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ABSTRACT 
The adhesion of fat, oil, and grease (FOG) deposits in sewer pipes causes 25% of the Sanitary 
Sewer Overflow (SSOs) in the USA. Additionally, the sewer collection system in the U.S is old 
and requires replacement or renovation. One potential solution to the FOG deposit accumulation 
challenges in the collection systems is to design new sustainable sewer line construction materials 
that reduces the adhesion of these deposits on sewer pipe walls. Previous research has only reported 
the FOG deposit formation mechanism and the factors affecting those formations. Yet, no research 
has been performed to understand the FOG deposits adhesion mechanism. This study provides an 
improved understanding of the FOG deposit adhesion mechanism inside sewer lines by testing 
various materials, i.e., concrete, PVC, granite, limestone, and porous ceramic materials for a 30-
day FOG deposit adhesion test. The test materials were prepared by varying a number of surface 
properties such as surface roughness, porosity, pH, and surface chemical composition. After 
analyzing the FOG deposit adhesion test results on various test materials, research results revealed 
that only the sewer line materials containing calcium as a strong electropositive Lewis acid 
bonding sites resulted in the FOG deposit adhesion on their surface. In addition, samples having 
high surface roughness, pH, and porosity also resulted in higher FOG deposit accumulation on 
their surfaces. The FTIR analyses of FOG deposits formed on different sewer line materials 
showed that a high fraction of saponified calcium soaps were formed on concrete samples. 
Moreover, the percent soap content of the FOG adhered on concrete samples exhibit a spatial 
variation with the layer adjacent to the concrete surface had a higher percentage saponification 
(82%) compared to the layer adjacent to the wastewater interface (38%). The result of this study 
encourages municipalities to avoid the use of sewer system cleaning process that damages the 
surface of sewer lines and introduces additional surface roughness. Also, a regular cleaning of 
sewer lines is encouraged to avoid the FOG build-up by rinsing the weakly adhered FOG deposits. 
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1. INTRODUCTION 
The sewer collection system is an essential municipal infrastructure responsible for 

collecting and transporting sewage to a wastewater treatment facility. Blockages inside the sewer 
collection system may result in an increased risk of flooding and the occurrence of Sanitary Sewer 
Overflows (SSOs). SSOs have detrimental environmental and health impacts as the wastewater 
overflow contains pathogenic bacteria, viruses, helminths, and other contaminants that affect 
public health through surface water contamination. In the United States, 23,000 to 75,000 SSOs 
occur annually, requiring $25 billion for annual maintenance and rehabilitation (Del Mundo & 
Sutheerawattananonda, 2017; USEPA, 2004). In North Carolina, an estimated 15,000 SSOs occur 
annually, costing hundreds of thousands of dollars in cleanup and sewer line maintenance. 

Sewer line blockages may have several causes, including root intrusion, debris 
accumulation on the sewer bed as well as Fat, Oil, and Grease (FOG) deposit formation inside the 
sewer pipe surfaces. Around 25% of the SSOs that occur annually in the United States are due to 
the FOG related line blockages (USEPA, 2004). Statewide in North Carolina, 23-28 percent of all 
SSOs have been attributed to FOG related depositions since 1998 (Hannan et al. 2004). The city 
of Raleigh reported 22% of their SSOs from grease-related deposits between years 2017-2018, 
alone. 

FOG deposit related issues can be found throughout the sewer collection system; however, 
the problem is more severe in commercial areas with significant concentrations of Food Service 
Establishments (FSEs). Although the wastewater from FSEs passes through a grease inceptor (GI) 
for gravimetric removal of FOG, not all the FOG contents are retained in GIs due to several factors, 
including ineffective GI designs, kitchen cleaning and operational conditions, and GI maintenance 
(He, De Los, Iii, & Ducoste, 2017; Iasmin, Dean, Lappi, & Ducoste, 2014). In addition to FSEs, 
residential kitchens may also play a significant role in FOG release through the kitchen sink or 
from dishwashers. Therefore, wastewater inside the sanitary sewer line contains a significant 
amount of FOG that undergoes chemical reactions with other wastewater constituents to form 
insoluble FOG deposits exhibiting adhesive properties (He et al., 2017). Due to this sticky nature, 
FOG deposits accumulate inside sewer lines and adhere to the surface of the sewer system, 
reducing the drainage capacity of sewer lines and ultimately leading to SSOs. According to the 
Food and Agriculture Organization (FAO) (FAO, 2013), the global per capita fat consumption 
rose from 67.23 gm/day in 1993 to 82.76 gm/day in 2013. This growth in fat consumption, along 
with rapid urbanization and an increased number of FSEs, has led to an increased amount of FOG 
discharged into the sanitary sewer systems. As a result, SSOs caused by FOG related blockages 
are becoming a significant concern for all urban environments. 

To reduce the frequency of SSOs, sewer line blockages need regular maintenance. Utility 
companies adopt various maintenance procedures such as water jetting, flushing, high-velocity 
cleaners, and rodding, just to name some examples. However, jetting and high-velocity cleaners 
have reported limitations such as the flooding of houses and backups into residents; rodding and 
flushing are not effective in removing heavy deposits (USEPA & Water, 1999). Additionally, these 
cleaning processes also have an associated risk of damaging the sewer line surfaces. Despite these 
limitations, 95% of the utility agencies undertake hydraulic jetting as preventative maintenance 
that can cost an average of $937 per mile (Hannan et al. 2004). 

FOG deposit related SSOs have been a significant concern for many developed countries 
for quite some time, and a substantial number of research studies have been conducted on this 



subject. Researchers have extensively looked into the FOG deposit formation mechanism, the 
engineering solutions to pretreat FOG disposal from the kitchen, strategies to overcome the FOG 
deposits formation and related problems, and data-driven modeling to detect locations of FOG 
deposits in the collection system network (Al-Gheethi et al., 2019; Dominic, Szakasits, Dean, & 
Ducoste, 2013; He et al., 2013; Jiang et al., 2021; Kusum, Pour-Ghaz, & Ducoste, 2020; Otsuka 
et al., 2020; Yousefelahiyeh, Cyril, Dominic, & Ducoste, 2017). Research studies have shown that 
the FOG deposits formation mechanism is quite complex and formed by a saponification reaction 
between long-chain free fatty acids (LCFFAs) and calcium ions present in wastewater (He et al., 
2013, 2011; Keener, Ducoste, & Holt, 2008; Kusum et al., 2020; Williams, Clarkson, Mant, 
Drinkwater, & May, 2012; Yousefelahiyeh et al., 2017). He et al. (2011) employed Fourier 
Transform Infrared (FTIR) spectrometer analysis to show that the FOG deposits are, in fact, 
calcium salts of different fatty acids and formed as a result of a reaction called saponification. In 
a later study, it was revealed that both saturated and unsaturated long chain fatty acids (LCFA) 
lead to the formation of FOG deposits, however, unsaturated LCFAs produced more viscous FOG 
deposits (He et al., 2013). He et al. (2013) and Keener et al. (2008) stated that calcium leached 
from sewer line construction materials such as concrete might increase FOG deposits formation. 
Later, Kusum et al. (2020) reported that concrete produced by replacing 50% of cement with Fly 
Ash (FA) reduces FOG deposit formation and adhesion by 55%. They also reported that at the 
surface of concrete, FOG deposits forms under alkaline conditions and the physical properties of 
FOG deposits vary based on the calcium availability and reaction pH (Kusum et al., 2020).  

