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Executive Summary

In recent years there has been growing concerns for sewer collection system capacity,
management, operation and maintenance (CMOM), and the prevention of sewer system overflows
(SSO0s). Grease accumulation in sewers has been cited as the leading causeveft $#ockages
resulting in SSOs. Such blockages can be attributed to fats, oils, and grease (FOG) discharged from
food preparation and manufacturing facilities, concentrated residential areas, and even single
family homes. WSSC has responded to this prebi by implementing FOG management programs
directed to food service establishments (FSEs) with obvious FOG production (frying, cooking using
oil, meat processing, etc) While current FOG regulations have successfully reduced FOG blockages
and subsequent SO events, they have not been eliminatedVSSC is currently under consent

decree to reduce SSOs. At issue here is whether oils and fats from coffee and dairy products
contribute to pipe deposits and thus SSOs. In this study the potential accumulationFdG

originating from dairy sources, such as ice creams, frozen dairy drinks, and hadiry-based

beverages, vasinvestigated.

While nationwide FOG control programs are being updated, many state municipalities, such as
Connecticut,do not cite dairy FOG as a contributor to pipeline blockages while others such as
Florida, Town of Louisburg and Salisbury in North Carolina among others regard dairy products as
a source of FOG and enforce installation of GADs in all their FSEs includioffee and ice cream
shops. The number of states and municipalities regulating FOG from coffee and ice cream shops is
limited, and so is the scientifiecbased knowledge to promote sound regulations. Thus an important
consideration is to evaluate the naturef dairy products served in such FSEs (coffee shops, ice

cream shops)

The fundamentals of dairy physics and chemistry were reviewed in order to understand the
behavior of dairy products under different conditions and assess their potential to form a sepate
phase while discharged into sewer collection systems. These findings suggested that a dairy solid
phase, composed of different proteins and fat globules has a high potential to separate. The time
frame required for the separation process to take plkee and thus whether currently used

interceptors and grease abatement devices could be efficiewere of great interest.

Temperature and pH were noted asthe most significant environmental factors that are expectedto
affectdairy suspersion and cause separaton of dairy products in wastewater. Researchstudies

were conducted to examine the effects of temperature and pH on separation employing synthesized



dairy wastewater in batchsettings. In the caseof warm tap water, the higher kinetic energy of the
systemcausedmore rapid separationwhile in room temperature systemsthe separaton occurred

at aslower rate. Nevertheless, inboth cases ultimately comparableresults were obtained. The

effects of detergentsand other suO Z£A Aideznitdri@ls used for cleaningwere also studied.The
addition of detergentsslightly enhancel the separaion of dairy constituents except for vanilla latte,

in which slightly lower separation levelswere observed.Asageneral trend, separation for mixtures
with higher fat content resultedin a completefloating layer, as observedfor half and half, ora

mixture of floating and sinking phases(ice cream),signaling the entanglementof fats and proteins

in separated phases Further separationof the phaseswas alsowitnessedin A T /E#Ededsynthetic
wastewater. The separation of samples was found to be relatively fast, with samples found to reach

steady fractionation after 3 hours, which could become more compact via centrifuging.

In anattempt to quantify the partitioning tendencies,Sandard Method 5520B wasused.However,
this test was dg¢ermined to be incompatible for dairy fat determination as uponaddition of hexane
to the mixture,aviscousgelatin layer formed because of the potential low solubility of dairy fats
and proteins innl 1T Z B lhekaAe@\n industry acceptablestandard method for testing dairy
products was employed, and the separated phasgcurd layers) were found to hold almost all the
fat residing in the sample, with little fat residing in the solution for samples of higher fatwhole
milk and ice cream:<4.%) Fresh wastewater sample representing practices inlacal coffee shop
were collected and found tchold a small mass fraction of fat (average @f.02 + 0.004% for first
shift, and 0.03 + 0.003% for second shift).

Samples were also collected from grease interceptors okgecialty coffee shoms well as a ice
creameryfor the duration of 3-4 weeks. Based on analysis ttiese GADs, with an average
retention time of 2 days obtained for theice cream grease interceptorseparation of dairy
constituents from wastewater was observed. In the case of the interceptor treatirthe specialty
coffee shopwastewater, the floating and the settling fractions could be witnessed, with the degree
of partitioning reducing from the inlet to the outlet chambers. Similar to the dairy dilutions tested,
the solution segment of the samples ftha marginal fat content, and fats partitioned in the
separated phasesn the sediment phase and were found to be the major constituent of the floating
phase. Accumulation of separated layers, as well as increase in fat content of each phase, was
observed during the 3 weeks of GAD sampling and laboratory study. In thieterceptor samples
collected from the ice cream facility on the other hand, separation could be witnessed prior to the

most recent cleaning othe interceptor, and the separated phases weretind to be most



commonly floating, slowly sinking only when disturbed in the sampling column. Furthermore,
partitioning in this GAD seemed to be slow, with the greatest fractionation occurring in the outlet
compartment. Further studies of GAD interceptorsas well as emphasis on protein and fat
suspension and emulsion will help better determine the fate of dairy constituents. Sampling for
this study occurred during the colder months of December and January, when the sales of frozen
dairy beverages and desggs are minimal. Continuing this study in the warmer monthswould be
beneficialto account for variations in sales, potentially leading to different retention times.
Seasonal studies should also investigate the effects of temperature on GAD separationd,tha
affinity of dairy constituents with one another. Qiaracterization of fresh wastewater and sewer

sampleswould be beneficial in mapping the fate of dairy product in wastewater.

Based onlaboratory and field observations,it is expected that partitioning tendencies of
wastewaters rich in milks and ice crearrlike products is substantial enough to justify installation of
grease traps.To assist in futurecharacterization, achecklist was prepared to assess the feasibility
of GAD treatment on different dairy FSEs



Glossary

Terminology for Food Service Establishments:

1.

Ice Creamery: Retail store supplying soft or frozen ice cream, custard, shakes, sundaes,

and/or yogurt in one or more serving options (cones, cups, etc.)

Regular Coffee Shops:Coffee shops that serve only prenade coffee drinks, without

OAOOGETI ¢ AT U OPAAEAI OU AOETEO POAPAOAA AU DPAOOI
Specialty Coffee Shops:Coffee shops that in additn to serving only coffee, prepare

AT ££EAA AOETEO OEAO I AU OOA AAEOU DPOiT AOAOh xEEA
request.

Terminology for Dairy Systems:

1.

2.

Creaming: deposition of aggregates of dairy fats to the surface in milks and/or other
dairy products.

Curd: separatedsettled or floated phaseof dairy products comprised of proteins and
fats, which form as a result of dissolution of calcium phosphate at ZPC (de¢e definition
4).

Serum: the suspended or clear solutiorof dairy products, which cantains aqueous dairy
constituents. At ZPC pH of caseins, curdling of milk occurs, which results in separation
of the casein proteins and fats from the serum. At this pH, the serum appears as a
transparent solution distinguishable from the separated curd Iger. Serum and
suspended phase are interchangeably used throughout this report paper.

Zero Point of Charge pH (ZPC pH): also known as isoelectric point, describes the
acidity level at which the electric charge density of the surface is zero, which should
promote agglomeration and separation of materials from a bulk fluid phase.



Introduction

The U.S. EPA has found that Sanitary Sewer Overflows (SSOs) caused by poor sewer
collection system management pose a substantial health and environmental challenge as they
spill raw sewage into basements or out of manholes and onto city streets, playgroudnd into
streams, before it can reach a treatment facility. Such overflows represent health risks to
communities (as they carry bacteria, viruses, and parasites) as well as damaging or having the
potential to damage properties, our wateresourcesbudget and recreational water supplies.
While there are different causes that contribute to SSOs, such as pipe breaks, increased inflow
due to infiltration, power failures and an insufficient system capacity, most studies attribute
over 40% of the SSOs to pipelockages (FOGSCIENCHjlany of these blockages are a result of
retention of fats, oils and grease (FOG) in the sewer lines. Food service establishments (FSE)
serving food directly to people have the potential to contribute heavily to sewer outflows. If
discharged without installation of a grease abatement device (GAD), their wastewater can
contain large quantities offats, vegetable oils, lards, shortenings, margarine, butter, greasand
other FOGbased products. Once=FOGmakesits way through the drain, it is only a matter of
time beforeit may block the arteries of sewers and result in overflows.

'l OET OCE A1 AOAOACGCA T &£ tnb T &£ OEA TAOQET T xEAA
impact can exceed this percentage on a state by state basis. For example, theBP.AS states that
85% of the SSOs in the state of California were connected to FOG clogs. Moreover, the Wall
Street Journal reported that 75% of the sewer systems in the U.S. worked only to half capacity
because of FOG clogs (FOGSCIENCE.COM). The problem becomes mere as rainfall adds
to the sewer load and water levels exceed the already reduced capacity of the pipelines.

EPA and other Environmental state agencies are seeking solutions and have
implemented the practice of regulatingcOG discharges. FSEs, servingdapreparing hot food

have been identified as the major contributors to FOG buildups. This problem has become



excessively severe due to the increase in the number of FSEs in the U.S. As more and more
people choose to dine out, more FOlas the potential b bedischargedto our sewersfrom
FSEs Many Bod Service Establishments preparing food on site produce brown grease, a very
OOEAEU Altdi OAAGEHE: AXOAOOA | SAEAOEAEEDOOh ¢mnmyx g8
Qils, and Grease Model program falischarges to sanitary sewage systems to assist
municipalities with the collection and disposal of FOG. Most of these regulations address FSEs
preparing and serving food to publicwith obvious FOG production (frying, cooking using oil,
meat processing, et). However, other situations and facilities, such as coffee and dairy shops
are less obvious. Food establishments that use only dairy and/or coffee products have
suggested that physical treatment will be ineffective with their wastewater, yet some evidee
exists to the contrary. There is a need to investigate whether furtheegulations to control
FOG discharges from coffee and dairy shops could limit the amount of dairy fat or other
suspended solids entering sanitary sewage systems and thus prevergirOG deposits.

To date, there is no research available to assess whether current FOG removal devices
(GRDs) can remove dairy fats and residues, and whether such devices are effective only under

certain conditions.

This paper will first, in Chapter 1present a literature review of several key FOG

PDOT COAI O T AOET T xEAAh AAEOU &/' AEAOAAOAOEUAOQEITH

behavior. Chapter 2 will present characterization studies and laboratory analyes of actual
dairy FOG samplesvhile Chapter 3 will provide a description of field studies and separation

analysis of dairy FOG. Conclusions and recommendations, based on this research, follow.
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Chapter 1: Literature Review

Wastewater Characterization and FOG Traps

The most important parameters that would control the fate of FOG in sewer systems are
wastewater composition, temperature and pH. Chemical properties of FOG components and
i ATU AAEOU AT A xAOOAxAOAO AAAOAOEAI 1 EAOTT OCAT EOI
by pH. ThepH of typical wastewater tends to fall around 6.5 (Gross, 2004). Temperature is
another important variable that influences biochemical reactions and also the physical
treatment processes. This becomes important in wastewater originating from several FSEs
which prepare and serve hot food to their cliental (FOGSCIENCE). Wastewater discharged from
these sites typically contains high concentrations of FOG. FOG is removed from these drains via
plumbing the kitchen drains through GADs. These devices hold theastewater long enough to
allow the fats to float. Congealed FOG tends to be lighter than water, and the grease needs to
cool enough to congeal and separate from the water carrying the grease away from the kitchen.
Therefore, the temperature of water enteing the grease trap as well as the temperature of the
actual device is of importance. A long retention time may be required to allow for sufficient
separation of grease. Since most FSEs tend to use very hot temperatures to clean their dishes,
the wastewater entering the GAD tends to be too hot, resulting in a longer retention time for
partitioning to occur (Scherfius, 2010). Updating the grease abatement devices and regulations
is essential as many of them apply to animal fat, which used to be more populhan vegetable
oil. Overall, the temperature, time and emulsion properties of the FOG in the wastewater affect
the efficiency of the interceptor.

Dish detergents are also important variables that need to be considered as they have
surfactive properties and can keep the FOG suspended or emulsified in the waste stream, and
ultimately allowing the grease to escape and cause further problems. Typical outflow of a

restaurant ranges between 24 gallons/unit area/day, thus it is essential to understand the

4



characteristics and load of wastewater prior to beginning of study (Gross, 2004). This brief
description only touches on the complexity of the design and ordinance required to efficiently
diminish FOG clogs. A nationwide review of FOG Control Programs is presehin the next

section.

FOG Control Programs

As generation of FOG imposes a threat to our water supplies, almost all states have
come up with FOG control programs. This part can be referred to as a guideline for steps taken
by different cities and statesto reduce FOG discharge into sewers.

First to be considered is that FSEs cover a wide range of facilities, from restaurants to
some convenience stores and can be classified for clarity. This paper refers to classification of
FSEs according to states, su@s Connecticut, which group FSEs into four types. First is Class I,
which refers to establishments serving only prepackaged foods and/or beverages. Class I
includes establishments using cold or readyo-eat processed foods. Establishments exposing
foods prepared by hot processes and consumed within 4 hours of preparations fall in Class Ill.
Finally Class IV is defined as establishments exposing foods prepared by hot processes held for
4 hours or more prior to consumption (FOG Guidance, CT). The DepartmeftEnvironmental
Protection (DEP)in Connecticuthas developed a statewide FOG model for discharge to sanitary
sewerage systems to diminish SSOs. Similar to other states, active and passive FOG
pretreatment equipment in forms of automatic and passive grese interceptors are used.
Pretreatment regulations on discharge of grease are intended for FSEs. GADs are required in
FSE classes that introduce FOG to the drains (i.e., lll and IV). Connecticut has determined that
Class | and Class Il establishments arettypically significant FOG generators. Therefore, they
have concluded that establishments producing hot/cold dairy products have negligible
influence on the sewerage intake of FOGs and they do not have regulations for FOG originating

from dairy sources FOG guidance, CT).



Although this state does mention some of the ice cream shops as Class Il food serving
establishments, the reason is not the potential generation of FOG clogs from dairy sources.
AEAOA &3%0O AOA AT 1 00111 A ARMOMG @O0 U AGBREMKE EGEE G
on site but are kept hot until sold. An example of this type of establishment would include take
out services with limited seating. Furthermore, satellite doughnut shops and coffee shops are
also included in Class IlIThese facilities serve pastries that could have been prepared at a
central kitchen and shipped to the satellite shops. Some Dunkin Donut locations are included in
this program (FOG guidance, CT). Thus, it seems that these facilities are regulated notteir
FOG discharge but rather for the health concerns over the food they serve.

Elsewhere on the east coast, it is seen that the New York City DEP requires that grease
interceptors be installed in all waste lines receiving grease, including those origiting from pot
wash sinks, food scrap sinks, scullery sinks, meat, poultry, and fish preparation sinks, floor
drains, automatic dishwashers, and other plumbing fixtures in all restaurants, cafeterias, clubs,
butcher shops, slaughterhouses, fish markets, sapmarket food processing areas,
delicatessens, and other nomresidential establishments where grease may be introduced into
the drainage system. The state provides guidelines to FSEs regarding proper installation and
adequate sizing, and maintenance of ietceptors as their best management practices (BMPs).
There is no mention of coffee shops, ice cream shops, or other institutes introducing FOGs to the
pipelines via dairy fats, but as stated above, the FSEs include all residential facilities that
intro duce grease into the drains. Therefore, this code may include dairy shops as part of FSE,
yet no records, or documents directly citing coffee or dairy shops were found (Preventing
Grease Discharge).

The Florida DEP is also promoting policies to drasticallreduce FOG discharge to the
sewers. For example, in the city of Atlantic Beach, BMPs, including guidelines to reduce FOG

discharge, are imposed, which help facilities meet environmental regulations and prevent



polluting the environment. Florida is more pecific in identifying FOG sources and lists them as
cooking meats, mayonnaise and salad dressings, butter, ice cream and other dairy products,
creams and sauces. All FSEs, including ice cream shops, and coffee shops, discharging FOG from
the listed sources are required to abide with applicable state, local or federal rules and
regulations, which includes installation of properly sized and operational GADs (FOG BMP, FL).
The city of Salisbury in North Carolina enforces the ordinance and installation of erceptors in
all FSEs as well, so any facility preparing food or serving prepared food, including Class | and |l
in which ice cream shops and other dairy shops tend to fall, are obligated to use GASimilarly,
the town of Louisburg, NC lists dairy produts as a contributor to FOG, and requires all
commercial kitchens to install grease trapsThis city also prescribes residential practices to
diminish the discharge of FOG in the sewer (FOG Regulations, Louisburg, NiG&.Hampton
Roads Planning DistrictCd | EOOET 1 Al O Ei b1 Al AT 6O A O&FEAO AEOAA
products are listed as FOG contributorsand requires all restaurants and other FSEs to install
grease traps (FatFreeDrains.com). Another city, where dairy products are recognized as a FOG
source is Indianapolis where installation of grease interceptors by all restaurants and other
FSEs are called fotn Columbus, Ohio all new or remodeled FSEs seeking a plumbing permit
have been required to install outside interceptors since 2005.

The state of Texas Commission on Environmental Quality states that fats, odsd

grease come from meat fats in food scraps, cooking oil, shortening, lard, butter and margarine,

A

COAOUh AT A AT A POI AOAOO OOAE AO 1 AwpingFassE OAh OAIl A

Oils, and Grease out of Our Sewers, State of Texas). Since the state mentions sour cream as a
source for FOG generation, other dairy products such as creams and ice creams with a typical
fat content of approximately 1098 may be considered as aource for them. This state does not

impose ordinance on FSEs but prescribes best management practices for both commercial and

lAverage fat content of cream products such as ice creams or whipped cream is 10%. This number is
determined from analyzing the cream sediment composition in creaming proceskdstfa, 1983
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household kitchens. In Milwaukee, OR, FOG discharge from all sources is controlled, and the
program regulates a wide range of FO£5This city lists dairy products as a source of fat
(Milwaukie FOG Program)Similarly, Town of Louisiana, NC currently lists dairy products as a
source for FOG, and requires all commercial kitchens to install grease traps.

Similar to Ohio, California ao requires all remodeled FSE® install outside
interceptors but does not include coffee shops and ice cream shops explicitly. In Orange County,
Classes lll and IV FSEs are required to use interceptors whilee City of Los Angeles followed
somewhat confising guidelines as it does not define a specific definition for FOG discharge.
They have successfully minimized their SSOs and require the ordinance to be enforced in all
FSEs that have the potential to generate waste FOG unless a conditional waiver @&ntgd.

While there was no mention of coffee shops or other dairy shops as being included in their FOG
regulations in June 2010, in their most recent document, dairy products are included as a
source for FOG, and all FSEs as well as big apartment builditgéstall grease traps

(Protecting your sewer systems from FOG, lacounty.gov).

The city of San Francisco is another site in the state of California which does not identify
coffee shops or any other Class | and Il facilities as a threat to sewerage and@sgs no
regulations on them for grease abatement actions (sustainablog). Their FOG Control Ordinance
includes limiting total oil and grease discharge and has specific grease capacity equipment. FSEs
are defined as facilities engaged in preparation of fodwr consumption by public such as
restaurants, commercial kitchens, caterers, schools, hotels and etc. Although this city does not
list coffee shops and ice cream shops as contributors to FOG discharge, they define FOG as
organic polar compounds derived fom vegetable, plant, or animal sources composed of long
chain triglycerides, which is the major form of dairy fat and perhaps leaving dairy shop FOG
discharge open to negotiation. It seems surprising that with their FOG definition, they should

leave dairyshops out of FOG pretreatment program (San Francisco FOG Ordinance).



