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Abstract 

Domestic wastewater characteristics are the essential tool for selection and 

desigining of anaerobic treatment system. Raw domestic wastewater were 

collected from pre-identified 25 different locations of Hisar city and analyzed 

for physical and chemical parameters. In the study area, most of the people have 

been using ground water drawn by hand pumps for drinking and other purposes 

and  have been using cesspits for sanitation. The average per capita water 

consumption is approximately 80 Liters per day in the study area with a range of 

60-100 L/capita/day depending on the season.  The results of the study indicated 

that domestic wastewater from Hisar city is high strength wastewater. This is 

ascribed to low water consumption. The anaerobic biodegradability at 30
o
C for 

domestic wastewater (DW), kitchen wastewater (KW), and grey wastewater 

(GW) were found 71%, 49% and 52% respectively Simple model calculations 

revealed that the minimum HRT of 10 and 25 hours is being required, if 

minimum SRT is equal to 30 and 75 days at 15
o
C respectively. At 25

o
C, 10 

hours minimum HRT is required for the application of a one-stage UASB 

reactor. 

Keywords: Anaerobic, Biodegradability, Domestic wastewater, High strength, 

Mass balance 

 

Introduction 

Hisar city (29
o
 10’ N and 75

o
 46’ E, 215.2 m above mean sea level) falls in a 

hot and semi-arid south western zone of Haryana State (India) and is an emerging 

educational and industrial centre. All the localities have planned street pattern but 

most of them are lacking basic civic amenities such as water supply, sewerage 

network etc. Environmental problems due to inadequate provision of urban waste 

liquid in developing countries are a matter of concern for governmental agencies and 

scientists for over half-a-century now. Domestic wastewater may eventually pollute 

the precious water resources and cause environmental degradation unless properly 

collected, treated and disposed off safely. Since groundwater is the main source of 

water supply for the study areas, domestic wastewater management in Hisar city had 

been neglected for decades and no serious attempts have been made so far by the 

public health department in the city. Most of the people in unapproved residential 

areas of the city use pit latrines since pit-latrines are the only on-site treatment 
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practices of domestic wastewater for long time in the city. Black water, i.e. toilet 

wastewater, is treated with on-site treatment systems including septic tanks and 

cesspits. The collected wastewater through sewerage network, without being 

subjected to any kind of treatment except naturally, has been used by the local farmers 

for agricultural uses (Pal and Bishnoi, 2011). 

It is estimated by the survey that about 75 percent of Hisar city population is 

served with sewage networks, and rest 25 percent population living in unapproved 

localities which have no connection of domestic wastewater disposal network so far. 

Black water containing feces is collected in pit latrines and sullage wastewater is 

usually discharged beside the street or open neighboring plots in the study area. In the 

monsoon season, situation is further deteriorated due to mixing of domestic 

wastewater with rain water which flows on the street roads. 

Adequate knowledge on domestic wastewater characteristics is a prerequisite 

for selection and sizing of anaerobic treatment technologies, i.e. Up-flow Anaerobic 

Sludge Blanket (UASB) systems. Anaerobic digestion has been widely acknowledged 

as sustainable waste management technology (Mahmoud et al. 2003). The feasibility 

of the up-flow anaerobic sludge blanket (UASB) reactor for domestic wastewater 

treatment has been successfully established in many developing countries. The 

success or failure of any specific anaerobic processes will depend upon wastewater 

characteristics. The applicability of anaerobic processes for domestic wastewater 

treatment depends on concentration of the organic and inorganic pollutants in 

domestic wastewater. Also, information about the wastewater characteristics is 

necessary for the design and operation of treatment processes. A detailed 

characterization of organic matter in domestic wastewater than given by the 

parameters BOD, COD and TOC is required to increase the information about 

transformations in treatment systems and the quality of wastewater as input to the 

wastewater treatment processes (Raunkjær, 1994).  The treatability of wastewater 

depends strongly on the size and distribution of the pollutants concentration in the 

domestic wastewater. Butler et al. (1995) and Almeida et al. (1999) conducted 

measurement of wastewater quality and quantity in England and prepared at-source 

pollutographs. Almeida et al. (1999) found that larger toilet and kitchen contribute to 

total pollutant discharges for COD, nitrogen, phosphorus and suspended solids (SS) 

parameters in households in south-east England.  