While some researchers focused on the FOG deposit formation mechanism, others 
concentrated on identifying FOG deposit hotspots inside sanitary sewer lines and developing pre-
treatment tools. According to Dominic et al. (2013), FOG deposits accumulation inside sewer lines 
varies spatially and solids form in regions of low flow condition. Similar results were observed by 
Otsuka et al. (2020). However, few studies have been conducted to understand the FOG deposits’ 
attachment mechanism on sewer line surfaces. There are a few research questions that needs to be 
answered before the FOG deposit related blockages inside the sewer line system can be explained 
completely. Does FOG deposit attach on every sewer line surfaces similarly or are there factors 
that selectively affect the FOG deposits’ adhesion potential? What are the factors that affect the 
FOG deposits’ attachment mechanism? These research questions need to be explored to find a 
suitable solution for utility companies to manage the FOG related SSOs inside sanitary sewer 
collection system. 

In the United States, according to the Clean Watershed Needs Survey, the total need in 
replacing sewer lines is $42B on top of $25B and $18B in the new collector and new inceptor 
sewers, respectively. North Carolina’s aging wastewater collection system mainly consists of 
deteriorated vitrified clay or concrete pipes along with brick-and-mortar manholes (ASCE, 2013). 
These old sewer lines have frequent joints, making it vulnerable to root intrusion that can catch 
debris or infiltration that can decrease the overall flow capacity. In North Carolina, the total need 
in sewer line replacement, new collector and inceptor sewers are $484M, $691M and $1251M, 
respectively, that indicates a significant investment towards a new sewer collection system 
(USEPA, 2012). While planning for the new collector system or replacing the existing sanitary 
sewers, it is important to account for the increased FOG discharge as well as the environmental 
and economic cost associated with SSOs. Therefore, a new strategy is required to develop sewer 
line construction materials or possibly coatings that provide self-cleaning properties or reduce the 
ability of FOG deposits to attach to sewer line surfaces; thereby prevent the reduction in the 
carrying capacity of sewer lines from accumulating FOG deposits. 



A recent study funded by the WRRI and led by the PI and Co-PI has identified FA as a 
successful replacement of cement to construct sewer lines that can reduce the FOG accumulation 
by reducing the calcium availability from concrete corrosion (Kusum et al., 2020). However, the 
project did not evaluate the FOG deposit adhesion mechanism on those alternative concrete 
surfaces and the factors that influence the FOG deposit adhesion mechanism. To avoid or reduce 
FOG deposit accumulation on sewer line materials, it is now necessary to understand the FOG 
deposit adhesion mechanism on different sewer line surfaces. 

Therefore, the main objective of this study in this final report is to explore factors such as 
porosity, surface roughness, and pore pH on the potential of the FOG deposits’ attachment to 
different sewer line surfaces. To our knowledge, this project was the first to evaluate the FOG 
deposit adhesion mechanism and the factors affecting the adhesion phenomena on different 
sewer line surfaces. Once the adhesion mechanism is understood, sanitary sewer materials 
surfaces can be altered accordingly to avoid FOG deposit related SSOs. Therefore, the results of 
this project will also provide North Carolina wastewater collection system utilities with 
strategies to develop new construction materials or potentially design future coatings that 
can enhance existing alternative materials to limit or reduce the FOG deposit accumulation 
on the sewer surface. 

The objectives of this research were to: 1) understand the FOG deposit adhesion 
mechanism on different sewer pipe surfaces and 2) evaluate the factors affecting FOG 
deposit adhesion on different sewer surfaces. In this project, concrete samples containing 0% 
and 50% FA as cement replacement with granite and limestone as coarse aggregates were 
developed. These concrete sewer line surface materials were partially submerged into the synthetic 
wastewater containing background calcium to understand the FOG deposit adhesion mechanism. 
To understand the effect of surface roughness, sewer line materials were roughened using different 
grit sizes and then these rough samples were submerged to observe the FOG deposit attachment 
on their surfaces. Porous ceramic samples with two different porosities were used to understand 
the effect of porosity on FOG deposit adhesion mechanism. Details of the methodologies used are 
provided in the methods section. Results from these tests are then analyzed and discussed in the 
result and discussion section of this report. 

2. METHODOLOGY 
2.1 Preparation of concrete materials 

Our previous WRRI funded project (16-03-W) evaluated alternative concrete materials 
prepared with 0%, 50%, and 75% FA (by weight) as cement replacement for FOG deposit 
formation and adhesion. The potential leaching of toxic metals, i.e., cadmium, chromium, mercury, 
lead, selenium from concrete with FA showed no risk as the concentration was below the national 
recommended water quality criteria for aquatic life. Results from this prior study indicated that a 
reduction in FOG deposit formation and adhesion can be obtained by 50% FA replacement with 
little improvement beyond this amount (Kusum et al., 2020). Therefore, in this current project, we 
used the previously cast 0% and 50% FA replaced concrete specimens that contained granite as 
coarse aggregate. In addition, new concrete samples were cast with 0% and 50% FA replacement 
using limestone as coarse aggregate, instead of granite. Granite is an igneous rock mainly 
consisting of quartz (SiO2) as well as feldspar and mica. Whereas limestone is a sedimentary rock 
with calcium carbonate (CaCO3) being the major component and is widely used by the precast 
concrete industry. Due to the compositional difference between the two coarse aggregates, in this 



project we extended our research to study the effect of aggregates enriched with calcium, such as 
limestone, on FOG deposit formation and adhesion. 