In summary, it is seen that while a number of states do regulate FSEheir definition of
FOG may be inconsistent with one another, and coffee and ice cream shops are not always
included in their FOG control programs. For example, the states of New York and Connecticut,
the city of San Francisco, and Orange County do not categorize coffee shops and ice cream shops
as obligated facilities in their FOG control program. On the other handpFda is very rigid and
counts such establishments as sourced FOG and enforces regulations, and L@ounty, a few
cities in North Carolina, and Colorado include dairy products as a source of GO

Nationwide, regulations on the FOG control program are setting a reference on ways to
diminish discharge of FOGnto the sewer system. This step reducedischargeof FOGrom as
many restaurants and other food establishments preparing and serving foods possible, vithin
certain limitations . Someestablishments, however, including dairy shops operate under
relatively loose conditions. These facilities tend to serve prepared foods and hot/cold
beverages, and do not involve preparing/making food. Most states tend nai tequire these
places to install grease traps and consider their FOG input negligible, if at all.

Dairy product can contain high concentrations of fats and proteins, which may separate
in the sewerage. Therefore, a study of composition, structure, andqggerties of milk and other
dairy products and their possible contribution to FOG input seems essential.

While the regulation framework is not completely settled with respect to FOG
discharges from coffee and ice cream shops, at issue is whether the curigntsed interceptors
or traps would be efficient in removing FOG from such wastewaters; no information currently
exists on this respect. In order to assess whether partitioning occurs in dairy wastewater, it is
necessary to study the building blocks of @iry products as well as their densities and

tendencies to form separate phases that would either float or precipitate.



Dairy Chemistry and Physics

While it is argued that restaurants and other FSEs that use animal fats are heavily
responsible for generaton of FOGs in the pipelines, there has been little research on the
potential FOGfrom other FSEs serving dairy products, such as ice cream shops or coffee shops
serving hot and cold beverages impose on our sewer systems. In the following section, different
milk constituents prone to separation, their chemistry, and the processeas partitioning are

discussed.

Milk Constituents and Properties

Milk is a complex fluid containing as many as 100, 000 different molecular species in
different dispersed states (Webb, 1975). Milk composition depends on many environmental,
physiological (age and sige of lactation), and genetic factors. Nevertheless, regardless of its
origins, water clearly predominates, giving an average of 89.3% of its compositiofiable 1.1
gives the average composition of milk in lowland breeds. Besides watermilk structure includes
lactose, fats, proteins, minerals, organic acids, and other miscellaneous compoufdé&bbet al,
1975). Table 11 shows that the nonfat solid portion of milk is averaged to be 8.8%, and the
weight percentage of fat in dry matter has a mean valud 81%. It can thus be clearly seen that
fat is one of the principle compounds found in dairy products, averaging 3.9 weighercentage

Fats also have nutritional value and provide consumers with energy. They include fatty
acids and vitamins and consisbf numerous different lipids. The two most abundant lipid
classes of milk include neutral (bearing an overall net charge of zero) glycerides ¢rdi-, and
monoglycerides), and saturated and unsaturated forms of free fatty acids4£Cio), each with a

distinct water solubility. Although composed of many different lipids, nearly all fat exist in

O\

separate small globules, with a size distributionof0.4puv 8 t 1 8 %AAE CI 1T AOI A E
a thin protective membrane, giving a total area of ~ 80 AiL and preventing the globules from

coalescence and flocculation (Walstrat al,, 1984).
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Table 1.1. Data for Netherlands milk, but typical of lowland breeds. Table reproduced from Dairy Chemistry

and Physics, 1975.

Average Content Range % Average % of

Component %>(W/w) (wiw) Dry Matter
Water 87.3 85.588.7
Solidsnon-fat 8.8 7.910.0 69
Fat in dry matter 31 21-38
Lactose 4.6 3.85.3 36
Fat 3.9 2.455 31
Protein 3.25 2.344 26

Casein 2.6 1.7-35 20
Mineral substances 0.65 0.530.8 5.1
Organic acids 0.18 0.130.22 1.4
Miscellaneous 0.14 1.1

Another important class of milk compounds is protein. Milk proteins consist of amino

AAEA OAOCEAOAO EI ET AA OEAAA Oi

OAEI & AU DAPOEAA

subdivisions. The protein content oimilk averagesto 32 g/kg, out of which 80% is categorized

as caseins. Caseins are a group of phosphatmtaining milk-specific proteins that precipitate

upon acidification. They tend to seHassociate and form micelles of different sizes. Their

stability is dependenti T OEA OUOOAI 60 D

AT A OAi PAOAOOOAS

caseins is their different C&bonding capacities, with a sedimentation constant of 7.5 Svedberg

units (7.5S¥. The remaining proteins that are soluble under acidic conditions are knowas

whey or milk serum proteins. Thus, it is expected that proteins, and specifically casein micelles,

can separate to some extent when heated and under acidic conditions which can pose a risk for

clog formation in the sewage system. One should expect tlas milk is heated to introduce

acidic compounds such as coffee, caseinate might eventually precipitate out. In addition, as

proteins are surfactive molecules, they tend to form a layer at the awater (AW) interface to

reduce surface tension, leading tseparation of protein species in the system (Walstra, 1984).

Sum of the principle constituents (i.e., water, lactose, fat, protein, minerals, organic acids, and other miscellaneous

compounds) gives a value of 100%.

3 Svedberg unit is a measure of time and is defined & gec. Itis a non Sl unit used in deteming the rate of sedimentation

of a macromolecule, notably in centrifugation.
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Other compounds mixed with beverages, such as chocolate and vanilla may also alter the
situation. Therefore, their effects must also be considered. Another important aspect is the
interaction of phosphate and C#&, which tends to be favored at lower pH values (Walstra,
1984).

Considering its high fat content, milk can more or less be described as aniaiwater
emulsion. Like any other emulsion, milk is not entirely stable, and any fat and plaa
interactions occur separately in each globule. The molar mass of milk is found to be twice that
of water, and thus milk mixes quite easily with water. The structural components of milk are
small, so diffusion into and out of milk occurs within a few semds, resulting in a very rapid
partition equilibrium between fat globules and plasma or between casein micelles and serum.
Other substances include nonfat solids, fat in dry matter, lactose, and proteins. Another
characteristic of milk is its tendency touptake apolar substances quite easily because of their
relatively high solubility in the fat globules. This can prove to be an important characteristic as
it signals potential ad/absorption of organic pollutants in wastewater by dairy products,
resulting in a separate phase (Walstra, 1984).

In short, milk is a very complex system consisting of diverse components, which behave
differently under different conditions. When mixed with other surfactive material, such as
detergents, grains such as coffee, or cbolate, and other flavors used in ice creams, their
chemistry and physical properties change. An analysis of the surface tension corresponding to
different components of wastewater may help determine whether separation of different
species occurs. Of conece is mixing with detergents, which may keep the solid particles such as

proteins and fats suspended in the fluid and prevent them from floating.

Effect of pH and Temperature on Dairy Wastewater Properties
When it comes to analyzing the tendency of a dgiwastewater to separate into

different phases, pH is an important factor. A typical wastewater from a coffee shop may
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contain milk products, as well as coffee and detergents. While at typical milk pH of &, most
proteins are fully homogenized with tie water, most caseins are insoluble at pH of 4.6 (Walstra,
1984). This pH might be approached since coffee is acidic. As pH decreases, calcium phosphate
present in the casein micelles dissolves, and enlargement of these micelles occurs due to a loss
in their surface potential. Suctenlargement resultsin precipitation of the micelles. The zero

point of charge of the caseins occurs at pH4:6; at this pH it loses its net charge and forms
internal salt bridges. The high hydrophobicity of the casein then ake it insoluble. Although as
already mentioned, milk pH tends to fall anywhere between 6.6 to 6.8, it is important to
understand the influence of acidic conditions in FOG formation in coffee shop drains since
coffee is relatively acidic and lowers the | of the system, which may result in formation of long
insoluble protein complexes in the sewage system (Walstra, 1984).

Temperature is another variable that affects milk in many different ways. As already
discussed, milk is a very complex system, and &hging the temperature resulsin a wide range
of both reversible and irreversible changes throughout the system. Heating milk is an important
preparatory step in making hot beverages, and here a description of some of the few changes
accomplished by heatig that are relevant to the purpose of this study is presented. Some of the
reversible processes include change in conformation of proteins, cold agglutination of fat
globules, state of crystallization of fat globules and state of association of caseins.

One prominent irreversible reaction is the transfer of calcium and phosphate from
solution to the colloidal state. This process has a very long relaxation time and affects casein
micelles properties. Another change caused by heating is an increase in titeatable acidity of
milk and reduction of pH. As indicated above, reduction of pH causes further entanglement of
AAOGAET T EAATTAO AT A OAAOGAAO OEAEO Oil OAEI EOUS
whey proteins decreases due to heat denaturatiomnd they become largely associated with

casein micelles. Moreover, immunoglobulins, a species present in milk which causes gelation
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and cold agglutination of fat globules becomes denatured and inactive during heating, thus
reducing the possibility of formation of clusters of fat. Therefore, although this process can
cause intensive separation of milk fat from plasma, is not considered in this study as milk
used in industry is homogenized. Deactivation of immunoglobulins is not the only change
occurring in homogenizing, and denaturation of fat globule membranes takes place as well
(Walstra, 1984).

Variations in temperature also affect density. Density is an important property that
helps determine the separation tendencies of milk constituents. If givemeugh time,
substances of higher and lower densities separate as sediments or flocs. The density of liquid
i ET E E£AO AO ¢ mis3#ForpOteins AHisOaue i® p400 abdGorF lhctose it is 1780
kg/m 3. Therefore, the density of milk is averaged tbe about 1030 kg/me. The diverse densities
of composing substances in the mixture can cause floatation of fat content and sedimentation of
proteins given sufficient retention time. The density of a suspension of several compounds is a
function of many parameters such as temperature, water, and fat content, and the density of
skim milk, milk, and cream can be obtained using equatiah+1. For density of dairy products

concentrated by removing water, equatiorl-2 can be used (Walstra, 1984).

,20 = 1000 (1.1)
0.123m_ +0.9665

1_R,LR

r = r (1.2)

In equation 1,mgis the fat content, and subscripts o, ¢, and w denote initial milk,
concentrated milk, and water respectively. R is the concentration factor relating the ratio of dry
matter content in the concentrated milk o that in the dilute milk (Walstra, 1984). In the
Fundamentals of Dairy ChemistryWebbet al. define density of milk as a function of

N s A o~ X

OAil PAOAOOOA &I O Oxi OAI PAOAOOOA OATGCAO T A n
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Density = 1.003073 0.000179 T 0.000368 F + 0.003744 N (1.3)

xEAOA 4 E OAI PAOAOOOA ET i#h & AT A . OAZEAO O bDAO
(Webb, 1975). A linear relationship for the second temperature range is determined using

equation 4. The coefficients appear in Tabl&.2.

D-1=ai bT+cTFi dT (14)

Table 1.2. Coefficients for determining density of different temperatures. Table reproduced from Webb et
al., 1975 (Table 8.3).

Average difference/

Whole Milk Skim Milk 1% fat
a 350 366 4.8
b 3.59 1.46 0.39
c 0.09 0.023 0.0061
d 0.11 0.0016 0.00002

Using density of pure and tap water, a graphical representation of milk density is
produced for better illustration and appears as Figurel.1-1.3. A sharp spike appears in the
Figure 1.1A0 pmi #8 4EEO EO AOA O1 OEA omdkdorOEAO# Oxi AE/
and10t mi #8 ! OAOU COAAOAIT AAAOAAOA ET OEA 11 xAO OAIl
drop in the densities of dairy products. Skim and 1% milk show very similar results, while
whole milk shows lower values, which follows from casidering its highest fat content. Itwas
clearly seen that an increase in temperature reduckdensity. Considering the temperatures of
the dairy products used in hot beverages or in cold deserts, the immediate response of the
components of the system cabe seen. Moreover, for the entire temperature profile, the density
of milk is greater than that of water and therefore milkshould settle in the solution. This is not
the case, however, since the proteins with highest densities settle down and the lighfet

globules float if the two systems were to mix.
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Profile of Milk and Water Densities
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Figure 11. Densities of whole milk, skim milk, 1 and 2% milk compared to water. As can be seen, there is a very small
difference between the densities of 1 and 2% and Skim milk, which tend to intersect at most points.
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Figurel.2. Densities of whole, skim, 1 and 2% milk Figurel.3. Densities of Whole, skim, 1 and 2% milk

compared to water at lower Temperature compared at higher temperature range (10
Range (a10°C). 40)°C.

Forclarity, a focused graphical representation of each temperature range appears in Figlires
and1.3. It can be seen that as the fat content of milk increases, its density reduces. Whole milk has the
lowest density, while based on calculations reduced faik | the more dense form. As can be seen
from Figure 1.2density of 2% milk is highest and the same treadtinues for most of the higher
temperature range (1@0°C). Whole milk seems to have the overall lowest density. Deviations are
higher for lowertemperatures and results are counterintuitive as it is expected that skim milk should

have the higher density. Therefore, fat content seems to have a larger effect on the association of
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different milk constituents. It is also interesting to see that ddeias in densities of skim, 1 and 2% milk

are to a lesser extent for higher temperature ranges.

Dairy Partitioning

Because of the diversity found in its building blocks, milk can undergo physical changes
quite frequently. One example is creaming of fat glattes and crystallization that occur upon
cooling. Creaming is a rapid phenomenon in which fat globules aggregate to loose, large flocs at low
temperatures and form a new structural element. It occurs as a result of the difference in density
between fat gldoules (920 kg/m3 at room temperature) and milk plasma (1030 kg/n®). To consider
OEA AOAAITETC T &2# A OEITCGCIA CiTAOI A 301 EAGO OAI T AEOU
xEAOA 4 EO OEA AAAAI AOAOGEI 1T AAEET ET Qa@d&ddnoteEE AT A § C
density of milk plasma and fat globules(1030 kg/m 3 and 920 kg/m3respectively),dis the

particle diameter, and finallysp is the viscosity of milk plasma, which is not necessarily that

of milk (Walstra, 1984).

-a(r. - r.)d?
u, = (ryp-1r4) @.5
181

p

For equation (5) to hold, several conditions must be fulfiéd. For one, the concentration of
fat globules must be very low (<16), which is rarely the case in milk, but for a diluted milk solution
as found in sinks, the concentrations can be lowered to these amounts (volume of water and milk in
the sink equals 1 ft3 containing 20% dairy products). Another aspect is the size of the fat globules.
&1 O OAou Oi Al AT11TEAAT DPAOOEAI AO xEOE $ Fp tih
Finally, the globules must be smooth spheres, which are not the case fooshhomogenized fat
CliAOI AO j7A1 OO0AR pwytd8 (AOGEIC OOAOAA OEAOA All
useful reference, but since the globules exhibit some variability in size, equation (6) can be used to

find the proportion q of the fat readiing the cream layer per unit time where N is the number of
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is the depth of the layer of milk (Walstra, 1984).

_ a Nidigvi

" DE N,d? 40

q

It is also important to review the colloidal stability of milk in some detail prior to covering
other dairy products. By now, it is clear that milk consists of both hydrophobic and hydrophilic
colloidal particles and the following characteristics apply tadhem. First, they are subject to Oswald
ripening. To explain this, an example is used. For an air bubble of diameter 0.1 mm in skim milk, the
solubility of air in the bubble is higher than that of the air above the liquid. As a result of the
difference in solubility, large particles tend to grow while smaller particles start to disappear. This
principle is true for other nongaseous components in a particle as well, and overall smaller particles
are more prone to this phenomenon. Dairy colloidal particletend to settle or cream unless
Brownian motion prevails (i.e., D<t | Q8 -1 OAT OAOh E&Z&£ OEAU AOA A&l OEA A
temperatures, they coalesce with each other if the thin film of continuous phase between the closely
approaching globules isuptured somehow. Homogenization of milk enhances this phenomenon as
during the process, the membrane covering fat globules is damaged (Walstra, 1984).

It is also possible for substances dissolved in one or both phases to accumulate or adsorb
onto the interface. If both phases are fluids, the interface has no specific adsorption site and
adsorption to the interface continues until it is packed with a monomolecular layer. In general,
solute is adsorbed if it lowers the interfacial tension. This is expressdéiil ' EAA8 O ANOAOEI 1T h
(1xQh xEAOA 3 EO OEA OOOEAAA AQGAAOGO 10 AAOGI OARA Al
fluid, commonly replaced by its concentration. Equation](.7) states that for a solute that lowers the
surface tension, the stface excess increases, resulting in surface tension going down. If this

principle is applied to milk, milk constituentsare likely to absorb at airwater (AW) and oil-water
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(OW) interfaces in order to reduce surface tension. Therefore, proteins, consisgjrof hydrophobic
and hydrophilic parts, can readily be adsorbed onto OW and AW interfaces.

Another important parameter is the contct angle, whch depends on the adsorption of

surfactants as dictated by interfacial tensions (equatiod.8):

Gas - Gws
Gaw

cosg = (18)

This principle alsodetermines whether spreading occus in a sample For example, triglycerides do
not spread on water, but natural fats spread because small quantities of surfactants in milk
(proteins) lower row. Milk fat does not spread on plasma (skim milk) surface becagishe adsorbing
proteins lower r awto such a value that { ac+ r ow)>  aw. Milk fat globules or larger amounts of liquid
fat, on the other hand, form lenses on a milk surface. For dairy fats to form a film, they first need to
reach the surface. Nevertheles@roteins lower the surface tension to a greater extent and take
precedence over fats as a general rule. The protein layer on teywuld then repel the fat globules,
keeping them suspended in the liquid phase.

Another important process which changes milk ksemical structure and physical
characteristics is the introduction of air bubbles to a dairy system. This process takes place
frequently in many specialty coffee and dairy=SEs while preparing hot or frozen drinks, such as
cappuccinos, smoothies, ice creams and whipped cream. If air is beat into a liquid containing
surfactant, such as milka foam layer forns. Despite their difference in interfacial tension, this foam
has much in common with an oitin-water emulsion as they are both dispersions of apolar fluid
phases in a polar liquid. To explain foaming of milk products, it is noted again that milk proteins,
such as caseinates, contain both hydrophobic and hydrophilic part$herefore, they adsorb
strongly to the air-water interfaces and stabilize the foam. As air start dissolving, bubbles shrink.
During this time, the micellelacious part stays at the interface and other adsorbed substances
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presumably desorb. Further shrinkaye of air bubbles causes the micelles to touch each other and

form a layer. Finally with the full dissolution of air, an empty folded sac consisting of a membrane of

casein micelles remains. This phenomenon is particularly common in skim milk that has been

Al ATET ¢ AO OAIi PAOAOOOAOG AAT OA ¢mi#h xEEAE EO OEA
milk (Walstra, 1984).

Association of fat globules with air bubbles is somewhat different. It is argued that fat
globules only occasionally make contact with th&W interface and only when they are caught in a
foam lamella. The membrane material spreaiover the bubble, which ruptures the film. Liquid fat
de-stabilizes the foam to a smaller extent than solid fat globules. This occurs because the globule
and the adsorption layer of the AW interface repel each other. When the lamella becomes thinner
than the globule diameter, deformation of globules takes place, which is much more easily done in
liquid fat as opposed to solid fats because solids show a higher resista to flattening (Walstra,
1984). For association of air bubbles in high fat dairy products such as cream, it is believed that as
soon as bubbles are formed and before proteins can adsorb on the surface, fat globules become
attached to the surface and aréeld there by surface forces. The foam layer on top of the cream is
enriched in fat. In practical situations beating often goes on in such a way that foam is not formed.
In whipped cream, the fat globules need to be fully attached to air bubbles in ord&r have stable
foam. The entrapped air maksthe fluid very light with a much lower density (Walstra, 1984).

