now
changing in many areas ( Ayers and
Westcot,1985). Conceptualy, water
quality refers to the characteristics of a
water supply that will influence its
suitability for a specific use. Quality is
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defined by certain physical, chemical
and biological characteristics, and in
irrigation water evaluation, emphasis is
placed on the chemica and physica
characteristics of the water and only
rarely are any other factors considered i

mportant (Sargaonkar and Deshpande ,
2003, Ayersand Westcot, 1985) . A
major objective of water quality
assessment for irrigation is to determine
whether or not the water quality meets
the objective of irrigation for use in
agriculture , to describe water quality at
regiona or national scales, and also to
investigate change of quality in time.
The overal suitability of water for
irrigation depends upon (1) The nature
of the soil, (2) Crop tolerance to salinity
of various types of irrigation water, and
(3) Water quality and the management
of irrigation practices. Water quality
criteria  must be interpreted in the
context of overall salt balances and
toxicities and the effects on soil . It is
commonly accepted that the problems
originating from irrigation water quality
vary in type and severity as a function
of numerous factors including the type
of the soil and the crop, the climate of
the area as well as the farmer who
utilizes the water. Nevertheless, there is
now a common trend that these
problems can be categorized into the
following major groups: (a) sdlinity
hazard, (b) infiltration and permeability
problems, (c) toxicity hazards; and, (d)
miscellaneous problems (Ayers &
Westcot, 1985). The toxicity hazards
can further be grouped into problems
associated with specific ions as well as
hazards related to the presence of trace
elements and heavy metals. Traditional
approaches to assessing water quality
are based on a comparison of
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experimentally determined parameter

values with existing guidelines. In
many cases, the wuse of this
methodol ogy alows proper

identification of limitations sources .
However, it does not readily give an
overal view of the spatial and temporal
trendsin the overall water quality in the
main rivers or watershed (Debels et al.,
2005). One of the difficult tasks
facing managers (workers) in irrigation
field is how to transfer ther
interpretation of complex water quality
data into information that is
understandable and useful to technical
,planners and decision makers. The
possible solution to this problem is to
reduce the multivariate nature of water
quality data by employing an index that
will mathematically combine all water
quality measures and provide a general
and readily understood description of
water.

Since 1965, when Horton (1965)

proposed the first water quality index
(WQI), a great deal of consideration
has been given to the development of
‘water quality indexX methods with the
intent of providing a tool for
simplifying the reporting of water
quality data (Liou et al., 2004).

However, there is no reliable water
quality index has been developed in
Iraqg to assess water suitability of

irrigation .

The main objective of this study is to
develop an index method for assessing
water quality based on the criteria
given by FAO paper No.29 (Ayers and
Westcot,1985) ,and to use this method
to assess the general water suitability
of irrigation , taking into consideration
different crops and different water
resources, especially rivers water. This
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index can be used further to serve land
evaluation purposes. The only water
criteria useful for assessment water
quality for surface irrigation will be
into consideration in thisstudy.
Materialsand Methods: A major
objective of water quality assessment
for irrigation isto determine whether or
not the water quality meets the
objective of irrigation for use in
agriculture , to describe water quality
at regional or national scales, and also
to investigate change of quality in time.
Internationally, there have been a
number of attempts to produce a
method that meaningfully integrates
the data sets and converts them into
information (Nagels et a., 2001).

Water quality indices provide a ssimple
and understandable tool for managers
on the quality and possible uses for
irrigation water.

Irrigation Quality Index (IWQI):
Water quality indices aim at giving a
single value to the water quality of a
source on the basis of one or the other
system which trandates the list of
congtituents and their concentrations
present in a sample into a single value.
One can then compare different
samples for quality on the basis of the
index value of each sample. In this
study a new index called the Irrigation
Water Quality Index (IWQI) is
developed to provide a simpler method
for describing the quality of water from
different water resources in lIraq for
crop irrigation The IWQI was
developed on the basis of the water
quality standards (tables 1, 2) given by
Ayers & Westcot (1985). The
development process of a water quality
index can be generalized in four steps:
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1-parameters selection:
Selecting the set of water quality
variables (indicators) of concern.
2-developing sub-indices:
Transformation of the different units
and dimensions of water quality
variadbles to  acommon  scale
developing curves or formulasfor ¢
omparing indicators on a common
scale)
3-assignment of weights:
weighting of water quality variables(in
dicators) based on their relative imp
ortancet o overall water quality.
4-aggregation of sub-indices to
produce an overall index
Formulation and computing the
overal water quality index (Harrison
et al., 2000) .
of these, steps 1, 2, and 4 are essentia
for al indices. Step 3 is aso
commonly taken through some indices
, While some other indices may be

formed without this step.
Selection of water quality
parameters:

In irrigation water quality monitoring ,
priority should be given to those
parameters which are known to be of
importance to plant growth and which
are known to be present in significant
concentrations in the water source.
However, In general and as mentioned
by Ayers and Westcot(1985) , the
quality of irrigation water resource is
associated with five main groups of
limitations which are (a) salinity
limitation, (b) infiltration or
permeability limitation, (c) specific ion
toxicity, (d) trace element toxicity; and,
(e) various miscellaneous effects to
susceptible crops. These limitations
have negative impact on soil quality and
crop yield . However, it is important to

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal, Vol.28, No.22, 2010

A Proposed Index of Water Quality
Assessment For Irrigation

note that these five limitations could
sometimes occur simultaneously, thus
making their relative significance more
difficult to assess. Furthermore, spatial
distributions of other factors such as
soil type and crop pattern cause
additional complexity to the problem .
Therefore, it is clear that al of these
parameters must be involved in some
way to befter assess irrigation water
quality.