Table 1 provides the mixture proportioning that was used to make four different concrete 
materials by using Ordinary Portland Cement (OPC) (Type I/II). In all concrete mixtures, natural-
river sand was used as fine aggregate and water to cementitious material ratio (w/cm) was kept 
constant at 0.42. Concrete samples (Concrete-0G, Concrete-50G) were prepared with granite 
aggregate, whereas Concrete-0L and Concrete-50L were cast using limestone aggregate. Concrete 
materials were cast in a 2 × 2 × 12-inch PVC mold to conduct the FOG deposits adhesion test and 
kept sealed to cure for more than 90 days. 
 

 
Figure 1: Curing of concrete material under sealed condition 

Table 1 - Concrete materials mixture proportioning  

Ingredients Concrete-0G Concrete-50G Concrete-0L Concrete-50L 

Cement (kg/m3) 407.0 203.5 407.0 203.5 

Fly ash (kg/m3) 0.0 203.5 0.0 203.5 
Water (kg/m3) 171 171 171 171 
*Fine Aggregate 
(sand) (kg/m3) 786 786 786 786 

*Coarse Aggregate 
(Granite) (kg/m3) 1050 1050 1120 1120 

Water/Cementitious 
(w/cm) ratio 0.42 0.42 0.42 0.42 

* Coarse and fine aggregate weight are in saturated surface dry (SSD) condition 

2.2 Preparation of other sewer line materials 
Granite is a very dense material with porosity and pore size distribution significantly 

smaller than those of cement paste (Cho, Kwon, & Choi, 2009; Morrow & Lockner, 1997). We 
observed a lack of FOG deposit adhesion on granite surfaces in our previous study; therefore, we 
hypothesized that the FOG deposit adhesion on the cement surfaces could be a result of mechanical 
interlocking which is affected by the porosity and pore size distribution of materials. Hence, we 
used two different porous ceramic materials (B05M01 and B02M02) with 33% and 22% porosity, 
respectively as surrogate porous materials with controlled porosity and pore size distribution. The 
maximum pore size of B05M01 ceramic is 0.5 µm whereas, for B02M02 ceramic, it is 1.3 µm. It 



should also be noted here that the B05M01 and B02M02 ceramic are made of clay and silica, 
respectively. These porous ceramic materials were purchased from the Soil Moisture Corporation. 
The FOG deposit adhesion test on these two porous ceramic materials were used to inform the role 
of porosity and pore size on the FOG deposit adhesion process. To mimic the high pH of concrete 
pores, these porous ceramics were saturated by submerging under calcium hydroxide solution at 
pH 11.5. In addition to porous ceramics, test specimens from PVC pipe materials, granite and 
limestone were prepared by cutting these materials to 1 inch × 1 inch × 3-inch coupons. FOG 
deposit adhesion tests on these surfaces were also conducted to understand how FOG deposit 
adheres to different sewer line surfaces. 

a)  b)  c)  d)  
Figure 2: a) Porous Ceramic Sample, b) B02M02 (left) which is made out of silica, B05M01 

(right) which is made out of clay, c) Granite, d) Limestone 
2.3 Surface modification of sewer line materials 

Surface roughness has a considerable influence on adhesion as it affects the mechanical 
interlocking between the adherend and the adhesive (Pizzi & Mittal, 2017). Therefore, sample 
surfaces of PVC, concrete, limestone, and granite were modified by using a polishing/grinding 
instrument shown in Figure 3a to create different surface roughness. 

Table 2 displays the different surface modification process used in this study. It should be 
noted here that the surfaces of samples that were cut using a wet saw are referred here as saw cut 
surfaces. These surfaces were not modified using the polishing/grinding instrument. Additionally, 
the polishing process was manual; a single operator polished all the samples using different grit 
sizes varying from #120 grit to #1200 by applying uniform pressure for a period of time ranging 
from 2 minutes to 4 minutes (Table 2). 

After modifying each sample surface, they were analyzed for the surface roughness 
measurement as discussed in section 2.4 of this report. Finally, the samples were used for the FOG 
deposit adhesion testing to determine the effect of surface roughness on FOG deposit adhesion 
potential. 

2.4 Measurement of surface roughness 
The surface roughness of untreated specimens (no polishing) and treated specimens (both 

polished and roughened) were measured by the Confocal Laser Scanning Microscope (CLSM) at 
NCSU’s Analytical Instrumentation Facility (AIF). There are many surface roughness parameters, 
however, the following four surface roughness parameters were included in this study (Cha et al., 
2019). 



Table 2 – Surface modification of different test samples  

Sewer Line Materials Surface Modification Sample ID 
Cement Paste Surface after demolding, no modification CP-P 

Cement Paste Saw cut surface CP-SC 
Concrete-0L, 50L Polishing with #800, #1200 for 4 minutes C0L-P, C50L-P 
Concrete-0L, 50L Saw cut surface C0L-SC, C50L-SC 
Limestone Polished with #800 and #1200 for 4 minutes LS-P 
Limestone Saw cut surface LS-SC 
Granite Commercially Polished G-P 
Granite Saw cut surface G-SC 
PVC Polished with #120 for 2 minutes PVC-R 
PVC Original PVC Surface, no modification PVC-P 
B05M01 Original Surface, no modification PC1 
B02M02 Original Surface, no modification PC2 
Concrete-0G, 50G Polishing with #400, #800 for 4 minutes C0G-P, C50G-P 
Concrete-0G, 50G Saw cut surface C0G-SC, C50G-SC 

 

a)   b)           c)   

Figure 3: a) Polishing/grinding instrument, b) Confocal Laser Scanning Microscope 
(CLSM), c) Measurement of surface roughness of Porous Ceramic Materials. 

Height parameters: 

• Sa (µm) (arithmetical mean height of the surface): This parameter was considered the 
primary surface roughness parameter that provides the average height deviation from a mean 
imaginary plane. 

• Sz (µm) (maximum height): This parameter is defined as the average difference between 
the highest peaks and the lowest pits within the definition area. 

Spatial parameters: 
• Str (surface texture aspect ratio): This parameter is a measure of the uniformity of the 

surface area. It indicates the existence of grooves in the surface. An Str value close to 1 suggests 



that the surface is isotropic and has same properties regardless of the direction of the texture while 
an Str value close to 0 means the surface is anisotropic and has a dominant texture direction. 

Hybrid parameters: 

 • Sdr (developed interfacial area ratio): This parameter is the developed surface area ratio 
between the measured surface area and the complete flat area. The Sdr of a completely level 
surface is 0 and increases as surface roughness increases. 

A series of surface roughness measurement as mentioned in Table 2 was performed to 
determine the four pre-selected surface roughness parameters (listed in Table 3). Upon completion 
of the surface roughness measurement, their roughness values were compared before conducting 
the FOG deposits adhesion test on these samples. 