This research aims at enhancing the informations on identification and 

quantification of domestic wastewater, with the main focus on the conceptual 

assessment of the technical applicability of the UASB reactor as a core technology for 

sustainable domestic wastewater treatment in the upcoming cities like Hisar 

Material and Methods 

Study Area and Sampling 

Twenty five different locations were chosen for this study; all are situated 

within and outside the municipality area, shown in figure 1. The sampling site has 

been identified on the basis of where there is no system of sanitation i.e. absence of 

system of sewers network. The sampling was carried out in two stages, except 
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locations 1 and 2. The first stage of the sampling was expressed to find out the 

characteristic of wastewater quality around the identified locations.  

 

 

Figure 1 Location of different sampling sites 

The domestic wastewater (3 grab sample of 3L from each location, 75 samples 

in total) was collected from pit latrines with the help of private sanitation service 

providers. The second stage sampling was carried to determine the characteristic of 

the raw domestic wastewater, kitchen and grey wastewater quality. The raw domestic 

wastewater (sample of 3L, 25 samples in total), kitchen wastewater (10 samples in 

total) from hostel mess and grey wastewater (10 samples in total) from residential 

quarters respectively, were collected from the university campus, which is located on 

the outskirts of the city. All the samples were preserved and kept at 4
0
C until they 

were analyzed. 

Physicochemical Analysis 

All the collected samples of domestic wastewater were analyzed according to 

APHA (1995). The chemical oxygen demand (COD) was measured by the Spectralab 

COD Digester (2015 M) and COD Titrator (CT-15) using the Platinum combined 

electrode. Raw samples were used for measuring total COD (CODT), Paper filtered 

COD (CODF) from 4.4 µm Wattman filter paper and Dissolved COD (CODD) from 

membrane filter of size 0.45 µm were determined in samples. Suspended and 
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Colloidal COD (CODS and CODC) were calculated as (CODT - CODF) and (CODF - 

CODD) respectively. BOD was determined in samples before filtration. Total 

suspended solids (TSS) and Volatile Suspended solids (VSS) were determined in the 

residue retained on 4.4 µm Wattman ash less filter papers. Alkanity, Volatile Fatty 

Acid (VFA), total kjeldahal nitrogen (TKN), Phosphate (PO4), Sulphate (SO4
3
) were 

determined according to standard methods (APHA).  

Carbohydrate in raw domestic wastewater was determined photometricaly, 

according to the method described by Bardley et al. (1971) with glucose as a standard 

and protein was estimated with the method of Lowry et al. (1951) and lipids was 

estimated by chloroform-methanol (in 2:1 ratio) extraction method. Settleable solids 

were measured after settling for 30 minutes in an Imhoff cone (Metcaff and Eddy, 

2003).  

Biodegradability test of domestic wastewater (DW), kitchen wastewater 

(KW), and grey wastewater (GW) was measured in 500 ml working volume batch 

reactors incubated at 30 
o
C for a period of 90 days. Each batch reactor was filled with 

450 ml domestic wastewater, macro and micro nutrients (1ml/l) and buffer. The 

mineral composition of macro nutrients (g/l); NH4Cl (0.28), MgSO4.7H20 (0.1), 

K2HPO4 (0.25), CaCl2.2H2O (0.01), Yeast extract (0.05), NaHCO3 (2.3), and 1 ml/l 

trace elements containing (g/l); FeCl2.4H20 (2.0), H3BO3 (0.05), ZnCl2 (0.05), 

CuCl2.2H2O (0.038), MnCl2.4H2O (0.5), (NH4)6Mo7O24.4H2O (0.05), AlCl3.6H2O 

(0.09), CoCl2.6H2O (2.0), NiCl2.6H2O (0.092),(), Na2SeO3.5H2O (0.164); Resazurin 

(0.2); EDTA  (1.0); 36% HCL (1.0 ml/l). Total COD was measured at the beginning 

and the end of the test. All samples were analysed in duplicate. 

Calculations: The Biodegradability of the wastewater has been calculated according 

to Mahmoud et. al. (2003). 