Finally another milk product that is used to make hot beverages is powdered milk. Although
powdered milk can be made via several processes, it isost commonly produced by spraying small
droplets of milk (or concentrated milk) into hot air (Walstra, 1984). Dry powder particles are then
made within a second. The water content is found to be 3% or 4% for skim milk. The spray drying
produces roughly spterical particles with a size distributonof 5pmmm t I AT A AEO AOAAT A
embedded in the particles, whichtend to expand during drying. Particlesaggregates are comprised

of several individual spheres. Milk powder particles consist of continuous masg amorphous
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lactose, fat globules, casein micelles, and whey proteins. The fat globules in milk powder are
changed by the evaporation and spraying process and considerable splitting of fat globules occurs.
As far as proteins are concerned, drying is so pa that denaturing of proteins is negligible, whey
proteins remain soluble, and most enzymes active. A small fraction of powder may remain insoluble
as small proteinaceous lumps may remain after dissolving the powder in water. Moreover,
creaming is also pssible in the form of flecks of fat globules held together by gelled proteins.
Another important consideration is the age of milk powder. If dried milk is held for several months
in relatively moist conditions (mole fraction of water = 0.5) or at high terperatures, a substantial
portion of the protein becomes insolubleSince proteins help stabiliz the dairy emulsion, their
insolubility in water can result in higher partitioning tendencies.Therefore proper storage is vital
(Walstra, 1984).

Ice cream isanother dairy product that should be considered. Ice cream typically contains
10% milk fat, 11% milk solids-not-fat, and 14% sugar. It is made by beating air into cream while
rapidly cooling the mixture to-4to-¢i #8 4 EA OOOOA OO O Actystals] aik ¢elfs ] fad O
globules, fat granules, and often lactose crystals. Although ice creams and creams contain high
concentrations of fat globules, their susceptibility to coalesce are low because of homogenization,
and only partial coalescence of faglobules are observed in ice cream. Additionally, emulsifiers are

added to ice cream to destabilize the fat globules so that they can form granules during beating

(Marshall et al., 2003).

Conclusions and Predicted Behavior

Every year, discharge of FO® ur sewer systems diminishes the capacity of sewer
pipelines and causes SSOs, polluting our water supplies. In order to reduce the number of
overflows, many agencies prescribe ordinances and BMPs. When reducing the FOG discharge, it is
important to investigate the potential contribution of dairy products to the sewer systems. Some

states, such as Texas and Florida, list dairy products, such as sour cream and ice cream (FL) as a

21

EAOA



source, while others like Connecticut find that the effects of Classes | amdFSEs, in which most

coffee and other dairy shops fall, are negligible. Therefore, with only a few exceptions, such as
Florida, the majority do not view milk, ice creams, and cream as a contributor to FOG clogs. In order
to investigate this, however, it § essential to look at the chemistry and physical characteristics of
dairy products and study their potential separation in wastewaters.

Milk consists of many colloidal particles, such as fats globules and proteins that can
separate. Milk proteins becomensoluble at lower pH values (i.e., 4.6). Although the pH of most
wastewaters tends to be higher and fall in the neutral range, it should be taken into account that
coffee acidifies the system, and thus can make the conditions more favorable for caseinetiés to
become insoluble in water. Another important aspect is heating milk for the preparation of hot
beverages. Heat coagulation of caseins occurs as well as damage to the fat globule membrane, thus
more rapid coalescence of fat globules may take pladehis can be readily observed when heating
milk, excluding skim milk, for consumption at home. Furthermore, heating increases the acidity of
milk, and coupled with pH reduction from coffee, it is likely that caseins become insoluble. Heating
also causes deaturation of whey proteins,which may result in their entanglement with the casein
micelles. Moreover, whipping and cooling dairy products, as seen in whipped cream and ice creams,
also cause crystallization of fat crystals and their stronger associatiosith one another, making
flocculation of fats more likely.

Having discussed the physics and chemistry of dairy products as well as certain wastewater
characteristics, itwas hypothesized that partitioning and separation of different phases, namely fat
globules and proteins occus in wastewater originating from coffee shops, and ice cream shops. Ice
creams have more flavoring and higher fat concentration, sovitas expected that wastewater
originating from FSEs serving ice creams would contain rathesubstantial dairy fat content. Thus
strong partitioning of fat globules, with smaller densities would occur. Moreover, addition of

different flavors, such as strawberries and blueberries,auld reduce pH. Nevertheless, since ice
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creams tend to contain othe flavors, such as chocolate or vanilla which counteract the acidity
imposed by other flavors for thebulk sample, the pHwas expected tdoe similar to milk (Wolf
Clinic). Coffee shopsvere expected tohave more acidic conditions, and separation of protai
phases is expected. Therefore, separation in FSEs serving mostly iced and hot beveragesikely
to bein form of insoluble proteins with partitioning of fat globules in a lesser degree. Nevertheless,
it should also be mentioned that proteins may stdrto settle at higher temperatures, making the
adsorption of fat globules at the AW interface more likely. Thus a combination of both substanégs
likely to be present in the floating phase. Finally, the effects of different surfactive material used for
cleaning should also be considered as they will influence the surface tension and may delay the
separation process.

To conclude, itwastheorized that separation of fat with fewer protein should be observed
in case of ice creams. As for coffee drinkswiasexpected that fatswould float, while proteins
would become relatively insoluble at lower pH values. Nevertheless, to study the feasibility of
different GADs, it is necessary to study the time frame necessary for the separations to occur. When
mixed with different surfactants, it would be interesting to see whether partitioning of proteins and
fats would occur, or if it would be delayed long enough to escape current GADs. In short, however, it
appearedthat dairy products may contribute to formation of FOG clogs in sewer systems. After
testing this phenomenon, and determining the retention time, BMPs and strategies to prevent FOG
accumulation in the sewer systemsvere to be analyzed anddetermination of whether further

measures should be taken to diminish FOG clogs and minimize the risk of SSOs on our environment.
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Chapter 2: Characterization Studies and Laboratory Analysis

Introduction

Phasel of this report provided abrief review of dairy chemistry and physics. After
studying the propertiesof dairy/wa ter systemsand the different environmental variablesthat
affect their homogeneity,a relatively high potential for separation of different dairy solids and
fats was predicted. Havingdiscusseddairy scienceand making predictions about dairy behavior
inside sewer systemsa seriesof laboratory tests havebeen conduced.

Basedon previous research, it was expectedthat separation and partitioning of different
milk constituentswould be afunction of temperature and pH. Temperature effectsincluded both
cooling and heating. At low temperatures, crystallization of fat globulesaccompanied by cooling
is expected to occuywhich would result in the strong assogation of fat molecules with one
another,making it more likely for them to partition into aseparate phase.At high temperatures,
sevea al characteristic changeswere predicted, including heat coaguation of caseinsfurther
acidification and denaturation of whey proteins,and finally damage to fat globule membranes
can causecodescenceof fat globules,making it more likely for partitioning of different dairy
spedesto occur (Walstra et al.,1984). Water pHwas also expectedto influence dairy suspension.
Dairy products tendto haveneutral pHj ¢ 8 @ Z ¢ 8 adgig systdmndsiacidified, however,
dissolution of casen proteins takesplace,and a dairy curd appearsin the mixture (Walstra et al.,
1984).

To study the behavior of different dairy systems,a seriesof batch testswere preparedto
mimic dairy/water ratios matchingwastewater originatingfrom dairy shops at different pH
values.Finally, once a goodunderstanding of the partitioning behavior of dairy productsis
obtained, standard methodswill be used r quantifying the FOGcontent of the mixtures.

Although monitoring the partitioni ngtendenciesof dairies is an important part of this

work, the samplestestedwould be realistic and represent potential waste samplesfound in the
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industry. Thus visitsto different food service establishments (FSEs)took placeto obtain arealistic
perspective.

From the chemistry it was predicted that separation shouldtake placeand would be
influencedby pH and temperature; after visiting FSEs,synthetic wastewater was madefor testing

these haracteristics.

Universityof Maryland DiningServices

Prior to starting experimentation, an attempt was madeto understand the differ ent
practices ofFSEsserving hot and cold beveragesand understandthe different products usedin
thesefacilities. The campustour began at approximately at 10 AM on 8/9/2010 with avisit to
SouthCampus Dining Savices acompanied by WSSGnspector Ms. Joyce Cox, and University of
- AOUI AT A Bedvicedrfiahager MIr. Greggrhompson. This tour included a visit to different
campus faciities, suchasthe ice creammaking facility, grease interceptors, University of
Maryland Facilities Management, and StampSudent Union Coffee Bar.

Thefirst placeof visit wasthe ice cream making facility, whichis locatedin SouthCampus
Dining Senices.Anice creammaker is usedwhich processesce cream mixesand different
flavors to producefrozen custardandice cream. Theice creammix is asweetenedcOA Al zZ1 EE A
mixture consisting of 14% dairy fat. Several flavor additives,including many fruits, peanutbutter,
detergent,which is a product of Ecdab.

Thegreaseinterceptors on campusare underground and collectthe wagewater originating
from FSEdn the different parts of the campusfor treatment and separationof FOGrom the
wastewater. Currently allwastewater originating from FSEson Campus,except the regular coffee
shoplocated inthe Physicsbuilding, pass throughgreaseinterceptors. The Student StampUnion
housesthe majority of these F&s. Therefore, this building was chosenasan example. Two 1600

gallon (6050 L) interceptors are installed within closevicinity of this building. None of the
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interceptors havea specificretention time as the volumetric flow rate changeswith season.
Interceptors are cleanedon a monthly basis,or asneededin case of emergency. During summer
months, becauseof the smaller demand,the water flow rateto the interceptors decreases,and
fewer cleanups are scheduled (approaimately every 2 months). Theinterceptors, seen in this
visit, containedmostly water with a floating film of FOGThe interceptors asa geneal rule consist
of threesections. Thefirst section containsmaterial, which includes wastefood and scraps,and a
very clearfilm of FOCGcould be observed in the first compartment. The following cmmpartment
showed smaler FOGcontent. Finally the third compartment showsthe leastFOGand the water in
this part is mostly free of all solid food and grease. Although athin film of FOGwas present,the

improvement in the quality of wastewater couldvisibly be seen.
Student Stamp Union Coffee Bar

Avisit to the StampStudent Union Coffee Bar wasdone on Wednesday,Aug 4th, 2010.
This visit was mainly aimed to understandthe practicesof atypical specialty coffee shopand
to estimatethe composition of coffee shopwastewater for future reconstruction of asample.
Most of the mixing for preparation of hot dairy beveragessuch ascappuccino,and café mocha
were doneinside the consumingcup. The Frappuccinodrinks onthe other hand were made
inside a blender consistingof arequestednumber of espressoshots,a shot of the requested
flavor, milk with specificfat content,and ice.This drink with or wit hout ice is the most popular
drink during the academic year and accountsfor approximately half of their entire saleduring
regular semester hours. A list of the most popular drinks included caramelmacchiato, vanilla
latte, regular latte, white mocha, regularmocha, and regular coffee.The coffeeshopused
whole and skim milk although 2% milks are also offeredwhich were madeby mixing equal
portionsof whole and skim. Table 2.1reports the average consumpton of whole and skim
milk on aper daybasis.Ascanbe seenwhole milk hasahigher demandthan skim.

Approximately 80% of the entire milk was heated for usewhile only 20% is consumedchilled.
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Whipped cream sprays were usedin the drinks. Thusit seems thatnone of the whipped cream

would enter the seweragesystem.

Table 2.1. Average Daily Consumpti on of Milk in Student Union Coffee Bar

Milk Summer(L/day) Reg.Semestr (L/day)
Skim 28 57
Whole 38 76

Dueto health regulations, coffee pots holding regular and decaf coffee were cleanedand
replaced with freshly brewed coffee everytwo hours. The samovars arecylindrical in shape,with a
diameter o ((Zend) andaheight of p x (@3 cm). The volume ofregular coffeemade eachday
was about twice that of decaffeinated coffee,which is filled only to half capacity. Theefore
approximately 0.95 and 0.47 L of regular and decaffeinated coffee enter the drain every 2 hours. If
the Coffee Bar only provided coffee in this manner, it would be classified as a regular coffee shop.
However, because of the dairy additives anobtions availablh OEA #1 £FAA "AO EO A 0OOBPB
Icecreamsalein this location seemsto be minimal.

This specialty coffee shop usesfour sinks, eachwith dimensionsof 17.56x11 8 v {44.&0N X
26.cm x 23cm). Three of the sinks are used for cleaning practices, as prescribed by the health
department, which means wo of the sinks hold water for first dipping and sterilizing. Therinsing
sink, on the other hand is usedonly asneeded.There is an additional rinsing sink; its use was
omitted during sampling to assist in obtaining samplsfor this facility.

During regular semesterhours, the sinks are drained an averageof four times per day while
during the summer this number reducesto twice aday. It seems hat the only source of milk
entering the drain in this specialty coffee shopis from cleaningthe milk pots and blenders.For
future work, it would be useful to obtain the salesfor different flavor additivesused, andalsothe
salesof dairy product on a morthly basis.Sample collectionfrom the Coffee Bathelped greatly in
determining the dairy FOGcontent of the wastewater. It seemed that most of the flavors involvedin

the processng of hot beverageswere of neutral pHrange.The overall dairy: water ratio appeared
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to be approximately 1:10, containing different heated andchilled dairy substances.This facility
seenedto be an optimum placefor samplecollection. The list of hot and cold dairy beverages
servedreflected other typical specialty coffeeshops.Additionally, the Coffee Bar offered awide
selectionof dairy products. It was of greatinterestto visit other FSEsoff campus,with T T i#eO
grease abatement devices(GADs)asstudying the physical statusof the GADis an indicator for
potential partitioning of dairy FOGor other dairy constituents. From this visit, the porti ons usedto
prepare synhetic wastewaters were selected.Furthermore, after observing daily practicesof the
CdfeeBar, it is important to conduct teststo determinethe effects of sterilizers anddetergents. Off
campus locations were alsoidentified. Sudying the physical status of the GAD is an indicator for

potential partitioning of dairy FOGor other dairy constituents.

Partitioning Behavior of Dairy

Different batch testsfor testing partitioning behavior of dairy products under different
conditionswere made,and for each batch pH effeas were studied. The following flow diagrams
demondr ate these conditions.

(a) (b)

+500C H,0
+50°CH,0 + Det/Ster
Heated to
70°C
£2025°CH,0
+20-25°C H,0+ Det/Ster Half and Half

ce Cream

+50°C H,0

+50°C H,0 + Det/Ster

Hot & Chilled Latte

+20-25°CH,0
Chilled

+20-25°C H,0+ Det/Ster

Diagram 2.1. Experimentation to Investigate Partitioning Tendencies of Synthesized Dairy Wastewater

28



The How diagram 2.1 demonstratestesting for milks, while (2.1b) illustrates the
procedure usedfor half and half,ice cream, andhot and chilled lattes. The results of these tests

are discussed inthe following parts of this section.

Dairy Suspensiomand pH

Asalready mentioned,reducing the pH to avalue of 4.8 will causedissolution of calcium
phosphatepresentin the casenate micellesand will thus result in sepa ation of proteinsfrom the
suspension.Sincethe level of the acidity of the additives, mainly in form of flavors in frozen
desserts, anchot/chilled beveragesis diverse,it is important to study the partitioning behavior of
mixtures atdifferent acidity levels. Totest this study, different Clovedand Farm Milks (whole, 2%,
and skim) and half and half were mixed with tap water to makea 200 mL 1:10 diluti on.
Concentated HClwasthen usedto generae a pH profile of the samples. Cther dairy products
usedin this study include vanilla ice cream,and hot and chilled vanilla latte,obtained from Coffee
Bar,located atUniversity of Maryland Samp Student Union.

Sincethe purpose of this study was to investigatethe potential separation of dairy FOG
from wastewater, it wasimportant to incorporate any additive that can resultin suspensionof FOG
within the water body.Onesuchadditive is detergent. Commonlycompaosed of surfactive
molecules,they can reducethe surfacetension and keepdifferent constituents suspendedin the
mixture.Furthermore, aspart of bestmanagement practices,many F3Es use the threesink model
describedin the previous section,which in addition to dilut ed detergent water mixture, also
include sterilizer. A samge from rinse and sterili zing sinks were obtained from UMD Dining
Services.Equal volumesof water, detergent + water dilution from sink 1 and sterilizer solution
from sink 3 were mixed. Similar 1:10dilutions of dairy: detergent: water were made, ncorporating
sink samples.For these tests, the tap water wasreplaced by a1:4 O E T &:Zap water.

Sampleswere preparedin 200250 mL ErlenmeyerFlasksand tested in 50 mL centrifuge

tubes. Thesesampleswere allowed to sit for 3 hours and were monitored frequently during this
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time. To obtain a mmparable reading among different batches,the sampleswere then

centrifuged to refine the separatedphases.The results of this study appear in Figure 2.1.
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Figure 2.1Separation of vanilla ice cream, vanilla latte and half and half: water and vanilla ice cream, vanilla latte, and half
and half: (detergent + water) mixtures at flerent pH values.
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Figure 2.1continued. Separation of Whole, 2%, and skim milk: water and whole, 2%, and skim milk: (detergent + water)
mixtures at different pH values.
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The resultsillustrate d that, based on the fat content of the mixtur e, the dissociated
aggregatewill either rise, or sink. Eachsamplewas categorized into thr ee groups of sinking,
suspendedand floating phases.Eachphasewasthen measuedand results reported as
percentageof total solution present. Baed on the visible turbidity of the solution/suspended
phase,the number and colors of the linescrossingthe columns were altered to reflect
observations.Figure 2.1 demonstratesdatafor room temperature tap water.

Asknown, fats havelower density than water and proteins, and it seemsthat aggregates of
samples ontaining high fat content, suchashalf and half and ice cream were morelikely to float at
leastby some extent. In the caseof half and half, almost all the separatedphasewaspositioned in
the floating layer, while for ice cream thefloating/ sinking tendenciesdepended on pH. Perhaps
the stronger association of crystallizedfat globulesin ice creamswasresponsiblefor this behavior.
Furthermore, in caseof ice cream, afoam layer also appeared.This foamwas believedto hold
entrapped air within a fatglobule phase.

Asageneral note,it can be sad that introduction of detergents to the systemenhanceshe
separation tendencies otthe samples.In almostall dairy products similar or better partitioning
occurred. Thisseparation may be the result of number of factors,suchassalting out, cosolvent
effects, and or surface tension.The only exception hereis vanilla latte. In the caseof vanilla latte,
somedegreeof partition ing ocairred for all pH values.Nevertheless,upon introduction of the
detergent sample lesspartitioning could be observed at a pH very closeto the zero point of charge
of calcium phosphate incaseinae,at which point significant partitioni ng was expected.Moreover,
it seems that the addition of the detergent mixture also slightly improves the buffer capacity, and

the samples were more resistant to pH change.
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Dairy Suspension and Temperature
Methodology

To study the effects of temperature orCloverland Farm milks (whole, 2%, and skim) and
half and half, samples were obtained and their partitioning behavior at 0, 25, and 80 was studied
for three hours. The samples were tested in static conditions. To heat the mixtures, the samples
were immersed in an 8@C water bath for approximately 20 minutes since being in direct contact
with heat will result in deformation of fat globules and their adhesion to the bottom of the storage
vessel, which should not be read as a sediment phase.

From practices observedn the Coffee Bar, milks are rapidly heated to high temperatures
for preparation of hot dairy-based beverages whiléncorporating air into the mixture to promote
formation of a foam layer.To mimic this exercise, a 108C water bath was usedd rapidly heat milks
with different fat content until the samples reached a temperature of0°C, which was measured to
be theaveragetemperature of sampledhot coffee beveragesThe samples were mixed several
times for the duration of the heating procesdy rotating the sample 90. Once the samples were
heated, 1:10 dilutions were made to study their behavior. It should be noted that despite the high
temperatures of milks, none of the samples had formed a fat film on top of the solution. The
samples were #lowed to cool prior to synthetic wastewater preparation. After approximately 20

minutes, the mixtures had reached room temperature.