Table 3 – Surface roughness parameters 

Sa (µm) Arithmetic mean height of the surface 

Sz (µm) Maximum height 

Str (Ratio) Surface texture aspect ratio 
Sdr (Ratio) Developed interfacial area ratio 

It should be noted that for each sample, 24 random measurements sites were selected from 
four different sides of the sample. For the surface roughness measurement, Keyance VKx1100 
confocal laser scanning microscope was used. This instrument is outfitted with 5X, 10X, 50X, and 
150X lenses. However, for this study, the 5X lens was selected for all the study samples since our 
test samples have visible roughness and the 5X lens is sufficient to measure the variation in surface 
roughness among these samples. The resolution for each roughness measurement was set to the 
standard 1024 × 768 pixels. After completion of the surface measurement, the data file was saved 
and analyzed with the MultiFileAnalyzer, a post processing software provided by Keyance to 
determine Sa, Sz, Str, and Sdr roughness parameters. Finally, these roughness parameters were 
averaged over the 24 measurement locations to obtain the average surface roughness parameter 
for a specific test sample. 

2.5 FOG deposit adhesion test 
The FOG deposit adhesion test was conducted on all the samples prepared and modified to 

introduce surface roughness by polishing/grinding as discussed in sections 2.1, 2.2 and 2.3. An 
experimental matrix is given in Table 4 to summarize the different FOG deposit adhesion tests 
conducted in this study. In the FOG deposit adhesion experimental setup, test specimens were 
exposed to a synthetic wastewater for 30 days. The synthetic wastewater was prepared by mixing 
700 ml of DI water, 30 g of oleic acid as LCFFA source, and 30 g of canola oil and calcium 
chloride (125 mg/l of Ca2+) as background calcium. These specific concentrations were selected 
such that the saponification reaction between LCFFA and calcium is not limited by the availability 
of LCFFA or calcium. Additionally, oleic acid was selected as the LCFFA source to address the 
formation and accumulation of more viscous FOG deposits on concrete surfaces (He et al., 2013). 
Oil and oleic acid were initially mixed using a magnetic stir bar for 15 minutes. After properly 
mixing oil and oleic acid, DI water was added into the container. After mixing the resulting 
solution overnight, one-third of the 3" long sample coupon was submerged into the synthetic 



wastewater. After 30 days of testing, the FOG deposit formed on the sample surfaces were 
scrapped off and weighed to measure the amount of FOG deposit formed on each sample surface. 
Finally, the FOG deposits were oven dried at 105°C to compare dry weights of different FOG 
deposits adhered on various sample surfaces. 

 
Figure 3: FOG deposit adhesion test on Limestone samples 

Table 4 – FOG deposit adhesion test matrix  

 Samples A Samples B Roughness Observation 

1 C0L-SC C50L-SC Same Effect of FA and Limestone 
aggregate on FOG deposits adhesion 

2 PVC-R PVC-P 

Different Effect of surface roughness on FOG 
deposits adhesion 

3 LS-SC LS-P 
4 G-SC G-P 
5 PC1 PC2 

 Samples A Sample ID Pore pH Observation 
6 PC1 PC1-Cal 7 Ca(OH)2 at 7.0 

Effect of pore pH, porosity, calcium 
availability, and ceramic material 7 PC1, PC2 PC1-Cal 11.5, 

PC2-Cal 11.5 Ca(OH)2 at 11.5 

8 PC1 PC1-N 11.5 NH4OH at 11.5  

In this study, we also used porous ceramic materials of 33% porosity (PC1) and 22% 
porosity (PC2) to study the effect of porosity on the FOG deposit adhesion mechanism. To mimic 
the pore solution of concrete materials, porous ceramic samples were saturated under calcium 
hydroxide (Ca(OH)2) solution at pH 11.5 and 7 as listed in Table 4. We also observed the effect 
of pore solution calcium availability on FOG deposit formation and adhesion by saturating porous 
ceramic samples with ammonium hydroxide (NH4OH) at pH 11.5. 



2.6 Fourier Transform Infrared (FTIR) analysis of FOG deposit 
Fourier Transform Infrared (FTIR) analysis was performed on all the FOG deposit samples 

before oven drying them to determine the saponified solids content of the FOG deposits by 
identifying the characteristic calcium soap bands. The soap content of the FOG deposit was 
determined by using Eq. 1 (Kusum et al., 2020). FTIR analysis was also performed on pure canola 
oil and oleic acid to observe the peak absorbance at their characteristic bands. Infrared absorption 
spectra of FOG deposits were determined with a Bruker ALPHA spectrometer using a diamond 
Attenuated Total Reflection (ATR) sampling attachment. The absorbance spectra were computed 
from 400 cm-1 to 4000 cm-1 wavelengths and baseline correction was performed using the OPUS 
spectroscopy software. The absorbance and wavelength data were then processed using a data 
processing software (Origin Pro). 

 

 … (1) 

3. RESULTS AND DISCUSSION 
The Results and Discussion section of this report is subdivided into two parts based on the 

outcome of the Surface roughness measurements and the FOG deposits adhesion Tests. 

3.1 Surface roughness of sewer line materials 

Table 5 – Average surface roughness values 
Average roughness values Standard deviation 

Sample ID Sa Sz Str Sdr Sa Sz Str Sdr 
 µm µm   µm µm   
CP-P 1.65 32.30 0.73 0.24 0.12 6.85 0.09 0.08 
CP-SC 1.99 43.83 0.54 0.20 0.19 13.62 0.16 0.03 
C0L-SC 4.11 85.81 0.74 0.25 2.42 41.47 0.09 0.10 
C50L-SC 3.96 73.24 0.77 0.35 2.55 30.72 0.08 0.18 
PVC-P 2.02 33.58 0.62 0.35 0.16 2.85 0.22 0.11 
PVC-R 4.94 127.07 0.16 0.65 0.56 23.93 0.02 0.24 
LS-P 5.70 148.30 0.64 0.16 1.60 43.79 0.07 0.08 
LS-SC 20.21 217.79 0.70 0.45 3.84 44.77 0.06 0.30 
G-P 2.01 41.33 0.76 0.42 0.23 3.94 0.11 0.17 
G-SC 4.41 64.74 0.54 0.09 0.51 9.51 0.11 0.03 
PC1 3.00 40.67 0.76 0.16 0.25 2.93 0.04 0.04 
PC2 3.15 49.53 0.81 0.22 0.16 16.62 0.07 0.04 
C0G-P 2.35 48.83 0.74 0.15 0.63 13.63 0.08 0.08 
C0G-SC 2.90 65.03 0.77 0.17 1.46 29.83 0.09 0.08 
C50G-P 2.42 65.29 0.81 0.14 0.74 15.03 0.08 0.08 
C50G-SC 2.80 59.04 0.78 0.23 1.05 17.23 0.08 0.06 

All four of the surface roughness parameters (Sa, Sz, Str, and Sdr) are important to better 
understand the complex role of the surfaces physical properties for adhesion. Additionally, 



samples with the same roughness height parameters (Sa, Sz) can have very different surface 
textures (Str) and developed interfacial surface areas (Sdr). For adhesion, Sdr plays an important 
role as it offers higher surface area available for deposits to bond through chemical reaction and/or 
mechanical interlocking (Grzesik, 2016). Therefore, these four parameters are analyzed separately, 
and the results are listed in Table 5. 

