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Background: Fat, oil and grease (FOG) in municipal wastewater treatment plant (MWWTP) caused many problems.
Objectives: This study aimed to determine the removal efficiency of FOG in Shiraz MWWTP.
Materials and Methods: The removal efficiencies of FOG in the MWWTP were studied from June 2011 to September 2011 in Shiraz (Iran). 
The influent and effluent wastewater samples were collected in a volume of one liter (4 samples per week) and analyzed according to the 
standard methods. Samples are transferred to the laboratory immediately. The concentration of FOG was determined using the solvent 
extraction and separating funnel and then compared with the effluent standards. To analyze the data, SPSS (version 11.5), Chi-square test 
and t test were used.
Results: The results showed that the FOG amount in input raw sewage in the MWWTP from June 2011 to September 2011 was around 25.5 
mg/L and the amount in treated wastewater was about 8.1 mg/L. The FOG removal efficiency in this refinery was about 70% and met the 
environmental standards for the discharge (less than 10 mg/L) (P < 0.05).
Conclusions: The effluent can be discharged to surface waters or used for irrigation. In order to the FOG concentration met the effluent 
standards, it is very crucial to control the entrance of industrial wastewater to the municipal wastewater collection networks. Otherwise, 
the MWWTP should be upgraded and the special techniques used to reduce FOG.
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1. Background
Fat, oil and grease (FOG) are insoluble in water and ba-

sically made of esters of glycerol, fatty acids or triglycer-
ides (1, 2). One of the most significant characteristics of 
natural oils is low solubility in water with high tendency 
in dissolving in organic solvents. Furthermore, the spe-
cific gravity of these compounds is less than that of wa-
ter, and they easily become saponified in alkaline media. 
Depending on the rate of solubility, these compounds 
can be in solution form or emulsion. FOG is defined as a 
compound either in liquid or solid state, basically from 
animal or vegetable sources. Oil is often defined as tri-
glycerides that are liquid at room temperature (3). Grease 
is a general classification for fats, oils, waxes and soaps 
that have a negative effect on the wastewater treatment 
system. Fat, oil and grease can enter into the municipal 
wastewater treatment plant by discharging swage from 
residential area, cafeterias in schools, restaurants, pris-
ons, hospitals and industries that generate FOG include 
meat processors and food packagers. Large amounts 
of oil and grease in the wastewater cause trouble in the 
collection system pipes. It decreases pipe capacity and, 
therefore, requires that piping systems be cleaned more 
often and/or some piping to be replaced. Oil and grease 

