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Abstract 
 

Reuse wastewater for irrigation purposes can be a realistic solution to the 

problem of water scarcity in Iraq. This paper was conducted to study the specifications 

of influent and effluent wastewater of two treatment plants, Muharram Easha and Al-

Menfhan which is located in Iraq/Karbala city/ Al-Hindiyah district to evaluate the 

efficiency of the two plants and to assess the possibility of re-use the effluent water for 

irrigation purpose. The variables that have been examined in this paper are Biological 

oxygen demand (BOD) , chemical oxygen demand (COD), total suspended solids 

(TSS), degree of alkalinity(pH), nitrate (NO3-N),( fat, oil and grease) (FOG), total 

dissolved solids(TDS), chloride(Cl
-1

), and sulfate(SO4
-2

). The results showed that the 

mean values of removal efficiency of (BOD) and (COD) for Muharram Easha plant 

were between 88% and 84% respectively while the mean values for these parameters for 

Al-Menfhan plant were between 87% and 79% respectively. The mean values of 

removal efficiency of TSS and FOG for Muharram Easha plant were between 79% and 

71% respectively and the mean values of these parameters for Menfhan plant were 

between 74% and 75% respectively. The results illustrated that according to Jordanian 

standards for wastewater reuse in irrigation JS 893/2006, the effluent wastewater for Al-

Menfhan wastewater treatment plant can be reuse for irrigation purpose.                                  

Keywords:  Irrigation, Jordanian standards, Removal efficiency, Wastewater reuse.   

                                                                                                      

/ / مدينة كربلاءري في قضاء الهنديةلـرض اغـالتقييم النوعي لمعالجة مياه الصرف الصحي ل
قالعرا  

 فاضلة ثابت السعدي             الخضر عزيز مطشر          أ.م.د.فاضل محمد ظاهر                             عبد 

     

 الخلاصة
إن إعادة استخدام مياه الصرف الصحي لأغراض الري يمكن أن يمثل احدد الحود ا ال ايةيدم لمةدكوم  دحم 

أجري هذا البحث لدراسم م اصفات مياه الصرف الصحي الداخودم االخارجدم مدن مح تدي محدرم  .المياه في الةراق

عيةم ا المنفهان ال ايةتين في محافظم كربلاء ضمن الحداد الإداريم لقضاء الهنديم لغرض تقييمهدا اتحديدد إمكاةيدم 

المتغيدرات التدي تدح فحصدها فدي هدذه الدراسدم لميداه الصدرف الصدحي هدي المت ود  . إعادة استخدامها لغرض الري

،ادرجدم  TSSمجم عم الم اد الصوبم الةالقدم، اCOD للأاكسجين، المت و  الكيميائي  BODللأاكسجينالحي ي 

Cl ا الكو ريد TDSاالم اد الصوبم الذائبم FOG االده ن االزي ت NO3-N ا النترات pHالقو يم
-1

 االكبريتات 

SO4
-2

٪ 84 ا٪ 88 لمح دم محدرم عيةدم كاةدن بدين CODا  BOD يديح كفداءة إلالدم أظهرت النتائج أن مت سط. 
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ات ضد  مدن .  عودى التد الي٪ 79 ا٪ 87 القيح لهذه المتغيرات لمح م المنفهدان بدين مت سطبينما كان  عوى الت الي،

 عودى التد الي،٪ 71 ا٪ 79 كاةدن بدينلمح دم محدرم عيةدم  FOGا TSSالنتائج بان القديح المت سد م لكفداءة إلالدم

اسدتنادا إلدى الم اصدفم . ليعودى التد ا٪ 75 ا٪ 74 بينما كاةن القيح المت س م لهذه المتغيدرات لمح دم المنفهدان بدين

االنتائج التي تدح الحصد ا عويهدا JS 893/2006 الأردةيم لإعادة استخدام مياه الصرف الصحي في الري االمريمم 

 ،تبين اةه من الممكن استخدام مياه الصرف الصحي الخارجم من مح م المنفهان لغرض الري .

 .الصحي الصرف اعادة استخدام مياه الم،الإل اكفاءة الري، الم اصفم الاردةيم،: البحث كومات

 

1-Introduction 

 
The problem of water scarcity has increased dramatically over the last few 

decades, particularly in the arid and semi-arid areas. There is concern that the world is 

heading towards the water crisis. Lack of water and deterioration of its quality hinder 

the economic development in many developing countries. Throughout the world, the 

agriculture sector is the largest consumer of water. Agriculture sector consumes 

approximately 67% of the total water withdrawal and accounts for 86% of total 

consumption in 2000
 (1)

. By 2025, an irrigation water requirement is expected to 

increase by 1.2 times 
(2)

. More efficient use of agricultural water through wastewater 

reuse is essential for sustainable water management 
(3)

. 

It is important to look for other sources of water or reuse safely for various 

purposes, especially in the field of agricultural. There has been an increasing interest in 

the re-use of wastewater to irrigate various crops over the past few decades because of 

increased demand for fresh water. Population growth, increased use of water per capita, 

and the requirements of the industry and the agricultural sector contributed to the 

increasing pressure on water resources 
(4).

There-use of wastewater in agriculture has 

potential for both positive and negative environmental impacts 
(5)

; with careful planning 

and management the use of wastewater in agriculture can be beneficial to the 

environment. 
(6)

.Irrigation by using wastewater can increase the available water supply 

or release better quality supplies for alternative uses. In addition to these direct 

economic benefits that conserve natural resources, the fertilizer value of many 

wastewaters is important 
(7)

. 