The proposed IWQ index is based on
the linear combination of these five

groups of irrigation water quality
parameters(limitations). In this
technique , al five groups are

simultaneously included in the analysis
and are combined to form a single index

value , which is then assessed to
determine the suitability of irrigation
water. The water quality parameters
forming these groups are selected
according to guidelines presented by
Ayers and Westcot (1985), given in
tables 1 and 2 . These parameters are
best characterized the associated
limitations and also are combined with
each other to form a genera pattern of
water quality for particular resource.
Furthermore, these parameters are
arranged such that the results obtained
from this tool(index) would make sense
to non- technical decision maker and
Transformation of the different units
and dimensions of water quality
variables (indicators) to a common
scale (developing rating curves or
formulas for comparing indicators on a
common scale) . Water quality may
therefore be rated for example between
0 and 100, 0 being poor and 100 being
excellent or very suitable (Richardson
1997).The proposed classification for
IWQI adong with ranges of
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that he/ she could use the method
without difficulties . As shown in
tables(3, 4)the proposed index
incorporates EC parameter to represent
salinity limitation Group 1), SAR and
EC to represent permeability limitation
(Group 2); specific ion toxicity by
including the parameters of sodium,
chloride and boron (Group 3) , and the
influence of miscellaneous effects to
sensitive crops by including NQ-N
,HCOzand pH (Group 5). A weighted a
verage of the trace elementsGroup 4) is
used since same of these parameters
might not be measured at all locations.
The index is designed to allow the user
to incorporate only the measured
elements without causing any error in
the analysis due to the non-measured
ones. It should be noted that the
influence of HCO; was not taken into
account in the assessment of water
quality in this study because its
influence is only reflected to the use of
water for sprinkler irrigation. The
assumptions indicated by Ayers and
Westcot(1985) were taken into
consideration in this study especially
the assumption that concerning soil
texture.

_Sub-indices development

(Transformation of variables):

concentrations of selected parameters
based on standards given by Ayers and
Westcot(1985) (Tables 1,2 )with dlight
modification shown in Tables (3 and4)
as new categories, according to the
degree of limitations .These new
categories are:

@ Category |: No restrictions

@ Category II: Slight restrictions

@ Category I11: Moderate restrictions
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@CategorylV:SeveretoVery Severe
restrictions.

However ,salinity indicator was based
on five categories resulting from
splitting the above forth category into
severe and very severe elements the
categories of restriction remain three
because of the unavailability of enough
data about their degrees of restriction
except of the data available in the
present literatures . The sameisfor the
5™ Group of parameters. The technique
also assigns rating values (sub-indices)
for each parameter as shown in Tables
(3 and 4). Sub-indices are value
functions (rating values) to transform
the different units and dimensions of
water quality parameters to a common
scale. Fixed sub-index values were
assigned for reference concentration

vaues to formulate equations..
However, in the ‘slight to severe and
very severe categories

the mathematical  equations  which
transformed theactual concentration
values into individual quality indices (
rating values ) for each parameter were
formulated .Mathematical expressions
were designed for each variable to
obtain these rating values, where a
constant values were assigned to each
class of the valuesof ratings which
are: "< 40, 40-60, 60 - 85, 85 - <100,

100 " (Sys
et a,1985) against the ranges of restrict

ion degrees which were specifically exp
ressed by the

reference concentrations of the variable
s(Tables2,34). Regression analysis
was performed for this purpose using
the ‘Satistical Package for the Social

Science Software-SPSS-16.0 for
Windows’. Mathematical equations are
given in tables 3,4. Mathematica
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expressions were designed for each
variable to obtain these rating values,
where a constant values were assigned
to each class of the values of ratings
which are:"<40, 40-60, 60- 85, 85
<100,100 (Syset a,1985) against the
ranges of restriction degrees which wer
e specifically expressed by the referenc
e concentrations of the variables
(Tables 2,3,4). The normal sub- index
(rating value) for each of the b5-
different groups was formulated as
follows:
e-Thefirst group isthe salinity hazard
that is represented by the EC vaue
of the water and isformulated as:
Subindex of the  group(l1)=r1...(1)
where riis the rating value of the
unigue parameter of group 1 (i.e the
EC) asgivenin Table3
e-The second group isthe infiltration
and permeability hazard that isrepres
ented by EC- SAR combination and is
formulated as:
Subindex of the 2" group(l,)=r»...(2)
where r, is the rating value of the
parameter of group 2 (EC- SAR
combination) asgivenin Table3.
e-The third group is the specific ion
toxicity that isrepresented by SAR,
chloride and boron ionsin the water
and is formulated as an
average of the rating values of the three
ions:

3
Subindex of the 3°group(la)=§ r, -

j=1

wherer; isthe rating value of parameter
j (= SAR, Chloride ion , Boron ion)
, asgivenintable 3.

e-The fourth group is the trace element
toxicity that is represented by the
elements given in Table 2 and is
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formulated as an average of all
the rating values of the ions available
for anaysis:

