Journal of Engineering and Sustainable

Development . AR First Online Scientific Conference for
http://jeasd.uomustansiriyah.edu.iq J o AS I ‘ Graduate Engineering Students
https://doi.org/10.31272/jeasd.conf.1.7 b . June 2020
TREATMENT OF WATER FROM IRRIGATION DRAINAGE BY MULTIMEDIA
FILTRATION

“Shymaa M. Lazim !

Seroor A. Khaleefa Ali 2

1) M.Sc student, Environmental Engineering Department, Mustansiriyah University, Baghdad, Iraq.
2) Asst. Prof. Environmental Engineering Department, Mustansiriyah University, Baghdad, Iraq.

Abstract: In this research, the possibility of water
treatment for agricultural irrigation drainage channels
was studied included Al-Dawoodi main agriculture
irrigation water channel and the KSD main agriculture
irrigation water channel polluted with the sewage water.
The treatment was carried out using multi-media
filtration technology with (three-layer) (commercial coal,
coarse sand and mix ion exchange) at three flow rates
(0.24, 0.32, 0.48) m3/hr for contact time (two hours), the
comparing of analysis results before and after treatment
showed that the best removal for both channels was
obtained from the lowest flow rate (0.24 m3/hr) after
contact time (two hours) for (EC, TDS, TSS, COD, BODs,
heavy metals (Na, Mg, Ca, Cl, Sos)) as KSD water channel
by (67%, 61.1%, 95.2%, 82.6%, 81%, 65.2%, 73.3 %, 62%,
58.2%, 62.2%), respectively, and for Al- Dawoodi water
channel by (60%, 50.2%, 94.1%, 84.4%, 85.1%, 61%, 60%,
63%, 56%, 58%), respectively, also improves the SAR
while pH before and after treatment was within Irrigation
standards. Then the results were compared with the
internationally approved standards for irrigation.

Keywords: Al-Dawoodi, KSD channel, Irrigation,
Filtration.

1. Introduction

Water is one of the most important elements in
creating and developing life. Water is a vital
resource for the survival of living beings for the
sustainable benefit of all present and future
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living materials. Therefore, its treatment and
reuse is an important economic resource [1].

In light of the global water crisis for the high
demand for agricultural production, the
importance of making use of available natural
environmental resources and reuse in proportion
to agricultural requirements [2]. Recycling and
treating polluted water sources (sanitation or
industrial, etc.) represents an important step to
reduce the risk of pollution water, thus ensuring
water sustainability [3].

Agricultural  irrigation  drainage channels
maintain the physical, chemical, and biological
soil properties. The total amount of water for
agricultural drainage channels in Iraq is
estimated at 6.6 billion meters/year [4], these
channels are among the development projects
that operate to transfer salty water contaminated
with fertilizers and pesticides from agricultural
lands and to preserve the permanence and
characteristics of the soil [5].

Filtration process represents by a physical or
mechanical process used to separate solids from
liquids by introducing a medium through which
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the filtering takes place. The filtration depends
on the filter layer materials that are different
fine particles and different pore sizes of the
material such as (sand, natural stone fibers, and
others). Multi-media filters are also used to
clean liquid wastes from primary and septic
tanks [6].

Filtration is defined as the process of removing
harmful water pollutants such as suspended
solids and remove of microorganisms bypassing
the liquid through a porous filtration medium.
The efficiency of the filter depends on the depth
and quality of filter material, it is considered a
highly effective physical process in removing
various water pollutants, which is evidenced the
removal of it by parameter analyses (total
suspended solids, dissolved solids, BODs, COD,
color, etc) [7].

Multi-media filters are effectively used in water
treatment as it reduces turbidity and eliminates
unwanted plankton, odors, and other pollutants.
The filter media consists of multiple layers
(sand, coal, etc.), the diversity of layers
increases the efficiency of filters to purify and
remove various pollutants, including heavy
elements [8], so the choice of filter layer
materials is an important part of design multi-
media for high removal efficiency [9]. Multi-
media filtration is considered economically
feasible and environmentally friendly [7].