Biodegradability = CODT t=0d – CODT t=90d/ CODT t=0d 

Where, CODT t=0d = Initial total COD of the wastewater when time equal to zero day 

CODT t=90d = Final total COD of the wastewater when time equal to 90 day 

Results and Discussion 

Quantification of wastewater 

 General observations 

Characterization of domestic wastewaters is the essential starting point of any 

study. Table 1 gives the result of 25 different locations and provides an indication that 

how domestic wastewater quality is site specific and varies from one location to 

another. It also shows that the mean results associated with Hisar city reflect a typical 

high strength domestic wastewater quality. The main two observations of domestic 

wastewater characteristic of the study locations have been observed. Firstly the 

domestic wastewater of all the pre identified locations is classified of medium 

strength wastewater with high CODT and CODS concentrations. The reason for the 

high COD concentration of domestic wastewater is due to low consumption of water.  
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Since, the mean value of BOD, COD, TSS, VSS, TKN, phosphorous, sulphate, 

ammonia and settleable solids are very high according to the strength of domestic 

wastewater classification proposed by Metcalf and Eddy (2003) for untreated 

domestic wastewater and compare with domestic wastewater characteristics in several 

countries shown in table 4. The characteristics of analyzed parameters are very similar 

in all the locations, except L2, L4, and L7 locations showing higher pollutants 

concentration.  

 Anaerobic biodegradability test 

The knowledge on anaerobic biodegradability of a particular domestic 

wastewater can be a first indication of the potential applicability of anaerobic 

treatment. However, temperature, domestic wastewater composition and anaerobic 

biodegradability are changes from place to place (Mahmoud, 2003). Therefore, a 

complete quantification of domestic wastewater is advisable prior to design of 

anaerobic treatment facilities (Metcalf and Eddy, 2003). The ratio of BOD/COD, 

which comprises the biodegradability of domestic wastewater, was in the range from 

0.49 (minimum) to 0.59 (maximum) for the influent at locations, L4 and L8 

respectively. The lower ratio (BOD/COD) of the effluent of domestic wastewater 

indicates the preferential removal of biodegradable organic matter through the 

biological treatment process. The organic matter removal appears to be more effective 

for particulate organic matter compared to dissolve organic matter. The anaerobic 

biodegradability test of domestic wastewater of location (L2) was carried out for 90 

days for attaining a stabilization of organic matter.  The anaerobic biodegradability at 

30
o
C for domestic wastewater (DW), kitchen wastewater (KW), and grey wastewater 

(GW) were found 71%, 49% and 52% respectively. Elmitwalli et. al. (2001) described 

the domestic wastewater biodegradability in a Netherlands village was 21% after 43 

days and further enhanced to 74% after 135 days at 30
o
C. Therefore, biodegradability 

of DW, KW and GW is first indication of the potential applicability of anaerobic 

treatment process for domestic wastewater for Hisar city. 

 Mass balance of COD and its size fractionation 

The carbonaceous contents of wastewater are generally estimated by COD. 

The typical COD subdivision into three main fractions, suspended solids, colloidal 

and dissolved COD. Domestic wastewater has usually low concentrations of COD and 

the quite high concentration of particulate matter present in domestic wastewater 

requires an initial hydrolysis step, which is significantly affected by temperature and 

is usually the rate-limiting step in sub-tropical climate regions (Kalogo and 

Verstraete, 2000). The results of the COD fractions of all the locations are presented 

in Table 1. The results revealed that the main fractions of suspended solids COD 

constitutes a high fraction of the CODT, around 57.99% at location L22, and lower 

40.71% at location L2, similarly, for CODC fraction of 21.12%  at location L15 and 

minimum 12.94%  at location L20 of the Total COD. For dissolved COD fraction, 

36.18% at location L24 and minimum 2.5.39% at location L11 of the Total COD were 

found. Levine et al. (1985) also found that the COD fraction of the particles larger 

than 0.1 mm is in the range of 30–85% of the total amount of organic materials 

present in the pre-settled domestic wastewater.  



 

 

Table 1 Average concentration of domestic wastewater quality parameters at different locations of Hisar city. 

 
Locations pH BOD CODT CODS CODC CODD TSS TDS VSS VFA TKN NH4
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Police line L1 7.1 358.2 716.2 414.8 101.5 199.9 566.7 688.0 401.9 3522.3 36.9 27.1 16.13 48.5 11 

GJUST, Hisar L2 6.9 598.0 1120.0 641.0 201.2 277.8 595.8 740.0 414.1 3280.4 34.3 24.6 17.59 41.9 12 

Vikas Nagar L3 7.2 416.8 801.6 440.2 108.2 253.2 685.5 860.0 372.5 3486.2 84.5 63.4 13.6 27.5 18 

Auto Market L4 7.3 656.1 1350.3 648.5 283.8 418.4 556.3 1568.0 452.3 3860.5 43.1 32.4 14.7 78.3 16 

4Sham LalDhani L5 7.4 406.1 721.3 395.1 140.5 185.7 405.6 1236.0 332.7 3835.7 62.7 38.8 16.3 28.3 13 