Sub-index for the 4" group(l,)=

1
N

T Doz

r
1 k

where r¢ is the rating vaue (sub-
index)of trace elementk(k=1,2,3......
N), N is the total number of trace
elementsavailablefor the analysis, as
givenin table3.

e-The fifth  final group is the
miscellaneous  effects to sensitive
crops that is represented by nitrate-
nitrogen, bicarbonateions and water
pH ,and isformulated asan average:
Sub-index

of the 5" group(le)=2= £ ; ...(5
groupl9=— 4, (9

where rn, is the rating value (sub-
index) of parameter m(m= NO3-N,
HCO; ions, pH) asgiven intable 3.
Assignment of weights
The weighting of variables ams to
assign a relative importance to each
variable (or Group of variables)and
elucidate interrelations between the
different variables. In the proposed
technique ,weighting was applied to
each of assessment groups((variables),
and thus, each one of these groups is
given a weight before performing the
aggregation of sub-indices . (Table 3,
4) .The influence of each parameter
Group in the total value of the index,
can be represented by ifs individual
weight (W).
The temporary weight value @) ranged
on a basic scale of importance from 1
(very important Group of parameter(s))
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to 5(less sdgnificant group of
parameter(s)) . As the salinity hazard is
considered to be the most important
factor in irrigation water quality
assessment , it is given the highest
priority. On the other hand, the
miscellaneous effects to sensitive crops
are generally considered as the least

important  factor influencing the
irrigation water. Between these two
extremes, the infiltration and

permeability hazards , specific ion
toxicity and trace elements toxicity are
rated in decreasing order of significance
for irrigation water quality. The final
weighting factor for each GroupW was

then given as

follows:
Vay

szi ........ (6)
> Va

W : weighting factor for group k

(k=1......p), p=5; a isthetemporary
weight of groupk (3. Wi=1)

Table (3) shows the weighting factors
of different parameter  groups.
Therefore the weighting factors for the
five groups listed in table( 3) are 0.438,
0219 , 01458, 0109 , 0.087

respectively.

When the tests results from fewer than
al five measurements are available , we
preserve the relative weights for each
parameter and scale the total so that the
range remains O to 1 or( 0-100).

Overall index calculation -

(aggr egation of sub-indices): The
minimum operator method is as an
aggregation function to obtain the
overal index. The minimum operator
aggregation sub index represents the
lowest sub-index score out of the five
indices of the Groups, and indicates the
restriction degree of the
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variable(s) that plays most significant ro
lein depleting the water quality.
Consequently, after identifying the
parameter that contributes maximum to
the pollution, appropriate counter
measures may be taken to manage the
pollution. By this method the lowest
sub index represent the overall water
quality index. In another word
the calculation of the overall index isob
tained as follows:

Overall IWQI= min(ly, 1,....1p)...(7)

Where Iy, I5,.... |, arethe sub indices

of the variable Groups 12,.....p
(p=5).This method has been used by
smith(1989 , 1990), Wepener et a
(1992).-

Weighted Aggregation method

To develop the present above index |,
the weighted Minimum operator
method, developed by Fagin and
Wimmers (2000) and also explained by
Detyniecki(2001)

was employed , according to the followi
ng formula:

0 p
Min (ll,lz, ...... |p)=2[k.(W6(k)
W1 .Wp k=1

- Wa'(k+l))- mln(l,,(l) |6(k) )] ...... (8)
Where the weights are non negative,a
Wk =1, s is a permutation that orders
the weighting factors as follows:
Ws(1)3 Ws(2)3
Ws(p+l) =0; p=5
Operators are stable for any positive lin
ear transformation where , k the
order of the weighting factor of kth
Group sub index (k=1  for group 1;
k=2 for group 5............ k=5 for group
5) ,; W is the weighting factor ordered
by o ; Ik is the sub index of kth group
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(k=1.....p). It is believed that the
present proposed method has not been
used before this time for water quality
assessment.

Suitability classes definition
Considering the general suitability of
water for surface irrigation ,and after
the total vaues of the weighted
index(IWQI) were computed, a
proposed water suitability classification
for irrigation was built up in this study
.Theindex value scales were used to set
the upper and lower limitsused in each
class specified in Table 5. Findly,
after symbolizing suitability classes,
secondary  symbol(s)  representing
subclasses (limitations) and related to
most limited group(s) of parameters
that reduce water suitability index value
were added as lower case letter(s)to the
main symbol of suitability class . and
listed as follows:
s =water salinity limitation(EC)
a =permeability or infiltration rate
limitation
t = specific ion toxicity
t;=Na—toxicity
t,= Cl- toxicity
t;=Boron- toxicity
r =trace elements toxicity
m= miscellaneous effects

m;= NOs-N limitation

m,=HCO; limitation(only for sprinkler i
rrigation)

ms=pH limitation .
The degree of limitation of a group can
be determined by subtraction of the
sub-index value for the group from the
maximum assumed contribution of this
group in the total range (0-100) of the
main  IWQI [i.e the maximum
assumed contribution of
the ranked groupsis for groupl (43.8%)
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; group2 (21.9%) ; group3 (14.58%) ;
group 4 (10.95%) ; group5 (8.7%)].
Data collection
The developed technique was then
applied to assess water quality of Tigris
and Euphrates and Shatt Al- Arab rivers
as primary sources of irrigation water
in Irag. Accordingly, a database was
created for the three rivers by collecting
data from a total of 26 sampling sites
shown in Figure 1 . These sites were
selected in such a
way to represent different sectors within
Tigris and Euphrates courses.
Water samples  were gathered at
midmonth interval periods during the
year of 2008, and analyzed mainly for

different chemical analyses for
variables developed by Ayers and
Westcot(1985).