The average surface roughness values (Sa, Sz, Str, and Sdr) for different test samples are 
displayed in Figure 4 to Figure 7, respectively, where the error bar represents standard deviations 
among the 24-measurement data. The Keyance VKx1100 instrument also provides the opportunity 
to generate a 3D profile of the measurement surface. Therefore, during each surface roughness 
measurement, a 3D surface profile of the sample was also collected and displayed in Figure 8. 

 

Figure 4: Arithmetic mean height, Sa, of different test samples 

 
Figure 5: Maximum height, Sz, of different test samples 



 
Figure 6: Surface texture aspect ratio, Str, of different test samples 

 
Figure 7: Developed interfacial area ratio, Sdr, of different test samples 

Upon analyzing Figures 4-7, it is evident that LS-SC is the sample with high Sa and Sz, 
along with Str, and Sdr values on the higher side of all samples. These results suggest that this 
sample has the highest potential for adhesion. Figures 4 and 5 show that the height parameters Sa 
and Sz for LS-P, LS-SC, G-P and G-SC can be reduced significantly by polishing the samples. 
This reduction in surface roughness is also visible in the 3D profile shown in Figures 8d, 8g, 8h 
and 8i. On the other hand, grinding of the PVC samples with #120 grit increased these height 
parameters, which is visible in the 3D profile shown in Figure 8e and 8f. 



 
a) CP-P 

 
b) CP-SC 



 
c) COL-SC 

 
d) PVC-P 



 
e) PVC-R 

 
f) LS-P 



 
g) LS-SC 

 
h) G-P 



 
i) G-SC 

 
j) PC1 



 
k) PC2 

 
l) C0G-P 



 
m) C50G-P 

Figure 8: 3D image of the surface of the different test specimens 

As for the texture, it is evident from the Figure 6 that the polishing with #400, #800 and 
#1200 grit have no significant effect on changing the surface texture and interfacial areas of the 
samples. However, PVC-R sample shows that the polishing greatly reduces Str values and 
increases Sdr values. This low Str and high Sdr values can be explained by the sample preparation 
method for the PVC-R sample. As mentioned in section 2.3, PVC samples were polished with a 
#120 grit for 2 minutes using the polishing/griding instrument shown in Figure 3a. The instrument 
polishes surfaces by rotating the circular disc that is fitted with the grit. The rough #120 grit 
attached to the rotating disc left a circular indentation on the PVC-R samples, leading to a high Str 
value indicating an anisotropic texture. Figure 8e further confirms this by showing the grooves on 
its surface which is missing from PVC-P sample image shown in Figure 8d. The Sdr value is also 
increased as the groove left by the griding process increased the interfacial area. 

In Figures 4-7 results show that the cement paste samples also have the lowest Sz with low 
Sdr and high Str values, which indicates that the surface of cement paste sample is nearly flat and 
has no dominant texture direction. Additionally, polishing has no impact on reducing surface 
roughness of cement paste samples as the initial surface roughness of cement paste is very small. 
In contrast to cement paste samples, limestone samples that were prepared by cutting using a wet 
saw exhibit the highest roughness values (Sa and Sz) and has irregular surface texture (high Str 
value) with moderately high surface area (high Sdr value). When comparing this coarse aggregate 
material with granite material, the results show that the granite surface has a very low surface 
roughness (low Sa and Sz). However, polishing can further reduce this surface roughness of the 
granite samples. 

Comparing the surface roughness parameters of concrete samples made with limestone and 
granite, we observe that FA containing concrete materials had lower Sa and Sz, but slightly higher 



Str and Sdr parameters, indicating that incorporation of FA reduces the extreme values of the 
surface for mechanical interlocking, however, provides higher surface area for other adhesion 
mechanisms. In addition, while comparing the roughness parameters of C0L-SC to CP-SC, we 
found that C0L-SC samples had higher surface roughness parameters compared to the cement 
paste sample. This difference is also visible in the 3D surface roughness profile shown in Figure 
8b and 8c. The reason behind this higher surface roughness of concrete material could be referred 
to the incorporation of 70% coarse aggregate (limestone) into the cement paste. As stated before, 
limestone has a very high surface roughness (even after polishing with #1200 grit size); therefore, 
concrete containing limestone as coarse aggregate would have a higher surface roughness due to 
its incorporation. This statement is further verified by comparing the surface roughness parameters 
of the C0L-SC to C0G-SC and C50L-SC to C0G-SC samples. In both cases, the concrete samples 
containing granite aggregates showed lower surface roughness, indicating that the incorporation 
of granite might have an impact on the reduced surface roughness values. 

We also compared the surface roughness between PC1 and PC2, and observed that both of 
these porous ceramic samples have nearly similar surface roughness parameters, indicating that 
these two surfaces do not vary in terms of roughness. 