  FAO estimated that typical wastewater effluent from domestic sources could 

supply all of the nitrogen and much of the phosphorus and potassium that are normally 

required for agricultural crop production 
(8)

. However, the wastewater may contain 

unwanted chemical composition unwanted pathogens that constitute negative 

environmental and health impacts 
(9)

. At the same time, a number of risk factors have 

been identified in wastewater reuse, some of them are short term (e.g., microbial 

pathogens) whereas others have longer-term impacts that increase with the continued 

use of recycled water (e.g., salinity effects on soil). So, many guidelines have been 

developed to give a wastewater quality criteria and guidance on how treated wastewater 

should be reused for irrigation purposes 
(10, 5)

.  

The amount of waste water that is collected and treatment has increased 

substantially with population growth and rapid urbanization, and improving the 

coverage of health services
 (11, 12)

. Hence, the use of treated wastewater in agriculture is 

one of the strategies adopted for increasing water supply in arid and semi-arid areas 
(13)

.      
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           Wastewater also has been used in agriculture for decades in many countries like 

India , United State , Australia, Spain , South Africa 
(14)

.Under the conditions of 

increased freshwater scarcity at Arabian countries like Saudi-Arabia 
(15,16)

, Kuwait 
(17)

,and Jordan 
(18,19)

 the reuse of wastewater in agriculture is receiving great attention 

and increased recognition as a potential water source.  

Historically, Iraq has an abundance of fresh surface water resources, which 

contains the Euphrates and Tigris rivers and their tributaries 
(20)

. Most of the fresh water 

from these rivers comes from Turkey (71%) followed by Iran (6.9%) and Syria (4%). 

The reminder is from internal sources 
(21)

. In 1977, the Turkish government set up a 

project referred to as Southeastern Anatolia Project (GAP) that include 22 dams and 19 

hydraulic power plants which are supposed to irrigate 17,000 km
2
 of land. Syria built 

three major dams with a total storage capacity of 16.1 km
3
. When GAP project is 

completed, 80% of the Euphrates water will be controlled by Turkey 
(21)

. 

  The flow of the Tigris and the Euphrates is expected to decrease further by 2025, 

with the Euphrates declining by more than 50 percent and the Tigris by more than 25 

percent 
(22)

. 

 Iraq now faces water shortages especially during the hot summer months of June, July 

and August 
(20)

.The gap between supply and demand is increasing 
(21)

.However, in Iraq 

such usage of treated or untreated wastewater has not been widely investigated and 

evaluated 
(6)

. 

 Karbala is one of the major Iraqi cities, which also suffers from water scarcity and this 

city receives its water requirements from the Euphrates river. In addition to all that the 

city is one of the religious cities receives millions of visitors annually, which constitutes 

an additional stress on water requirements.  

Al-Hindiyah region is one of the districts of Karbala city. This district has two 

new wastewater treatment plants are the Muharram Easha and Al-Menfhan which were 

constructed in 2010.This paper aims to evaluate the efficiency of the two wastewater 

treatment plants and to assess the possibility of re-use the effluent water for the purpose 

of irrigation as non-conventional water resources. 

  

2. Study Area 

 
The present paper studied two wastewater treatment plants located in Al-

Hindiyah district -Iraq with design capacities ranging from (6000-12000) m
3
/day. Al-

Hindiyah district falls within the scope of Karbala Governorate at the site of (32° 32′ 

36″ North latitude) and  ( 44° 13′ 21″ East longitude ), approximately 100 km south of 

Baghdad and about 25 km southeast of Karbala city center. This region is characterized 

by arid to semi-arid climate with dry hot summers and cold winters. The temperature 

during summer is usually over 43°C during July and August and drops down to 16°C 

and 2°C during the day and night respectively in winter time. The mean annual rainfall 

is about 2.5 mm .More characteristic of the study area is the density of palm groves and 

citrus trees and fruits cultivated there. In addition, wheat, barley and rice are grown in 

abundance in this region. Soil texture was analyzed and was found to be sandy clay. The 

estimated wastewater production in this region will be 35000 m
3
/day. Shatt al-Hindiyah 
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is a branch of the Euphrates River and it represents the main source of the water 

requirement for the study area for different uses as drinking, irrigation, and other 

purposes. It has a discharge approximately 100 m
3
/sec. This river divides Al-Hindiyah 

district into two parts, right part that called Al-Soub al –Segeer and left part that called 

Al-Soub al-Kabeeras shown in Fig.(1). 

 
2.1 Muharram Easha wastewater treatment plant 

 
Muharram Easha wastewater treatment plant MEWTP lies in (Al-soub al al-

Kabeer) at coordinates of  (32° 31′ 39.404″ North latitude) and  ( 44° 13′ 18.263″ East 

longitude ) as shown in Fig.(1). This plant is designed to serve about 50,000 people, 

with the design effluent discharge of 12000 m
3
/day, while the actual discharge about 

8000 m
3
/day.  

 

2.2 Al-Menfhan wastewater treatment plant 

 
Al-Menfhan wastewater treatment plant AMWTP lies in (Al-Soub al -Sageer) at 

coordinates of (32° 34′ 0.61″ North latitude) and (44° 15′ 22.353″ East longitude) as 

shown in Fig.(1). This plant is designed to serve about 20,000 people, with the design 

effluent discharge of 6000m
3
/day while the actual discharge about 4000 m

3
/day. 
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Figure(1).AL-Hindiyah district and locations of Muharram Esaha and AL-

Menfhan WWTPs. 