also hamper effective treatment at the wastewater treat-
ment plant. The other problems relating to the presence 
of FOG are decreasing the efficiency of wastewater treat-
ment plant by aerobic and anaerobic processes and de-
creasing the quality of wastewater effluent and therefore 
threatening the aquatics life and polluting groundwa-
ter and surface water resources as well. The existence of 
fat and oil in water, even in low amounts, may make it 
unsuitable for drinking (4). The amounts of FOG in the 
strong, medium and weak municipal wastewater are 100, 
90, and 40 mg/L, respectively. Additionally, the standard 
amount of fat and oil in industrial wastewater discharged 
into public municipal sewers is at most 50 mg/L. The ac-
ceptable limit of FOG in the effluent is 10 mg/L for reusing 
it for agricultural purposes or injecting it into ground 
water resources (5). FOG is a major constituent of organic 
materials in municipal wastewater. Twenty-five to 35 per-
cent of total chemical oxygen demand (COD) of the raw 
wastewater is in the form of FOG. The entrance of these 
compounds into the biological reactor can cause many 
operational difficulties and increase the concentration of 
organic material in the effluent (3, 6). The fat present in 
wastewater is mainly in the form of triglyceride and long-
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chain fatty acids. Under an anaerobic condition, triglyc-
eride hydrolyses to long-chain fatty acids using lipase 
(6). By measuring fat and oil concentrations in raw and 
treated sludge, the degraded fat and oil concentrations 
during anaerobic digestion can be determined (5-8). In-
soluble fats, oils and grease are removed through gravity 
separation; however, soluble compounds are removed 
via biological process (9). The removal of fat and oil ba-
sically depends on physical and chemical characteristics 
of these compounds, environmental conditions and the 
performance of the wastewater treatment plant (3, 10). 
Pretreatment processes, including addition of chemical 
materials and dissolved air flotation (DAF) significantly 
reduce the concentration of fat and oil prior to biologi-
cal treatment (11-13). By using alum and ferric chloride 
coagulants, more than 90 percent of the fat and oil can 
be removed. The efficiency of fat and oil removal by acidi-
fication, alum and DAF is up to 85 to 95 percent. Approxi-
mately, 80 percent of the fat and oil can be removed using 
sulfuric acid or hydrochloric acid at pH 3 with a retention 
time of 1 day (14). Efficiencies of more than 97 percent can 
be achieved for fat and oil removal using ferric chloride 
with a cationic polymer (15). Adsorption methods using 
different absorbents, such as clay minerals are effective 
in the removal of fat and oil (16). Using ionizing rays like 
gamma is also efficient in decreasing oil, lubricants, and 
grease (17). Furthermore, 80 to 90 percent of fat and oil 
can be removed with the help of microorganisms dur-
ing biological treatment. Oil compounds are absorbed 
in wastewater through flocculation and then are me-
tabolized slowly (18). Lipase is also an important enzyme 
for the removal of fat and oil (11, 19). Glycerol is mainly 
changed into acetate by acidogenic bacteria, though 
long-chain fatty acid is changed into acetate, hydrogen, 
and CO2 by beta-oxidation metabolism (6). The fat and oil 
removal efficiency up to 70 to 95 percent can be achieved 
by combining a physical method with the biological ac-
tive sludge process (6). Studies showed that FOG removal 
efficiency by membrane methods was more than the 
conventional active sludge. The membrane methods re-
moved more than 90 percent of these compounds (20). A 
combination of membranes with the biological methods 
can efficiently remove FOG. In addition, the combination 
of aerobic and anaerobic processes can be effective (21). 
An up flow anaerobic sludge blanket process (UASB) is 
able to remove more than 70 percent of the FOG (13, 16). 
Moreover, development of the DAF before UASB increases 
the removal efficiency (22). The UASB combined with ac-
tivated sludge is able to decrease 98.9 percent of the FOG 
(23). In activated sludge processes with the proper ratio 
of nutrients to mixed liquor suspended solids (MLSS), the 
reduction of 93.3 percent can be achieved (24).

2. Objectives
Since there is a concern regarding the effect of FOG on 

people's health and the environment, this study aimed 

to (i) measure the concentration of FOG in the influent 
raw wastewater and effluent and (ii) evaluate the feasi-
bility of Shiraz MWWTP using activated sludge for the re-
moval efficiency of FOG. This data can be used to upgrade 
wastewater treatment plant for improving the removal 
efficiency.

3. Materials and Methods
The characteristic of Shiraz MWWTP using activated 

sludge process were as follows. The influent and effluent 
phosphorous concentrations were 6-8 and 1.25-1.75 ppm 
(PO4-3), respectively. In addition, the influent and efflu-
ent ammonia nitrogen concentrations were 30-35 and 
0.8-0.9 ppm (PO4-3), respectively. Mixed liquor volatile 
suspended solids (MLVSS) and Mixed liquor suspended 
solids (MLSS) were 2350-2376 and 5488-6598 mg/L, re-
spectively.

The characteristic of Shiraz MWWTP using activated 
sludge process were as follows. The influent and effluent 
phosphorous concentrations were 6-8 and 1.25-1.75 ppm 
(PO4-3), respectively. In addition, the influent and efflu-
ent ammonia nitrogen concentrations were 30-35 and 
0.8-0.9 ppm (PO4-3), respectively. Mixed liquor volatile 
suspended solids (MLVSS) and Mixed liquor suspended 
solids (MLSS) were 2350-2376 and 5488-6598 mg/L, re-
spectively. 