A mixed ion exchange resin with multi-media
filter layers has also been used as ion exchange
resins which they polymers that can exchange
ions inside the polymer with other ions in a
solution that passes through them, it is used to
purify water and remove the mineral content
completely. It has the advantage of resins (long
life, cheap maintenance), which is a very
environmentally friendly process, dealing only
with the materials in the water [10].
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In Previous studies on treatment agricultural
irrigation drainage channels for irrigation
purpose:

In a study that included the treatment of one of
the agricultural irrigation drainage channels in
the United States - Florida for reuse into
agricultural purposes, the study focused on
treating (COD, TSS, phosphorous removal)
[11].

A study in Egypt conducted about the
possibility of reusing the water of agricultural
drainage channels for irrigation purposes. The
study focused on concentrations of heavy metal
because of its fundamental role in determining
the suitability of the water used for irrigation
and obtained that using drainage water without
treatment is not safe for vegetables, thus doesn't
be suitable for human and animal consumption
[12].

The main agricultural water drainage channel
(Almasabu general) was studied about the
physical and chemical properties of the
channel's water, including pH, salinity and
hardness, the study was showed that the water
channel has high salinity and hardness, while
pH was within the required limits [13].

The study of the agricultural water drainage
channel (the main eastern drainage) included
discussing the effect of the water channel that
disposal on the chemical and physical properties
of the Euphrates River, it was concluded that
untreated water increases the values of
permeability, salinity, basicity, hardness, and
carbon dioxide while reducing turbidity, pH
values [14].

The study of the main agricultural the Al-Ishaqi
water drainage channel discussed the possibility
of desalination of the water channel for reuse in
irrigation. [15].
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A study of the water agricultural irrigation
drainage channel of Alhifar in Diwaniya was
conducted, including some physical, chemical
properties, the concentration of some heavy
elements, pH, total dissolved solids, electrical
conductivity (EC), and BODs. The result
showed that (pH, total dissolved solids, BODs)
were within the permissible limits, while
electrical conductivity and heavy elements
differ according to the seasons of cultivation
and fertilizers used [16].

A study that included assessing the efficiency of
irrigation and drainage projects in the Kifl
region, it found the importance of the channel in
preserving the soil from the accumulation of salt
in it and the channel operates in all its branches
across agricultural lands at a rate medium
efficiency [17].

Through research for studies of agricultural
drainage channels understudy with their official
approved names (KSD and Al-Dawoodi), no
studies on the two channels were found, only at
study [18] was discussed about agricultural
irrigation drainage channels in the Rashidiya
and Hosseinieh regions in Baghdad, as the two
channels pass within it, the researcher addressed
investigation of the quality of water channels
and its suitability for irrigation purposes,
concluded that water channels contain high
levels of salt concentrations and chemical
elements chlorides and magnesium.

KSD is the official name of the agricultural
irrigation drainage channel as defined at the
Ministry of Water Resources.

In Previous studies of using multi-media
filtration for water treatment:

The multi-media filtration technique was used in
a study to purify the polluted water, including a
layer of (sand, gravel, clay, and coal), it found
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the efficiency of multi-media filtration in
removing calcium and phosphorous [19].

A study that found the use of a mixed ion
exchange layer leads to effective results in the
exchange of ions (anion and cation), it indicated
that mixed ion exchange can operate to reduce
the deposition of soluble minerals, calcium,
sulfate, and magnesium [20].

A study was conducted to use ion exchangers in
water purification, as it was proven that the
exchanges have an effective ability to remove
toxic ions and reduce the electrical conductivity
(EC) of the permissible limits [21].

A study was conducted on the efficiency of
using the activated carbon layer, the efficacy of
the activated carbon was achieved in removing
BODs, COD [22].

In a study using multi-media filtration with
layers (sand, gravel, and coal) to treat polluted
water, it found the high efficiency of the filter
layers in removal BODs and COD [23].