3.2 FOG deposit adhesion 
The FOG deposits adhesion test was conducted on C0L-SC, C50L-SC, PVC-P, PVC-R, G-

P, G-SC, LS-SC, LS-P, PC1, and PC2. Among all these tests, only C0L-SC, C50L-SC, LS-P, LS-
SC, PC1 samples accumulated FOG deposits on their surface and the FOG adherence to the surface 
was significant to hold its weight when these samples were taken out of the synthetic wastewater. 
Figure 9 displays some of the FOG deposit adhesion tests where FOG was attached to the sample 
surfaces. 

  
a) Test on LS-SC samples 



 
b) Test on LS-P samples 

 
c) Test on C0L-SC samples 

 
d) Test on C50L-SC samples 



   
e) Test on PC1 (left) and PC2 (right) 

  
f) Test on PVC-P and G-P 

Figure 9: FOG deposit adhesion test on different test samples 

Since PVC-R, PVC-P, G-SC, and G-P samples do not leach calcium, to promote FOG 
deposit formation, 1.0 M ammonium hydroxide (NH40H) was added into the synthetic wastewater 
to raise the pH to 9. A few drops of base increased the pH instantly and as soap formation 
continued, the pH continued to drop. Over the entire test period, for the non-calcium leaching test 
samples, the pH of the synthetic wastewater was adjusted to pH 7.0 by adding NH40H. Due to this 
external base addition, LCFFAs and calcium produced insoluble soap particles in the wastewater. 
Consequently, the bulk solution turned milky white at the end of the test duration (Figure 9e and 
9f) to reflect the formation of these soap particles. However, these solution soap particles did not 
attach themselves to the test sample surface (Figure 9e and 9f). Therefore, surface FOG adhesion 
measurements were not conducted on these samples. Although PC2 samples can leach calcium 
from its saturated pores, we did not observe any FOG accumulation on this samples surface over 
the entire test period. Therefore, this test setup was repeated with a slight modification of adding 



NH40H externally to raise the solution pH to 9.0 to promote calcium soap formation. However, 
FOG deposit still did not adhere on the repeated test sample. 

The accumulated FOG deposit that adhered onto the sample surface was collected, weighed 
and oven dried to calculate the amount of FOG accumulation for samples- LS-SC, LS-P, C0L-SC, 
C50L-SC, PC1-Cal 7.0, PC1-Cal 11.5. Results are shown in Figures 10 and 11. From Figure 10a, 
the results for LS-P and LS-SC show that the FOG deposit is slightly lower for the sample LS-P 
as compared to LS-SC. As mentioned in section 3.1, limestone sample’s surface roughness varied 
significantly before and after polishing their surface with #800 and #1200 grit for 4 minutes. As 
the surface roughness for LS-P sample is lower, the reduced FOG deposit adhesion on LS-P 
samples indicate that the surface roughness has an effect on the FOG deposit adhesion mechanism. 

a)   b)  

Figure 10: FOG deposit adhesion on limestone, concrete, porous ceramic materials. 

a)  b)   

Figure 11: a) Effect of FA replacement on FOG deposits adhesion. b) FOG deposit adhesion on 
concrete made with granite sample (Kusum et al. 2020) 

From Figure 10b, we observed that the FOG deposit adhesion on PC1-N 11.5 is 
significantly higher that the FOG deposit on sample PC1-Cal 7.0. This result implies that pH has 
a considerable impact on FOG deposit adhesion on sample surfaces. FOG deposits adhered more 
when the pore solution pH was 11.5 compared to 7.0. 

Additionally, from the Figure 11a, we observed that the FOG deposit adhered on C50L-
SC samples was reduced by 34% compared to C0L-SC samples. This again verifies our previous 
research findings that replacement of cement with FA reduces FOG deposit formation and 



adhesion significantly (Kusum et al., 2020). However, in this research study, we observed 34% 
reduction as opposed to more than 55% reduction that was observed in our previous study. The 
reason for this increased FOG deposit adhesion on C0L-50 sample could be due to the additional 
surface roughness as well as increased interfacial reaction sites for the FOG deposits adsorption 
provided by the limestone aggregates. 

3.2.1 FOG deposit adhesion mechanism 

From the FOG deposit adhesion test on the test samples, it is evident that FOG deposit 
adhesion on any surface is highly influenced by that surface’s chemical composition as well as 
surfaces’ physical properties like surface roughness, porosity, and pore size distribution. As 
reported in this study, FOG deposit readily forms on the surface of the concrete samples without 
the addition of external base to promote soap formation. Additionally, we observed that when 
external base is not added, insoluble calcium soap only formed and adhered on the sample surface 
rather than the bulk solution, thereby a clear wastewater solution was found at the end of the testing 
period (Figure 9c). Therefore, it is safe to state that FOG deposit in such cases formed entirely due 
to action of calcium ion diffusion from the concrete surface at a higher pore pH. 

We hypothesize that the FOG deposit formation and adhesion mechanism is primarily a 
combination of saponification reaction, Van der Waals forces and to some extent mechanical 
interlocking. Therefore, both the chemical and physical composition of sewer line material play a 
vital role in FOG deposit’s formation and adhesion process. Initially, LCFFA and oil particles are 
present in bulk wastewater, and they are preferentially accumulated at the air-water interface 
(AWI) due to their hydrophobic nature. Thus, at this AWI, fatty acid concentration is considerably 
high. Once concrete leaches calcium, the high pH and calcium concentration near the concrete 
surface promotes the formation of insoluble calcium soap by the saponification reaction between 
LCFFA and calcium. These soap particles once formed near the surface attach themselves to the 
concrete surface due to their sticky nature and can act as the nucleus of future FOG deposits 
adhesion sites. 

Apart from sticky, insoluble soap formation, surface adsorption of fatty acids also takes 
place on active sites of the material surfaces. According to Hefer et al. (2005), strong 
electropositive Lewis acid bonding sites are typically formed on minerals where metals, such as 
magnesium, iron and calcium, are present. Whereas oxygen in silica and other minerals can act as 
Lewis base sites. Analyzing our FOG deposit adhesion test results, we found that the FOG deposit 
does not form or adhere on the PVC, granite and PC2 ceramic samples. It should be noted here 
that granite is igneous rock with quartz (SiO2) as the predominant minerals, whereas PC2 is 
prepared with silica (SiO2). Therefore, both of these materials contain oxygen that can act as Lewis 
base sites which does not allow adsorption of fatty acids on the material surface. As a result, FOG 
deposits that formed inside the solution and at the air-water interface, did not attach themselves to 
these surfaces. 

In contrast to granite, PVC, and PC2 samples, we observed FOG deposit adhesion on 
samples such as concrete, limestone, and PC1, which is the porous ceramic made of clay. In each 
of these sample compositions, we have clay minerals which has calcium in it that can act as Lewis 
acid sites. Consequently, fatty acid adsorption on this Lewis acid promoting sample surfaces was 
observed. When excess fatty acids are accumulated near the air-water interface and on the sample 
surface, it also encapsulates the FOG particles that are formed by the leaching of calcium from the 
sample or the addition of external base. Therefore, the solids deposition that we observe on these 



samples are a mixture of insoluble calcium soap and adsorbed excess fatty acids. This hypothesis 
can be further tested by analyzing the FTIR spectra of different FOG deposits that adhered on the 
test sample surface and discussed in section 3.2.5. 