The effects of temperature can also be reflected in the higher solubility of compounds in hot
water. Traditionally greasydishesare washed with warm water for optimum removal of oils and
fats. ltwas, therefore, important to study the behavior of dairy systems diluted in warmer
temperatures. A hot tap water faucet was allowed to run for several minutes until it reached a
steady temperature. The average temperature was measured to be®8D This water was used for
dilution. Since most washing is done at the same time, it is believed that the warm tap water will be

continuously run in the FSE, which will raise and maintain # temperature of a grease interceptor
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to 500C for several minutes before the system starts equilibrating with its surrounding. The GAD
was assumed to be relatively isothermal and able to withhold its heat for approximately 50
minutes. Because of the relatiely small size of the laboratory samples, their vicinity to the cooler
ambient temperature resulted in rapid heat loss. To prevent this, the samples were placed in a
water bath of the same temperature for 30 minutes after which they were removedhe sampes

were exposed to different pH conditions and their partitioning tendencies studied.

In addition to studying creaming or separation of fat at different temperaturs, more
experiments were devised to study the effects of water temperature, and heated ackiilled milks
on separation tendencies of the system, the outline of which are presented in Diagram 2.1. They
include dilutions of heated (7(°C) and chilled milks (whole milk, 2% fat milk, and skim milk) with

room temperature (25°C), and warm (50C) tap water at pH levels of [5.25.4] and [4.84.9].

Results and Discussion

As Figure2.2 demonstrates, no separation was observed aPG. At room temperature,

however, a 6% separation of fat could be observed for half and half. The partitioning phase forms
approximately in the first hour for a static system. Finally, at an elevated temperature of 80,
partitioning of fat species could be observed for all systemsvhich appeared as a thin layer for the
milk mixtures after the first 5 minutes.. For half andhalf, creaming occurred more slowly, starting
AOT T p O pm 1T ETOOAO AEOAO OAAAEET ¢ OEA Al AGAOGAA
centrifuged samples, and immediately after they were removed from the water bath.

The results obtained in this &ercise agree with expectationsThe lack of presence of a fat film
at 0 and 29Cis mainly due to the fact that milk supplied in different FSEs and supermarkets is
homogenized milk, which by definition, should not separate at lower temperatuie Inthe case of
EAl £ ATA EAI £#h AOA O EOO EECEAO Z£AO AT T OAT O jpnz

which accounts for 12.5% (ht/ht) of sample. This number matches the predicted fat content of half
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and half, and it seems that almost complete separati@f fatswas observed

(http://www.robertsdairy.com/products/cream/ -EA1 £Z AT AZEAIT A£Q8

As can be seen from Figure 2.2, the degree of separation increases with fat content of the
mixtures. It should be noted that ahough little or no separation occurs within the three hour time
frame at lower temperatures, milk mixtures contain microbial and enzymatic species and will spoil
with passing of time. Thus although no separatiowas observed within 3 hours, the samples
spoiled after 24 hours at room temperature, whichwas accompanied by separation of dairy curd,
and potentially leading to formation ofa product that could solidify in a sewer system.
The phenomenon observed in Figure2, EO | £0AT AAI 1 AA O#OAAI ET Coh

heating of dairy products, such as milk (Walstra,

t=3 hrs
. _ 14% pH =[6.6-7]

et al., 1984). Heating milk is also one of the ?

= 12% —

, . . S 10% _

processes involved in making many hot S 8% _
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caffeinated beverages, during which the 5 4% —

o 2% _
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H 2] 0% T T

membrane of the fat globules is damaged and °
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. . i 0
coalescence of dairy fat occurs at a relatively fast W Skim  ®2% ®Whole = hali&half
Figure 2.2. Temperature Profile of milk and half and

half. The extent of creaming/separation

rate. Based on observations in the Coffee Bar, reported on a volume basis,

although hot beverages served are heatl to temperatures ranging from 60 td80°C, based on
measurements an average specialty coffee drink temperature of 2T was chosen for analysig\s
already mentioned, nilks are heated very rapidly and with insertion of air in the mixtures.
Therefore, it seems that with the relatively vigorous force introducing air bubbles in the system
accompanied by the formation of a foam layer, the milk fat will not, at least immediatelyartition
into a separate phase, although some separation can be seen after the coffee is cooled.

Testing on samples modeled from the Coffee Bar practices produced a slightly thinner film layer,
compared to sampls heated in the static condition Creamingn this scenariocould be observed for

whole and 2% milk fat samples, resulting in 1.9 and 0.95% separation for each one respectively.
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None could be seen for skim milk. Thus it appears that mixing the samples during heating retards
and reduces the partitoning of dairy fat. The effects of warm (50C) and room temperature tap
water were also incorporated.The partitioning behavior of heated and chilled milks with different
fat content, and ice cream samples were studied and found to be similar. Thus orilg tresults for
whole milk systems (Figure 2.3 and 2.4)and hot and chilled vanilla latte (Figure 2.5) are presented
and discussed hereAlthough the samples were studied for 3 hours, the time series were graphed
until the separated phases reached a congiathickness.

The results of test samples fowhole milk appear in Figure 23. As can be seen, the heated
milk resultedin higher separation. Upon introduction of concentrated HCI to the mixture®
produce apH range of [5.45.2], the solutions beame cloudy and dissolution of(apparently)
proteins occurred. During the next 90 minutes, these proteinsagk in the sample until they reaclked
a steady heidpt. As illustrated in Figure 23, all samples appeared to have reached steady state after
90 minutes, except for the heated whole milk: room temperature water sample, which took 120
minutes before settling The heated whole milk sample appeared to form colloidal particles (most
likely calcium phosphate) at this pH range, which took a relatively long timedfore settlingto a
constant height. Increasing the temperature of the water from 2& to 5®@C enhanced the dynamics
of the system and resulted in faster settlingAlthough the pHvaluesof both were similar (5.2 and
5.4 for chilled and heated milkrespedively), the heated sample: warm tap water resuktdin higher
precipitant volume after 90 minutes (20% for heated milk: 28C water, 11.1% for heated milk +

500C water, and compared to 10% for chilled milk + 28C water).
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a) Chilled Whole Milk:Water (1:10)  T,ue=25°C b) Heated Whole Milk :Water (1:10)
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Comparing Figure 23b and ¢, it seemed that the differencein the room to warm
temperature systemslied in their colloidal dynamics. Thewarmer sampe had more kinetic
energy,and thus settled at a fasterrate. Furthermore,the samplein the heated milk mixture
formed fine colloidal particles while in the chilled whole milk: water dilution, larger protein
structures (curd) started forming,which sankto the bottom of the solution at a fager rate
comparedto the lighter fine particles. Moreover,the precipitating layer became much more
compactasillustrated in Figure 2.3.The centrifugedsamples,in all caseswere relatively similar.

Thusit appeared that the change in temperature of tap water mostly affected the suspension
of separated particles in the solution rather than causing further denaturation of dairy constituents.
This observationcan also undermine the effectsof temperature on sepa ation of dairy FOG since
whole milk consistsof only 4% fat, which results in the formation of a thin layer, which compared to

the dissolution of calcium phosphate in the casein proteins occurring at this pH is rather low.

The heated whole milk sample was also tested atpH 4.9, at which point significant
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separation of proteins and fats was expected to occur. Theresults appearin Figure 2.4. As

illustrated, it can onceagainbe cancludedthat the higher water temperature will result in faster

Brownian motion, enhancingthe sinking of precipitated dairy constituents.Figure 2.4c

demonstratesthe resultsfor heatedwhole milk: detergent + sterilizer sink mixture (1:10 dairy

dilution). It canbe seen hat the degree of separation was slightly higher in this case comparedo

pH rangeofu 8 ¢ 21098 ws.,8.5% and 8% for dairy + detergent + water diluti on, dairy/wa rm

water, and dairy/water at room temperature, respectivdy). The same testwasalsocompletedfor

2% milk fat, andthe results are in agreement with findingsdemonstrated above butin lower

portions as2% milk contains lessfat. Asexpected, thesamplesat pH ~4.9 also produce amore

clear solution than atpHrangeof Figure 2.3t v 8¢ Zuv 81 (8
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Figure 2.4 Partitioning tendencies of heated whole

milk: 50 °C tap water(a), heated whole
milk: 25 °C tap water (b), and heated
whole milk: Detergent + 50 9C water (c) at
pH 4.8-4.9. Samples centrifuged for
comparison with pH studies of chilled
whole milk: water and chilled whole

milk: detergent+ water synthetic
wastewater samples of Figure 2.1, which
reported degree of separation after
centrifuging of samples.

Similar anayseswere conductedfor hot and chilled vanilla latte atpH4.¢ Z tT®a 8

differ ence between the samplesmostly lied in their sugarcontent, and the useof different

temperature whole milk. This pH rangewaschosen becauseof the high probability of separation.
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The results appear in Figure 2.5.
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Figure 2.5. Partitioning tendencies of hot vanilla latte (5a) and chilled vanilla latte (5b) at room temperature, and
pH range of 4.4-4.2

Onlythe first 90 minutes of data appear in this exercise,at which point the samples
appeaed tohavereached steadystate. The hot and chilled coffee mixtures behaved similarly. In
both samples, sinkingof the curd ocaurred only to show proclivity to rising agan, particularly in the
chilled vanilla latte: detergent+water sample The precipitated phasebecame somewhat compactin
approximately half an hour in the chilled vanilla latte, but became more dispersed and loosely
packed afterthis time until a portion of the sample separatd from the curd and rose to the surface
To summarize the tendenciesof both mixtures, the centrif ugedprecipitated phasein both caseswas
10%, and both samplesshow relatively similar behavior. The difference of note wasthe lightness of
the formed precipitant layer in the chilled beveragedilution while in caseof hot vanilla latte the
precipitated layer was observedto bedenser and of finer particles.

Further experimentation was done onother dairy systemsincluding vanilla, chocolate,and
raspberry ice creams,and half and half, in which the samples were mixed with warm detergent
solutions and warm tap water at temperatures matching those described above.The overall behavior
of thesesamples remained similar to observations already explained,andthe only difference
between warm and cold sampleswasthe denserprecipitant layer in caseof 500Cwater samples
compared to25°Cwater samples This can be associatedwith the increasein kinetic energy of the
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system.It was hypothesized thatincreasingthe
temperature andintroducing detergent mixtures
in the systemwould keepthe material
suspendedin the water phase.Theresults were,

however, contradictory to this speculationand

matchedfindings discussedin the previous

section. Introduction of detergents,enhanced Figure 2.6. Separation of dairy species in raspberry ice
cream: water 1:10 diluti on at sample

temperatures of 500C(left) and 25°C
(right) in the first 5 minu tes. pH of
samples wi thout any additi on of acid was
increased temperaturesof the system, a mae 3.8.

separation ofthe system,and coupledwith

condensedfloating layer, equalto 10% of the mixture volume,wasobserved. This layer was quite
condensedand closelypacked. Figure 2.6provides photographic evidenceof this observation.
Sincethe system was heatedn this experiment, it was interesting to see whether this increase
in temperature causeal chemical reactions. As already mentioned, changing the temperature can
promote separation by damaging the membrane structure of fat globules and denaturation of whey
proteins. It wasimportant to see whether temperature of warm tap water can modify dairy
suspension to this extent. As witnessetere, only samples containing significant fat content, such as
vanilla ice cream, resulted in visible partitioning in the neutral pH range. No evidence supporting
denaturing or other chemical processes could be foundnd it is thus concluded that the heat
introduced to the system from warm tap waterwill not alter the chemical structure of the composite.
As illustrated in Figure 2.6 due to the increase in temperature, more rapid partitioning was
observed.lt seemsthat the elevated temperatures contri bute more to raising the kinetic energy and
faster Brownianmotion of the system rather than modifying the protein structure. For example,in
caseof chocolateice cream,the sedimentation of chocolateparticles formed arelatively compact
sedmentlayerin only 5 minutescomparedto p 12 minutesasseenin caseof 1:10 dilution of cold

tap water and ice cream.However, this phenomenon was observed much more clearly for raspberry
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icecream.Raspberriesfall in the acidic part of the pH spectrum, andthe pH of a 1:10 raspberry water
dilution wasfound to be 3.8.Uponintroduction of water to the system, immediatepartition ing of
dairy speciesoccurs.This canbe clearly seen in Figure 2.6,which illustrates the differencein the two
systems.Thewarm raspberry water (1:10) dilution resulted in a partitioning of arelatively
condensed12.5% (v/ v) floating layer while partitioning of dairy constituentsin the room
temperature sample resulted in arelatively dispersed14% fat layer after 1 hour. Eventually both
systems partitioned to approximately the same extent, but the warm sample didso at a muchfaster
rate.

Theresults obtained here are rather contradictory to the initial expectations.It was
hypothesized thatintroduction of detergents and warm water will keepthe separded particles
suspendedin the solution. Nevertheless,it seemsthat the hypothesisis not supported by the
laboratory observations.Becauseof the globular shapeof dairy fatsandtheir lipid membrane
cover, theincreasedenergy of water moleculesperhaps haslittle to do with suspensionof fat
colloids in the solution. Increasing the temperature will causefaster partition ing of sepa ated
particles dueto the increasedkinetic energyof the system. A condensed report of the findings in
this sectionappearsin Table 2.2.

In alImostall samplestested,it was seenthat addition of detergents and sterilizers slightly
enhancespartitioning potential of dairy + water dilutions. Rasingthe temperature of the batch
systems alsqpositively influencesseparation by contributing to the kinetic energyand faster settling
of suspendedmaterial. Overall, theheatedmilk samples do sepa ate but are more resistant to curd
formation asobserved in both heated milk and hot latte mixtures. Further acidification of all samples,

however, doesresult in separation of curd.
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Table 22 Summary of Results for Separation of Dairy: Water and Dairy: (Det+Water) dilutions

Sample (1:10 T (C H Effects Det. Effects
p p
Sepq\ration occurringt pH [5.24], with
o5 YI EAYdzY LI NIAGAZ2YAY33 slightly enhancd separation
More resistance to curdle, Formation of for pH{5.34]
Heated Milkitap colloids for pH ~5.3
water Dilution -
Similarbehavior as 25, higher kinetic . .
50 SYSNHE& MG I & i g NJ 5SGGE A slightly enhancd separation
More compact precipitate phase for pH{5.34]
25 Sepq\ration occurringt pH [5.24], with slightly enhance separation
YI EAYdzY LI NIGAGAZ2Y Ay forpH{5.34]
Chilled Milktap
iluti Similarbehavior as 2&:, higher kinetic . .
water Dilution 50 SYSNH2 MG I & SgNJ ASGGHE A slightly enhancd separation
More compact precipitate phase for pH{5.34]
Separation occurringt pH [5.24], with
o5 YIFEAYdzY LI NILAGAZ2YAY3 slightly reducd separation
Portion of precipitant riseafter 30min and tendenciesat pH [5.34]
Hot Vanilla Latte RSyaAadue 2F asuaouofAay3a
Smilar behavior as 2%C, higher kinetic . .
50 SYSNHBaMFI atSNI asaGatA: S"ggt'y reduce Soparerion
More compact precipitate phase tendenciesat pH [5.34]
Similarbehavior as hot vanilla lattenore
25 curdling, less dense, slightly reduced separation
Centrifuging produces similar results for both tendenciesat pH [5.34]
] ] hot and chilled
Chilled Vanilla Latte
Similarbehavior as 2%, higher kinetic . .
50 SYSNHErHFl aGSNJ aSGat A: slightly r_educel separation
More compact precipitate phase tendenciesat pH [5.34]
Formation of both settling and floating layer,
based on fat contentHalf and half(floating), ice sliahtlv enhance separation
25 cream(floating of foam and fasettling of curd fo? HXES 34] P
Creans + additives), maximum separatia pH [5.4 PR
(half& half, and ice 4.8]
creams) . , _ -
Similarbehavior as 2%C, higher kinetic energy . .
50 M FFaiSNI 880G Ay 3 slightly enhancd separation

More compact precipitate phase

for pH{5.34]
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StandardMethodsfor FOGAnalyss

In the previous section,the partiti oning tendencies ofdiffer ent synthesized dairy wastewater
were discussedAnother important aspectwas developinga methodologyto determine the waste
FOGand anticipate possille separation. Method 5520B from Sandard Methodswasadopted for
analysis. This procedure includes acidification of the sample to pH S2, followed by extraction of
filtrate solvent mixture. While this test is referred to asthe standard test for FOGanalysis, it is mostly
applied to samples where the FOGcomesfrom oils. After obtaining the necessay equipment and
standardizing the testwith standard solution and severalolive oil: water solutions, desired accuracy
and precision was achieved.

Determination of dairy FOG content in 1:10 and 1:106airy: water samples proceeded once
the required degree of accuracy and precision for testing of standard oil/water samples were
achieved. Sncethe required pH value of 2 is very low, resuspensionof dairy constituents takes place
and thus all the dairy specieswill be presentin the mixture fortesting.Uponaddition of hexaneto the
mixture,however, acondensedgelatin layer forms. It seemsthat the dairy fat globuleswill enter the
hexane layer, but due to their partial polarity, are of low solubility in hexane. Three distinct layer s of
diluted milk, gelatin, and hexaneappearin the system.The thicknessof the hexanelayer increases
with increasein milk to water ratio. The gelatin layer wasfirst believed to hold most of the protein
layer.Consequently, the systemwasacidified to pH of 4.8in order to separate the protein content and
completethe FOGanalysis onthe clear solution. However, the gelatin layer persisted althoughit was
slightly lessviscous. The relativelypolar structure of dairy FOGmay be contributing to this
observation,and hydrophobic/hydrophilic interac tionsmay be occurring within the hexanelayer,
potentially forming micelle/vesicle stru cture within the solution.

Therefore,method 5520B isincompatible for testing dairy samples.A flow diagram of
Method 5520B appearsin Diagram 2.2. Animportant stepin the FOGanalysiswas the filtering of the

sample throughfilter paper coatedwith Na,SO, salt, which would absorbany moisture entrappedin
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the sample.Becauseof the structure of the gelatin layer, it was speculatedthat water would be
trapped within the system.Furthermore, extraction without the filtrat ion processwas completed,
and separate phasesvere formed,and the result remained unsucaessful. Thusanew methodology
should beapplied.

(@) (b)

Figure 2.7. Standard Method 5520B FOGanalysis on an olive oil: water (1:10) diluti on (left) and whol e milk:water
(1:10) diluti on (right). As can be seen, a viscous gelatin layer upon addition of hexane to 1:10 whole
milk water di lution.pH = 2in both funnels.

Methodology for FatDetermination of Dairy Wastewater

Dueto the problems with the standard method mentioned above, il z A AliR@thre
searchwas conduded. Stardard Methodsfor the Examination of Dairy Products, 17t ed., replaced
the main sourcefor standard analysisof dairy systems. Method 15.085 (Gerber Fat Method) was
applied for fat determination. An outline of the procedure for the Getber fat method appearsin
Diagram 2.3.This method used isoamyl alcoholto free the fatcontent and employs the use of
Gerber butyrometers to measu e the fat content of dairy product on a percentagefat by mass.Snce
most dairy fats analysis methodgended to usean alcohol to release the fat, the definition of

separable FO®eeded tobe addressed, in particular whether manipulating the chemistry of the
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system to release the fat globulewould represent the potential separation of FOG in the system,

or if it would quantify the maximum possible separation of dairy fat from wastewater.

Diagram 22. Standard Methods for Examination of Water and Wastewater Fog Analysis 5520B

1. Acidification

wAdd enough wAdd 30mL Hexane, mix
(1:1 v/v) HCI for 2 min, and extract
until pHO 2 solvent layer

uStart extraction

+10g NaSQ

oPass through #40 filter

3. Collection of

FOG

uEvaporate hexane
using 60C water bath

ool in a desicator
until constant weight
is reached

uRecord weight once

weight is constant
\ J

Diagran®.3. Standard Methods for Examination of Dairy Product, Gerber Fat Method

1. Disintegration of

Dairy Emulsion

2. Release of Fat

wAdd 11.7 mL wAdd 1 mL isoamyl
Dairy Product to alcohol
10 mL wsoamyl alcohol +
Concentrated heatfrh wSt §
H,SQ Dairy Fat
unH<0, Heat
Release
J

3. Fat Collection

wrhe fat will be
collected on top
of butyrometer
uRead % fat from
the graduated
portion of
butyrometer neck
J

ax
w»
N
-+

Since the wastewater is diluted, milk butyrometers were substituted for cream/i ce cream.