The aim of this study comes from the
importance of treating the water of the two main
agricultural irrigation drainage channels (KSD
and Al-Dawoodi) to reuse for irrigation
purposes, thus achieved water sustainability and
reduce agricultural and other pollutants from
both channels that flow into Tigris River and the
Diyala Bridge river, and that will be returned on
reducing environmental damage. Also, the
purpose of water channels treatment using a
multi-media filtration technology since this
technique uses several layers of material with
locally available and low cost involved in
remove pollutants with high efficiency, very
effective, and the possibility of re-use materials
layers, thus it considers environmentally
friendly [24].
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2. Material and Methods
2.1. Description of The Study Area

Agricultural irrigation channels drainage water
is of great importance in various regions of the
world, as it contributes effectively to remove
excess water from the need of plants, soil and
reducing its damages caused by long-term it
remains in the soil, thus the drainage channels
maintain the physical, chemical and biological
soil properties [25]. The channels under study
station included

2.1.1. Al-Dawoodi main agricultural irrigation
drainage water channel
Al-Dawoodi channel includes areas Al-

Rashidiya, north of Baghdad, to the lands of
Diyala Governorate, with a length of 27.5 km,
the irrigation water of agriculture area flows
into the channel through the sub-drainage
channel. The water channel flows from both
ends in the Tigris River as shown in "Fig. 1".

Figure 1. Path of Al-Dawoodi main agricultural irrigation
drainage water channel (Google earth).

2.1.2. KSD main agricultural irrigation drainage
water channel

The water of this channel represents agricultural
irrigation drainage water mixed with sewage
water from the neighboring lands and the water
of Al-Sadr Gas Power Station, the channel
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extends from the north of Baghdad at Al Jazeera
area to the east of Baghdad with a length of 25
km, irrigation water flows to it through sub-
drainage channels. Water flows into the Tigris
River from the north, and from the east, it flows
into Bridge Diyala river as shown in "Fig. 2".

Figure 2. Path of KSD main agricultural irrigation
drainage water channel (Google earth).

2.2. Experiment and Sampling Procedure

The experiment included sampling from Al-
Dawoodi drainage channel at the station located
within latitude 33 ° 32 ' 35.21 "N, Longitude 44
° 20'51.56" E, near Al-Sanary Gas Station at
(996 m), either KSD channel sampling was at
the station located at latitude 33 ° 25'57.73 north
and longitude 44 ° 20'45.74 'east. Water
samples were collected and stored in plastic
bottles.

2.2.1. Design of multi-media filtration

Multi-media filtration operate is designed with a
continuous water recycling system shown in
"Fig. 3" for each water channel (KSD and Al-
Dawoodi) separately, includes plastic basins (60
cm in height) with layers of material from the
bottom. Cotton cloth, commercial coal (10 cm)
followed by a coarse sand layer (10 cm), and
then at the top the mixed ion exchanger layer
(10 cm) shown in "Fig. 4" and properties in
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“Table 27, as installing sprinklers with holes,
faucet, and hoses plastic connected to operate
with water circulation in the basins using an
electric water pump with a capacity of (1 m¥/hr)
installed in a plastic basin directly below the
filter material basin with a height of 40 cm. The
experiment was operated using the water sample
(4 liters) at three flow rates (0.24, 0.32, 0.48)
m3/hr for continuous contact time for (two
hours), with the analyses of (pH, EC, TDS,
TSS) every (10 minutes) during the contact time
(two hours), then determine the flow rate at
which the best removal results of the pollutant
was achieved. After that tests were performed
for (COD, BODs, and heavy metal (Na, Mg, Ca,
Cl, Sos)) after the total specified contact time
(two hours) for the experiments. The details of
the equipment used for analyses shown in
“Table 3”.

Water sprinklers
Flectrical outlet

Ly

Mixed lon Exchange

|

Each filter
layer (10cm)

Coarse sand

thick Commercial coal

It

Plastic hoses

Water Pump (1nfhr)

(otton cloth l

Water faucet

Figure 3. Schematic diagram of the multi-media filters
system.
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A

Figure 4. The material of multi-media filtration. (A)
Commercial coal. (B) Coarse sand. (C) Mixed ion
exchange.

The entry of water molecules through the layers
of the multi-media filtration can be illustrated in
general in "Fig. 5" into the filter layer.
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Figure 5. (A) water particulates enter the filter layers. (B)
Water filtering between layers of Multi-Media filter [26].