 

3. Sampling and Analysis 

 
           Wastewater samples were collected on-site from influent and effluent wastewater 

for the two plants at a rate of twice per month during August 2011 to May 2012 in 3 L 

stopper fitted polyethylene bottles that prewashed with dilute hydrochloric acid and then 

rinsed several times with the same sample water quality to be examined before filling 

them to the required capacity.  These samples were stored in a refrigerator at 

temperature below 4C° prior to analyze at the central laboratory of the sewerage 

directorate of Karbala / Division of Laboratory and the environment / Ministry of 

Municipalities and Public Works -Iraq.  

          The samples were analyzed Biochemical parameters which were biochemical 

oxygen demand and chemical oxygen demand and physicochemical parameters which 

were include total suspended solids, degree of alkalinity, nitrate, fat, oil and grease, total 

dissolved solids, chloride, and sulfate. The parameters were measured according to 

AL-Hindiyah district 
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standard methods for the examination of water and wastewater [APHA–AWWA–WEF, 

1998] 
(23)

 as described in Table (1). 

 

Table (1).Water quality parameters, units, and standard methods techniques. 

Parameters Abbreviation Standard Method Techniques 

Biological oxygen demand  BOD5 (mg/l) APHA: AWWA:WEF, (1998) section 5210B 

Chemical Oxygen Demand COD (mg/l) APHA : AWWA:WEF, (1998) section 5220 C 

Total Suspended Solids TSS (mg/l) APHA : AWWA:WEF, (1998) section 2540D 

Alkalinity pH APHA : AWWA:WEF,(1998) section 4500-H+/ B 

Nitrate -nitrogen NO3-N (mg/l) APHA: AWWA:WEF, (1998) section 4500-NO3 B 

Fat , Oil & Grease FOG (mg/l) APHA: AWWA:WEF, (1998) section 5520B  

Total Dissolved Solids TDS (mg/l) APHA : AWWA:WEF, (1998) section 2540C 

Chloride CL
-1 

(mg/l) APHA: AWWA:WEF, (1998) section 4500-Cl B 

Sulfate SO4
-2 

(mg/l) APHA : AWWA:WEF, (1998) section 4110 B 

 
 

 
 
4. Treatment method 

 

     MEWTP and AMWTP use secondary treatment with activated sludge of 

wastewater. Appendix A shows the phases of raw wastewater treatment in the two 

plants. The treatment process in the two plants can be explained as follows:  

1. The incoming  raw wastewater  to the treatment plant ( influent )  are collected 

in the inlet tank  and then pumped to passing through  a bar screens to remove 

all large objects like cans, rags, sticks, plastic packets etc. carried in the sewage 

stream. The material removed is transported to landfills. Generally this stage 

reduces and /or prevents damage or clogs the pumps and pipes and other 

equipment in the remaining treatment stages. 

2. The wastewater passes through the channel contain; Shredder machine that shred 

large materials into small pieces, and Ultrasonic meter to measure the discharge 

of wastewater entering the treatment plant. 

3. The wastewater send to the grit removal tank , where the air is pumped from the 

bottom of the basin and this accelerates the removed and collected of  grit into 

grit collector , while skimming the floating fat from the top of the tank.  

4. The wastewater transferred to the aeration tank, where oxygen is pumped into 

the bottom of the basin, in order to activate the bacteria found in sewage and 

thus gets biological treatment process, which is converted dissolved organic 

materials to inorganic materials that can be separated and removed.  

5. The wastewater moved from the aeration tanks to a final settling tank where the 

biomass settles to the bottom of the tank and is concentrated as activated sludge.  
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6. The waste activated sludge (WAS) is pumped from the bottom of final settling 

tank to return and waste sludge tank (R.S&W.S Tank).Some of the activated 

sludge is pumped back to the aeration tank influent; as “seed” to stimulate the 

activated sludge process, and is called return activated sludge (RAS). 

7. The reminder of (WAS) pumped to the thickening tank which allows to the 

sludge to collect, settle and separate from the water for up to 24 hours. The 

water is then sent back to the head of the plant to the inlet tank.  

8. The sludge pumped from the bottom of thickening tank to drying beds, where 

the water is withdrawn from its bottom by a network of perforated pipes and 

then pumped to the inlet tank. Sludge produced at each plant is land applied as 

fertilizer in neighboring farm fields. 

9. The treated wastewater (effluent) discharge from the top of final settling tank 

flows to the chlorine contact chambers for disinfection by killing the bacteria 

that cause the disease before discharge to Euphrates river. 

 

5. Results and Discussion 
In this paper EXCEL is used to described statistics (median, standard deviation, 

minimum and maximum) of the biochemical  and physiochemical parameters 

concentrations in the  influent and effluent samples of  wastewater for MEWTP and 

AMWTP as shown in Tables ( 2 and 3).The experimental results for all biochemical and 

physiochemical parameters concentrations for the two plants are listed in Appendix B. 

 

5.1 Biochemical Parameters 
        The Biochemical parameters include Biological oxygen demand BOD5 and 

Chemical oxygen demand COD. The two parameters BOD5 and COD represent the 

most important biochemical parameters commonly used to examine wastewater quality 

since they reflect the organic load in wastewater 
(24, 25)

. 
 