Gerber milk/skim milk butyrometers for milk dilutions,
graduated from 0-8% and 0 to 0.5% should suffice.
Figure 2.8 showsa Gerber butyrometer used for milk fat
determination. In short, becauseof the relatively simple
approach, wse of lesshazardouspracticesand reagents,
and fast and yet accurate results produced,the Geber
Fat Method appearedto be themost feasiblemethod for
this work. The disadvantagesincluded the useof small

samplevolume,which madeit challenging to obtain a
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Figure 2.8. Standard Gerber
Butyrom eter Used for Milk
Fat Deter mination
(www.cole parmer.com)


http://www.coleparmer.com/
http://www.coleparmer.com/

representative sample. Asaresult, multiple measurements were needed foraccurate and
representativeresults. Furthermore, the butyr ometers were not graduatedin small enough
increments for diluted milk samples and adjustments explained in the next chapter were made to

obtain more accurate results

Conclwsion

To conclude,it could clearly be seenthat dairy wastewater partition edunder different
wastewater separation conditions. Separationoccurred in two forms of settling and floating
phasesWhether the dissociated phase(sjyvould float or settle depended on the fat content of the
mixture. It was seerthat at higher temperatures, afat layer separatesin milks at neutral pH.
Nevertheless,the formation of this layer wasretarded by mixing. Furthermore,it was observed
that for heatedwhole milk samples,at pH 5.2Z &, 8ne particlesform, and there was more
resistance to curd separation.

Thestandard method for FOGanalysis (5520B) is not applicable for dairy wastewaer, and
anew methodology was needed for testing. The Gerber Fat Method was believed to be the most
feasible approach.Upon completion of this test, the methodology for testing dairy fats was adopted
and employed toquantify separate phases.In the following chapters, appropriate and feasible
methodology was developed and more visits to relevant FSEs with GADs on site were made for

testing and monitoring.
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Chapter 3: Field Studies and Separation Analysis

Introduction

As noted in the previous reports, the most prominent separation of dairy dilutions occurs
upon acidification of sample to the zero point of charge (ZPC) pH (4469). Acidification can be
accomplished with increased bacterial growth over time, and upon mixing of dairy suspensions
with other acidic chemicals, such as coffee or fruit flavors. this report, separated phases were
analyzed using the Gerber Fat Method and the fates of fat were determined at ZPC pH, using
concentrated acid (HCI).

Although pH separation has helped our understanding of the fates of fats and partitioning
tendencies ofdairy dilutions, it was also seen that addition of hexane and other organic chemicals
can result in formation of different phases. Thus, ivasinstructive to compare the two separation
phenomena in order to obtain a more comprehensive understanding of ds wastewater. To do
this, aseries of experimentswere designed. Moreover, updating the begsteatment practices for
FOG requiral thorough investigation of available GADs. Weekly monitoring of interceptors as well
as samplingwas conducted todetermine their feasibility. Such analysesvere used tocorrect for

variations in practices, whichbroadenedthe dataset for this project.

Fate of Fat

While it is clear that separation occurs at lower pH values, Was important to analyze the
samples aml determine the portion of total fat residing in each phase. A mass balance can be

completed to determine the portion of fat residing in each separated layer

Methodology for Quantification of Fractioned Fat
One of the key steps in determining the fate d¢at upon partitioning wasto quantify the
mass fraction of fat present in each layer. To do this 1:10 dilution of ice cream, whole, 2%, and skim

milk were prepared, and 100 mL of each batch was drawn and weigt prior to pH reduction to 4.8
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using concentiated HCI. The samples were then allowed to rest until aggregates had separated into
distinguishable phases (~ 3 hours). At this point, no additional dissolution of caseinate should
occur. To obtain distinct phases and rid the curd layer of any retained san, the samples were
centrifuged. The weight of the clean and dry tubes was first measured after which the samples were
transferred to the tubes and centrifuged at 3600 rpm for 5 minutes. This step was added to avoid
interference of fractions of serum retaned within the curd with measurements for the mass
fraction of separated phases as well as their fat content. The partitioned layers were then
separated. In testing of milk dilutions, the supernatant serum was first separated and weigh€ethe
mass of thetube plus the settled curd layer was then obtained and subtracted from the empty dry
centrifuge tube to obtain an accurate measurement of the settled curd. The curd was then
transferred to a clean and weighed 80 mL beaker using a spatula. Portions of thed tended to
adhere to the tube/spatula; to separate them for analysis, known volumes of distilled water were
added to wash the tube of all the curd flocs with a pipette (\13-16 mL), which were transferred to
the beaker. After a final weight measuremetnthe curd was thoroughly dispersed in the water using
a magnetic stirring bar, and the beaker sealed. After mixing for 105 minutes until all the curdwas
completely suspended in the water, the seal was removed and 11 mL of sample using a milk pipette
was drawn for testing.

Inicecream or half and half, the curd formed a more compact floating phase. The floating
phase was separated using a spatula, and almost all the flocs from the tube were retrieved into a
weighed beaker, and the weights of the curdnd serum were obtained. The curd was then
dispersed in a known volume of water (V [13L6 mL]) and the same procedure indicated for milk
dilutions was followed.

Finally, the Gerber Fat Method was employed to determine the mass percentage of fat

trapped in the different Layers. Since the butyrometer used in this method is not compatible with
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was replaced with Pyrex centrifuge tubes in the initial steps, includg transfer of 10 mL of
concentrated Sulfuric acid prescribed for digestion of the emulsion and addition of 11 mL of
sample. The samples were mixed by inverting the tube rapidly for at least 30 seconds, and
immediately after the digestion of the emulsion centrifuged as directed by the Gerber Fat Method.
A pipette was used to ensure complete transfer of samples to and from these tubes to the
butyrometer. Once the samplevastransferred to the butyrometer, The Gerber Fat Method was
carried out as prescribal in the Standard Methoddor testing of Dairy Product The fat fraction of all
the milks and ice creams were also determined, using tliescribedmodified version ofthe Gerber

method.

Partitioning of Dairy Fat
To quantify the fractioned fat in each layg a mass balance equation was written (equation
3.1), and knowing the total mass of fat present in the bulk solution, the fraction of total fat residing

in each layer were found using equations 3.2 and 3.3.

mBquScbn 'XFat,BquScbn = r-nt:urd'XFat,curd + mSerumXFaat,Serun (31)
mcu rd 'XFat,cu rd

Mgy ikson “Xrat, BulkSdn
mg

yFat,Cu rd

(3.2)

eru mXS erum

yFat,Seru m-—

3.3
Mgy ikson “XFat, Bulksdn (3-3)

; Wherew corresponds to mass fraction measured using the Gerber Fat Method aind is the mass

of each layer/solution. Results obtained from this experiment appear in Tables 3.1 and 3.2.

Table 3.1. Mass and MassFractions of Fat in Milk and Curd; pH =4.8, T = 20 °C

Total Mass: (3,  Milk Mass

Mass of Milk (g) Fat in Soln (g Curd () Xcurd

Myt Mazo fraction
Vanilla Ice Crear 7.47 74.730 0.10 1.084 511 6.84%
Whole Milk 10.01 100.01 0.10 0.280 4.88 4.88%
2% Milk 10.01 100.04 0.10 0.170 2.05 2.05%
Skim Milk 10.02 100.01 0.10 0.020 1.89 1.89%
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Table 3.2. Mass Fractions and Mass Balance for Milk: Water Dilutions

Bulk Solution Serum Curd Total Fat =
Curd Fat + Ser| Recovery
Gerberxear g Fat| Gerberxear g Fat| Gerberxeasr g Fat Fat

Vanilla Ice Crean 1.45%  1.084  0.06% 0.042 20.30% 1.038 1.080 99.62%
Whole Milk 0.28% 0.280 0.01% 0.010 5.30% 0.259 0.268 95.76%
2% Milk 0.17% 0.170 0.00% 0.000 8.30% 0.170 0.170 100.05%
Skim Milk 0.02% 0.020 0.00% 0.000 1.10% 0.021 0.021 103.94%

Table 3.1 provides the mass of dairy used in mixing of the sample and the dilution ratio of
dairy to water. Fat fractions of the bulk samples were determined, and 100 mL of each sample,
initially neutral, was acidified to 4.8. After distinguishable phasesere obtained and the sample
centrifuged at 3600 rpm for 5 minutes, mass fractions of the separated layers were determined and
reported in Table 3.2. Table 3.2 indicates that except for the whole milk: water dilution, all the milk
fat will reside in the aurd layer. For whole milk, only 3.4% (0.01g Serum Fat/ 0.28 g Total Fat) of the
total fat of the sample remains trapped in the serum, and this number for the ice cream dilution

sample is 3.7%.

In 2% and kim milk, the
Fractionation of Fat Upon pthduced

i i i 103.94%
recovered mass was slightly higher 00,0056 95.770% Separa.tlon 100.05%
than that of the bulk solution. The 90.00% -
80.00% -
percentage of total fat residing in 70.00% -
60.00% -
each phase is clearly demonstrated in  50.00% -
40.00% -
Figure 3.1. Judging by recovery, and 30.00% -
20.00% -
the fate of fat as mapped in this mass  10.00% - o 9 00% -00%
0.00% - T T )
balance, it was conelded that Vanilla Ice Whole Milk 2% Milk Skim Milk
Cream

. . B Total Fat @Fat Trapped in Curdm Fat Trapped in Serum
essentially all the fat in all samples of
Figure 3.1. Fractionation of Fat upon pH -induced Separatio n for 1:10

dairy: water dilutions. As can be seen, aside from ice cream
and whole milk, almost all the fat will reside in the curd phase.
The recovery of fat in the curd is slightly greater than the
reside in the curd layer, while only a measured fat content of the bulk solution.

low dairy fat (i.e., 2% and skim)

small fraction remains trapped in the serum. Determination of Fat in samples of lower fat content in
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this study were thus carried aut by first concentrating the fat in the curd layer via acidification to
ZPC pH, and using the curdled portion of the sample to estimate the mass of fat available in the bulk

sample. This procedure was adopted in fresh wastewater analysis.

Wastewater Anaysis

Wastewater Collection Procedure
This procedure applies to collection of wastewater samples for FOG analysis from the Coffee

Bar, located at University of Maryland, CP Adele H. Stamp Student Union.

Apparatus:
a. 1-glass Jar or container (V=1 gallon)
b. 1 of each 1000 and 200 mL beakers for sample collection
c. Thermometer
d. Gloves
e. Spatula
f. pH Paper
Procedure:

1. Starting collecting sample by placing a 1000
ml beaker underneath thesink drain, shown in
Figure 3.2. Once the beaker is full (~15 min),
make pH andtemperature measurements.

2. After collecting enough drainage, mix the
liquid thoroughly with a spatula to make the
mixture homogeneous and pour
approximately 100-200 mL into a Xgallon
container.

3. Repeat steps 1 and 2very time the sinks are
used.

4. After all the wastewateris collected in the jar,
measure the temperature, and transfer the
sample to the ENCE Laboratory, Glenn Martin

Hall.
5. Once the sample is inside theab, mix with a Figure 3.2. Set up for Sample Collection, The
spatula, separate the sample into two batches, g;;f/flef Bar, Student Stamp Union,

mix well, and mix equal masses of each batch for
testing. Measure the pH using calibrated pH probes.
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Figure 3.2 demonstrates the set up for sample collection, whitwas carried out for first andsecond
shift during Fall 2010 and Spring 2011 semesters from the Coffee Bar. To maintain consistent
conditions, the sampling took place from 11AM 3PM for the first shift, and 49 PM during the

second shift. Sample appearetb be a cloudy pale coffee colored solution, and the pH was measured
to fall in the neutral range of [6.57.1]. The temperature range varies between cold tap and hot tap

water: [15-50]°C.

Procedure for Testing Wastewater Samples

Wastewater samples colleted in this study appeared to be much diluted, and fat
measurements of the bulk sample fell very close to the detection limit, with a high degree of
uncertainty. Nevertheless, as demonstrated in the previous section, almost the entire fat content of
an addified sample, particularly in samples of low fat, was trapped within the curd layer.
Therefore, the measurement of a low fat solution were carried out by concentrating the fat in the
settling phase via acidification with concentrated HCI, centrifugingie sample at 3600 rpm for 5
minutes, followed by Gerber analysis of the settled curd layer.

Figure 3.3a shows the curdling of wastewater samples of 2/7/11. The differenda the
transparency of samples in Figure 3.3a

b
reflects the settling of the curd clusters (@ ®)

i

with time, where wastewater samples 5
and 30 minutes after pH reduction to 4.8

are represented. Once distinct phases

formed, and the samples were centrifuged,

Figure 3.3 Acidified Wastewater for the
first (right) and 2 nd (left)
shift s from the Coffee Bar before (a) and after (b)

was weighed and the curd was thoroughly centrifuging [3600 rpm for 5 minutes],  2/7/11

displayed in Figure 33b, the solid portion

dispersed with a known mass of water to obtain the required volume for testing. Finally the Gerber
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analysis was carried out and the mass fraction of the sample was determined ugiaequations 3.1,

3.2, and 3.3.

Wastewater Fat Content

This technique(curdling) was employed in the wastewater samples collected from the
Coffee Bar, each reflecting performance of different shift operats. The results are presented in
Table 3.3. The dilution rate of milk products in the samples could be estimated based on a
volumetric comparison of the curd layer of wastewater samples with previously tested synthetic

milk wastewaters of 1:10 and 1:100 dilution, and the ratavas estimated to be approximately 2:25.

Table 3.3 Bulk Sample Fat Measurements vis -a-vis Determination of Fat from Curd
Curd Fat Determination Bulk Measurement

Shift 1 (11AM3PM) 0.02% £ 0.004% 0.03% = 0.01%
Shift 2 (4PMz 9PM)  0.03% + 0.003% 0.02% + 0.02%

+

Table 3.3 summarizes the average fat content of samples obtained during first and second
shifts. Assuming that the majority of fat was released from dairy sourceswias speculated that
cleaning practices, particularly discharge of unused dairy products affect the fat content of samples.
For comparison, Gerber analyses of bulk uacidified samples were also done, and the results
appear in the second column of Tabl8.3. Although the fat content as determined in both bulk and
curdled samples appeared to be close, analysis of curdled samples improved the accuracy of the
measurements (average uncertainty of 0.015 for Bulk measurements vs. 0.0035% for Curdled

samples)

Determination of FOG in Wastewater

Since the sample appears to be more diluted than FOG tests carried out in previous reports,
it was speculated that 5520B from Standard methods could potentially be successful in determining

FOG available in the wastewater
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Methodology for FOG Determination

The Standard Methods for Testing Wastewater Method 5520B was used to analyze the
wastewater (collected 11/4/10) and diluted milk samples. Despite the low dilution rate of the
wastewater, the gelatin layer persisted. Théest was modified, and the filtering and drying of
sample using anhydrous Nz5Q were omitted to make collection of hexane extract possible for
distillation. This test was also performed 1:10 whole milk: water dilution, in which the 11 mL of
dilution was mixed with 30 mL hexane, and extracted *5. This extract was then air dried for

approximately 1 day in the hood and then weighed.

FOG Analysis

During the traditional FOG analysis method (5520B) three phases could be observed after
mixing of the emulsion with hexane, illustrated inFigure 3.4 The extracted material consisted of
water, hexane, and partitioned dairy substances, and as shownRigure 3.4a, the first phase,
appearing in the bottom of the container, was diluted milk, while a viscous gelatin layer, containing
clear granular particles, fell on top of the diluted milk. Finally, a clear solution, most likely hexane
with potentially minor dairy substances overlay the system. It is thus interesting to observe the
behavior of higher dilutions upon mixing with hexaneFigure 3.4 shows the viscous layer obtained
from whole milk: water dilution. As the gelatin layer was segregated from the otléwo layers,
hexane formed a supernatant solution, which was carefully drawn using a pipettéigure 3.4
demonstrates the unfiltered wastewater sample prior to heating. Large clusters of proteins and fats
could clearly be seen, illustrated in thissigure, whereas heating the sample, caused deformation of
dairy constituents, as the large clusters will assemble into a thin shedfigure 34d). The mass that
was obtained after 3 extractions of hexane of 11/4/10 wastewater and 5 extractions of diluted

whole milk: water sample appears in Tabl3.4.
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(@) (b)

(© (d)

Figure 3.4. Effects of mixing hexane with 1:10 whole milk : water dilutions. (a) Formation of 3 layers of diluted
suspension, viscous gelatin layer, and clear hexane solution from bottom. (b) Extraction of gelatin
layer in whole milk sample, (c) extraction of gelatin layer of wastewater; the clusters of proteins a nd
globules of fat can be clearly observed. (d) Heating wastewater sample in 80 °C water bath and
deformation of dairy constituents.

Table 3.4 Fog Measurement (5520B) and Gerber of 1:10 of Whole Milk: Water Measurement
Wastewater 1:10 Whole Milk: Water

Mass Used (g) 100 11
Mass Recovered(g) 0.418 0.038
% Fat+ Lipids separated 0.42% 0.36%
Gerber Fat Measuremer  0.02% 0.31%

It can be seen that the mass recovered in wastewater analysis did not equal that found with
pH separation, nor did it compare to the fat content measurements from the Gerber analyses.
Hence, it seemed that dairy species other than fats were trapped in hexa Moreover, triglycerides,
which constitute the major form of dairy fat, are slightly polar, and showed low solubility in apolar

hexane. Additionally, since the dairy dilution remaining after extraction still maintained its white
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and coffee color for boh whole milk water dilution and wastewater sample, it appeared that not all
the separable constituents were mixed in hexane. In fact, after 5 extractions, the gelatin layer could
still be obtained. Numerous hexane extractions were required for FOG analysighich reduced the
efficiency of the technique, and further studies on this test, including volume reduction and
substituting a more polar reagent might facilitate the separation process. It could, however, be seen
that mixing of organic products will reault in affiliation of like -substances, and their potential
separation into a separate phase. Therefore, results obtained here suggest that while the fat content
of wastewaters was low, it is possible that wastewaters could potentially partition with other

organic compounds found in bulk wastewater and potentially contribute to dairyrelated FOG
blockages.

While the analyses discussed in the previous sections were performed in laboratory, they
can be used to predict the general behavior of wastewater origating from small dairy shops. Two
forms of separation were observed in this study. Curdling of dairy species in reduced pH systems
(pH = 4.8) was quantified, and the fraction of fat residing in the curd and serum sections were
determined, which were foundto be concentrated in the curdled layer. It seemed that potential
separation of dairy wastewater, whether en route or at the treatment facility could be quantified
using pH studies of previous reports. Moreover, partitioning of dairy constituents in hexangas
also witnessed during the FOG study. These observations are used as a guideline for predicting the
behavior of wastewater originating from small dairy shops. The lessons drawn from pH reduction
studies can shed light on the behavior of dairy wastewataipon spoiling of milks, an inevitable
phenomenon, which is speculated to take place more rapidly with increasing BOD conditions
expected in wastewater conditions. Moreover, the low solubility of milk products in organic
solvents although making the tesincompatible for this analysis, it clearly demonstrated
partitioning of dairy components in organic substances. Consequently, mixing of milk products with

other organic compounds found in bulk wastewater can result in the formation of a separate phase.
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In conclusion, it is clear that separation of dairy products/wastewater occurs under acidic
conditions (pH range of 5.44). Separation can also take place when dairy constituents are mixed
with organic chemicals, such as hexane. In the case of wastewaigginating from small dairy
shops, proteins and fats are expected to have the highest tendency for separation. In fact, at ZPC pH,
only whey proteins are assumed to be retained within the aqueous phase. As discussed, the dilution
ratio of dairy to water in the wastewater originating from the Coffee Bar appears to be close to 2:25.
The fat mass fractiorwas approximately 0.03%, which can be determined accurately by acidifying
the sample, and analyzing the curd layer using the Gerber Fat Method.