12 Quater Area L6 7.2 436.6 790.7 430.9 155.3 204.5 583.1 1124.0 470.8 3723.0 82.3 58.8 19.6 21.7 12 

Vinod Nagar L7 7.2 522.6 910.5 507.1 140.2 263.2 496.9 1392.0 334.5 3756.1 53.5 33.7 13.4 28.5 15 

Shiv Nagar L8 7.3 420.7 718.1 398.3 132.7 187.1 505.5 1252.0 402.9 3942.6 58.3 35.8 16.7 29.9 15 

New Jahwahar N L9 7.3 432.1 840.7 450.6 119.4 270.7 548.7 1120.0 425.2 3856.7 40.7 23.6 14.1 25.6 17 

Tarshem Nagar L10 7.4 438.4 785.7 430.3 149.4 200.3 580.6 1314.0 370.3 3934.5 85.1 61.5 17.7 20.4 12 

Viskarma Colony L11 7.4 381.5 725.3 398.5 142.6 184.2 610.3 1320.0 440.7 3784.8 64.9 46.3 18.6 23.2 18 

Sree Nagar L12 7.4 431.5 790.3 405.7 124.2 260.4 729.6 978.0 540.4 3989.3 42.5 25.3 15.9 25.8 15 

Aman Nagar L13 7.2 455.5 780.5 421.7 148.2 210.4 675.5 1352.0 468.8 3808.2 82.4 57.7 18.1 22.2 14 

Aadresh Nagar L14 7.3 442.8 820.2 445.4 114.3 260.5 780.6 1170.0 524.1 3878.8 43.5 24.3 18.5 26.7 16 

Sant Nagar L15 7.3 366.5 730.1 386.4 154.2 189.5 720.3 1336.0 540.7 3766.2 65.3 38.5 18.8 29.6 19 

Surya Nagar L16 7.3 384.2 770.5 418.7 147.7 204.1 776.4 1224.0 566.3 3928.8 75.7 48.5 15.3 33.9 20 

Shiv Colony L17 7.4 469.3 830.6 410.3 132.1 288.2 802.2 950.0 646.5 3844.4 48.1 33.7 16.8 36.1 21 

Aadresh Colony L18 7.4 428.7 745.5 406.8 142.3 196.4 650.7 1022.0 445.8 3864.8 68.3 43.5 16.8 37.3 26 

Model Town Ext. L19 7.3 379.6 720.4 391.2 100.1 229.3 896.4 1132.0 584.3 3755.6 34.6 25.6 18.5 38.5 29 

Sham Enclave L20 7.3 426.5 798.8 420.2 103.4 275.2 502.8 830.0 382.1 3966.4 43.9 32.5 15.9 25.3 24 

Navdeep Colony L21 7.4 381.9 740.2 400.5 141.4 198.3 424.6 750.0 310.3 3821.6 68.2 38.8 19.5 28.4 21 

Azad Nagar L22 7.3 409.7 760.2 395.3 114.8 250.2 801.1 1110.0 564.5 3721.3 53.1 34.9 17.1 23.9 19 

Shaket Colony L23 7.3 428.4 784.6 425.3 135.1 224.2 714.7 1332.0 564.1 3642.2 55.7 31.6 16.2 30.3 20 

Chandan Nagar L24 7.4 393.7 734.5 377.2 151.4 265.8 570.3 1238.0 388.3 3772.5 64.1 35.2 13.8 29.5 27 

New Rishi Nagar L25 7.4 385.5 750.7 398.6 142.5 209.6 660.5 1370.0 450.3 3956.8 70.4 41.3 16.9 37.3 23 

Mean 7.3 434.0 810.0 434.0 141.0 236.0 634.0 1136.0 456.0 3788.0 58.0 38.0 17.0 32.0 18 

Note: All units are mg/l, except pH and settleable solids (SS)
   
(ml/l)

 
 

 
 

 



 

 

Table 2 Different ratio for domestic wastewater of Hisar city at different locations 

 
Location  BOD5/CODT VFA/CODT VFA/CODD CODD/CODT VSS/TSS CODS/VSS CODT/SO4 
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Police line L1 0.50 4.93 17.62 0.279 0.709 1.03 14.79 