5-1-1 BOD5 parameter  
         Fig. (2) shows the measured BOD5values of influent and effluent wastewater for 

MEWTP and AMWTP. The values of BOD5 for the influent wastewater of MEWTP 

vary between (20- 235) mg/l during May-2012 and April-2012 respectively. The values 

of this parameter for AMWTP vary between (80-250) mg/l during Oct.-2011and 

Feb.2012 respectively. In addition, the values of BOD5 for the effluent of MEWTP 

varies between (4-30) mg /l during May- 2012 and (Sep. - 2011 & Mar.-2012) 

respectively. The values of this parameter for AMWTP vary between (6 - 40) mg /l 

during Dec.-2011and Nov.-2011respectively. 
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Table (2). Summary of basic statistics for water quality parameters for MEWTP 

and AMWTP-INFLUENT. 
 

Max. Min. Range St. Deviation Median Mean Param. Plant 

235 20 215 68.9 182.5 162.3 BOD5 

M
u
h

ar
ra

m
 

E
as

h
a

 

576 196 380 123.1 335.5 357 COD 

267.5 49 218.5 71.5 205.3 190.4 TSS 
7.3 5.65 1.65 0.57 6.7 6.6 PH 

50 5 45 17.2 12 20.8 NO3-N 
31.8 5.4 26.4 7.1 14.7 15.4 FOG 

1457 1020 437 141.8 1264.5 1274.9 TDS 

319 186 133 45.5 252 249.1 CL
-1

 
944 405 539 168.6 584.5 621.1 SO4

-2
 

250 80 170 60.0 210 185.5 BOD5 

A
l-

m
en

fh
an

 

 

750 170 580 160.5 383.5 381.8 COD 

307 65 242 71.0 118 140.2 TSS 
7.3 5.2 2.1 0.85 6.75 6.5 PH 

13 4 9 3.1 8.5 8.6 NO3-N 

33.5 7.8 25.7 7.2 12.5 14.1 FOG 
1224 822 402 144.7 1127 1079.2 TDS 

384 84 300 100.4 222 233.4 CL
-1

 
1888 190 1698 507.6 303 457.4 SO4

-2
 

 

Table.(3) Summary of basic statistics for different water quality parameters for  

MEWTP and AMWTP-EFFLUENT. 
 

Max. Min. Range St. Deviation Median Mean Param. Station 

30 4 26 8.78 13.75 15.6 BOD5 

M
u
h

ar
ra

m
 E

as
h

a
 

97 8 89 31.59 59.5 55.85 COD 

80 13 67 18.15 36.75 40.75 TSS 

7.8 7.1 0.7 0.26 7.6 7.51 pH 

60 8 52 14.46 43 40.15 NO3-N 

11.9 1.8 10.1 3.08 3.1 4.36 FOG 

1350 589 761 202.3 1126 1100.6 TDS 

299 178 121 37.96 224 225 CL
-1

 

805 445 360 100.0 572 575.4 SO4
-2

 

40 6 34 9.6 19 20.7 BOD5 

A
l-

m
en

fh
an

 

 

156 20 136 41.9 76 76.6 COD 

60 6 54 18.2 42.5 34.6 TSS 

7.9 6.2 1.7 0.48 7.5 7.34 pH 

115 9 106 27.9 48.5 51.5 NO3-N 

5.7 1.8 3.9 1.28 3.25 3.36 FOG 

1260 846 414 108.9 1016 1018.5 TDS 

315 19 296 82.9 237.5 224.3 CL
-1

 

1378 141 1237 344.98 387.5 453.1 SO4
-2
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5-1-2 COD parameter  
          Fig. (3) shows the measured COD values of influent and effluent wastewater for 

the two plants. The values of COD of the influent wastewater for MEWTP ranged 

between (196-576) mg/l during Nov-2011 and Dec.-2011respectively. The values of 

COD of the influent for AMWTP vary between (170-750) mg/l during May-2012 and 

Nov.-2011 respectively. The values of COD in the effluent of MEWTP ranged between 

(8-97) mg/l during may- 2012and April- 2012 respectively. For AMWTP these values 

ranged from (20-156) mg/l during Mar. -2012 and Feb. -2012 respectively. 

  
Figure (2). Variation of BOD5 of influent and effluent wastewater. 

 

  
Figure (3). Variation of COD of influent and effluent wastewater. 

 

5-1-3 Removal Efficiency of Biochemical Parameters: 
The values of removal efficiency RE for all measured parameters in this paper were 

calculated using the following formula: 

𝑅𝐸 =
𝑃𝑖𝑛𝑓. − 𝑃𝑒𝑓𝑓.

𝑃𝑖𝑛𝑓.
𝑥100 

 

…………..(1) 
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where P is the measured parameter, inf. stands for influent wastewater, and eff. stands 

for the effluent wastewater. Figures (2 and 3) seem clear the amount of significant 

decline in BOD and COD concentrations for the two plants. This refers to the large 

amount of the removal of the two parameters. Table (4) shows the calculated RE values 

of BOD5 and COD for the two plants. The values of RE for BOD5 for MEWTP were 

between 67% and 95%with a mean value 88% .The values of RE for BOD5 for 

AMWTP were between 75% and 97% with a mean value 87%.Thevalues of RE for 

COD for MEWTP were between 69% and 97% with a mean value 84%, while these 

values for AMWTP were between 66% and 95% with a mean value 79%. This result 

agrees with the results of Zimmo R.O.et al., 2006 
(26)

. 

 

Table (4). Removal efficiency for biochemical parameters. 