The fates d fat were determined in milk dilutions, and it was seen that in samples of low fat
milk (i.e., 2% and skim), all the fat resided in the curd, and the recovery amounted to greater than
100% (103.94% for skim milk and 100.05% for 2% milk water dilutions). This error may be
attributed to the low sensitivity and detection limit of Gerber Fat analysis, imvhich low
concentration of dairy fat in 1:10 dilution are not accurately measured. Concentrating the fat in a
smaller portion is likely to produce better detection accuracy. Therefore, this techniquavas
adapted as the methodology for fat determination of samples with lower fat content. Partitioning of
dairy species into other organic chemicals is another potential source for separation and potential
contributi on of dairy constituents toFOGrelated blockages. More in depth analysis will help with
modification of the FOG test for analysis of dairy wastewaters.

Based on data available and observations made, wastewater originating from ice cream
shops and smoothé shopswas estimated to have the highest potential separation due to the higher
fat content of the samples, acidity of fruit flavors, colloidal particles found in neutral to alkaline
flavors, such as chocolate, and addition of protein powders. In thesases, installation of GADw&/as
expected to facilitate separation of dairy fats and proteins and positively affect the quality of
wastewater discharged. On the other hand, the low dilution rate of dairy to water foungypically in

specialty coffee shop wastwater, results in a relatively low fat content in the sample, and a higher
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pH range. Thus separationvas speculated to occur only well beyond the FSE unless biological
activity of dairy constituents was enhanced in the sewerage. In both cases, frequenbnitoring

and sampling of grease interceptors, can provide a more thorough basis for judgment.

Field Studies

In the previous chapters, the effects of environmental factors, such as pH and temperature,
the mass fraction of fat available in wastewatesamples, and the potential affinity of organic
substances with one another were discussed. While these analyses help understand the partitioning
tendencies of dairy wastewater, the study of GADs was an essential part, which will both expand the
data set ofthis problem, and help assess the feasibility of GAD s as a solution to preventing FOG
blockages. Prior to starting analyses of GADs it was interesting to use the principles discussed in the
previous chapter, to predict the behavior of dairy wastewaters @d compare this conclusion with

conditions found in GADs treating wastewater originating from small dairy shops.

Predicting Wastewater Behavior

Despite the many variations of practices in FSEs and the uncertain chemical composition of
dairy wastewater, cetain guidelines can help assess the risk of separation of dairy constituents in
the sewer system. Based on the principles discussed, it is seen that substances with high fat content,
such as creams and ice creams, partition to a greater extent compareditiry products of lower
fat. Separation studies performed in the laboratory showed a separation of 20% (Curd v/Bulk v) in
the un-centrifuged 1:10 ice cream: (detergent water) dilution, while whole milk and even half and
half resulted in only 10-12%. Ice eceams are made by rapid cooling accompanied by simultaneous
stirring of air into the sample. Therefore, crystallization of fats and proteins in ice creams, as well as
many other dairy desserts such as frappés, sorbets, and frozen yogurts, occurs, which esathe
association of fats and proteins with one another, and hence their likelihood to partition into a

separate phase even stronger. Moreover, the introduction of air in the sample reduces the density
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of the dairy mixture, and simultaneously results inte stronger presence of hydrophobes, further
enhancing separation. Finally, most ice creams contain stabilizers to avoid shrinkage, and improve
dairy emulsions. Sorbets are expected to more easily separate because of the addition of egg whites
(Marshall etal., 2003).

While the crystalline structures found in frozen desserts cause a stronger affinity of fats and
proteins with one another, and ultimately are expected to increase the partitioning tendencies of
dairy products, different flavor additives are also incorporaed within the emulsion. Table3.5
provides pH ranges for many such additives, and as can be seen, most fruit flavors, such as all
berries and citrus fruits are acidic, which lower the pH of these products. In fact, addition of tap
water to raspberry ice cream, obtained from

Table 3.5. Approximate pH Range for Many Fruits Used

University of Maryland Dairy Shop (pH = 4.8), for Flavoring Dairy Desserts and Beverages;
(energytoolbox.com)

as indicated in the second report of this Product Approximate pH
Apples 3.3¢3.9
study, resulted in instantaneous separation of Apricots 3.34.8

_ _ _ Apricots, nectar 3.8
syrup and dairy products, while adding water Mango 4.6c55
to neutral ice creams caused a floating foam Nectarines 3.9¢4.2
Peaches 3.4¢4.1
like film to appear, which is likely to contan Pears 3.6¢4.0
Plums 2.8¢3.0
hydrophobic dairy particles and is expected Blackberries 3.2¢45
‘ iate with oth lecul ith | Blueberries 3.1¢3.4
0 associate with other molecules with low Cherries 3.2¢45
polarity, such as fats, oil, and grease in bulk Raspberries 3.2¢3.6
Rhubarb 3.1¢3.2
wastewater. It is concluded that ice cream Strawberries 3.0¢3.9
Grapes 6.0¢6.7
like mixtures have a high potential for Coconut 5.5¢7.8
e . . Coconut milk 6.1¢7.0
partitioning in wastewater prior to reaching .

Grapefruit 3.0¢3.7
treatment facilities. Further studies and Lemons 2.2¢24
Limes 1.8¢2.0
monitoring of GADs are essential and were Oranges 3.0¢4.0
] ) Lemon juice 5.8¢6.0
carried out to better understand of behavior Melons 6.0C 6.7
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of such wastewaters. Finally, since milks host a range of biological and enzymatic species, they will
spoil in time. Although detailed analyses have not been completed, as observed during laboratory
experiments, diluted milks tend to last for a longer time. Wastewater samples collected from the
Coffee Bar held in the refrigerator (T=4C) for 10 days showed signs of sepation, and were

completely dissociated in three weeks.

Figure 3.5shows a sample of wastewater obtained from the Coffee Bar, located at Student
Stamp Union at University of Maryland, Ctdge Park. In 3.8, a picture of a fresh wastewater
sample is shownjn which a very thin foam film can be observed. It is unknown whether this foam
contains any dairy fats, or lipids since the foam had dissolved completely once it had reached the
laboratory. After 2-3 days, a thin (£2 mm) coating of pale coffee coloredesliments could be
observed, and finally Figure 3b, shows a picture of the sample 14 days after sample collection
date. Here, complete separation can be observed. Although originally a settling phase, mixing the
sample resulted in permanent spreading of diry constituents within the fluid as sunk, suspended,
and floating clusters.

(@) (b)

Figure 3.5. Wastewater from the Coffee Bar, Student Stamp Union, UMD, College Park, collected on 11/4/2010. (a)
Sample at time of collection, (b) sample kept in the refrigerator at 4  °C for 14 days. Separation in form
of suspended, floating, and settling clusters can be seen.

Having discussed different attributes of dairies, it is expected that wastewater originating
from dairy shops serving frozen or soft dairy desserts or snacks contribute to discharge of dairy
constituents prone to separation. On the other hand, wastewatelistharged fromspecialty coffee

shops seems to contain a highly diluted coffee + milk + detergent mixture, and thus a lower fat
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content. Nevertheless, as seen, such wastewaters do lead to separation upon spoiling of milks.
Another factor that should be cosidered is the presence of microorganisms in the sewer system,
which may enhance separation as a result of spoiling of dairies. Visits to interceptors treating such

wastewater help better assess the potential riskpecialty coffee shops pose to sewer blocges.

GreaseAbatement Devices
To evaluate the partitioning tendency of wastewater originating from small dairy shops,
GADs treating wastewater o specialty coffee shop and an ice creamewere chosen for testing.

The details of each visit are presenteth Table 3.6.

Table 3.6. Sampling Dates of Grease Interceptors

Date and Time T.r °C) Visited Interceptors
Monday 12/20/2010-3 PM -3 Ice Creamery
Thursday 1/6/2011 102 PM 4 Ice Creamery and Specialty Coffee Sl
Friday 1/14/20110-12 PM 0 Ice Creamery and Specialty Coffee S
Thursday 1/20/2011 102 PM 6 Ice Creamery and Specialty Coffee SI

The two initial visits to the ice cream shopnterceptor took place 6 months after the last
cleaning date of June 2010. Nonetheless, this interceptor was purged again on Monday 1/9/11, and
the consecutive visits represent conditions found in a newly cleansed GAD. Three visits were
conducted toa speialty coffee shopinterceptor. This interceptor appearedto be well maintained.
The 2 interceptorswere equivalent in volume (1600 gal) and the general design of GADs of this
volume is illustrated in Figure3.6. Figure3.6a demonstrates the overall desigmf the interceptor,

while in b, the location of man holes for each interceptor chamber is focused.
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Sampling of Grease Interceptors

To measure the extent of separation in each interpgor, a long sampling column (d=5.5 cm,
L> 2m) (Figure 3.7) was used, and using a ruler/meter the height of different phases found within
the column was then measured. Once the colunwasinserted in the GAD compartment, a cable
connecting the bottom to is coverwas pulled and then secured. This covers the bottom of the tube,
and the devicewasthen removed from the chamber for measurements of floating phases. Since
flow affects the distribution of sediment and/or floating phase/s, height measurements ofach
fraction were made using a ruler, which was repeated for 3 points within each chamber to

represent the spreading of the separated material. The average measurements were reported as the
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extent of separation for each phase. For further testing, each dva (a)
was discharged by releasing the cable and collecting the sample int

a separate container. Representative samples were brought to the
laboratory. To maximize consistency in analysis, the sampling

positions of all compartments closely matched. The total height of

wastewater in the column rose from 100z 110 cm. Once ofsite

measurements were completed, the samples were brought to the

b
laboratory for further testing, including pH determination, height ®

measurements of bulk, and segregated phases to determine the “‘
degree of separation in the collected samples. Finally, the Gerber F:
analysis was carried out to determine the dairy fat content of each

segnent.

Ice Creamery Greageterceptor

The grease interceptor treating wastewatefrom anice -
Figure 3.7. Sampling with

cream shopwas visited 4 times Although restaurants are Column of 2r(a) and
P 9 3rd(b) Chambers of

. ice creamery GADZ
encouraged to clean their interceptor every 2 months or as needed, 1/6/11

due to restaurant renovations and frequent shut down dates, June 20Hppearedto be the last
purge datein December 2010 A dye test was performed to determine the inlatf drain to the
interceptor, which appeared in the inlet approximately 40 minutes from discharge in the drain. The
interceptor has a volume capacity of 1600 gallons, and appeared to be in almost static conditions.
Thetotal water consumption of this facility was provided from WSSC, and the calculated residence
times appear in Table3.7, which assumes water usage for purposes other than cleanipgeparing

goodsin this restaurant was negligible.
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Table 3.7. Water Consumption of an Ice Creamery - WSSC
StartDate EndDate n i Vwater consumptiodgal] Q [gal/d] t=1600/Q [d]

12/9/2009 3/10/2010 91 71,000 780.22 2.05
3/10/2010 6/10/2010 92 78,000 847.83 1.89
6/10/2010 9/10/2010 92 78,000 847.83 1.89
9/10/2010 12/10/2010 91 40,000 439.56 3.64

Referring to Table3.7, it can be seen that the residence time for the first 3 intervals fall
within close range of one another, averaged to be 1.94 days = 46.8 hours. Theaiculated for the
last interval, however, is larger, partly due to numerous shuiown days. It should be noted that the
residence time calculated in this table corresponds to the average time wastewater spent within
interceptor walls prior to discharge to sewer, and it is likely that this number would vary for
holidays, and differenttimes in the day and week. This becomes particularly important for the last
interval, where closing of the restaurants most likely resulted in almost idle conditions and longer
than normal retention times, consequently enhancing separation, by providing eagh time for
particles to separate, and allowing the sample to remain in the interceptor, which is likely to host
large various microorganisms, reducing the normal time spafor spoiling of milk products.

Figure 3.8az c pictures the three compartments énonths from the last purge, while Fig3.8
d-e displays findings on 1/14/11, 4 days after the most recent cleanup. As can be seen from Figure
3.7a-c, no significant difference can be observed in the quality of wastewater among the different
chambers, andsignificant separation, specifically in form of a floating phase was observed although
asettling layer, most likely consisting of food solids¢ould be seen in the inlet and intermediate
chambers. The floating layer in each compartment consisted of largark and cream colored
clusters spread throughout the interface, containing small foarike white spots. From
measurements made orsite, the column inserted in the inlet showed equal sediment and floating

layers of 3+0.3% (3 cm/100 cm) for 12/20, and a sdting and floating layer of 1.33+£2.31% (1.33

* Because of renovations, this FSE was shut down for a long period of time during the six months. The current
WSSC regulations requires a minimum of quarterly pump downs.

64



c¢m/100 cm) and 4.17 +1.26% (4.17cm/100cm), respectively for 1/6. The remaining solution held a
considerable amount of suspended crystallindike cream colored clusterswhich were moving in

the upward direction while dark clusters suspended in the solution were likely to settle.

@) () ()

(d) (e)

Figure 3.8. Inlet (a) and(d), Middle (b) and (e), and Outlet (c) and (f) Chamberof) AA # O A A GADs&nipled O
on 12/19/10 [3 ©°C], and 1/14/11 [0 ©°C] respectively.

Wastewater from the middle compartment also appeared to be very similar, except that no
settled phase could first be observed. Nonetheless, dark aggregates sank in the column once they
were disturbed by insertion of the sampling tube, and sank to the bottom of the column within a
few minutes. During onsite analyses, the depths of the floating and settling phases were measured
to be equal on 12/20 and for 1/6, a floating phase of 6.17+1.26% (6.17/100) wameasured while
no settling phase could be observed for the intermediate chamber on this date. Finally, the outlet
appeared to be the most puzzling. Unlike the other compartments, the measured floating heights
varied considerably, particularly for the initial visit of 12/19 (56cm/100cm, 10cm/100cm, and
5cm/100cm). The onsite and laboratory measurements appear in Table3.8and 3.9, and are

clearly demonstrated in Figure3.9.
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Table 3.8. Extent of Separationin OEA ) AA  # OdAD{ On Site M&adué@ments
Date Com partment HFIoating Lays!erw HSettIing Laerwa HSuspended Layéwa

Monday Inlet Comp. 3.00% *+= 0.30% 3.00% + 0.30% 94.00% * 0.30%
12/20/2010 Middle Comp. 5.90% + 0.50% 0.00% + 0.00% 94.06% =+ 0.50%
2:00 PM Outlet Comp. 23.20% + 28.10% 0.00% + 0.00% 76.80% =+ 28.10%
Thursday Inlet Comp. 417% + 2.57% 1.33% = 2.31% 9450% + 1.80%
1/6/2011 Middle Comp. 6.17% + 1.26% 0.00% = 0.00% 93.83% + 1.26%
1:00 PM  Outlet Comp. 11.00% * 6.56% 0.00% * 0.00% 89.00% =+ 0.00%
Friday Inlet 0.00% =+ 0.00% 0.00% * 0.00% 100.00% * 0.00%
1/14/2011 Mid Comp. 0.00% =+ 0.00% 0.12% + 0.10% 99.88% * 0.10%
1:00 PM  Outlet 0.00% =+ 0.18% 0.00% + 0.00% 99.82% * 0.00%
Thursday Inlet 0.00% =+ 0.00% 0.00% + 0.00% 100.00% * 0.00%
1/20/2011 Mid Comp. 0.00% =+ 0.00% 0.00% + 0.00% 100.00% + 0.10%
1:00 PM  Outlet 0.00% =*= 0.006 0.00% + 0.00% 100.00% + 0.00%

Table 3.9. Extent of Separationin OEA ) AA # OdAD] La®iatbrpNe@surements
Date Compartment  pH  Hripating Laycerww Hsettling LayJHWW Hsuspended Layéwa

Monday Inlet Comp. 497 9.60% + 0.60% 12.80% * 1.90% 77.60% * 2.00%
12/20/2010 Middle Comp. 4.64 0.00% + 0.00% 13.00% + 0.50% 87.00% + 0.50%
5:00 PM Outlet Comp. 4.39 0.00% = 0.00% 40.00% = 0.00% 60.00% *= 0.00%
Thursday Inlet Comp. 481 1.40% + 0.00% 13.80% *= 0.00% 84.80% * 0.00%
1/6/2011 Middle Comp. 4.5 0.06% = 0.00% 11.60% * 0.00% 88.30% * 0.00%
4:00 PM Outlet Comp. 4.53 0.12% + 0.00% 17.40% = 0.00% 82.50% =+ 0.00%

Friday Inlet 4.64 0.00% * 0.00% 0.00% = 0.00% 100.00 = 0.00%
1/14/2011 Mid Comp. 452 0.00% + 0.00% 0.10% *= 0.00% 100.00 =+ 0.00%
4:00 PM  Outlet 4.89 0.00% + 0.00% 0.15% *= 0.00% 100.00 * 0.00%
Thursday Inlet 5.03 0.00% = 0.00% 0.00% + 0.00% 100.00 =* 0.00%
1/20/2011 Mid Comp. 452 0.00% + 0.00% 0.00% *= 0.00% 100.00 =+ 0.00%
4:00 PM  CQutlet 455 0.00% + 0.00% 0.00% *= 0.00% 100.00 =+ 0.00%

The suspended layer defined in this study refers to the fluid part of the samples within
which suspended particles could be foundi/hile partitioning was clearly observed in the two visits
of 12/19 and 1/6, no measurable fractionalization, particularlyfor the first two tanks, could be
witnessed on 1/14 and 1/20/2011, which took place after the latest cleaning 1/10The last
compartment showed more signs of separation as foam and discontinuous aggregates coated the
interface. The pH levés of all the sanples, however fell close to the ZPC pH, reported in Tab®9
[4.52 7 5.03], which as tested in laboratory experiments asses dissolution of caseinate.
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Ice Creamery Interceptor Site Laboratory Measurements of GAD
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Figure 3.9. Degree of Separation in the ice cream OE T B 8 @Purge Bate 06/2010 (a -d), and 01/10/2011 (¢ and
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It appeared that disturbing the partitioned dairy wastewater with the column resulted in
the sinking of a portion of the floating layer. This phenomenowas demonstrated in laboratory
measurements of wastewater samples, reported iffable 3.9. As can be seen, a greater settling
phase was observed as a 9.6% and 12.8% floating and settling segments were measured in the
laboratory for the inlet compartment on 12/20, which when compared with onsite measurements
of 3% patrtitioning in the settling and floating phases demonstrate the change in spreading of
clusters within the sample. Similar results were observed for the middle compartments on 1/6
(1.33% sediment vs. 13.8%, and floating phase variation between 4.17% vs. 1.4% forsite and
laboratory measurements, respectively). These observations are particularly evident in case of the
outlet sample of 12/20, where a 40% settling phase was measured in the lab, whereas only3¥2

floating segment was observed during ofsite measurements.

Asdemonstrated in Figure3.9, the first compartment consists of both a floating and a
settling phase, while onsite measurements of middle and outlet compartments comprised of only
floating and suspended portions. The extent of separation as seen during site measurements
increased from inlet to outlet compartments, with the outlet holding a maximum floating phase for
measurements. Looking at the temporal variation of the interceptor wastewater, it can be seen,
from Table 3.8 and Figure3.9aand c that theoutlet floating phase of 1/6/11 was approximately
half of that of 12/20/10, which indicates the potential discharge of separated phases to the sewer.
In fact, the degree of separation of the sewer outletvas measured to be 50% on 1/6/2011. Overall,
the fractionalization of sample obtained on 12/19was smaller than that of 1/6/2011. More

measurements are needed for a more realistic conclusion.