GJUST, Hisar L2 0.53 2.93 6.17 0.475 0.695 1.10 26.76 

Vikas Nagar L3 0.52 4.35 13.76 0.315 0.543 1.18 16.00 

Auto Market L4 0.49 2.86 9.22 0.309 0.813 1.43 17.24 

Sham LalDhani L5 0.46 5.32 20.65 0.256 0.821 1.18 25.48 

12 Quater Area L6 0.55 4.71 18.20 0.258 0.807 0.92 36.43 

Vinod Nagar L7 0.57 4.13 14.27 0.289 0.673 1.52 31.90 

Shiv Nagar 
L8 0.59 5.49 21.07 0.261 0.797 0.99 24.00 

New Jahwahar N L9 0.51 4.59 14.25 0.322 0.775 1.05 32.84 

Tarshem Nagar L10 0.56 5.00 19.60 0.254 0.638 1.16 26.72 

Viskarma Colony L11 0.53 5.22 20.55 0.253 0.722 0.90 31.26 

Sree Nagar L12 0.55 5.04 15.31 0.329 0.741 0.75 30.63 

Aman Nagar L13 0.58 4.88 18.09 0.269 0.694 0.89 35.16 

Aadresh Nagar L14 0.54 4.73 14.89 0.317 0.671 0.85 30.72 

Sant Nagar L15 0.50 5.16 19.87 0.259 0.651 0.71 24.67 

Surya Nagar L16 0.50 5.19 19.25 0.265 0.729 0.74 22.73 

Shiv Colony L17 0.57 4.63 13.33 0.346 0.810 0.63 23.00 

Aadresh Colony L18 0.58 5.18 19.68 0.263 0.685 0.91 19.98 

Model Town Ext. L19 0.53 5.21 16.38 0.318 0.652 0.67 18.71 

Sham Enclave L20 0.53 4.97 14.41 0.344 0.759 1.09 31.57 

Navdeep Colony L21 0.52 5.16 19.27 0.267 0.731 1.29 26.00 

Azad Nagar L22 0.54 4.89 14.87 0.329 0.705 0.70 31.80 

Shaket Colony L23 0.55 4.64 16.25 0.284 0.789 0.75 25.89 

Chandan Nagar L24 0.54 5.14 14.19 0.362 0.681 0.97 24.90 

New Rishi Nagar L25 0.51 5.27 18.87 0.279 0.682 0.89 20.13 

Mean 0.53 4.78 16.4 0.300 0.718 0.97 25.97 

 

 



Pal et al., / Environ. We Int. J. Sci. Tech. 6 (2011) 201-213 

 

208 

 

Table 3 Characteristic of domestic wastewater at different countries 
 

Parameter This 

study* 

Israel 
a
 Egypt 

b
 Palestine 

c
 Belgium 

d
 Spain 

e
 Brazil 

f
 

BOD5              

(mg/l)      

434 290 - 502 - 360 - 

CODT         

(mg/l)      

810 566 508 905 589 693 436 

CODS         

(mg/l)      

434 326.6 251 396 313 322 - 

CODC        (mg/l)      141 94.7 109 135 - - 198 

CODD           (mg/l)      236 214 148 350 - - - 

TSS            

(mg/l)      

634 211.2 - 371 213 226 176 

VSS           (mg/l)      456 189.3 - 313 128 191 155 

TKN          (mg/l)      58 - 62 70 51 38 41 

NH4-N       (mg/l)      38 39.2 47 39.2 37 20 - 

SO4
2-

              (mg/l)      32 - - 94.7 - 38.5 32 

PO4
3- 

             (mg/l)      17 - - 10.1 5 5.5 14 

TSS/VSS 1.39 1.12 - 0.83 1.66 1.18 1.12 

BOD5/CODT 0.54 0.51 - 0.55 - 0.52 - 

CODS/CODT 0.54 0.57 0.49 0.44 0.53 0.46 - 

CODC/CODT 0.17 0.17 0.21 0.15 - - 0.45 

CODD/CODT 0.29 0.38 0.29 0.38 - - - 

*Average concentration of 25 different locations, 
a
 Lew et. al. (2009), 

b 
Tawfik and Klapwijk, (2010),  

c
 Al-Jamal and Mahmoud, (2009), 

d
 Mendoza et. al. (2009), 

e
 Ruiz et. al. (1998), 

f
 Sarti et. al. (2007),  

 

Total suspended solids (TSS) and volatile suspended solids (VSS) 

The results presented in Table 2 reveal range of VSS/TSS ratio for the all 

locations are 0.54-0.82. This ratio indicates bacterial biomass enrichment inside the 

reactors, increased biodegradability and are likely to cause granulation if the ranging 

of VSS/TSS lies between 0.7 to 0.85 (Aiyuk et al., 2006). Apparently, the data 

presented in Table 3 indicate that the VSS/TSS ratio of domestic wastewater in Israel, 

Belgium, Spain and Brazil are high in comparison with the present study but the ratio 

of Palestine is found to be almost the same.  It may indicate the bacterial enrichment 

and increased biodegradability. This might be due to difference in people’s habits. 