Results and discussion: One of the
challenges facing people working in the
field of irrigation is how to interpret the
technical results in a way that it

becomes useful and clear for decision
makers and planners. The ideal solution
for this is to use an index that would
reduce the amount of data with
multivariate nature, and can establish—

mathematically- a link among all
necessary parameters so it can provide a
clear description of the water
quality.The use of indices to condense
and summarize large volumes of water
quality data has increasingly gained
acceptance in the last decade. This has
come about largely because of a
practical need to concisely compare the
overal water quality at many different
locations. The present index is defined
as the degree of limitation for irrigation
in the water expressed as a percentage
of pure water. Thus, for completely
unsuitable water the quality index will
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be close to or smilar to O whereas for
excellent or very suitable quality water
the index will be 100. The results of
the technique are evaluated based on the
degree of the restriction (i.e., none,
dight , moderate , severe and very
severe) on the use of water for
irrigation. This new index is believed to
assist decision makers in reporting the
state of the water quality, and investiga-
tion of spatia and temporal changes. In
general, the problems associated with
the soils salt content increase as the
total salt content of the irrigation water
increases. Therefore, the irrigation
water quality should be considered as
an important tool in the sustainable
management of the soil resources and
the agricultural production (Wilcox,
1955). The proposed index uses the
electrical conductivity parameter to
represent the salinity hazard. This
parameter could easily be measured in
field conditions and does not require

lengthy laboratory procedures.
Furthermore, it is one of the required
parameters for determining the

infiltration and permeability limitations
together with SAR. Even if TDS had
been selected for quantifying the
salinity limitation, the EC values would
have been needed for assessing the
infiltration hazard. Accordingly, it is
more appropriate to use EC in
determining both the salinity and the
infiltration limitations . When EC is
assessed alone to represent the salinity
hazard, high values correspond to high
salinity waters that must be restricted or
used with caution. On the other hand, it
is advantageous to have high EC values
in high SAR irrigation waters when EC
and SAR are assessed
together to represent theinfiltration limi
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tation. Asseen from Table 1, high EC
values act as counter balance for

infiltration limitation of SAR in such
situations. The development of WQI

incorporates the specific ion toxicity by
including boron, chloride and sodium
ions. A linear combination of these
parameters is included in the index
value. In this group, boron and chloride
ions are assessed based on their
concentration values whereas sodium
toxicity is evaluated as SAR, which also
necessitates the measurement of the
concentrations of magnesum and
calcium. The index aso incorporates
the trace element toxicity by including
the parameters depicted in Table 2. A
weighted average of the trace elements
is used since some of these parameters
might not be measured at all locations.
However, the user should be aware of
the fact that such limitations in data
might create results that would fail to
represent the actual field conditions for
severa parameters and might eventually
result in errors in the overall suitability
assessment. Despite the fact that the
index computation is designed to alow
the user to incorporate only the
measured elements without causing any
error in the analysis due to the non-
measured ones, measuring all the trace
metals given in Table 2 should be the
primary objective of any suitability
study to be conducted by the proposed
technique. Finally, the index integrates
the influence of miscellaneous effects
to sensitive crops by including a linear
combination of NG;-nitrogen,

bicarbonate and pH. Although one can
argue that these factors might show
considerable differences in different
geographical settings with distinct soil
conditions and different crop patterns, it

6566

is believed that the importance
classification givenin Table 3 could be
used with safety for a typica
agricultural pattern as a general quality
assessment  tool. As  with  any
simplification process the potential for
distortion of the information provided
by the original data is great. The most
common types of data distortion are
referred to as ambiguity , eclipsing and
rigidity (Ball et al. 1980; Swamee, P.
K., and Tyagi, A. ,2007). Ambiguity
problems exist when all the subindices
indicate acceptable water quality for a
given use, but the aggregated index
doesnot. Eclipsing problems exist when
the aggregated index fails toreflect poor
water quality of one or more water
quality variables. Rigidity problems
exist when additional variables are
included inthe index to address specific
water quality concerns, but the faulty
aggregation function might artificially
reduce the value of thewater quality
index such that it does not accurately
reflect the true water quality. As the
number of water quality variables
increases, the magnitude of the
aggregated index decreases raisingthe
issue of ambiguity again (Swamee, P.
K., and Tyagi, A. ,2007, Couillard and

Lefebvre, 1985) .Smith
(1987,1989,1990) criticized dl the
above drawbacks( i.e. eclipsing,

ambiguity and rigidity) associated with
additive or multiplicative aggregation
methods and advocated the use of the
minimum operator since it "avoids
eclipsing” and did not exhibit ambiguity
or rigidity. The minimum operator
aggregation function was employed in
this study so as to identify the
parameter with the lowest sub-index
score that plays most significant role in
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depleting the water quality.
Consequently, after identifying the
parameter that contributes maximum to
the pollution , appropriate counter
measures may be taken to manage the p

ollution. The minimum operated
method has been used in different
previous studies achieved by