® This measurement refers to the outlet box of the outlet chamber of this interceptor, and since it was separated
from the rest of the outlet compartment, this measurement was not included in the extent of separation in the
outlet chamber.
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Furthermore, once the samples are in static condition, was expected that the suspended
particles will join the floating/settling phases, and in fact laboratory measurements agree with this
assumption as greater partitioning were measured in the lab as discussed in the previous
paragraph. It should also be notedhat the suspended fluid phase of the wastewater appears to be
relatively clear during laboratory measurements, when compared to osite samples. It is believed
that interfacial tension could be playing a role in determining the extent of settling and fldiag
phases. For example, the cross sectional area and depth of a container will affect whether the
separated particles will float, sink, or remain suspended in the mixture. Since the containers do not
hold the geometry of the sampling containers and the &D interceptors varies to some extent,

which can account for the differences in separation tendencies of the wastewater samples.

Temporal Variation inthe Ice Creamery Greagdeterceptor
While separation tendencies of interceptor samples were easily quantified on 12/19 and
1/6, no measurable partitioning could be observed for the last two visits of 1/14 and 1/20.tlis
possible that because of the recent clean up, the extent of
accumulation of dairy components was not enough to cover the
entire interface, or form a considerable floating/settling phase. In
fact, since the interceptor is enclosed, accessudd only be granted
through the manholes, through which only an obstructed view of
the interceptor compartments was obtained. A closer look,
however, illustrated in Figure 3.10, signakd the presence of more

dense clusters towards the sides of the manhole. Whilewtas not

known whether such aggregates are newly formed, because of th& ECOOA o8pm8 ) AA
2nd Chamber, showing
greater accumulation
towards interceptor
walls 7 1/14 /11

dark color of the sample itwas speculated that they correspond to

the material retained in the tank from the last cleanup.
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Nonethelessijt is possiblethat the separated constituents show adhesive tendencies towards the

tank walls and sides of the interceptor chamber, not accessible through the entry.

The frequency of cleaning is of significant importance in maintaining the efficiency of
treatment. Increasing the retention time will maximize partitioning, and although this FSE was not
operating for the entire duration of the last 3 months, wastewater was retained in the GAD for a
longer period, potentially resulting in enhanced separation. Finally, althagh consistency in
sampling was attempted, it should be noted that the manhole provides the only access to each
chamber, and hence, collected samples do not necessarily represent the conditions found
throughout each chamber, and it is possible that distribtion of separated material varies for
different areas of each compartment. As illustrated earlier in Figurd.6, the manhole only covers a
Dl OOETT 1T &£ AAAE AEAI AAOG6O AOAAR AT A 1EIEOQO 100
extent of partitioning. In fact, the manhole of inlet and outlet compartments focuses on the influent
and effluent section of the two chambers respectively, while covering the central part of the middle
compartment. An angled picture of the @ chamber of this intercepor was taken on 1/14 (Figure
3.10), which showed greater accumulation of the separated phase towards the interceptor walls.
Unfortunately, access to the walls was not possible, and the degree of potential adhesion of

separated phases to the edges could nbe determined.

Several attempts were made to quantify the fat content of the samples obtained on 12/20
and 1/6, but unfortunately the mass fraction of fat in these samples could not be determined as the
fat portion could not be observed in the butyromete. Although the tests were done rapidly to avoid
any loss of heat, most of the floating phase became extremely dense and almost solidified in the
centrifuge. Furthermore, itwas believed that the fat content of samplgalthough diluted, was
greater than the detection limit of the butyrometer. Moreover, the sample contained large
guantities of fiber-like consistency, which would not be digested by the acid. In fact, although

concentrated sulfuric acid was used as prescribed by tigtandard Methods for TestmDairy
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Product, the acidwas notstrong enough to digest the emulsiomf the settling phases. The last two
samples obtained on 1/14 and 1/20, were measured to hold no fat. This could be taking place
because as discussed with the manager, the sale of iceaen and dairieswas negligible during this

season.

Joecialty Coffee Sho@reasdnterceptor

The interceptor of a specialty coffee shopvas chosen for the second investigation of this
study. The interceptor is identical to the previous GAD, and sampling of each chamber was carried
out as previously described. A film of milky colored aggregates could be observed on the interface
of the inlet and middle compartments, whereas the outlet chamber showed significantly smaller
partitioning. Figure 3.11 shows the 3 compartments of this interceptor.

(b)

Figure 3.11. Inlet (&), Middle ( b), and Outlet ( c) Chambers of Specialty Coffee Shop. GAD, 1/14/2011

As can be seen in Figure 3.11, a milky colored floating phase covered the inlet and
intermediate compartments, and little separation could be observed for the initial visits of 1/6 and
1/14/2011 . In contrast to the ice cream shop interceptor, partitioning of dairy constituents
appeared to diminish from the inlet to outlet chambers. Looking at Figure 3.11 a and b, it could be
seen that the separated phases are denser towards the interceptor wall® better demonstrate
this, Figure 3.12 provides an angled photo of the"®compartment of this GAD. Comparing Figure

3.10 b and 3.11, the floating phase was more substantial close to the corners of the chamber.

The onsite measurements of this intercepor indicated a more settlingdominated
separation thanthe ice creamOE T D3 O E.IFiQuke®.A3 Aandrakles3.10 and 3.11summarize

the degree of separation in different compartments.
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Table 3.10. Extent of Separation in the Specialty Coffee Shop GADz On-Site Measurements

Date Com partment HFIoating LaerHWW HSettIing Laerwa HSuspended LayéHWW
Thursday Inlet Comp. 4.67% + 2.89% 16.33% = 5.51% 79.00% * 7.21%
1/6/2011 Middle Comp. 3.33% = 1.53% 13.00% * 11.27% 83.67% * 11.72%
11:00 AM OutletComp. 0.33% = 0.00% 0.00% %= 0.00% 99.67% * 0.00%
Friday Inlet 10.61% + 1.89% 23.33% = 3.67% 99.88% * 0.00%
1/14/2011 Mid Comp. 6.97% += 1.39% 14.24% + 3.67% 99.88% + 0.10%
11:00 AM Outlet 0.21% += 0.00% 0.00% + 0.00% 99.82% + 0.00%
Thursday Inlet 10.45% + 5.53% 17.73% * 1.20% 71.82% + 6.44%
1/20/2011 Mid Comp. 7.88% + 0.26% 11.88% * 1.62% 80.24% + 1.43%
11:00 AM Outlet 0.91% + 0.79% 2.58% + 2.74% 96.52% + 0.00%

Table 3.11. Extent of Separation in the Specialty Coffee Shop GADz Laboratory Measurements

Date Compartment pH Hrioating Laye,erw

HSettIing LaleHWW

HSuspended Layéwa

Thursday InletComp. 4.27 4.79% + 0.00% 23.35% + 0.00% 71.86% = 0.00%
1/6/2011 Middle Comp. 4.36 1.22% =+ 0.00% 36.59% = 0.00% 62.20% =+ 0.00%
4:30PM Outlet Comp. 4.42 0.62% =+ 0.00% 9.26% + 0.00% 90.12% =+ 0.00%
Friday Inlet 42 946% =+ 0.00% 58.38% + 0.00% 32.16% *= 0.00%
1/14/2011 Mid Comp. 46 526% =+ 0.00% 44.74% =+ 0.00% 50.00% =+ 0.00%
4:30 PM Outlet 45 053% =+ 0.00% 8.95% =+ 0.00% 90.53% =+ 0.00%
Thursday Inlet 42 1951% += 0.00% 58.38% =+ 0.00% 32.16% *= 0.00%
1/20/2011 Mid Comp. 44 250% =+ 0.00% 44.74% = 0.00% 50.00% =+ 0.00%
4:30 PM Outlet 42 045% =+ 0.00% 8.95% =+ 0.00% 90.53% =+ 0.00%
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Figure 3.13. The Extent of Separation in Specialty Coffee Shop Grease Interceptor, Sampled and Measured on Site
and in Laboratory z Measurements made the same day as collection at approximately 4:30 PM
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The quality of wastewaterbased on  (a)
measurements and visual inspection, as
demonstrated in Figures 3.11 and 3.13,
improved significantly moving from inlet to
outlet compartments. The outlet

compartment showed to hold the smallest

separation tendencies, as demonstrated in

Figures3.13 and 3.14 in which quality of (b)
water from the initial visit of 1/6 (a) to the

3rd visit of 1/2 0 (b) can be seen. From Table
3.11, it can be seen that the pldangefell
close to ZPC [4.224.6], butwas nonetheless
lower than the pHof the ice creamery

wastewater [4.4 - 5.0]. Furthermore, the

phases were slimy while wastewater Figure 3.14. Secialty Coffee Shop Interceptor Samples

Collected from Inlet (right), Middle (Center),

obtained from the ice cream shopvastewater and Outlet Compartments (Left) on 1/6 (a),
and on 1/20 (b) Inlet (Left), Intermediate
appeared to hold dense clusters. Considerable (Center), and Outlet (right)

separation was observed in this GAD. The measurements indicated a larger settling phase, which
was expected considering the lover fat contentand air entrapment. Moreover, ice creams are
prepared by cooling the dairy while incorporating air bubbles in the sample. Therefore, as observed
in the previous pH studies, the major form of separation was aigipated to be the sinking of
clusters in the solution. Overall, based on observations made studying the two interceptorsisit
concluded that installation of GADs will improve the quality of wastewater.

Looking at Tables3.10and 3.11, andFigures 3.13 and 14, the separated fractions increasa

with time, and a higher fractioning of the samples, particularly for the settling phases, were
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observed during laboratory measurementsAs shown inFigure 3.13 a-e, there wasa greater
accumulation of floatingand ettling phasesfor the first two weeks of study, which was more
dramatic in samples taken from the inlet compartments. Although the extent of separation of
floating phases did not differ substantially from 1/14 to 1/20, the sample appeared to become
more dense and compactThis could be the result of temperature and also higher concentrations
and passing of time on separated fats and proteinso more thoroughly investigate the efficiency of
interceptors and the extent of separation which occurs within thes devices, weekly monitoring and
sampling of this location as well as an appropriate ice cream shemuld be beneficial to this study
Finally, the degree of separation in the GAD also depenoh the retention time. The water
consumption of this FSE could not be obtaineit time for this study, and hence nogcould be

calculated for thisspecialty coffee shop

Fractioning of Dairy Fats in theSpecialty Coffee Shop Greaseterceptor

Since fds tend to contribute heavily to sewer blockages, ivasimportant to determine how
fat is fractioned in GADs treating wastewater originating from small dairy shops. The Gerber fat
method was used to determine the fat content of the different phases foaeh compartment. Tables

3.12-13 and Figure 3.5 summarize these findings.

Table 3.12. Percentage of Fat Trapped in Each Phase of the Specialty Coffee ShopGAD Interceptor

Measured Floating Measured %  Measured %

Sample Date Chamber  Fat % (1:11 Dilution] of X o i opace  XFat Suspended Phase  Xeat, Setied Phase
Inlet 14.25% 156.75 0.10% 4.30%
1/6/2011  Intermediate NA NA 0.05% 1.60%
Outlet NA NA 0.10% 0.35%
Inlet 16.70% 183.70 0.10% 5.4%
1/14/2011 Intermediate 9.00% 99.00 0.05% 3.00%
Outlet NA NA 0.10% 0.4%
Inlet 15% 165.00 0.15% 8.25%
1/20/2011 Intermediate NA NA 0.05% 4.00%
Outlet NA NA 0.10% 0.70%
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Table 3.13. Determination of Fat Content of Partitioned Phases in

the Specialty Coffee Shop GAD, Laurel, MD

Sample Miioatin Mtat in Floatin Msuspended Phase ~ Matin suspended ~ Msediment  Mrat in sediment
Chamber 9 9 P P
Date (g) Phase(g) (g) Phase(g) (g) (g)
Inlet 34.44 53.98 596.22 2.98 296.33 12.74
1/6/11  Intermediate 0.00 0.00 650.83 0.33 289.17 4.63
Outlet 0.00 0.00 826.47 0.00 73.53 0.26
Inlet 76.76 141.00 896.76 0.90 758.94 41.74
1/14/11 Intermediate  10.65 10.54 1396.64 0.70 1139.02 34.17
Outlet 0.00 0.00 1891.02 1.89 120.60 0.60
Inlet 94.15 155.35 547.58 0.82 256.51 21.16
1/20/11 Intermediate 0.00 0.00 748.43 0.37 219.54 8.78
Outlet 0.00 0.00 807.04 0.81 112.93 0.79
@ (©)
Fat & Partitioned PhasesSpecialty Fat & Partitioned Phases Specialty
Coffee Shop GAD 1/6/11 Coffee Shop GAD 1/20/11
100% 100%
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p. 70% — ¥ 70% —
S 60% — S 60% —
g 50% — S s0% —
9 2o = 4 =
© B 30% ——leed —
> 20% — S 0% 0 0 o —
10% — 10% — - ——
Inlet Mid Outlet 0% ' o !
Chamber Inlet Mid Outlet
O Floating Phase = Fat in Suspend. Phase O Floating Phase Chamber « Fat in Suspend. Phase
D SUSPENDED PHASE ~ EFat in Settling Phase OSUSPENDED PHASE ~ mFat in Settling Phase
B Settling Phase O Settling Phase
(b)
Fat & Partitioned PhasesSpecialty
Coffee Shop GAD 1/14/11
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o 90% — Figure 3.15. Fractioning of Fat in Partitioned Phases
S 80% — of Specialty coffee shop GAD
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5 60% = speculated to consist primarily of fats.
B e The accumulation of sediment and
LEL O° I — floating phase can be observed from
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Figure 3.15 shows the mass fraction of all the present phases in
each compartment of thespecialty coffeeshop grease interceptor. It
also indicates the mass fraction of fat available in each phase. It should |
first be noted that the floating phase proved to be the &t puzzling
materials during analyses, viaich can be inferred from Tables 3.12nd

13. 1:11 dilutions of floating compounds with distilled water were

made for testing, where the measurements for the floating phase of the

A j .

inlet compartments proved to be greger than 9.1% (1/11*100), Figure 3.15. Floating Phase from the
Specialty Coffee Shop
resulting in higher than 100% fat content. The measurements for the 'ﬂ';tlfAD Chamber,

diluted floating phase of intermediate compartment for 1/14, however, was measured to be 9.0%, and
the fat content of the pure floating phase was calculated to 189.0%. It is possible that the presence
and mixing of other soluble fats and/or organic compounds with isoamyl alcohol reswéd in higher
than normal readings. This phase, illustrated in Figur8.15, appeared to be greasy and resembled fatty
material, andfor practical purposes,was regarded as pure fat, and is demonstrated as such in Figure
3.15.

Similar to the synthetic wastewater analysis described in report 2, the suspended phase held
minimal fat, while the mass fraction of fat doubled from 0.35% t0.7% from 1/6 to 1/20. In all
analyses, the first compartment possessed the highest portion of fat, with this fraction decreasing from
inlet to outlet compartments. Furthermore, accumulation of separated constituents and their fat
content also increased dting the 3 week GAD sampling and laboratory study, and the separated
phases appeared to have formed denser aggregates by the\Beek. The second week of sampling
produced the highest degree of separation (mass fraction), and based on measurements it also

comprised of the highest mass fraction of fat in the separated layers.
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Conclusion

It is clear that separation of dairy products/wastewater occurs under acidic conditions. In the
case of wastewater originating from small dairy shops, proteins and fats are expected to have the
highest tendency for separation. In fact, at ZPC pH [4:868], only whey proteins are assumed to be
retained within the aqueous phase. Based on data available and observations made, wastewater
originating from ice cream shops and smoothie shops is estimated to have the highest potential
separation due to the higherfat content of the samples, acidity of fruit flavors, colloidal particles found
in neutral to alkaline flavors, such as chocolate. In these cases, installation of GADs is expected to
facilitate separation of dairy fats and proteins and positively affedhe quality of wastewater

discharged.

This hypothesis was supported by thenitial visits grease interceptors of thespecialty coffee
shopandice creameryinterceptors, where significant separation in both could be observed. In the
case ofspecialty coffee shop the interceptor was visited within 2 weeksfrom the last purge date, and
gradual accumulation of dairy constituents was observed in this studi.he samples collected from the
ice cream shop on the other hand, showed substantial fractioning duringhe first two visits when the
GAD was excessively full. Nonetheless, no measurable separation could be observed after the most
recent cleaning, which is most likely attributed to minimal sale of ice creams, and the lack of discharge
of dairy constituentsin the drains. Moreover, although substantial separation, in form dbod
solids/ settling and floating (fatty) material was observed in the GAD chambers, it is not known
whether introduction of dairy wastewater to low pH systems and the abundance of biolaocal
microorganisms in the interceptors cause separation to occur. This point becomes important because
in contrast to the GAD samples discharged from thepecialty coffee shopthe fresh wastewater
samples collected from The Coffee Bahowed small signsof separation within the first week from the

collection, and curdling of the sample (i.e., full separation of dairy constituents) took place
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approximately after 2-3 weeks, where separable floating and/or settling phases could be observed.

is possible hat because of the elevated biological activity in sewer systems, the spoiling and
separation of milk occur at a much faster rateDifferentiating between fresh and sewer wastewater
samples could help obtain a more realistic perspective on this issue. lddition, further monitoring

and sampling of grease interceptors of different categories of dairy FSEs can provide a more thorough
basis for judgment. Sampling should take place over long periods of time to account for seasonal
differences affecting salesiad temperature. Demand for dairy product varies with season, arfdgher
sales of frozen dairy products, such as ice creams, Frappuccinos, and frappeseaqeected to occur
during warmer months. Higher sales will ultimately affect the residence time of thgrease traps,

which may influence the degree of separation in the GAD chambers. Additionally, Temperature plays a
significant role in partitioning of dairies. Higher temperatures can cause denaturing of proteins and
cause aggregation of fats, and up to 40 will spike the biological activity of microorganisms present in
wastewater and dairy. Furthermore, cooler temperatures can cause crystallization of proteins and fats

into condensed layers.
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Chapter 4: Concluding Research and Field Studies:

While FOG blockages have been recognized as one of the major contributors to SSOs (epa.gov),
EO xAO OAAT OEAO EiT OEAEO AOOAIi PO O AAAOAOO OEEO
inconsistent with one another, and coffee and ice cream shops are rabvays includedin their FOG
control programs. Several cities and states, including Florida, City of Milwauke@regon, the town of
Louisburg, and city ofSalisburyin North Carolina, have included such facilities in their FOG ordinance
programs, while others leave dairy serving FSEs to operate under loose conditior@3ther
establishments, however, including dairy shops operate under relatively loose conditions. These
facilities tend to serve prepared foods and hot/cold beverages, and do not involve prepag/making
food. Most states tend not to require these places to install grease traps and consider their FOG input
negligible, if at all. Dairy producs can contain high concentrations of fats and proteins, which may
separate in the sewerage. Therefore, dusly of composition, structure, and properties of milk and
other dairy products and their possible contribution to FOG inputs valid. Furthermore, the efficiency
of grease interceptors in treating wastewaters rich in dairy componentaeeded tobe addressel.

In order to investigate the potential contribution of dairy components to FOG blockages,
chemistry and physics of dairy systemsvere studied. Essentially milk consists of many colloidal
particles, such as fats globules and proteins that can separateilkvproteins become insoluble at lower
pH values (i.e., 4.6). Although the pH of most wastewaters tends to be higher and fall in the neutral
range, it should be taken into account that coffee and almost all of the fruits used for flavoring many
dairy dessets/beverages acidify the system, and thus can make the conditions more favorable for
casein micelles to become insoluble in water. Another important aspect is heating milk for the
preparation of hot beverages. Heat coagulation of caseins occurs as weltlasage to the fat globule
membrane, thus more rapid coalescence of fat globules may take place. This can be readily observed

during heating of milk. Furthermore, heating increases the acidity of milk, and coupled with pH
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reduction from coffee, it is likely that caseins will become insoluble. Heating also causes denaturation
of whey proteins, and they will become entangled with the casein micelles. Moreover, whipping and
cooling dairy products, as seen in whipped cream and ice creams, also cause crystailraof fat
crystals and their stronger association with one another, making flocculation of fats more likely.