Table 2. properties of multi-media filtration

material
Material Properties
Commercial  Effective Size (mm) 2.0 - 2.5
coal

Density (114 Ibs/ft3)
pH: 9.4
Effective Size: 1/8" - 2 1/2"

Density: 100 Ibs/ft3

Cation component: Sulfonic
acid

Coarse sand

Mixed ion
exchange

Anion component:
Trimethylamine

Volume ratio: Cation
/Anion: 50/50 %
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Table 3. Instrument use in water analyses

Instrument Details

pH meter WTW-PH3110, Germany

(EC) meter Cond-3110, Germany

Electric Oven Memmert/Germany

TDS meter COM-100, Germany
Atomic-absorption  Shimadzu AA-7000 Japan
Spectrophotometer

AAS

Chemical oxygen Lovibond ET 125
demand (COD)
Thermoreactor

COD photometer  Lovibond checks it direct

COD VARIO

BOD WTW- Germany

2.2.2. Analytical measurement for water

Conducting treatment for polluted irrigation
water is among the priorities to preserve the
soil. Analysis of pH is important for irrigation
water as its height level leads to causes height
the pH of the soil, thus affects the concentration
of calcium carbonate and begins to be
sedimentation and accumulation by the
subsurface layer, also it affects the operation of
irrigation systems and their erosion [27].
Analyses of Electrical conductivity (EC), total
dissolved solids (TDS) and heavy metal (Na,
Mg, Ca) are important that reflect the salinity
thus the harmful increase of it on the soil, as the
elements of sodium, magnesium, and calcium
affect the SAR rate, causing a high percentage
of sodium concentration to the calcium and
magnesium concentration, thus depositing it in
its pores and on its surface. The increased
concentration of chlorides (Cl) and sulfates
(Soa4) also causes toxic effects of soil and plants
[28]. Also, the height level of the chemical
oxygen demand (COD) affects the soil damage
as it expresses the amount of organic pollutants
present in the water, which determines the
quality and suitability of the water quality [29].
The biochemical oxygen demand test BODs is
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also an important indicator of organic matter,
wherein high value in water, it is consumed to
decompose organic matter and create anaerobic
decomposition process that results in the
consumption of soil, iron, manganese and
sulfate elements for oxygen to reduce oxidation
potential and ultimately compounds are formed
that disrupt plants' absorption of nutrients [30].
Also, the disposal of total suspended solids in
irrigation water is very important, as the
increasing  accumulation  of  suspended
substances in the irrigation water pumping
pipeline network leads to their blockage [31].

The result of water analysis before treatment
shown in “Table 4” showed the difference
between water properties for KSD and Al-
Dawoodi channels at station study, KSD water
station contain agriculture irrigation polluted
(mixed) with sewage water that disposal on it
from the neighboring lands and Al-Sadr Gas
Power Station, while Al-Dawoodi water station
carried agriculture irrigation water, therefore
observed that salts expressed (EC, TDS, Ca, Na,
Mg, Cl, Sos) in KSD water less than Al-
Dawoodi channel, also, COD and BODs
indicate that organic pollutants in Al-Dawoodi
less than KSD, so the TSS showed that
suspended solids in Al-Dawoodi more than
twice KSD. SAR depended on the concentration
of (Na, Ca, Mg), while pH value within
acceptable standards for irrigation.

Table 4. Water analysis before treatment
(KSD and Al Dawoodi channel

Measure KSD Al Dawoodi
unit

pH 7.9 8.4

EC us/cm 2290 4280
TDS mg/I 1493 3210
TSS mg/I 300 500

Ca mg/l 275 455

Na mg/l 198 222

Mg mg/l 262 300
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Cl mg/l 275 344 Cl Allowable  Not allowed
S04 mg/l 320 400 S04 Allowable  Allowable
COoD mg/l 287 192 SAR Not Not allowed
BODs mg/l 199 134 allowed
SAR --- 12.08 11.4 COD Not Not allowed
allowed
BODs Not Not allowed
The result of water before and after treatment allowed

compared with the international approved
standard for irrigation shown in “Table 57

Table 5. International standards for irrigation

Iraqi FAO WHO  Standards
standards standards wastewater
treated
pH 6.5-8.5 5-9 6.5-8.5 4-6,8
EC 2000 2000 2000
TDS < 2000 2500
TSS 100 45 40
Ca 200 450
Na 250
Mg 50 80
Cl 350 250 300
S04 400 500
SAR 6-9 6-9 6-9
COD 150 90 100
BODs Less 5 3 40

Source: Iragi standards and FAO standards [ 32], WHO [
33]. Standards wastewater treated [34 ].