 

 

 

5-2 physiochemical parameters 
  

          The laboratory work carried out to examine the physiochemical parameters that 

include TSS, pH, NO3-N, FOG, TDS, CL
-1

, and SO4
-2

.The following subsections 

present a discussion on concentration of each parameter and its removal efficiency. 

 

5-2-1 TSS parameter 

 

        Fig. (4) shows the measured TSS values of influent and effluent wastewater for the 

two plants. The TSS values of influent for MEWTP recorded a wide range were 

between 49 and 267.5 mg / l , while for AMWTP these values were between 65 and 307 

mg/l. 

Results of TSS of effluent wastewater for MEWTP ranged between 13 and 80 mg /l, 

while TSS values of effluent for AMWTP ranged between 6 and 60 mg /l. The results of 

the two plants for this variable are somewhat close. 

Removal Efficiency % Parameter  Plants 

May April Mar Feb. Jan. Dec. Nov Oct. Sep. Aug.   

80 95 82 91 94 93 93 95 67 92 BOD5 

M
u

h
arram

 

E
ash

a
 W

W
T

P
 

97 82 80 82 76 92 76 69 90 96 COD 

90 93 94 93 80 97 83 75 85 83 BOD5 A
l- 

M
en

fh
an

 

W
W

T
P

 

84 82 95 67 80 66 87 67 85 81 COD 
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Figure (4).Variation of TSS of influent and effluent wastewater. 

 

5-2-2 pH parameter  
         The value of pH for the influent wastewater for the two plants various from 5.2 to 

7.3 during all the months of the study period as shown in Fig. (5). The values of this 

parameter are almost to be close in both plants. The values of pH for effluents 

wastewater of MEWTP ranged between (7.1-7.8) and between 6.2 and 7.9 for AMWTP. 

It turns out that the values of this parameter close to a large extent between the two 

plants. 

  

 

 

 

 

 

 

Figure (5).Variation of pH of influent and effluent wastewater. 

 

5-2-3 NO3-N parameter  
 

        The nitrate values of influent wastewater are presented in Fig. (6). For MEWTP the 

nitrate recorded wide range between (5-50) mg / l, while for AMWTP those values tend 

to stability and convergence in most months has ranged between (4-13) mg / l. 

Generally, during the study period nitrate concentration values for influent for MEWTP 

are less than that of AMWTP. The concentrations of nitrate for the effluent of MEWTP 
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varies between (8-60) mg/ l and the values of this parameter for the effluent of AMWTP 

were varies from (9-115) mg / l. 

The raw influent wastewater contained amount of ammonia-nitrogen and through 

Secondary Biological Treatment, with extended aeration (continuous feeding of 

oxygen), so that the ammonia-nitrogen can be converted to nitrate-nitrogen, this process 

called nitrification 
(27)

. As a result of the process of extended aeration followed in two 

WWTPS in the current study, so necessary to reverse the nitrification conditions (de- 

nitrification; converted nitrate to nitrogen gas) are not available, which led to increase 

the concentration of nitrates in the effluent of two plants. The two plants in the current 

study are not designed to deal with nitrogen compounds removal 
(28)

. It should be 

mentioned that the increase in nitrates significantly could lead to devastating damage of 

agricultural crop 
(29)

. 

 

5-2-4 FOG parameter  
        The values of FOG in the influent of MEWTP ranged between (5.4-31.8)mg/l as 

shown in Fig. (7), while the concentrations of this parameter for AMWTP are ranged 

between (7.8-33.5) mg/l . The FOG concentration values in effluent wastewater for 

MEWTP has ranged between (1.8-11.9) mg/l , while for AMWTP ranged between (1.8-

5.7) mg/l . 

  

 

 

 

 

 

 

Figure (6). Variation of NO3-N of influent and effluent wastewater. 
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Figure (7). Variation of FOG of influent and effluent wastewater. 

 

5-2-5 TDS parameter  
         The TDS concentrations of the influent for MEWTP were recorded varying values 

ranged between (1020-1457) mg/l ; see Fig. (8).With regard to the AMWTP these 

values ranged between (822-1224) mg/ l . The TDS concentrations in the effluent of the 

MEWTP recorded values from (589-1350) mg/l. This variable in the effluent of the 

AMWTP ranged between (846 -1260) mg/l. 

 

5-2-6 Cl
-1

 parameter  
         It seems clear from Fig. (9), the consternations of chloride Cl

-1
 in raw influent of 

MEWTP ranged between (186-319) mg/l. The values of these parameters for AMWTP 

ranged between (84-384) mg/l. We can observe from Fig. (8) that the chloride for the 

effluent of MEWTP recorded values  between (178-299 ) mg / l. The chloride 

concentration in effluent of AMWTP ranged between (19-315) mg / l. 

  

 

 

 

 

 

 

Figure (8). Variation of TDS of influent and effluent wastewater. 
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Figure (9). Variation of Cl
-1

of influent and effluent wastewater. 

 

5-2-7 SO4
-2

 parameter  
        It’s noted from fig. (10), that sulfate (SO4

-2
) concentrations values for the influent 

of MEWTP were between (405-944) mg/l. These values for AMWTP ranged between 

(190-1888) mg /l. Sulfate (SO4
-2

) concentrations values of treated effluent from 

MEWTP were between (445-805) mg/l , while these values for AMWTP ranged 

between (141-1378) mg /l. 