Smith (1989,1990) , Wepener et a
(1992) , House and Ellis(1980) ,
Couillard and Lefebvre (1985) , Sarkar
and Abbasi( 2006). But ,despite of it’s
advantages  of easy and rapid
application , Swamee and Tyagi (2000)
and Sarker and Abbas (2006) stated
that even the minimum operator does
not have an eclipsing problem, but it is
not suitable as an aggregation, because
it fails to give a composite picture of
water quality. However, use the
weighted minimum operated method
proposed in this study gives important
advantages over the previously used
unweighted minimum operated method
by weighting the limitations and adding
symbols of the most effective
limitations (parameters that reduce
water quality) according to their orders
in severity to the main suitability class
symbol, and hence this
takes into account and explain the infl
uence of other limitations (Other
groups or variables), which are in the
same degree of intensity or less than
the limitation (parameter) which
was adopted inthe building of the
minimum sub index and thereby build
the overal index . Therefore, this
method gives a composite picture of
water quality. In addition, it can be
applied in the case of individua
variables with more objective results
than is the case in the previous un
weighted method , as wel as its
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application for the groups of variables
used in this study. This weighted
method has not been applied previously
and it's current results look much better
than the results of the previous method
(non-weighted) in the application,
especially when there are sub indices of
low values and low weight , along with
sub indices of low values and high
weights. When the sub index value of
salinity Group is less than the rest of
the sub indices values of the four
Groups of variables , the value of the
overal index will has the same value of

Thesdinity sub index. In the
same time the result of the
overdl index willbe  equa toits
counterpart in the non— weighted

method . It should be pointed out that
the results of the present method is not
affected by increasing the number of
selected variables to characterize water
quality ,if that becomes necessary in the
future. The method is also flexible to
introduce some changes in restriction
ranges of the values of the reference
variables concentrations ,which can be
obtained from the  speciaized
researches on the impact of
concentrations of these variables . But,
despite (elements) on different crops.
Application of IWQI to water quality
data of Tigris, Euphrates and Shatt
Al- Arab Rivers

The sub-indices values were calculated
for the collected raw data using
the mathematical expressions that were
given in Table 3,4 to assign each
parameter a value of between 0 and
100. Then the ratings were calculated
and thus the sub indices according to
the equations 1-5 . In the next step ,
factor weighting for each Group of
variables was calculated according to
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equation (6), as showed in Table (3).
The last step included use the
Weighted minimum operator method as
a way of agglomeration to obtain the
overall index values ,using
equation (8) and weighting factors liste

din Table3. variable ratings were
conducted using SPSS 16.0 for
Windows. Finally,according to water
quality index obtained and the proposed
classification scheme, a composite
irrigation water  suitability tables
represent results in site and month and
are obtained for the the three rivers
based on the proposed index technique
(Tables 6,7,8,9 ). The results obtained
by applying the present methodology
in this study was encouraging to
determine suitability of water irrigation
in the different areas along the three
rivers. The following summary and
tables(6,7,8,9) explain the results
obtained from the application of this
methodology. According to the results
obtained by the application of proposed
irrigation water quality index (IWQI),
the water of Tigris river was suitable for
surface irrigation from the sampling site
of Feesh Khbour up to the Kut city,
then water suitability started to be
moderately suitable at Ali Al Gharbi
site up to Amarah city . At Qurna
region the water suitability was ranged
in general from moderately suitable to
dlightly suitable during different months
through the year. In Shatt Al Arab |,
water was ranged from amost
unsuitable to unsuitable for irrigation,
except in three months of Jan, Feb , and
Oct ,where water was dlightly suitable.
Tables ( 6,7 ) representing the
suitability of river water of Tigris and
Shatt Al Arab for irrigation in both
spatial and tempora term. The water in
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Euphrates river has more severe
limitations for irrigation than in Tigris
river. The water was suitable  for
irrigation starting from Saglawiyah up
to Kifil city (Table8,9) , and then
becomes dlightly suitable with amost
unsuitable up to Nassiriyah region with
some records of amost unsuitable
during different months. The water
suitability was mostly unsuitable to
sometimes almost unsuitable within the
sector of Mdianah — Qurna . For the
classes S2 — N2 in the three rivers , the
important subclasses ( limitations)
present are salinity(EC) and Chloride
toxicity. According to the overall index
results (Tables 8,9 ) , there are several
factors that deteriorate Euphrates water
quality (i.e increase water salinity)
including the uncontrolled agricultural
water returns, mostly from the
territories of Syria in addition to
completely uncontrolled agricultural
water returns inside Iraq . while for
Tigris river, the most pollution results
from the uncontrolled  agricultural
water returns from the territories of
Irag. The final results are believed to be
a guitable tool in future agricultura
management plans and in determining

the most suitable site for assessing
surface  water and the overall
groundwater  quality for surface
irrigation purposes. However, there are
many factors that increase the
degradation of water (ie, increasing
water sdlinity, increasing chloride

toxicity) in the three rivers, including
return non controlled agricultura
drainage water and that come partly
from Euphrates basin in Syria and
partly from Euphrates River basin in
Irag, in addition to return untreated
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agricultural waters of
Tigrisriver basinin Irag.
Conclusions

In this study, a new proposed methodis
introduced to assess the quality of
irrigation waters with regards to the
potential soil and crop problems. The
proposed procedure is mainly an index
method that considers the most
significant problems (i.e, salinity,
infiltration, toxicity) associated with
poor quality irrigation waters. The
technique linearly combines the
associated quality parameters and
forms the proposed IWQI index.