The CODss/VSS ratio is in the range of 0.63-1.52 in all the locations. The high 

CODss/VSS of location L4 wastewater indicates high oil and grease contents, possibly 

due to washing of vehicles as the area hosts a large automobile market. 

Volatile fatty acids (VFA) 

The results of VFA and COD ratios presented in Table 2 show that the 

VFA/COD ratios were very high, with values ranging from about 2.86 to 5.49 

indicating that hydrolysis was the rate-limiting step. The minimum 9.22% of the 

dissolved COD are in the VFA form for location L4, and maximum 20.65% for 

location L11. The acidified fraction of total COD (VFA/CODT) is minimum 29.3% for 

location L4 and maximum 54.9% for location L8. The higher concentration of the 

VFA of domestic wastewater in all the studied locations are high (Table 1) is probably 

due to some hydrolysis and acidification taking place during the accumulation in the 

cesspits. 
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Table 4 Characteristic of Kitchen and Grey wastewater  
 

Analyzed parameter Kitchen Wastewater (KW) Grey Wastewater (GW) 

Range Mean ± SD Range Mean ± SD 

pH 8.6-10.3 9.32±0.59         (10) 7.9-8.7 8.26±0.29         (10) 

Alkalinity (mg CaCo3/l) 3156-3582 3364±171         (5) 328.0-746.0 583.2±164        (5) 

BOD  (mg/l) 1995-2581 2213±180         (6) 336.6-554.7 469.0±77          (6) 

CODT  (mg/l) 3941-4870 4411±343         (10) 632.0-1246.0 936.8±192        (10) 

CODC  (mg/l) 812-1051 926±89             (10) 91.7-286.2 147.4±61          (10) 

CODD  (mg/l) 179-655 373±159           (10) 140.3-289.1 208.7±47          (10) 

CODS  (mg/l) 2759-3567 3149±280         (10) 337.0-799.2 552.0±179        (10) 

TOC (mg/l) 907-1275 1106±130         (6) 151.7-282.2 211.3±49          (6) 

Carbohydrate  (mg/l) 25.54-40.4 33.3±6.2           (5) 1.5-4.8 2.92±1.6           (5) 

Protein (mg/l) 1.58-2.34 2.03±0.3           (5) 0.07-0.2 0.14±0.04         (5) 

Lipids  (mg/l) 35.2-66.5 50.1±11.7         (5) ND ND 

TSS (mg/l) 1980-2266 2125±104         (5) 1760-2166 1953 ±168        (5) 

TDS (mg/l) 2990-3355 3195±160         (5) 1840-2200 1988±149         (5) 

VSS  (mg/l) 4210-4650 4443±167         (5) 4218-4524 4376±123         (5) 

VFA (mg/l) 8560-8956 8764±154         (5) 7745-7997 7876±102         (5) 

TKN  (mg/l) 54.4-63.5 59.4±3.6           (6) 33.0-65.1 48.6±11.2         (6) 

NH4 as N (mg/l) 34.2-41.9 37.9±2.9           (6) 21.8-38.4 30.2±6.5           (6) 

PO4
3-   

(mg/l) 19.6-29.4 25.2±3.9           (6) 30.9-41.8 36.8±3.8           (6) 

SO4
2-   

(mg/l) 75.9-84.2 80.3±3.2           (6) 101.7-132.4 117.2±12.9       (6) 

Settleable Solids in 1h  4.2-6.2 5.3±0.8             (5) 4.6-5.4 4.96±0.30         (5) 

Figures in parentheses indicate number sample, ND = not detected. 