The suitability of KSD and Al-Dawoodi water
channels for irrigation before treatment was
compared with the lowest and highest
permissible rate at approved standards as
demonstrated in “Table 6”.

Table 6. Classify water analysis before
treatment with approval irrigation standards

pH
EC

TDS
TSS

Ca
Na
Mg

KSD
Allowable
Not
allowed
Allowable
Not
allowed
Allowable
Allowable
Not
allowed

Al-Dawoodi
Allowable
Not allowed

Not allowed
Not allowed

Not allowed
Allowable
Not allowed
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3. Results and discussion

The results of the water analysis showed the
treatment for both water channels (KSD and Al-
Dawoodi) using multi-media filtration with
(continuous water recycling system) at flow
rates (0.24, 0.32, 0.48) md/hr through contact
time (two hours) led to decreases in pH and
removal of (EC, TDS, TSS, COD, BODs and
heavy metal (Na, Mg, Ca, Cl, Sos) from the
original values, the high efficiency for removal
was achieved at the lowest flow rate (0.24
m3/hr) after expiration the total contact time
(two hours) for the two channels, therefore all
analysis was done at (0.24 m3/hr) where:

pH: The pH value is shown in "Fig. 6" of both
water channels decreased from (7.9 to 6.8) for
KSD channel and (8.4 to 7.3) for Al-Dawoodi
channel within approved standards, the decrease
can be explained to the combined effect of the
filter layers as the coal layer increases the pH
due to its base surface [35] that mentioned in its
specifications in the “Table 27, the coarse sand
layer also increases the pH [36] as water
molecules are divided into hydrogen (H*) and
hydroxyl ion (OH"), forming hydroxyl as a
higher percentage causing an increase in pH,
while due to the strength of the mixed ion
exchange layer in the exchange of cations,
where calcium and magnesium ions replace
hydrogen ions, hydrogen is released at a higher
rate than the hydroxyl release due to anion
exchange reactions causing the pH to decrease
[37].
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EC, TDS, the concentration of (Na, Ca, Mg, ClI, Mg 70 73.3% 120 60%

S04): Cl 115 58.2% 151 56%
S04 121 62.2% 168 58%

The removal efficiency in EC, TDS, and
concentration of (Ca, Na, Mg, Cl, Sos) are
shown in “Table 5” and "Fig. 7", "Fig. 9", "Fig.
10" and "Fig. 11" classified with approved
standards for KSD and Al-Dawoodi channels
except for Mg concentration for Al-Dawoodi
water channel. The removal is due to the role of
the ion exchanger layer during contact time in
removing ionic impurities for all groups of
small and large pollutants because they have a
high ability to interchange, the cation and anion
exchange resin is closely related to one mixture
which creates a stronger driving force. Since the
ion exchanger is mixed as the exchange between
the cation and the anion exchanger is close, the
cation exchanger replaces the hydrogen ion with
calcium and magnesium ((causing the salts to
increase in water and raise the value of EC,
TDS)) during the release of sodium ion (Na),
the ion exchanger replaces the hydroxide ions
OH™ with chloride and sulfates present as
minerals and releases chlorine, as a result, the
sodium ion binds with the chlorine ion to form
food salt (NaCl), which is not considered
hardness. Thus, salts and minerals decrease in
water and this is consistent with [38,19].

Also, Zidan, Salih, and Waheed [35]
demonstrated through experience the role of
commercial coal in the removal of TDS,
concentration (Na, Ca, Mg, Sos, CI) and
reducing salts effectively.

Table 5. Removal efficiency of (EC, TDS, Ca, Na,
Mg, ClI, Sos), (0.24 m3/hr)

KSD channel Al-Dawoodi channel
Value % of Value % of

after removal after removal

treatment treatment

EC 756 67% 1712 60%
TDS 580 61.1% 1599 50.2
Ca 105 62% 168 63%
Na 69 65.2% 86 61%
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TSS: The removal efficiency of TSS value
shown in "Fig. 8" from (300 to 14.4) for KSD
channel and (500 to 24.6) for Al-Dawoodi
channel within approved standards, that removal
can be explained by the coarse sand layer as it
removal the total suspended solids [39,40], also
James [40] demonstrated the role of slowing
flow rate with contact time in the removal of
total suspended solids.