The surface adsorption is also affected by the zeta potential of the surface as well as the 
surface area. Increasing surface area provides higher availability of active sites per unit mass of 
aggregates, therefore results in higher surface adsorption (Hefer, Little, & Lytton, 2005). In 
addition, fatty acid molecules may also interact with each other through the Van der Waals forces 
to produce weak bonds (i.e., hydrogen bond). Since all these complex processes varies with respect 
to the surface composition, it is evident that the FOG deposits adhesion mechanism is significantly 
affected by the sewer line’s chemical composition as well as physical properties. 

3.2.2 Effect of surface roughness on FOG deposits adhesion 
 From the FOG deposit test results of LS-R and LS-SC, we found that the FOG deposit 
adhesion amount on the surface was 1.94 and 1.77 g/cm2 of sample (Figure 10a). The surface 
roughness parameter, Sa, varied widely for LS-SC (Sa = 20.21 µm) and LS-P (Sa = 5.7 µm), 
however, we only see a little impact on the FOG deposit adhesion potential. A possible reason 
could be that the polishing of the LS-P surface was not sufficient to observe a significant effect of 
the surface roughness on FOG deposit accumulation. A separate set of experiments with further 
polishing (reducing the roughness to the level of paste samples, Sa = 1.94 µm or lower) can provide 
proper impact of surface roughness on FOG adhesion for these test samples. 
 For all other remaining FOG deposit adhesion tests, the surface roughness did not vary, 
therefore, the effect of surface roughness on FOG deposit adhesion cannot be quantified. However, 
we observed considerable FOG deposit adhesion on limestone samples with surface roughness 
value of 5.7 µm, whereas, on granite sample, we do not observe any FOG attachment even though 
its surface roughness was 4.4 µm. This further indicates that the FOG deposit’s adhesion primarily 
depends on the material composition and if the material composition is favorable to FOG deposit 
adhesion, surface roughness further promotes FOG deposit adhesion by providing higher surface 
area for bonding. The effect of surface roughness can further be validated by comparing the FOG 
deposit adhesion test results of C0L-SC (Sa = 4.11µm) with C0G-SC (Sa = 2.9 µm) sample where 
the sample with limestone aggregate adhered 75% more FOG deposit on its surface; indicating 
surface roughness has an effect on FOG deposits adhesion. 

3.2.3 Effect of porosity on FOG deposits adhesion 
 From the FOG deposit adhesion test, we can assess the effect of porosity on the FOG 
deposit adhesion mechanism by comparing the test results of LS-P, LS-SC, C0L-SC, and C50L-
SC. From these test results, it is evident that the limestone sample can adhere more FOG on its 
surface as compared to concrete samples. However, it should be noted that while determining the 
FOG deposit formation and adhesion potential of the concrete samples, external base was not 
added so that we can assess only the effect of concrete pore Ca(OH)2 on the FOG deposit formation 
and adhesion technique. In contrast, NH4OH was added to the limestone FOG deposits test since 
FOG deposit did not form without the aid of an external source of base. As a result of no external 
addition of base, there were some unreacted LCFFA and oil that remained in the test solution 
(Figure 9c and 9d). Nevertheless, we compared our test results of concrete prepared with limestone 
as coarse aggregate to the concrete prepared with granite as coarse aggregate.  



As reported in our previous WRRI project report, FOG deposit test was conducted on 
Concrete-0 and Concrete-50 with background calcium of 75 mg/l Ca2+ and ammonium hydroxide 
as external source of base. The test result was published by Kusum et al. (2020) and shown here 
in Figure 11. By comparing the FOG deposit adhesion on both concrete (C0L-SC vs Concrete-0, 
C50L-SC vs Concrete-50) surface, we can conclude that the FOG deposit’s attachment was higher 
on concrete made with limestone aggregate, irrespective of the amount of FA replacement. It 
indicates that the limestone doesn’t only exhibit higher surface roughness, it has a higher porosity 
with available fatty acid adsorption sites. Therefore, FOG deposit adheres more readily on 
limestone containing concrete than on concrete made with granite aggregates. Our previous 
research also reported that FOG deposit did not adhere on the surface of the granite aggregate; 
however, in this project, we observed that FOG deposit adheres on the limestone aggregate. Due 
to this added surface roughness and porosity by the limestone aggregate used in C0L-SC and 
C50L-SC concrete samples, while we observed more than 50% reduction in FOG accumulation 
on Concrete-50 samples, we only observed a 34% reduction in FOG deposit adhesion in this 
research (Figure 11a and 11b). 

3.2.4 Effect of pore pH on FOG deposits adhesion 
 To determine the effect of pore pH, we used the same porous ceramic materials (PC1) and 
saturated those with a pore solution made with Ca(OH)2 at pH 7.0 and NH4OH at pH 11.5. Test 
results are shown in Figure 10b. From the test result, it is evident that the higher pore pH resulted 
in higher FOG deposit attachment on its surface. The result is consistent with our previous research 
results where we stated that replacement of cement with FA reduces the overall pore pH of concrete 
samples and thereby leads to lower FOG accumulation on its surface (Kusum et al., 2020). Similar 
results were obtained in this project where we used 50% FA to replace cement and prepared C0L-
SC and C50L-SC concrete samples. From Figure 11a, we observed that concrete with FA 
replacement adhered less FOG deposits compared to concrete that contains 0% FA.  

3.2.5 FTIR analysis of FOG deposits 

 The FOG deposits formed on the concrete surface and limestone surface were analyzed 
using FTIR to observe the characteristic peaks at different wavelengths. Soap formed on the 
concrete sample surfaces did not exhibit a uniform appearance; the soap adhered closest to the 
surface was firm to the touch, while the soap exposed to the wastewater was soft. Therefore, FTIR 
analysis was performed on soap samples separately collected from two different locations- one 
from the surface layer (SL) and another one from the outer layer (OL) exposed to the wastewater 
(Figure 12). 

In addition, soap particles that accumulated at the AWI were collected separately. A similar 
process was followed to collect soap samples from the limestone samples as well. The FTIR 
analysis on these samples were conducted to determine the percentage saponification to understand 
the FOG deposit formation mechanism. 