Shiraz MWWTP is located in the southeastern region of 
the city. The first module was operated for the population 
of 409000. The second module was designed for the to-
tal population of 548000, which will be used for the near 
future. The wastewater treatment plant is using the pri-
mary and secondary treatment. The activated sludge pro-
cess is used mainly for the purpose of organic carbon re-
moval and not used for the nitrification or denitrification 
process steps. It consists of the following units (Figure 1): 
1) screening, 2) grit removal chamber with skimmer, 3) 
primary sedimentation tank, 4) aeration tank, 5) second-
ary sedimentation tank and 6) chlorination unit (Figure 
2). It is a cross-sectional study to determine FOG removal 
efficiency at the Shiraz municipal wastewater treatment 
plant in 2011. In this study, the grab sampling was used to 
take a sample from the wastewater treatment plants dur-
ing a 2-month summer period. Each week, four 1-L sam-
ples were collected from the raw wastewater influent and 
effluent. A total of twenty-three samples were collected 
and placed into glass containers under standard condi-
tions (25). Each sample only shows the characteristics of 
the wastewater at the time of sampling. All the sampling 
was performed in two replications. The samples were 
transported to the laboratory within the maximum peri-
od of 3 hour to analyze FOG. Samples of fat, oil and grease 
were extracted with n-hexane and measured using the 
weighted method (25). Then, the results were compared 
with the standard (26). Data were analyzed using SPSS 11.5, 
Chi-square test and t-test. The level of significance was 
equal to 95 percent level of confidence and α = 0.05.
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Table 1.  Minimum, Maximum and Average Concentration of Fat and Oil in the Influent and Effluent Wastewater and the Removal 
Efficiency at Shiraz Municipal Wastewater Treatment Plant During the Study Period in Summer 2011

Minimum Maximum Average
Concentration of fat and oil in the influent raw wastewater at Shiraz municipal 
wastewater treatment plant, mg/L

7.50 47 25.50

Concentration of fat and oil in the effluent raw wastewater at Shiraz municipal 
wastewater treatment plant, mg/L

2.30 18 8.10

Removal efficiency of fat and oil, % 59 85 70

1- Screening
2- Grit removal chamber with skimmer
3- Primary sedimentation tank
4- Activated sludge reactor
5-. Secondary sedimentation tank
6- Chlorination unit
7- Sludge reciculation line
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Figure 1. The Flow Diagram of Shiraz Municipal Wastewater Treatment 
Plant Using Activated Sludge Process
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Figure 2. The Concentration of Fat and Oil in the Influent Raw Wastewater 
at Shiraz Municipal Wastewater Treatment Plant During the Study Period
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Figure 3. The Concentration of Fat and Oil in the Effluent Wastewater at 
Shiraz Municipal Wastewater Treatment Plant During the Study Period
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Figure 4. The Removal Efficiency of Fat and Oil at Shiraz Municipal Waste-
water Treatment Plant During the Study Period

4. Results
The minimum, maximum, and average amount of FOG 

in influent wastewater and the effluent at Shiraz MWWTP 
and also the removal efficiency are summarized in Table 1. 
The results indicated that the minimum, maximum and 
average amount of FOG in the influent raw wastewater 
were 7.50, 47, and 25.50 mg/L, respectively. Additionally, 
the minimum, maximum, and average amounts of FOG 
in the effluent wastewater are 2.30, 18, and 8.1 mg/L, re-
spectively. Figures 2 and 3 show the concentration of FOG 
in the influent raw wastewater and the effluent wastewa-
ter at Shiraz MWWTP during the two-month study period 
in summer 2011. Figure 4 shows the removal efficiency 
of FOG at the plant during the 2-month study period in 
summer 2011. The range of FOG removal efficiency at the 
wastewater treatment plant is 59 to 85 percent with the 
average of 70 percent.