Once the water suitability table iso
btained , the proposed methodology is
believed to provide a fairly simple
analysis tool even for a non technica
decision maker and/or afarmer. The
developed technique is Once the water s
uitability table implemented to assess
the irrigation water quality of
Tigris and Euphrates,and  Shatt al
Arabriversin Irag. Based on the
results of this application , it has
beenfound that the water quality in
Tigris river is mostly suitablefor
irrigation purposes in most parts of river
course except in the river part Ali Al
Gharbi - Qurna which is amost
moderately suitable. In Shatt al Arab
Water was not suitable through the year
exept in Jan, Feb, and Oct where the
water was dlightly suitable On the other
hand , the results show that the water
quality in Euphrates is suitable in the
pat of Saglawiyah-Kifil, and
moderately suitable in the part of
Shanafiyah- Qurna. In addition, the
study also provided vital information
on the probable pollution that
influence both rivers. Tables (6,7,8,9)
representing the suitability of river
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water for irrigation in both spatial and
tempora term is obtaned. The
proposed methodology is believed to
provide a fairly simple analysis tool
even for anon technical decision maker

and/or a farmer .In addition, it
is useful todetermine the level
of acceptability for the individual
parameter by referring  to the

concentration ranges defined in the prop
osed classification scheme . The use of
weighted minimum method proposed
in this study have the characteristics of
weighting parameters, and the addition
of the most effective limitations
(variables which reduce the quality or
water quality) symbols according to
their precedence in the intensity of
restriction to the main symbol of water
suitability class, and thus it takes into
account and shows the importance of
other limitations (other Groups -
variables), which are in the same degree
of intensity or less than the limitation
(variable) which was adopted in the
building of the minimum sub index,and
thereby building of the overall index.
Therefore , it gives a comprehensive
overview of water quality. In addition
to it's applicability to the groups of
variables used in this study , it can be
applied for individual variables with
more objective results than in the case
of unweighted operator method . This
weighted method has not been applied
previously , and it's current results look
much better than the results of the
previous method (non-weighted)
especially when there are sub indices of
low values and low weights, along with
sub indices of low vaues and high
weights. When the value of the salinity
Group sub index is less than the rest of
the sub indices values of the four
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groups of variables, the value of the
overall index will be the same

value of the subindex of salinity, andt
he result of the overall index will be
also equal to itscounterpart  in  the
non-weighted method. It should be
pointed out that the results of the
present proposed method is not affected
by increasing the number of selected
variables to characterize water quality
if that becomes necessary in the future.
More over the method is flexible to
introduce some changes in the
restriction ranges of the values of the
reference variables concentrations,
which can be obtained from the
specialized researches on the impact of
concentrations of these
variables (limitations) on different
crops.
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Table (1) Irrigation water quality criteria classification (Ayers & Westcot, 1985).

Criteria Unit Degree of restriction on use
no Slight-moderate  severe
EC DSm?! <0.7 0.7-3 >3
Infiltration rate
SAR EC(DSm™)
<3 >0.7 0.7--0.2 <0.2
3-6 >1.2 1.2-0.2 <0.2
6-12 >1.9 1.9-05 <0.5
12-20 >2.9 29-05 <0.5
20-40 >5 5-29 <29

Specific ion toxicity

-Sodium(Na) (mgl™) <3 3-9 >9
-Chloride(Cl) (mgl™) <140 140- 350 >350
-Boron(B) (mgl™ <0.7 07-3 >3
Trace elements (mgl™) See Table-2
toxicity
Miscellaneous effects
-Nitrate(NOs)
-Bicarbonates (mgl™) <5 5-30 >30
(HCOg) (mgl™) <90 90- 500 >500
_pH
8-7 >8-8.5 >85
7-8 <7-6.5 <6.5

Table (2) Recommended limitsfor trace elementsin irrigation waters
( Ayers & Westcot, 1985; Crook, 1996).

Constituent Longtermuse  short-term use
(mgl™) (mgl™) (mgl )
Aluminium(Al <5 >20
Arsenic(As) <0.1 >2
Berylium(Be) <0.1 >0.5
Cadimium(Cd) <0.01 >0.05
Chronium(Cr) <0.1 >1
Cobalt(Co) <0.05 >5
Copper (Cu) <0.2 >5
Floride(F) <1 >15
Iron(Fe) <5 >20
L ead(Pb) <5 >10
Lithium(Li) <25 >5
Manganese(Mn) <0.2 >10
Molybdenum(M o) <0.01 >0.05
Nickel(Ni) <0.2 >2
Selenium(Se) <0.01 >0.02
Vanadium(V) <0.1 >1
Zinc(Zn) <2 >10
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Table (3) Classification and mathematical equations formulated for
IWQI index parameters