 

Sulphate (SO4) and phosphate (PO4)  

The sulphate concentration in the domestic wastewater of all the studied 

locations was in the range of 21.7-78.3 mg/l shown in Table 1. The high sulphate 

content (78.3 mg/l) was found at location, L6. According to the classification 

proposed by Metcalf and Eddy (2003) sulphate concentration is medium. Chemical 

oxygen demand (COD) to sulphate ratio ranges from minimum 14.79% to maximum 

36.43% at location, L1 and location, L6 respectively (Table 2). In general practice, 

anaerobic treatment always proceeds successfully with COD/ sulphate ratios 

exceeding 10. At COD/sulphate ratios less than 10, anaerobic reactors failures have 

been reported (Souza, 1986; Aiyuk et al., 2006).  Since, the excess sulphide 

concentration can lead to several problems such as toxicity to microorganism, bad 

smell from the wastewater, problem of corrosion, deteriorated quantity and less 

production of the biogas and decline of the COD removal efficiency. The measured 

values of total phosphorus are presented in Table 1. The concentration of total 

phosphorus in all the locations was high, according to the classification proposed by 

Metcalf and Eddy (2003). The results showed that the minimum concentration of total 

phosphorus (13.4 mg/l) value at location, L7 and maximum concentration (19.6 mg/l) 

at location, L6. 

Total Kjeldahl Nitrogen (TKN), NH4
+
-N and Proteins  

The TKN values for all the different locations are shown in Table 1. The 

results show that the minimum concentration (34.3 mg/l) values at location, L2 and 

maximum concentration (85.1 mg/l) at location, L10. Comparing the values of TKN 

and NH4
+ 

–N showed that the NH4
+ 

- N is the major fraction of TKN. The results also 
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revealed that the highest protein content (more than 20mg/l) occurred in few locations 

(L8, L12 and L16) in the wastewater. In most of the locations, the concentration of the 

protein was less than 2mg/l. This might be due to the reason that people residing at 

these locations are consuming fish, meat and other products having rich in protein 

content.  

Table 5 Characteristic of kitchen and grey waste water at different countries 
 

Parameter This study Jordan 
a
 UK 

b
 Sweden 

c
 

Kitchen Grey Kitchen Grey Grey  Grey 

pH 9.32 8.26 5.8 6.35 7.47 7.5 

BOD5 2213 469 1100 1035 146 418* 

CODT 4411 937 2244 2568 451 588 

TSS 2125 1953 644 845 100 - 

TKN 59.4 48.6 51 128 8.73 9.68 

NH4
+
 37.9 30.2 32 75 - - 

SO4 80.3 117.2 48 89 - - 

PO4 25.2 36.8 18.25 19.5 - 7.53 

BOD5/CODT 0.50 0.50 0.49 0.41 0.32 0.71 

CODS/CODT 0.71 0.58 - 0.46 - - 

CODC/CODT 0.21 0.20 - 0.20 - - 

CODD/CODT 0.08 0.22 - 0.30 - - 

*BOD7, 
a
 Halalsheh et. al. (2008), 

b
Jefferson et. al., (2004), 

c 
Palmquist and Hanaem (2005),  

 

Kitchen and Grey wastewater 

Grey water consists of diluted domestic wastewater streams coming from the 

shower, laundry facilities and/or the wash basins etc. In some studies kitchen 

wastewater is included as grey water (Eriksson et al., 2002; Jefferson et al., 2004; 

Elmitwalli and Otterpohl, 2007; Ghunmi et al., 2010). Grey water is defined as 

wastewater without any input from toilets or heavily polluted industrial process 

(Eriksson et al., 2002).  The characteristics of grey wastewater changes due to the 

activities involved in its production, the quality and quantity of grey wastewater vary 

significantly due to people habits. 

Average concentrations of different physico-chemical parameters found in 

kitchen and grey wastewater are presented in Table 5. Kitchen and grey wastewater in 

the study area is characterized by very high concentrations. The average BOD was 

2213±180 and 469±77 mg/l; total COD was 4411±343 and 937±192 mg/l; and TSS 

was 2125±104 and 1953±168 mg/l for kitchen and grey wastewater, respectively. The 

high concentration of these parameters is apparently due to the very low per capita 

water consumption, mainly due to the inadequacy of the local water supply in the 

area. 

The measured dissolve COD represents 8% and 22% of the total COD for 

kitchen and grey wastewater, respectively, which is much higher compared with 30% 

for grey wastewater (Halalsheh et. al., (2008). The suspended COD fractions are more 

in kitchen wastewater about 71% as compared with grey wastewater 59% of the total 

COD. COD due to colloidal particles is about, 21% and 16% in kitchen and grey 

wastewater, respectively. This may be due to throwing away the remaining food and 
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used residual cooking oil in kitchen sinks is believed to play a major role in increasing 

domestic wastewater strength. 

The variations in grey water characteristics with respect to the source show 

that wash basin has the lowest organic load compared with wastewater produced by 

kitchen and other sources like bathroom. Moreover, high organic loads present in the 

kitchen and grey wastewater and the high suspended fraction of the COD complicate 

the treatment process.  

