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The population of Iraqi is increasing rapidly. This has increased 
pressure on water supply and water management. The Kirkuk 
Governorate and other Governorates of Iraq are facing serious 
challenges in this regard. The objectives of this study included 
evaluating the quality of greywater that generated from residential 
areas in the in Kirkuk Governorate and determining the suitability of 
reusing it for irrigating plants without treatment. The results show 
concentrated pH, Ec, TDS, K, Na, Ca, Mg, and SAR (7.3, 1590, 613, 16.5, 
57, 79, 19.2, 1.5) respectively were greywater samples is in Iraqi 
standards ranges but TSS, BOD, COD, Cl, NO3 and PO4 (103, 292, 710, 
42, 89, 21.5) respectively were exceeding permissible and standard 
value. So, it is preferable to use this type of greywater as for irrigate 
plants and discharge into environment after a primary treatment. 
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Introduction:  
The term greywater refers to all wastewater resulting from various household uses such 

as laundries and showers. It also includes ablution water in mosques, water from restaurants, 

hygiene in schools and universities, public utilities, bathing water and kitchens in hotels and 

others, except for toilet water that contains human waste, which is called black water [1]. It is 

called greywater because when left for a period its colour turns grey [2].  

The residential areas greywater contains the kitchens food residues, oils, fats, and 

cleaning materials, shampoo, soap, toothpaste and other body care products, may also contain 

pathogenic microorganisms as bacteria, viruses and parasites. The greywater from the 

households is considered the least polluted type of water [3]. 

Greywater is characterized by has much lower treatment costs than black water, and grey 

water constitutes between 50% - 80% of domestic water uses [4]. Chemical, physical and 

biological properties determine the suitability of grey water for various uses, including 

irrigate plants [5]. 

Due to the increase in the world population and the high standard of living, the world and 

Iraq suffer from a scarcity of water suitable for human use in recent years, which has led to a 
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noticeable rise in the demand for water. Therefore, it has become imperative to reuse all 

available water resources, as sewage and greywater. To confront these problems [6], most 

developed countries turned to treating grey water and reusing it for irrigation of trees and 

green spaces and other uses such as washing cars, washing water cycles and others, and this 

in turn helps in providing a large part of it is fresh water [7]. Hence, this study determines 

identification Greywater Quality collected from selected household in Kirkuk Governorate – 

Iraq. 

Description of Study Aera: 

The study area is located within the borders of Kirkuk Governorate, Khasa River, which 

penetrates the city of Kirkuk from its center to divide it into two sides, east and west, with a 

length of approximately 190 km, 16 km of which is in the center of the city of Kirkuk [8]. The 

graywater that comes out from the different areas in Kirkuk Governorate, flows through the 

outfalls of the sewage networks into a Khasa River, (figure 1). The table shows the 

coordinates (X & Y) and regions from which gray water samples were taken 

 

 
Fig. 1 Greywater sample collection areas in Khasa River. 

 

 

 

 

 

 

 

 

 

Table 1:  The coordinates (X & Y) and regions of Study 
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ID X Y Region 

14 444800.5119 3924947.864 Sarikahya 

15 444748.6317 3923933.843 Musalla 

16 444642.7956 3924018.646 Sarikahya 

17 444663.5833 3923697.956 Musalla 

18 444521.9828 3923309.621 Kasaphane 

19 444535.3344 3923136.905 Kasaphane 

20 444439.0442 3923029.868 Grnata 

21 444683.9732 3922537.473 Runaki 

22 444545.0253 3922384.027 Grnata 

23 444612.4033 3922191.927 Runaki 

24 444473.0221 3922145.838 Grnata 

25 444667.7013 3922059.238 Runaki 

26 444603.942 3921833.328 Runaki 

27 444417.8782 3921651.99 Grnata 

28 444628.4803 3921629.332 Uruba 

29 444304.2629 3921209.921 Grnata 

30 444217.9359 3920692.469 Grnata 

31 444313.2844 3920599.015 Uruba 

32 444183.4399 3920237.232 Grnata 

33 444331.4778 3919754.556 Uruba 

34 444328.8249 3919726.04 Uruba 

 

 

Materials and Methods: 

For the largest number of outfalls, which is estimated at 70 outfalls, the outfalls located in 

the center of Kirkuk Governorate between the third bridge and the fourth bridge were chosen, 

and their number is 18 outfalls (14 to 34) to take samples from the greywater were collected 

from the outfalls randomly of sewage networks in Khasa River channels and in three 

replications during spring 2022 in Kirkuk Governorate by sterilized polyethylene bottles 

washed with sample water before filling them, and the samples were kept in a refrigerated 

container away until reaching the laboratory. in order to physical and chemical 

measurements. analyzed for pH, Turbidity (NTU), Electrical Conductivity (EC), Chemical 

Oxygen Demand (COD), Biochemical Oxygen Demand (BOD5), Chlorides (Cl), Total Hardness 

(TH), Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K), Total Suspended Solids 

(TSS), Total Dissolved Solids (TDS), Phosphate (Po4), Nitrate (NO3) and Organic Matter (OM). 