Al-Abed, Abdulla, and Zahrawi [31] obtained
through their study for treating polluted water
that the high-efficiency role of commercial coal
in the removal of TSS.

SAR: The value of SAR shown in "Fig. 13" is
calculated from "equation (1)":

Na

J(Ca+Mg)/2 (1)

SAR value is related to the concentration of
(Na, Ca, Mg), then the low concentration of
sodium, magnesium, and calcium has a positive
return on the water for irrigation purposes, the
SAR value (12.08 ) for KSD channel and (11.4)
for Al-Dawoodi channel, it's classified within
approved standards.

SAR =

COD and BODs: The removal efficiency of
BODs and COD in the two water channels
shown in “Table 6” and "Fig. 12" can be
explained by the combined role of the filter
layers, where the use of sand and coal has
resulted in highly efficient removal [41].

The use of the coal layer with the mixed ion
exchange resulted in a very high decrease in the
COD value [42]. It is classified within approved
standards.
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Table 6. Removal efficiency (COD, BOD:s), (0.24

m3/hr)
KSD channel Al-Dawoodi channel
Value % of Value % of
after removal after removal
treatment treatment
COD 50 82.6% 30 84.4%
BODs 38 81% 20 85.1%

s Q1=0.24m?/hr KSD
el Q2=0.32 m?/hr KSD
e Q3=0.42m3/hr KSD
Q1=0.24m?/hr Al-Dawoodi
e 2=0.32m?3/hr Al-Dawoodi
Q3=0.42m?/hr Al-Dawoodi

6.5
0 20 40 60 80 100 120 140
Time (min)
Figure 6. The decrease in pH for (KSD and Al-
Dawooodi)

3500 Q1=0.24m*/hr KSD
el Q2=0.32m?/hr KSD
ey Q3=0.42m?/hr KSD

3000 Q1=0.24m*/hr Al-Dawoodi

i Q2=0.32m?lhr Al-Dawoodi
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Figure 7. The removal EC for (KSD and Al-Dawooodi).
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Figure 8. The removal TSS for (KSD and Al-Dawooodi).
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Figure 9. The removal TDS for (KSD and Al-Dawooodi).
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Figure 10. The removal (Na, Mg, Ca) for (KSD and Al-
Dawooodi).
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Figure 11. The removal efficiency of (Cl, So4) for (KSD
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Figure 12. The removal (COD, BOD:s) for (KSD and Al-
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Figure 13. The removal SAR for (KSD and Al-
Dawooodi).
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4. Conclusions

The water of the two main agricultural irrigation
drainage channels (KSD and Al-Dawoodi) is
one of the water resources that can be invested
for irrigation purposes. The research has studied
the possibility and suitability of using treated
water for irrigation by focusing on the most
important determinants (EC, TDS, TSS, pH,
COD, BODs, SAR, the concentration of (Ca,
Na, Mg, Cl, Sos)) using multi-media filtration
technology (commercial coal, coarse sand and
mixed ion exchanger). The analysis results of
water before treatment showed that water
channels suffer from a rise in (salts, hardness by
a high concentration of (Ca, Na, Mg, Cl, Soa),
suspended materials, organic materials, while
pH was within the acceptable standards for
irrigation, the treatment showed the high
efficiency of the multi-media filtration in the
removal of salts, suspended solids, and organic
materials by (EC, TDS, concentrations of (Na,
Mg, Ca, Cl, Sos), SAR, TSS, COD, BODs, pH)
that classified within the acceptable standards
except for the removal of magnesium of Al-
Dawoodi channel was not within acceptable
standards. The results for both water channels
(KSD and Al-Dawoodi) showed that treatment
contributed to positive characteristics for water
channels that can be reused for irrigation
purposes, thus the multi-media filtration
technology is a sustainable economic method,
that materials are available locally, can be
reused, and do not cause any environmental
damage.
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TDS Total dissolved solids

TSS Total suspended solids

COD Chemical oxygen demand
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