Hazard group | Weighting | parameter Range Rating function
factor (Sub-index function)
x<0.7 y=100
1-Salinity 0.438 EC (dSm® 0.7sx<15 | y=113.13-18.75x
15 x=3 y =110-16.667x
3sx<545 y =100 - 13.333x
45<x<6.7 |y=182.7-27.27x
SAR EC(dSm™)
<3 x2 0.7 y =100
2-Infiltration 0.219 0.7 2 x 0| y=60x+58
rate 20.45 y =100x + 40
0.45 2 x 2 | y=2300x
0.2
x<£0.2 y =100
3-6 y = 30x + 64
x21.2 y =50x + 50
122x20.7 | y=2300x
0.72x20.2
6-12 x< 0.2 y =100
y =21.43x +59.286
x2 1.9 y = 35714x +
192x21.2 | 42.143
12 2 x 2| y=120x
12-20 0.5
x< 0.5 y =100
y =12.5x + 63.75
X 22.9 y = 20.83x +49.58
292x21.7 |y=120x
20-40 172x20
5 y =100
x< 0.5 y =7.143x + 64.286
y =23.81x - 9.0476
x25 y = 20.69x
52x23.95
3.952x2 2.9
x<2.9
0.1458 -Sodium(Na) x<3 y =100
3-Specific  ion 3=x<6 y =-6x + 115
toxicity 6= x =9 y =-8.3333x + 135
9< x <18 y =-2.2222x + 80
18< x <26 y =-5x + 130
-Chloride(Cl) x<140 y =100
(mg™ 140 £ x < |y=-0.4286x + 160
175 y =-0.1429x + 110
175 £ x < | y=-0.1714x + 120
350
350 £ x < |y=100
-Boron(B) (mgl™) 700 y=-11.54x + 108.08
y =-12.5x + 110
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x<0.7 y =-30x + 180
0.7sx <2
2sx <4
4sxX<6
4- 0.1095 Seetable4
Trace eements
toxicity
0.087 -Nitrate(NO3)-N x<5 y =100
(mg™ 5Sx <175 |y=-1,2x+106
175 £ x £ |y=-2x+120
30 y =<60
5-Miscellaneous x>30
effects - Bicarbonates y =100
(HCOy) x<90 y =-0,073x + 106,6
(mgl ™ 90 < x S |y=-012x+121
295 y =<60
295 £ x
500 y =100
-PH x>500 y =-80x + 740
y =<60
x=(8-7)
8<x=85 y =100
x> 8.5 y = 80x — 460
y =< 60
x=( 7-8)
7>x26.5
X< 6.5
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Table (4) Classification and mathematical equations for mulated
for parametersof trace elements toxicity

parameter (mgl™) range Rating function
(Sub-index
function)
Aluminium(Al) x<5 y=100
5<x<20 y =-6.622x + 1329
x>20 y=0
Arsenic (As) x<0.1 y=100
01<x <2 y =-52.32x + 105.1
x>2 y=0
Berylium(Be) x<0.1 y=100
01<x<05 y =-248.7x + 124.6
x>0.5 y=0
Cadimium (Cd) x<0.01 y=100
0.01 =x < 0.05 y =-2487.x +124.6
x>0.05 y=0
Chronium(Cr) x<0.1 y=100
01<x <10 y =-109.8x + 110.8
x>1 y=0
Cobalt (Co) x<0.05 y=100
0.05< x <5 y =-20.16x + 100.9
x>5 y=0
Copper (Cu) x<0.2 y=100
02<x <5 y =-20.74x + 103.9
>5x y=0
Floride (F) x<1 y=100
1= x<15 y =-7.132x +107.0
x>15 y=0
Iron (Fe) x<5 y=100
55 x <20 y =-6.657x + 133.2
x>20 y=0
Lead (Pb) x<5 y=100
5< x <10 y =-19.92x +199.4
x>10 y=0
Lithium (Li) x<25 y=100
25<x<5 y =-39.82x + 199.5
x>5 y=0
Manganese(Mn) x<0.2 y=100
02<x <10 y =-10.18x + 101.9
x>10 y=0
Molybdenum(Mo) x<0.01 y=100
0.01=< x>0.05 y =-2487.x +124.6
x>0.05 y=0
Nickel (Ni) x<0.2 y=100
02<x <2 y =-54.94x + 110.4
x>2 y=0
Selenium (Se) x<0.01 y=100
0.01< x <0.02 y =-9803.x +197.0
x>0.02 y=0
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Vanadium (V) x<0.1 y=100
01<x <1 y =-108.8x + 109.7
x>1 y=0

Zinc (Zn) X<2 y=100
2<x <10 y =-12.46x + 124.8
x>10 y=0

Table (5) Proposed Water suitability schemefor irrigation Water quality

index (IWQI).
Suitability index | Class Definition Symbol
>80 I Suitable S
60-80 I M oder ately Suitable S,
Slightly suitable (Marginally
45-60 11 suitable) S
30-45 v Almost Unsuitable N4
<30 \Y/ Unsuitable N,
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A Proposed Index of Water Quality
Assessment For Irrigation