5. Discussion
The obtained results show that the average concentra-

tions of fat and oil in the influent raw wastewater and ef-
fluent at Shiraz MWWTP in summer 2011 were about 25.5 
mg/L and 8.1 mg/L, respectively. The average removal effi-
ciency was about 70%; however, research indicated that 
under optimal conditions of the nutrients and MLSS, 93% 
FOG removal efficiency can be achieved in the activated 
sludge process (24). The efficiency of oil removal from 
Iran Khodro wastewater is 48% using DAF, the removal ef-
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ficiency of more than 90% can be obtained using the co-
agulants with DAF (10). According to the current study, it 
can be concluded that the efficiency of fat and oil remov-
al in 70% of the obtained samples was relatively appropri-
ate. The amount of fat and oil in the effluent is less than 
the standard limit for discharging into groundwater re-
sources (10 mg/L) (P < 0.05). However, 30% of the samples 
showed that the amount of fat and oil is above the stan-
dard limit. The main reason can be due to the inability 
of the activated sludge system to remove fat and oil dur-
ing fluctuations in the wastewater composition and flow 
rate as well (24). The removal efficiency depends on the 
influent concentration of fat and oil. Therefore, at higher 
concentration of fat and oil, the removal efficiency is sig-
nificantly decreased. This decrease in efficiency may oc-
cur because fat and oil negatively affect the efficiency of 
aeration units, which significantly reduces dissolved oxy-
gen in the units. To maintain a standard rate of fat and oil 
in all the effluent samples, industrial wastewater enter-
ing the municipal wastewater collection network must 
be precisely monitored; otherwise, the MWWTP should 
be upgraded and the special treatment methods need to 
be employed to remove fat and oil.

Acknowledgements
The authors would like to thank the Deputy of Research 

and Technology of Shiraz University of Medical Sciences 
for its financial support for the research project of 92-
6481. Also, we would like to thank the Fars Water and 
Wastewater Company for providing facilities and excel-
lent technical assistance.

References
1.       Strydom JP, Mostert JF, Britz TJ. Effluent production and disposal 

in the South African dairy industry: A postal survey. Water SA. 
1993;19(3):253–8.

2.       Steffen R, Kirsten I. Water and wastewater management in the dairy 
industry. Pretori, South Africa: Water Research Commission; 1989.

3.       Malaspina F, Cellamare CM, Stante L, Tilche A. Anaerobic treat-
ment of cheese whey with a downflow-upflow hybrid reactor. 
Biores Technol. 1996;55(2):131–9.

4.       Hashemi Tankaboni SA. [Experimental methods for fat, oil and 
grease]. 1th ed: Tehran University; 1996.

5.       Mokhberi F. [Experimental methods for water, wastewater and 
soil].Mazandaran; 1998.

6.       Hunnemeder MG. AICHE annual meeting and Technical Pro-
gram and Presenters. Rowan University; 2011. Enhanced Degra-
dation of Fats, Oils and Greases in Domestic Wastewater Sewer 
Networks and Grease Interception Systems Using Peat Humic 
Substances.

7.       Noutsopoulos C, Mamais D, Antoniou K, Avramides C, San 
Miguel G, Rincon SL, et al. Increase of biogas production 
through co-digestion of lipids and sewage sludge. Global Nest J. 
2012;14(2):133–40.

8.       Wu TY, Mohammad AW, Jahim JM, Anuar N. Pollution con-

trol technologies for the treatment of palm oil mill effluent 
(POME) through end-of-pipe processes. J Environ Manage. 
2010;91(7):1467–90.