Figure 13 displays the FTIR spectra for the FOG deposit collected from the three locations 
shown in Figure 12. The FTIR spectra results in Figure 13-a, b, and c were also observed for FOG 
deposits collected from sewer systems or produced in labs (Dominic et al., 2013; He et al., 2011; 
Kusum et al., 2020). From these figures, we observed that the FTIR spectrum displays the 
characteristic calcium soap bands at 1468 cm-1, 1541 cm-1, 1577 cm-1, broad spectrum at 3400 cm-

1, and the disappearance of 1740 cm-1 and 1707 cm-1 due to the consumption of LCFFA and oil 
during the saponification reaction (Kusum et al., 2020). In addition to these characteristic calcium 



soap bands, we also observed four peaks in the absorbance spectra located at 3004 cm-1 (=C-H 
stretching vibration), 2955 cm-1 (-C-H (CH3) asymmetric stretching vibration), 2922 cm-1 (-C-H 
(CH2) asymmetric stretching vibration), and 2851 cm-1 (-C-H (CH2) symmetric stretching 
vibration) (Poulenat et al., 2003). These frequencies of the aliphatic chains do not change during 
the saponification reaction. 

 
Figure 12: FOG deposit adhesion on surface creates three separate zones: a) AWI- FOG deposits 

collected from the air water interface, b) SL- FOG deposit collected from the surface layer, c) 
OL- FOG deposits collected from the outer layer 

Similar FTIR spectra of FOG deposit formed on different concrete surfaces indicates that 
the addition of FA or changes in coarse aggregate in concrete production does not alter the FOG 
deposit formation mechanism. However, the FTIR spectra for the OL soap varied from the soap 
collected from SL and AWI. Majority of the OL layer soap sample does not exhibit the 
characteristic calcium soap bands at 1468 cm-1, 1541 cm-1, 1577 cm-1, and broad spectrum at 3400 
cm-1. Hence, this deposit is not formed by the saponification reaction. We hypothesize that the 
solid formed at the OL is due to the aggregation of the LCFFA caused by the Van der Waals forces. 

a)  



b)  

c)  



d)  

e)  

Figure 13: FTIR spectra of surface FOG deposits 



In Figure 13b and 13c, FTIR results of C0L-SC show that the characteristics calcium soap 
absorbance (1541 cm-1, and 1577 cm-1) at SL was 92% higher than the OL. Similarly, for C50L-
SC, the characteristic soap absorbance at SL was 89% higher than the OL. Higher calcium soap 
absorbance of SL confirms that the hard calcium soap forms where calcium availability and pH 
are conducive to the formation of harder soaps as described in the literature (He et al., 2011; Kusum 
et al., 2020). 

While analyzing FTIR data of the FOG adhered on limestone samples, we observed that 
the absorbance associated with characteristic soap bands at 1468 cm-1, 1541 cm-1, 1577 cm-1, and 
broad spectrum at 3400 cm-1 are not present. Rather, the FTIR profile for the FOG deposit adhered 
on the limestone samples can be displayed as the overall absorbance of the mixture of oil and oleic 
acid (Figure 13e). Therefore, we hypothesize that the FOG deposit adhesion on the limestone 
samples is the result of the aggregation of LCFFA due to the Van der Waals forces and surface 
adsorption. 

We also determined the percentage saponification for the FOG deposit samples and the 
data are displayed in Table 6. Table 6 shows that the percentage saponification at the SL, OL, and 
AWI for the C0L-SC and C50L-SC was higher than the LS-P and LS-SC. Additionally, 
saponification percentage value is higher for the SL layer as compared to the AWI layer. The 
saponification value of the OL is very low compared to SL and AWI. This further verifies our 
hypothesis that the FOG deposit adhered on the OL are not saponified calcium soap. 

Table 6: Saponification percentage of FOG samples 
 SL OL AWI 

C0L-SC 82.04 6.72 38.28 
C50L-SC 73.13 7.6 66.49 
LS-P 7.63 4.55 NA 
LS-SC 8.85 5.4 NA 

4. Conclusion 
Our research goal was to understand the FOG deposit formation and adhesion mechanism 

on different sewer line surfaces. In our research study, we examined the FOG deposit adhesion on 
concrete samples, limestone samples, granite samples, PVC samples, and porous ceramic samples. 
We also evaluated the surface roughness parameters of these samples to identify whether surface 
roughness impacts the FOG deposit adhesion mechanism. After analyzing all the test data, we 
hypothesized that the FOG deposit mechanism is a complex phenomenon and varies among 
different sewer line systems primarily due to the chemical composition and physical surface 
properties of the sewer line material on which FOG deposits adheres. In our study, we found that 
the FOG deposit forms and adheres strongly on concrete surfaces, limestone surfaces, and PC1 
surfaces due to the presence of calcium as a strong electropositive Lewis acid bonding site that 
helps the LCFFA to adsorb on the material surface.  Additionally, we performed the FOG deposit 
adhesion tests on PVC, porous ceramic sample that is made with silica and granite samples 
consisting primarily of quartz. From these test results we observed that the FOG deposit does not 
form without a high pH environment to promote FOG deposit formation. Also, we observed that 
for the PVC, granite, and porous ceramic made with silica, FOG particles formed in the wastewater 
did not adhere on the sample surface. We hypothesize that the absence of a Lewis acid bonding 
sites such as calcium or magnesium results in zero adsorption of the LCFFA on their surface. 



Results also suggest that the surface roughness and porosity are secondary factors that affects FOG 
deposit adhesion when the process is not limited by the lack of adsorption. We also conclude that 
FOG deposits that adhered on the concrete surface are the results of saponified insoluble calcium 
soap, adsorption of excess LCFFA and the aggregation of LCFFA due to the action of the Van der 
Waals forces. Additionally, when FOG deposit is formed due to the saponification of LCFFA, the 
pore pH affects the quantity and physical properties of the FOG deposits that forms from the 
chemical reaction. 

Sewer collection system can be compared to the arteries of a human body. For a city to 
function properly, we need a disruption free collection system. However, due to the continuous 
rise in population growth, the collective human fat intake and consequently discharge continues to 
rise as well. Hence, we believe that the FOG deposit related SSOs will continue to rise if proper 
maintenance or preventative measures are not performed. Recently, Biden’s nearly $2 trillion 
Build Back Better (BBB) infrastructure plan passed the House of Representatives, and it is 
expected to pass in the Senate in March. According to Biden’s BBB infrastructure plan, around 
$1.850 billion is expected to be invested in sewer overflow and stormwater reuse projects. 
Therefore, it is expected that many of the old sewer collection system in the U.S will be 
replaced/renovated, and many more new collection system infrastructures will be built. Hence, it 
is essential to consider the construction material used for replacing or building these collection 
systems given the results of our study. Focusing designs on sustainable sewer line construction 
material or future coatings that can reduce or eliminate the SSOs caused by FOG deposits will 
significantly reduce the associated environmental and infrastructure cost as well as increase the 
public health protection. 
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