 

5.2.8 Removal Efficiency of Physiochemical Parameters: 

 

         Table (5) shows the calculated RE values for TSS and FOG parameters for the two 

plants using Eq. (1). The removal efficiency values of TSS for MEWTP ranged between 

42% and 92%, with a mean value reached to 79%, while for AMWTP these values were 

ranged between 52% and 95%, with a mean value reached to74%.There is a clear closer 

between the mean values of removal efficiency for TSS for both plants. The results for 

two plants have a good agreement with the result of study produced from Hamoda et al., 

2004
(30)

. Another studies ; Healy et al. (2006)
 (31)

 and Al-Jlil (2009)
( 32)

 found that the 

sand filter was able to remove 97% of wastewaters TSS . The MEWTP can remove the 

FOG with efficiency ranged between (35-84) %. The mean value of this efficiency 

reached to 71 %.  The removal efficiency of FOG for AMWTP ranged between (57-85) 

%, with a mean value reached 75 %. It is important here to note that FOG can be forms 

a surface film on the river can coat plants and animals reducing oxygenation from the 

atmosphere above 
(33)

. 
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Figure (10). Variation of SO4
-2

 of influent and effluent wastewater. 
 

                Table (5). Removal efficiency for physiochemical parameters.   

   
 

Removal Efficiency % Paramete

r 
Plant 

May Apri

l 
Mar. Feb. Jan. Dec. Nov. Oct. Sep. Aug. 

82 82 86 82 77 82 92 87 42 73 TSS 

M
u
h
arram

 

E
ash

a
 W

W
T

P
 

70 75 80 84 69 78 76 78 35 67 FOG 

67 95 76 66 86 70 59 52 80 87 TSS 
A

l-m
en

fh
an

 

W
W

T
P

 

76 62 77 80 83 69 76 57 81 85 FOG 

5.3 Evaluation of using effluent wastewater for irrigation purpose 
  

5.3.1 Standards for Treated Wastewater Reuse  
 

        Previous studies have shown that there are many standards and guidelines for the 

reuse of treated wastewater (effluents) for irrigation purposes in many countries in the 

Arab homeland region such as Lebanon 
(29)

 , Jordan 
(29,34)

 , Bahrain, Tunisia,  Yemen, 

Kuwait, Oman, and Saudi Arabia 
(34)

 , while there is no specific guideline in Iraq for 

reuse wastewater in irrigation. Because of the large water scarcity in Jordan, it 

represents one of the neighboring countries interested in subject of wastewater re-use 

for different purposes. Therefore, the present study has been accomplished using the 

current and further Jordanian standards for wastewater reuse in irrigation and discharge 
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to wadis /streams JS 893/2006 
(29)

 , as shown in Table (6) to assess the validity of the 

effluent of MEWTP and AMWTP for irrigation purpose. 

    

Table 6. Current Jordanian standards for wastewater reuse in irrigation and 

discharge to wadis/streams JS 893/2006 (after JISM, 2006)
 (29)

. 

 

 

Parameter 

(A) 

Cooked 

Vegetables, 

Parks, 

Playgrounds 

and Sides of 

Roads 

within city limits 

(B) 

Fruit Trees, 

Sides of 

Roads outside 

city 

limits, and 

landscape 

(C) 

Field Crops, 

Industrial 

Crops 

and Forest 

Trees 

(D) 

Discharge to 

wadis or 

streams 

BOD (mg/L) 30 200 300 60 

COD (mg/L) 100 500 500 
150(300 

WSP*) 

TSS (mg/L) 50 200 300 
60 (120 

WSP*) 

pH 6-9 6-9 6-9 6-9 

NO3-N 

(mg/L) 
30 45 70 

80 (100 

WSP*) 

FOG (mg/L) 8 8 8 8 

TDS(mg/L) 1500 1500 1500 1500 

Cl
-1

(mg/L) 400 400 400 350 

SO4
-2

(mg/L) 500 500 500 300 
* WSP; (wastewater stabilization ponds)  

 

          The Jordanian standards JS 893/2006 for wastewater reuse are based on reuse 

categories depending on crops/ areas to be irrigated. The standard prohibits using 

reclaimed water for irrigating vegetables that are eaten uncooked (raw). Further, it is 

prohibited to use sprinkler irrigation except for irrigating golf courses. In the latter case, 

irrigation should take place at night and sprinklers must be movable and not accessible 

for day use. When using reclaimed water for irrigating fruit trees, irrigation must be 

stopped two weeks prior to fruits harvesting and any falling fruits in contact with the 

soil must be removed 
(35, 29)

.This standard contain four groups (categories) for using 

wastewater, three of which include the use it for the purpose of irrigation and the fourth 

includes the discharge it into wadis and streams. In this study it will be referred to the 

symbols A, B, C, and D to represent the possibility of using wastewater according to the 

columns of 2 to 5 respectively, as shown Table 6. 
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5.3.2 Evaluation of MEWTP and AMWTP  
 

          The two plants MEWTP and AMWTP have been evaluated, depending on the 

values of the concentration mean of the tested parameters for effluents wastewater 

according to Jordanian standards for wastewater reuse in irrigation and discharge to 

wadis/streams JS 893/2006 as mentioned previous in Table (6). Table (7) illustrates the 

evaluation of the two plants according to the Jordanian standards and identifies the 

possibility of using the effluent wastewater for each plant as well as set the parameters 

need to be treatment to improve water quality. Parameter evaluation of effluent 

wastewater for MEWTP illustrates that the concentration values of BOD5, COD,TSS, 

pH, FOG, TDS, and CL
-1

 falls within the limits of groups A,B,C, and D mentioned 

previous in Table (6) as in Table (7). The nitrate value falls within the limits of all 

groups unless group A. The sulfate exceeded the limits of all groups. Overall evaluation 

for MEWTP shows that its effluent is unsuitable for irrigation for three groups A, B, 

and C as well as unsuitable for group D to discharge it to surface water sources. 