All grey water samples were analyzed according to standard methods for the examination of 

wastewater [9]. The ions included in the all following equations are in mEq/L. The potential 

salinity (PS) calculate by the following equation [10]. 

PS (meq /l) = Cl + 1/2 SO4 

Reduce Sodium Carbonate (RSC) calculate by the following equation [11]. 

RSC (meq /l⁻¹) = [(HCO₃⁻ + CO₃⁻² ) – (Ca⁺² + Mg⁺²)] 

(Na% ) calculate by the following equation [12]. 

Na %=(Na+K)/(Na+K+Mg+Ca)  ×100  
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Sodium Adsorption Ratio (SAR) calculate by the following equation [13]. 

SAR=Na/√((Ca+Mg)/2) 

Kelly Ratio (KR) calculate by the following equation [14]. 

KR=Na/(Ca+Mg) 

Permeability Index (PI) calculate by the following equation [15]. 

PI=Na [ (HCO3)¹/² / (Ca + Mg + Na)] × 100 

Magnesium Adsorption Ratio (MAR) calculate by the following equation [14]. 

MAR=Mg × 100 / Ca +Mg 

The Water Pollution Index (WPI) was used 12 standards (pH, Ec, HCO3, NO3, Na%, SAR, RSC, 

KI, PI, MAR, Cl, PS) to assess the quality of irrigation water [16].  

PLi pollution loads are calculated, after that, the quality index (WPI) is calculated as per the 

following equations [17]. 

PLi =1+ (Ci-Si) /Si 

WPI = 1/n ∑ PLi 

Ci: value of the measured parameters. 

Si: standard limits. 

 

Results and Discussion: 

In this paper, The results shown in Table (2) indicate some physical and chemical 

properties of untreated greywater in Kirkuk Governorate and the values of each pH, TDS, K, 

Na, Mg, Ca, and SAR were in accordance with Iraqi standards for treated wastewater in 

irrigation [18] and the pH, Ec, TDS, TSS, BOD5, Na, Ca, Mg, SO4 and total alkalinity was within 

the suitable limits for irrigation  while the COD (710) mg/l, K (16.5) mg/l, PO4 (21.5) and NO3 

(89) mg/l recorded high values depending on the Standards and relationships. 

The current study recorded high values of TSS (103) mg/l to Iraq standards in irrigation 

assumed the (10) mg/l is higher level for TSS, may this rise is due to this activities of humans 

(pollutants) is responsible for decreasing greywater quality and common human pollution 

include detergents, food particles and bacteria. 

In this study recorded high values of BOD5 (292) mg/l this rise is due to the presence of 

organic matter from the water generated from the kitchen, which contains dissolved food 

particles that are biodegradable [19]. 

In general, BOD5 and COD are the two indicators that characterize the concentration of 

organic pollutants in wastewater. In this study the result shows the value of BOD5 is below 

than the value of COD this means there are more compounds can be chemically oxidized than 

the number which can be biologically oxidized [20], to Iraq standards in irrigation assumed 

the (100) mg/l is higher level for COD but the COD in the greywater samples of Kirkuk (710) 

mg/l indicates high level contaminations, the reason for this may be due to the use of various 

chemicals and detergents in the household. 

The Cl, PO4 and NO3 values is recorded (42) mg/l, (21.5) mg/l and (89) mg/l respectively 

these results considered too high values according to Iraq standards in irrigation due to the 

use of detergents contain a high concentration of chloride, ammonium and phosphate all in 

laundry and hand washing operations [21]. 
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Generally, the results shown in irrigation Index's as PS, Na%, SAR, PI, and WPI it was 

within the good limits while the RSC, KR, MAR it was within the suitable limits. 

We can understand from current study the greywater in Kirkuk Governorate of Iraqi it 

can be safe limits for irrigation after a primary treatment, if we used this greywater for 

irrigate plants or discharge into environment without treatment may lead to serious problems 

in public health, environment, plants and soil. 