9.       Sawain A, Wirach T, Udomphon P, Chaisri S, editors. The Effect 
of pH on the stability of grease and oil in wastewater from bio-
diesel production process.; The 10th annual conference of Thai 
Society of Agricultural Engineering “International conference 
on innovations in agricultural, food and renewable energy pro-
ductions for mankind..2009; 

10.       Kushwaha JP, Srivastava VC, Mall ID. An overview of various tech-
nologies for the treatment of dairy wastewaters. Crit Rev Food Sci 
Nutr. 2011;51(5):442–52.

11.       Mobarak-Qamsari E, Kasra-Kermanshahi R, Nosrati M, Amani 
T. Enzymatic pre-hydrolysis of high fat content dairy wastewa-
ter as a pretreatment for anaerobic digestion. Int J Environ Res. 
2012;6(2):475–80.

12.       Debik E, Coskun T. Use of the Static Granular Bed Reactor (SGBR) 
with anaerobic sludge to treat poultry slaughterhouse wastewa-
ter and kinetic modeling. Bioresour Technol. 2009;100(11):2777–82.

13.       Rattanapan C, Sawain A, Suksaroj T, Suksaroj C. Enhanced effi-
ciency of dissolved air flotation for biodiesel wastewater treat-
ment by acidification and coagulation processes. Desalination. 
2011;280(1):370–7.

14.       Tang FE, Chung W. Study of the garbage enzyme's effects in do-
mestic wastewater. World Acad Sci Eng Technol. 2011;60:1146–8.

15.       Chipasa KB, Mdrzycka K. Characterization of the fate of lipids in 
activated sludge. J Environ Sci. 2008;20(5):536–42.

16.       Pawlak Z, Rauckyte T, Oloyede A. Oil, grease and used petroleum 
oil management and environmental economic issues. J Achiev 
Mater Manuf Eng. 2008;26(1):11–7.

17.       Bazrafshan E, Kord Mostafapour F, Farzadkia M, Ownagh KA, 
Mahvi AH. Slaughterhouse wastewater treatment by combined 
chemical coagulation and electrocoagulation process. PLoS One. 
2012;7(6).

18.       He X. Characterization of Grease Interceptors for Removing Fat, Oil 
and Grease (FOG) and Mechanisms of FOG Deposit Formation in 
Sewer Systems.: North Carolina State University; 2012.

19.       Rigo E, Rigoni RE, Lodea P, De Oliveira D, Freire DMG, Treichel 
H, et al. Comparison of two lipases in the hydrolysis of oil and 
grease in wastewater of the swine meat industry. Ind Eng Chem 
Res. 2008;47(6):1760–5.

20.       Kurian R, Nakhla G. Performance of aerobic MBR treating high 
strength oily wastewater at mesophilic–thermophilic transition-
al temperatures. Proc Water Environ Fed. 2006(9):3249–55.

21.       Bae TH, Han SS, Tak TM. Membrane sequencing batch reactor 
system for the treatment of dairy industry wastewater. Process 
Biochem. 2003;39(2):221–31.

22.       Meesap K, Boonapatcharoen N, Techkarnjanaruk S, Chaiprasert 
P. Microbial communities and their performances in anaerobic 
hybrid sludge bed-fixed film reactor for treatment of palm oil 
mill effluent under various organic pollutant concentrations. J 
Biomed Biotechnol. 2012;2012:902707.

23.       Alade AO, Jameel AT, Muyubi SA, Abdul Karym MI, Zahangir Alam 
MD. Removal of oil and grease as emerging pollutants of con-
cern in wastewater stream. IIUM Eng J . 2011;12(4):161–9.

24.       Al-Ani MY, Al-Khalidy FR. Use of ionizing radiation technology 
for treating municipal wastewater. Int J Environ Res Public Health. 
2006;3(4):360–8.

25.       American Public Health Association.. Standard Methods for the 
Examination of Water and Wastewater.Washington DC USA: Ameri-
can Public Health Association; 2005.

26.       Sawyer CN, McCarthy PB, Parkin GF. Chemistry for Environmental 
Engineering.New York: McGraw-Hill International Edition Civil 
Engineering Series; 1994.