 Table (7) shows that for evaluating the performance of the AMWTP, the concentration 

of all the biochemical and physiochemical parameters within the limits of the values of 

the Jordanian standards except nitrate and sulfate. 

          The nitrate values fall within the limits of the Jordanian standards for groups C 

and D only, while exceed the standards for groups  A and B. The sulfate values fall 

within the limits of the Jordanian standards for groups A, B, and C while exceed the 

standards for group D. This means that the effluent wastewater for the AMWTP can be 

used without water treatment for a group C only. Where group C allow re-using the 

effluent wastewater to irrigate field crops, industrial crops and forest trees.  

 

5.3.3 Effluent wastewater treatment 
 

          The results of this study showed that the increasing concentrations of the nitrate 

and sulfate in the effluent wastewater for the two plants prevented its use for all selected 

groups for Jordanian standards. Therefore, in order to make the water suitable for use 

for all groups A, B, C, and D, it requires treatment processes to reduce the 

concentrations of the two parameters nitrate and sulfate. 

          WHO recommended that the problem of increasing wastewater nitrate can be 

solved by mixing the effluent water with river water 
(29, 36)

. The treated wastewater can 

be mixed with the river water by a ratio 1:4 to become within the permissible limits for 

all groups for the Jordanian standard 
(37)

.  It is worth noting that the advanced treatments 

are necessary in order to reduce the nitrate values to the guidelines 
(38, 18)

. One of the 

treatment system used for denitrifying wastewater effluent is the denitrifying filter 
(39)

.  

          The second problem in the effluent wastewater is the increase in sulfate 

concentration. 

This requires a reduction in the concentrations of sulfate in treated wastewater effluents 

either by mixing with river water or by advanced treatment 
(37, 40, and 41)

. Membrane 

removal of sulfate one of the choosing of an advanced treatment and have a three 

possible methods; reverse osmosis, electrical dialysis and filtration 
(42)

.It should be 
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noted that many industrial processes, including the food and fermentation industries, 

generate wastewaters containing high levels of organic matter and sulfate 
(41)

. According 

to recommendation produced from WHO in 2006, So that it can be overcome the 

problem of increasing the sulfate in treated wastewater effluents by the locally pre- 

treatment in the industrial factories or separate the industrial wastewater and not to 

allowed to entry into the treatment plants in the study area, because this water is 

characterized by an increase in the concentrations of sulfate 
(29)

. 

*Mean value of concentration for each parameter, **Possibility of re-use for the purposes described in 

Table (6). 

 
7. Conclusions 

 
          In this paper, the biochemical and physiochemical parameters concentrations of 

an influent and an effluent wastewater of MEWTP and AMWTP were examined to 

study the performance of two plants and the possibility of reuse of their effluents in 

irrigation purpose depending on the Jordanian standards JS 893/2006. According to the 

results of the laboratory, the following conclusions were found: 

1. The values of BOD5 for the effluent of MEWTP vary between (4-30) mg /l and the 

values of this parameter for AMWTP vary between (6 - 40)mg /l. 

2. The values of COD in the effluent of MEWTP ranged between (8-97) mg/l. For 

AMWTP these values ranged from (20-156) mg/l. 

Table (7). Evaluation of MEWTP and AMWTP effluents according to Jordanian 

standards for wastewater reuse in irrigation and discharge to   wadis/ streams JS 

893/2006 

 

 

 

Reuse type after 

further 

treatment 

Reuse type 

without 

treatment 

**Reuse option 
*Mea

n 

Paramete

r 
Plant 

Use for all groups 

after treatment  

NO3-N  and  SO4
-2

 

It cannot be used 

for all groups 

A,B,C,D 15.6 BOD5 

M
u
h

ar
ra

m
 

E
as

h
a

 

A,B,C,D 55.85 COD 

A,B,C,D 40.75 TSS 
A,B,C,D 7.51 PH 

B,C,D 40.15 NO3-N 
A,B,C,D 4.36 FOG 

A,B,C,D 1100.6 TDS 

A,B,C,D 225 CL
-1

 
Out of the limit of all groups 

 

 

 

 

 

 

575.4 

 

 

 

SO4 

Use for all 

groups after 

treatment  NO3-

N and  SO4
-2

 

Use for C 

group 

A,B,C,D 20.7 BOD5 

A
l-

m
n
fh

ea
n

 

 

A,B,C,D 76.6 COD 

A,B,C,D 34.6 TSS 
A,B,C,D 7.34 PH 

C,D 51.5 NO3-N 

A,B,C,D 3.36 FOG 
A,B,C,D 1018.5 TDS 

A,B,C,D 224.3 CL
-1

 
A,B,C 453.1 SO4 
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3. The mean values of removal efficiency of BOD5 for EMWTP and AMWTP were 

88% and 87% respectively. While  

4. The mean values of removal efficiency of COD for EMWTP and AMWTP were 

84% and 79% respectively. 

5. TSS values of effluent wastewater for MEWTP ranged between 13 and 80 mg /l, 

while these values for AMWTP ranged between 6 and 60 mg /l. 

6. The values of pH for effluents wastewater of MEWTP ranged between 7.1 and 7.8, 

while these values for AMWTP ranged between6.2 and 7.9. 