Table 2: Physical and Chemical Characteristics of Greywater in Kirkuk Governorate 

Parameter Greywater 

 

Iraqi standards for 

treated wastewater in 

irrigation [18] 

Standards and relationships 

 

pH 7.3 4 – 8.6 6.5-8.5 [22,23] 

Ec(µs) 1590 - 2250 [24] 

TDS (mg/l) 613 2500 3000 [25] 

TSS (mg/l) 103 10 200 [26] 

BOD₅ (mg/l) 292 10 300 [26] 

COD (mg/l) 710 40 500 [26] 

K (mg/l) 16.5 20 12 [22,23] 

Na (mg/l) 57 230 200 [22,23] 

Ca (mg/l) 79 400 300 [22,23] 

Mg (mg/l) 19.2 60 30 [22,23] 

Cl (mg/l) 42 0.5 250 [26] 

PO4 (mg/l) 21.5 12 15 [26] 

NO3 (mg/l) 89 50 50 [26] 

SO4 (mg/l) 103.7 - 250 [22] 

Total Alkalinity 

(HCO3 + CO3) (mg/l) 

182.5 - 200 [22,23] 

PS )mEq/l( 

 

 

 

2.26  

- 

25 > Good 

25-75 Suitable 

75 < poor 

RSC (mEq/l) 

[27] 

-2.59  

- 

 

 

<1.25 Suitable 

1.25-2.25 Marginally suitable 

2.25 < Unsuitable 

Na% 

[28] 

34.4  

 

- 

20 > Excellent 

20-40 Good   

40-60 Permissible   

60-80 Doubtful 

80 < Unsuitable 

SAR (mEq/l) 

[29] 

1.5 < 6 0-10 Good   

10-18 Suitable 

18-26 Doubtful 

26< Unsuitable 

KR (mEq/l) 0.44 - 1.0 > Suitable 
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[30]  

 

1.0 < Unsuitable 

PI (mEq/l) 

[31] 

53.38 - 25 > Good 

25-75 Suitable 

75 < poor 

MAR (mEq/l) 

[32] 

28.57 - 50 > Suitable 

50< Unsuitable 

WPI 0.66 - ˂ 0.5 Excellent Class: I 

0.75 - 0.5 Good 

water 

Class: II 

0.75 - 1.0 Mod. 

Quality 

Class: III 

˃ 1.0 

 

Sever 

polluted 

 

Class: IV 

 

Conclusions:   

Greywater reuse presents a potential option for water demand management that can 

contribute to the reduction of freshwater consumption for irrigation. It can be concluded from 

the current study the concentration of some physical and chemical factors exceed the 

standard and permissible value according to Iraqi standards. Therefore, it is preferable to use 

graywater from residential areas in Kirkuk Governorate to irrigate plants after primary 

treatment, otherwise it will lead to damage to the soil and plants. 
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 العراق –المياه الرمادية للري في محافظة كركوك  عمالمة استئملامدى تقييم 
 3رشدي صباح عبدالقادر 2محمد حمودي دعبد الحمي *1ياوز حميد محمود 

 العراق. الحياة، كلية التربية، جامعة سامراء،. قسم علوم 1

 العراق. ،كلية السلام الجامعة، قسم تقنيات المختبرات الطبية. 2

 العراق. ،جامعة كركوك ،لعلوم الصرفةلكلية التربية  علوم الحياة،قسم  . 3

 معلومات البحث:  الخلاصة:

تقييم جودة المياه الرمادية الناتجة عن المناطق السكنية في محافظة  الحالية الىهدف الدراسة ت

 الدراسة معالجة. أظهرت النتائجأي دون بلري  عمالهامة إعادة استئكركوك وتحديد مدى ملا

،  البوتاسيوم،  ، المواد الصلبة الذائبة الكليةالتوصيلية الكهربائيةأن الأس الهيدروجيني، 

،  613،  1590،  7.3)متصاص الصوديوم انسبة   ، و المغنيسيوم ، الكالسيوم،  الصوديوم

بينما كانت  المعايير العراقية ضمنعلى التوالي كانت في  (1.5،  19.2،  79،  57،  16.5

المتطلب الكيمياوي ،  المتطلب الحيوي للاوكسجين،  الكلية عالقةالمواد الصلبة ال نتائج 

على  (21.5،  89،  42،  710،  292،  103)  الفوسفات و النترات،  الكلوريد،  للاوكسجين

. لذلك، يفضل ضمن المعايير العراقية الخاصة بالريالمسموح بها  أعلى من الحدالتوالي 

 .الأوليةالبيئة بعد المعالجة  الى لري اوتصريفهاهذا النوع من المياه  تعمالاس
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