oF £ 89 £80 [ L'BE L88 ] 96 [ L'I8 ] e | 96 L] 0] ~ £'ro Rt
L'TF £ £'80 =8 608 L'88 9T £'ES 001 Fo6 | F96 Fog| 9T6 | 9'T6 0] a0y
1< £ 89 LTL &8 695 698 Fre [ LI8 6'r6 16| 916 L68 &E8 808 £ 320
61 £80 L'TL | £°E8 £'E8 5’8 L'T8 | L'T8 L £F6 | &6 Ll £'16 g'0g 8'06 dag
81T L0 L9L <8 <8 608 076 [ LI8 e clo | <16 916 T'l6 | SF'88 o't any
LT L sL | §'58 £8 L'88 6| L'I8 e £'16 | £0°T6 £T16 £'T6 't | L9°06 e
6°0T £ 89 £EL <8 <8 206 006 [ £'t8 06 T'l6 | E0°'T6 <16 SEb L'e§ 06 unyp
£iC £8L §'LL | &'L8 698 698 L'68 £8 T'le L9006 | L'68 06 T'le 6'C8 LE8 | “sln
£ IF L'T8 L'T8 | 9°T6 ] T06 106 [ £<8 SF'88 £F°88 | £F°88 916 06 8'08 £'I§ ady
or 0L L'FL | L'88 L'88 Lo &'E £8 9'Ta 06| 698 968 | L9046 0’68 L'E8 | =l
8s 6L E'8L | 9°06 L'88 2°06 F'E6 | 698 £'16 ST6 [ €076 [ £0'T6 | £0°16 L'68 4]
09 £8 I'F8 | L'68 L'88 206 0°Th 08 £0°' 16 8676 | £E0'Lo uEp
qEAY TV g afpuaq | eSpag | may ey | acogerp
neyg pmmwy | VAV | my | vieey | epemg | sompngy | gaip | edmaeg | geaewss | swerg | ey | penopy | pewpy | gy | quom

(powpaws soler2do WML PRIYS1aM ) =POTjIotl UORES2IE8 ¥
poiew paIysian SUEN’ §O07 SUDMp SUONEIO]IURIAIIID SUOTE J21BM JRA U SUSIT 0] XpUul ANIQENNG UONES UL Jo sanyE A (Q)IIqEL

6577

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

FAnmor -1y =i ()T uonEmu IS J2EM=S" (SUONEINUT]) S[0QUIAE S38SEPANG
2[qRINSUN = TN {2 [qRIMSITL JS0WE =[N | 2[qeIms AQUSTs =C§ | 2[qeImg Pow=7g  J[qeIms= [ S[OqULS 5assel)

SEN | 21828 ZISEN Z1SES SIES 7ses | Sis S5LS SIS 515 (1
ZBEN | nses | @seN. dShN 2SN I 5. 55 55 A0y
2 71SEG | 71968 | ZISkN OSES  78ES ases | sig 515 5 5ig 130
T g ZseN | ases |o@seN.  @sbN 2sEs usis | sig 5. 5i¢ 515 g
M\MJ GISEN | 21568 E1SZN 251 GI5ES 28 | 525 515 SIS 5I5 any
"= 252l | ZISES 2I5EN ZI5ES ZISES IBES | SIS SIS 515 SIS nf
< H elseN | 71525 252N 21588 ZISES ZISES | SIS SLS SIS SIS anfp
592 sEN | nses | aseN OSES | 7Sk asky | sig 5Ig 5 55 gy
w = ZsiN | slg @Sy asE8 786 ases | s 5.Q 518 sig  ady
= ey | ss @Sy OSES  7ES aseg | sig 5l 5.g sig IRy
.m m A= 55 151 AL ZJsEg ZISk | SIS 5K5 SIS Sl5 1
2 < 05 | SIS 71505 ases  4ses 57125 5ig 5Ig 518 uep
M ATy aBeLIEg
pemind) | [TV  qewEpl{  eALmssey  euemeg | esyeuens | TRy | espuy | qedgesnd | edue@eg  qmopy

POYIRI PGSR SUSD’ §(7 SUNID SUOHEIO] TRRIIP Suofe Ripm Al sjemdng o] AIIGEIMG UORESIT J0 s355R])) (5 PR

ig £E9 or £ES £8 088 8'88 90 Ra
81T 8 8L 9rE £E8 008 608 60| AON
E5r 09 Fr 9% L88 906 9'06 81 120
100 L'rs 601 L'TF 6798 L'88 L'88 Lg deg
0 08 0 T8¢ LOL L'88 6708 60 ony
£ Esr 601 £ES 6798 L'88 L'68 97 mr
0 Tr9 0 £ES L'FE L"88 906 L'88 69 mfp
ot sl 00 9% FsE L68 906 976 970 ARIX
Fog £L8 ELT L'T9 09 0°06 076 076 o'y dy
5T 0L §IE L'Ts 8 £8 £i8 9’76 PR BN
i L'T8 Fog L'0S £ £L8 I'ta I'Z6 90 ®©i
£Es L8 £ £0 Lol 9'To 9'76 L'gl mer
FBATY ERRRT
qenind) | zzp v | gemerpy | ednssey | vaemes | edgemeqs | (o | vdipmig | gesgosnd | edpue[Ses | mumojy

(poyRmr 101e1ado WNIUNG P12 124 )=POo R M W NEEa 55y PoyRm pa1ysnm
Suisn® g7 SUMIP SUOREIO] WRREP Su0E RIEM Jaalr sarerydnyg o] xpul ANIRING UORBSUN 0 sanfeA D (R)Age 1

6578

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

A Proposed Index of Water Quality
Assessment For Irrigation

Eng.& Tech. Journal, Vol.28, No.22, 2010

30T 4270'0°C 45707 070" T
!
= 0N 33°0°0H
N
Tuorkey A
i6=9"0" N 3600
k380" 1900
IENR TR H arim ST ]
H
{
Sandia Arakia B Eowait
Legend e
._sampllug slres
0 lalkes
e ivers
n horders wal 15 00.000 P
ks - S ; 3 e
T 2700 H
Gl HRE Deyohaeal
T
30T 4270'0°C 4509 T 4070°0"T
rivers.

Figure (1) Location of water sampling siteson the three main
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