Table 6 Design values for UASB reactor 
 

Parameters Units At 15
O
C At 25

O
C 

SRT d 75
a
 75

c
 

COD g COD/l 0.810
b
 0.810

b
 

SS - 0.54
b
 0.54

b
 

X g COD/l 15
a
 15

a
 

R - 0.8
a
 0.9

c
 

H - 0.15
a
 0.7

c
 

a
 Mahmoud et al. (2006); 

b
 present study; 

c
 de Graaff., et al. (2011)  

Applicability of  UASB reactor of Hisar city  

On-site domestic wastewater treatment systems such as septic tanks and 

cesspits are commonly used by local residents for domestic wastewater 

treatment/management. Therefore, quantitative summarization of pollutants 

generation and discharge are important for wastewater management. The ultimate 

removal efficiency BOD and/or COD and conversion of organic matter to methane 

gas in UASB systems depend on both physical and biological processes. For domestic 

wastewater, removal of suspended solids are carried out by physical processes like 

settling, adsorption and entrapment. The subsequent hydrolysis of solids depends on 

the process, temperature, biomass concentration and the existing sludge retention time 

(SRT). Zeeman and Lettinga (1999) developed a model for the calculation of the 

hydraulic retention time (HRT) when a certain SRT is a pre-requisite [Eq. (1)]. 

 

Where, HRT= Hydraulic Retention Time, COD influent = Influent COD 

concentration (g COD/l), SS = Fraction of influent suspended solids, X = Biomass 

concentration in the reactor (g COD/l); 1g VSS = 1.4 g COD, R = Fraction of COD SS 

removed, H = fraction of removed solids that are hydrolyzed, SRT = Sludge retention 

time (days). SRT=30 days, estimated minimum SRT to achieve methanogenic 

conditions during winter time (Elzen and Koppers, 2000). The initial input data were 

taken into consideration for design of HRT from Table 6. 

Accordingly, the model calculation revealed that a minimum HRT of 10 and 

25 hours is being required, if minimum SRT is equal to 30 and 75 days at 15 
o
C 

respectively. At 25 
o
C, 10 hours minimum HRT is required for the application of a 

one-stage UASB reactor for Hisar city. An HRT of 6 hr is generally recommended for 

design of UASB reactors under tropical conditions. At low temperature, long HRT is 

to be required due to the high concentration organic load in winter. The influent 
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suspended solids are partially captured in the UASB reactor and conveyed to the 

digester, which is operated under optimal process surroundings environment with 

respect to temperature and SRT. The methanogen enriched digested sludge is 

recirculated to the UASB reactor to improve the methanogenic capacity of the UASB 

reactor.  

Conclusions 

The results of this study reveal that the domestic wastewater in Hisar is 

characterized by high strength and solid contents. Accordingly, the application of a 

one-stage UASB reactor in Hisar city is only possible if designed at an extended HRT 

due to low solids hydrolysis during winter time. However, reform in the household 

sanitation habits will reduce the solids content, and therefore, influence the selection 

of the proper treatment technology. In addition, if any industry comes to Hisar, than it 

should apply a pre-treatment step before discharging their wastewaters in the 

municipal sewerage system. In the light of the experimental results summarized and 

evaluated, the concluding remarks of this study may be expressed as follows: 

1. Raw domestic wastewater from Hisar city with average CODT concentration 

of 810 mg/l, can be classified as high strength wastewater. 

2. The main fractions of suspended solids COD constitutes a high fraction of the 

CODT, around 57.99% at location L22, and lower 40.71% at location L2,  

3. For CODC fraction of 21.12% at location L15 and minimum 12.94% at location 

L20 of the Total COD. 

4. For dissolved COD fraction, 36.18% at location L24 and minimum 2.5.39% at 

location L11 of the Total COD. 

5. The anaerobic biodegradability at 30
o
C for domestic wastewater (DW), 

kitchen wastewater (KW), and grey wastewater (GW) were found 71%, 49% 

and 52% respectively. 

6. Judging by composition and anaerobic biodegradability, it can be concluded 

that raw domestic wastewater from Hisar city well suitable for anaerobic 

treatment in UASB reactors. 

7. The minimum HRT of 10 and 25 hours is being required, if minimum SRT is 

equal to 30 and 75 days at 15 
o
C respectively. At 25 

o
C, 10 hours minimum 

HRT is required for the application of a one-stage UASB reactor. 
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