7. The concentrations of nitrate for the effluent of MEWTP vary between 8 and 60 mg / 

l, while values for this parameter of the effluent for AMWTP were varies from 9 

to115 mg/ l. 

8. The FOG concentration values in effluent wastewater for MEWTP has ranged 

between (1.8-11.9) mg / l, while for AMWTP ranged between (1.8-5.7) mg / l. 

9. The TDS concentrations in the effluent of the MEWTP recorded values from (589-

1350) mg / l. This variable in the effluent of the AMWTP ranged between (846 -

1260) mg / l. 

10. The chloride for the effluent of MEWTP recorded values between (178-299) mg / l. 

The chloride concentration in effluent of AMWTP ranged between (19-315) mg / l. 

11. Sulfate (SO4
-2

) concentrations values of treated effluent from MEWTP were 

between (445-805) mg/l, while these values for AMWTP ranged between (141-

1378) mg /l. 

12. The removal efficiency of TSS for MEWTP ranged between 42% and 92%, with a 

mean value reached to 79%, while for AMWTP these values were ranged between 

52% and 95%, with a mean value reached to 74%. 

13. The removal efficiency of FOG for MEWTP ranged between 35% and 84%.The 

removal efficiency of FOG for AMWTP ranged between 57% and 85%. 

14.  According to Jordanian standards for wastewater reuse in irrigation and discharge 

to wadis/streams JS 893/2006, the effluent wastewater for MEWTP cannot be used for 

irrigation purpose neither discharges to wadis or streams. 

15. According to Jordanian standards for wastewater reuse in irrigation and discharge to 

wadis/streams JS 893/2006, the effluent wastewater for AMWTP can be reuse to 

irrigate field crops، industrial crops and forest trees. 

 16. The effluent wastewater for the two plants can be used for irrigation or discharged 

in wadis or streams after advanced treatment to decrease the concentrations of nitrate 

and sulfate to allowable extent. 
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Appendix A: Flow –Diagram for MuharaamEsaha and Al-Menfhan WWTPS 
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APPENDIX B: Water quality parameters used in this study. 

 
 

 

Note: The units for all parameters are in (mg / L) except (pH) which has no units. 

 

 

May April Mar. Feb. Jan. Dec. Nov. Oct. Sep. Aug. 
Waste 

water 

Para

meter 
Plant 

20 235 165 225 215 200 205 148 90 120 Influent 
BOD5 

M
u
h

arram
 E

ash
a

 

W
W

T
P

 

4 12.5 30 20 12.5 15 15 7 30 10 Effluent 

270 534 400 398 367 576 196 246 288 304 Influent 
COD 

8 97 80 71 88.5 48 48 76 30 12 Effluent 

154 267.5 235 210 200.5 193 264 235 96 49 Influent 
TSS 

28 47.5 33 38 45.5 35.5 80 31 56 13 Effluent 

7.3 7.2 7.1 6.8 6.3 6.4 5.8 5.65 6.6 7 Influent 
PH 

7.7 7.8 7.6 7.2 7.3 7.8 7.6 7.7 7.1 7.3 Effluent 

35 50 12 6 38 12 37 5.35 7.5 5 Influent NO3-

N 32 37 49 48 50 48 38 31.5 8 60 Effluent 

8.9 18 15 18 11.8 12 31.8 14.4 18.4 5.4 Influent 
FOG 

2.7 4.5 3 2.8 3.6 2.6 7.5 3.2 11.9 1.8 Effluent 

1020 1457 1343 1240 1451 1385 1251 1224 1100 1278 Influent 
TDS 

1028 1350 1089 1130 589 1100 1122 1264 1133 1201 Effluent 

186 263 253 225 218 192 251 319 315 269 Influent 
CL

-1
 

224 188 196 224 192 241 178 259 299 249 Effluent 

405 486 664 560 676 585 845 462 944 584 Influent 
SO4

-2
 

445 482 499 563 600 550 581 589 805 640 Effluent 

200 225 240 250 150 220 230 80 100 160 Influent 
BOD5 

A
l-m

n
fh

ean
 

W
W

T
P

 

20 15 15 18 30 6 40 20 15 28 Effluent 

170 424 392 470 375 238 750 360 240 399 Influent 
COD 

28 76 20 156 75 80 98 120 37 76 Effluent 

184 120 192 132 307 94 116 86 65 106 Influent 
TSS 

60 6 47 45 44 28 48 41 13 14 Effluent 

7.3 7.3 7.3 7.3 5.3 6.2 5.7 5.2 6.9 6.6 Influent 
PH 

7.9 7.6 7.7 7.5 7.5 7.6 7.2 6.2 7.2 7 Effluent 

12 13 9 12 8 7 4 10 5 6 Influent NO3-

N 55 70 43 58 35 42 34 115 54 9 Effluent 

12.7 10 15 15 33.5 13.8 7.8 10.8 10.3 12.3 Influent 
FOG 

3 3.8 3.5 3 5.7 4.3 1.9 4.6 2 1.8 Effluent 

1194 1006 1148 1222 1200 1224 1106 914 822 956 Influent 
TDS 

1056 1048 1260 1056 1064 964 984 943 846 964 Effluent 

84 221 101 384 367 167 223 268 299 220 Influent 
CL

-1
 

228 274 297 19 247 261 209 193 315 200 Effluent 

277 1888 190 282 263 207 414 378 351 324 Influent 
SO4

-2
 

356 1378 458 422 377 398 141 204 274 523 Effluent 