Having studied the physics and chemistry of dairy products and wastewater characteristics, it
was hypothesized that partitioning and separatiorof different phases, namely fat and proteins occurs
in wastewater originating from coffee shops and ice cream shops. It should also be mentioned that
proteins may start to settle at higher temperatures, making the adsorption of fat globules at the AW
interface more likely. Thus a combination of both substances will be present in the floating phase.
Another inevitable and noteworthy factor is spoiling of milks, which is accompanied by production of
many acids, such as acetic acid and lactic acid. Finally, the effects of different surfactive material used
for cleaning should also be considered as they will fluence the surface tension and may delay the
separation process.

The literature review was followed by several characterization studies including dairy: water
and dary: detergent: water dilutions under different pH and temperature systemsWastewater
separation was clearly seen under different conditionsSeparationtook place in two forms of settling
and floating phases. Under acidic conditions, curdling of the dairy systems, dissolution of caseins and
separation of fats and proteins at ZPC pH took placWhether the dissociated curd layer floats or
settles depends on the fat content of the mixture. The effects of temperature on milks were also
studied, and creaming(formation of a fat film at the air/water interface) was observed. Creaming,
however, wasretarded by mixing, a practice commonly employed in coffee shops. Furthermore, it was
observed that for heated whole milk samples, at pH 5:2.5, fine particles formed, and a higher
resistance to curd separation was witnessed. Raising the temperature ¢fet mixture to 50°C increased
the dynamics of the system, and a more rapid settling/floating took place. The maximum separation

occurred as pH approached the zero point of charge (4.66) in all samples. Finally, introduction of
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detergents and sterilizers slghtly enhanced separation of dairy constituents at lower pH valuegi{

5.3].

To quantify the FOG available in both real and synthetic wastewater samples, the Standard
Method for FOGanalysis (5520B) was employed and found to be incompatible with dairy systems
since mixing ofnon-polar hexane with dairy constituents, exhibiting different degrees of molecular
polarity, created a viscous gelatin layefThe Gerber Fat Method, adopted frorthe Standard Methods
for the Examination of Dairy Products, was used for determination of fat content of samples. The fat
AT T OAT O 1T &£ OUT OEAOGEA AT A EAOAOE xAOOAxAOAO OAI BI AOT
Coffee Barwas successfully determineal by this method although the fat content of the wastewater
samples were determined to be very lowdveraged mass percentage &.02+0.004% and 0.03
+0.003% for 1stand 2nd shifts). Because of the small mass fraction of fat in the fresh wastewater
sample,method 5520B was revisited, and the mass percentage of separated FOG was found to be
0.42%, which does not compare with 0.02% mass fraction of fat obtained from the Gerber Fat
Method. Therefore, partitioning of other dairy components, other than fats, isaking place. Hence, it
is likely that when exposed and mixedvith other organic media,some of thedairy components,
other than fats,could separate into another phase.

Once preliminary experiments were done and thextent of separation under acidicconditions
was understood on a volumetric basis, the fractionation of fat at ZPC pH was studied. It was found that
almost all the dairy fat will reside in the separated curd layer, with only a small fraction remaining in
the suspended solution/serum for sanples of higher fat content, such as ice cream and whole milk
dilution (3.7% to 3.4% for ice cream and whole milk 1:10 dilution3. It was seen that in samples of low
fat milk (i.e., 2% and skim), all the fat resided in the curd, and the recovery amounteal greater than
100% (103.94% for skim milk and 100.05% for 2% milk water dilutions). This error may be attributed

to the low sensitivity and detection limit of Gerber Fat analysis, in which low concentration of dairy fat
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in 1:10 dilution are not accuratelymeasured. Concentrating the fat in a smaller portion is likely to
produce better detection accuracy. Therefore, this techniqu&as adapted as the methodology for fat
determination of samples with lower fat content. Partitioning of dairy species into otheorganic
chemicals is another potential source for separation and potential contribution of dairy constituents to
blockages. More in depth analysis will help with maodification of the FOG test for analysis of dairy
wastewaters.

Based on data available andbservations made, wastewater originating from ice cream shops
and smoothie shops is estimated to have the highest potential separation due to the higher fat content
of the samples, acidity of fruit flavors, colloidal particles found in neutral to alkalinBavors, such as
chocolate, and addition of protein powders.Specialty coffee shops, which use also use significant
amounts of dairy products, should also demonstrate high separationsn these cases, installation of
GADs is expected to facilitate sepation of dairy fats and proteins and positively affect the quality of
wastewater discharged especially when conditions of low pH exist.

With this in mind, sampling of grease interceptors treating wastewater originating fromwo
dairy-using FSEs(the spedalty coffee shop andthe ice creamery took place. Four visits to the greater
interceptor of the ice cream shopvere made, starting 12/20/10 to 1/ 20/11. During the initial 2 visits,
the interceptor was excessively full, with the latest purge date of 06/0. Substantialseparation was
witnessed for the two visits. The samples appeared to have fractioned predominantly in form of a
floating phase, however, disrupting the samples resulted in sinking of a portion of the separated
material, and separation as bdt floating and settling layers could be observed. The last two visits took
place after the most recent cleaning af/10/11, after which no significant and quantifiable separation
could be observed in the samples, which may have been caused by the minimaesof dairies expected
during the cold seasonThe pHlevels of all the collected samples wertound to fall close to the ZPC pH
[4.5-5]. The extent of separation in this interceptor grew from inlet to outlet compartments, and hence

separation of ice cream products may be slow paced. Furthermore, during the first two weeks of study,

83



prior to the purge of 1/10/11, the degree of separation semed to have reduced, particularly in the
outlet compartment, signaling the flow of material out of the interceptor and into the sewer lines.

The grease interceptor of thespecialty coffee shopwas also studed, and separation in form of
both floating and ttling phases could be observed. Thiaitial visit to this interceptor took place
within 1-2 weeks from the last purge date, andetention of dairy constituents prone to separation,
including fats could be observed. The mass fraction of fat in the thredases of floating, suspended,
and settling phases increased during the first two weeks, and little change was observed from the
second to third week of study. This fraction of separated material reduced moving from inlet to outlet
compartment, and the porion of separated phases reduced moving from inlet to outlet compartments.
Mass fractions of fat in all phases for the 3 samples were determined. The floating phase was puzzling,
as the sample was diluted in water (1:11), and the fat content was measuredte greater than 100%.
This might be due to the presence of other organic compounds and their association with isoamyl
alcohol could result in overestimation of fatThe floating phase did, however, resemble other fatty
material. The settling phase followe the floating phase in highest fat content. the mass of fat available
in the settling phase reduced from inlet to outlet chambers. Finallgnd similar to observations made
in synthetic samples, the suspended phasthowed to have the smallest fraction ofat. The pH of all the
samples also fell close to ZPC [4%, and as already studied at this pH range, separation of casein
proteins and fats is expected.

The retention time ofthe ice cream shopnterceptor was calculated to be approximately 2
days. It ould be noted that once the samples were transferred to the lab for further testing and
allowed to remain in a static condition, higher degrees of separation in almost all samples could be
witnessed.Overall, thespecialty coffee shopnterceptor appearedto successfully treat the wastewater
and separate dairy constituents prone to separation from bulk wastewater. Concluding from the
initial two visits to the ice cream shopnterceptor separation of dairy material did appear to take

place. Nevertheless,His interceptor was not well maintained for the beginning phase of sampling, and
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the visits following the latest purge date do not represent common conditions found in warmer

seasons when thesale of dairy desserts/produce is higher.
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Chapter 5: Recommendations and Further Research

Survey Checklist for Dairy Product Regulation

As part of this project, recommendations are offered to supplement existing guidance
documents to evaluate the need of an FSE to install a separation devicgbl€5.1 sunmarizes key
points that can besupplemented to the existing questionnaireThese questions were designed to
identify and quantify dairy constituents prone to separation in wastewater samples, and address
specialty coffee shops odairy shops serving frozen or soft dairy desserts or snacks, such as ice creams
and smoothies.To this end, it is believed that partitioning in wastewater originating from such FSEs
will occur.

As can be seenfable5.1is devised such that practices contributing to highedischarge rate of
dairy products in the sewer system will have demonstratd higher partitioning tendencies and can
contribute to build-ups and blockages in the sewer linegnother noteworthy aspect is the level of
acidity introduced to wastewater by flava additives. Since pH plays a dominant role in separation
processes, knowing the level of acidity introduced by flavor additives will help determine the pH range
of the wastewater, and whether curdling will occur within the system. Confectionary flavorsush as
chocolate and vanilla have neutral pH while most fruits tend to be acidic. Therefore, if fruit drinks are
the major contributors to sale in a dairy FSE, the pH of wastewater will tend to be acidic, whereas in
FSEs where neutral flavors are more popar, pH of wastewater should fall within the neutral range.

Table 5.1 provides the recommended checklist for distinguishing and categorizing FSEs in
order to assess the feasibility of GAD installation. The answers were arranged in two columns based on
their potential for separation. Naturally, the greater the contribution of an FSE to the dairy content of
wastewater, the more pivdal the role of the GAD becomes, and if an FSE serves prepackaged dairy
desserts/beverages in disposable utensils, it is likg that the dairy constituents responsible for

separation will not be discharged in the sewer, and the wastewater has a low potential for separation.
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Moreover, since many FSEs only choose to dispose of old &spireddmilk, the likelihood that the
milk products will separate in the saver system will be much higher. Lastlyaddition of stabilizers
used in ice creams and proteins in smoothies is another noteworthy parameter that can affect the pace
of separation. It was observed during analysis otihe icecream shopgrease interceptor that
separation was rather slow and a greater accumulation of the separated phases could be observed in
the outlet chamber, the reverse of which was seen in thepecialty coffee shopGAD. At this time, the
exact reason for ths phenomenon is unknown; however, the addition of stabilizers and proteins could
change partitioning tendencies and affect the efficiency of the treatment process. It is beneficial to
distinguish and categorize the different practices and products served tprovide a more effective
solution.

Overall, it is expected thatdairy products in wastewatersfrom dairy shops and specialty coffee
shopswill separate and installation of GADs can be considered as a viable option. Categorizing
additives used during pracessing of goods can help determine the pH range of the resulting

wastewater, and consequently the degree of pldnhanced separation in wastewaters.
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Table 5.1. Recommended Questionnaire for WSSC Re

ulations

Questions

Wastewaters with Higher
tendenciedor separation

Wastewaters with lower
tendencies for separation

Do you serve frozen or soft dairy
desserts, including ice creams,
sorbets, parfaits, frappes, and/or
shakes?

Yes R

No n

a. Are your dairy
beverages/desserts:

Prepared on Site R

Prepackaged fj

b. Do you wash the kitchenware
containing dairy products,
used for storing, preparing,
and serving dairy
desserts/drinks?

Yes 1

No (prepackaged and
served in disposable
utensils) R

Please rank the estimated portion of
your salecoming from dairy
desserts/beverages

High - moderate R

Minimal - None 1

Which flavors have the highest sale:

Pomme fruits, citrus
fruits, berries n

Confectionary F[avors~
i 6ATEI T AR AE]

Do you dispose of leftverfunused or
perishabledairy products, such as mill
prepared beverages/desserts
containing milk, crearmhalf and half,
andyogurt inthe drain?

Frequently (at least once
week) N

Rarely (at most once every
weeks) n

If proteins powdefstabilizers araised
in preparing shakes/smoothies, in
what approximate quantities are they

added?

Small-None R

Large- Moderate A

Since the practices and types of dairy products served at these FSEs are diverse, simplification
and generalization of thesd=SEs is required in order to make the decision making and treatment
process efficient. In cosultation with WSSQpersonnel, the following revised checklist, appearing in
Table 5.2 was devised to assess the feasibility of grease interceptdiar different FSES.This checklist

has a direct focus on practical implementation.
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Table 5.2 WSSC Review Form FOG Program

STEP 1: INITIAL BMP REVIEW

Are ice cream products manufactured at this facility?
Yes | No |
If yes: FULL permit; if no: continue with Step 2

STEP 2: EVALUATION OF BMP OPTION

The reasoning here is to determine if qualifying food preparation occurs and/or whether potential measable
FOG material is disposed of in the trash, rather than into the sewer.

PART A GENERAL
1. Do you serve frozen or soft dairy desserts, dairy drinks, specialty dairgontaining drinks, ice creams,
sorbets, parfaits, frappes, lattes, smoothies and/or skes?

Yes | No I N/ A T
If no or N/A, check for other food preparation characteristics on separate form.

PART B DAIRY/SPECIALTY

Applicable items include frozen or soft dairy desserts, dairy drinks, specialty dairgontaining drinks, ice creams,
sorbets, parfaits, frappes, lattes, smoothies and/or shakes

1. Do you only directly* serve the applicable item(s) that has been preackaged/prepared elsewhere?
Yes | No I N/ AT

2. Are the applicable items consumed on a disposable plate, cup or contair(er napkin) and/or taken to go and are
the potential utensils issued to the consumer disposable? 5
Yes | No | N/ A |

3. Do you prepare any of the applicable items above using mechanical or mixing devices (such as blenders, soft ice

cream makers, milk stake makers, cappuccino machines, etc.) that require cleaning and sanitizing?
Yes | No | N/ A

4, Do you hand wash any pans, dishes containers and/or utensils from the applicable items on a daily basis?
Yes | No | N/ A
If yes- please describe: Include the number of dishes/utensils/containers hand washed per day and what they
contain:

5. Where are leftover, expired, defective, mistakenhmade or otherwise extra unsaleable applicable items disposed of,

specifically (list all methods):

*o0directlydo means i ce cr e gatkaged gostainerad the gonesoc asanpreman dpplicable item qompietely
pre-packaged for direct sale (no handling).
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Future Work

Since one of the key aspects of this study is to diminish FOG blockages, it is important to study
the grease interceptors treating wastewaters rich in dairy components more thoroughly. The sampling
for this study took place during colder months, when theae of frozen desserts and dairy beverages
high in fat and proteins, are low if not minimal. Therefore, it would be constructive to continue this
study in warmer months and study how the introduction of different dairy products in the wastewater
influencesthe overall partitioning behavior of the wastewater and monitor the efficiency of
interceptors in removing the separable material. Furthermore, as already discussed temperature
affects the stability of dairy suspensions. In cooler temperatures, crystallition/ partial crystallization
of fats and proteins takes place, which makes them more partial to coagulation. The
crystallized/partially crystallized fat globules will no longer consist of liquid fat, but rather needlelike
crystals, which when agitated an pierce the membrane, and enhance coalescence of fats (Goff, et al.
2003). Higher temperatures can cause denaturation of membrane proteins and whey proteins,
causing creaming of milk products (Walstra et al., 1984). It would be thus important to studjée
interceptor during longer periods of time and investigate the effects of composition and temperature
on the behavior of dairy wastewater.

Another important parameter examined was the level of acidity of the system. It was discussed
that as the pH of tle system is reduced, the calcium phosphate present in milk starts dissolving, and at
pH of 4.7, separation of casein into another phase occurs. While pH can be reduced by introduction of
acidic additives, it can also result from spoiling of dairy producturing fermentation, one of the
processes occurring during spoilage, lactose molecules are converted to lactic acid. The principle effect
here is the dissolution of calcium phosphate and the decrease in association of cations with proteins
since at this ime the negative charge of the proteins diminishes. The ionic strength, and the2€a

activity increases, and several lactic acid bacteria can break down citrate, which may also increase the
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Ca-+ activity. Therefore, the changes caused by lactic fermentaticare not quite similar to those caused
by addition of other acids, such as HCI (Walstra et al., 1984). It is speculated that due to the diverse
changes caused during enzymatic and fermentation reactions, the nature of the system will differ
significantly from original conditions found in milk.

Another focus of future study is thorough analysis of the effects of detergegtade surfactants
on dairy emulsion stability. During characterization studies, it waseen that addition of detergents
and sterilizers slightly enhanced pH

induced separation in synthetic samples.

As already explained and demonstrated Membrane fands
micelle:
in Figure 6.1, the proteinaceous Eatalobale (@)
. °° o © Serum
membrane covering the fat globules and FPo 'O °
.
N . *O ® ©
the casein micelles surrounding tle © 0 _© °0
0 G
globules lower the interfacial tension (o)

between fat and water, and in doing so - - — -
Figure6.1. Dairy composition and Structure, picture reproduced froi

Walstra et al., Figure 1.1. The casein micelles as well as
protenaciousmembrane covering the fat globules reduce:
surface tension, making the emulsion stable.

stabilize the emulsion. Addition of
surfactive material such as detergents,
however, can cause displacement of casein proteins and other emulsifying agents found in dairy
systems by surfactants. Although surfactants are energetically favorable, they provide a thinner
shelter for the fat globule, and hence make the system more susceptible to subsequent separations.
Furthermore, some surfactants can potentially cause deformatioof proteins in fat globule
membranes, leaving a larger area of the fat exposed (Goff, et al. 2003). Surfactants can be categorized
based on their charge (cationic, anionic, zwitterionic, and neutral) .

Finally, the effects of ionic strength found in wasteater conditions should also be examined.
Salt composition affects Ga activity (Ca2*) of the mixture and hence the calcium phosphate content of

the micelles. For example, addition of calcium complexes will raise (€pand the calcium phosphate of
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the micelles, and can affect the pH of the system. The surplus of calcium used will find its way to the

drain, and when exposed to untreated wastewater rich in dairy constituents can cause coagulation.
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The Production and Fate of Fats, Oils and
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Service Establishments
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Outline

O
- Background
- Understanding Dairy Science i Literature Review
- Laboratory Analysis
- Field Studies
- Conclusion
- Recommendations
- Future Work

95




Slide 3

Slide 4

Background

@)

- occurrence of Sanitary Sewer
Overflows (SSOs) pose
environmental risks : spillage of raw
sewage into to communities

- retention of fats, oils and grease in
the sewer lines: FOG blockages
account for 40% of all SSOs

wsare - 75% of U.S. sewer lines operate half
capacity

Background

O

- Solution: Prevent/diminish
FOG Discharge/BMPs &
physical treatment of ww rich
in FOG

- Potential Sources

1. FSEs preparing/serving
food:
A obvious FOG production
T addressed w/ FOG|
Ordinance
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Slide 5

Slide6

Background

O

2. FSEsserving only dairy &/or
specialty coffee drinks:

A previously suggested
ineffective physical
treatment

A investigate if regulations to
WASTIVATFR control FOG/suspended
solids discharge beneficial

FOG Control Programs

NY DEP:
Unclear

Guidelines for
Regulations

CT:

FOG
regulations
imposed only
on FSEs
preparing foods

San Francisco :

dairy & specialty NC:

coffee shopsi not (Saiisbury &
regulated Louisburg)
L @iy Dairy products

listed and

Recently updated, lists Dairy products

dairy sources as a FOG listed as FOG regulated
Source, Regulations source-

enforced regulated
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Slide 7

Slide 8

Background

@)

- to investigate the potential
contribution of dairy/specialty
cof fee shopso E

- No previous research

l —_-L‘f
woure  UNderstand dairy systems & :;
separation tendencies

Phase 1: Dairy Emulsion

@)

Understanding
Basics of Dairy
systems

98




Slide 9

Slide 10

Dairy Emulsion

O

+ Dairy systems:

1. Complex emulsions, >100,000 molecular
species

2. Composition « environmental
factors/genetics

3. Water, fats, proteins, lactose, salts

4. Hosts most microorganisms
5. Enzymatic Reaction

Dairy Emulsion

O

. Complex emulsions > 100,000 molecular
species, pH approximately 7

- Major Components:
1. Water

2. lactose

3. Fatsin glg_bules

ACasejns: 80%, have to aggregate to
4 Proteins«"‘; remain in solution, charge bearing
: 1 AWhey: Soluble
5.salts  AMembrane Proteins, cover the fat

it
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Slide 11

Slide12

Dairy Emulsion

O

Table reproduced from Dairy Chemistry and Physics, 1975
Average

Component g;;’t:;nt % Range % (w/w) gﬁ'ﬁ;ﬁff
Water 87.3 85.5-88.7
Solids-non-fat 8.8 7.9-10.0 69
Fatin dry matter 31 21-38
Lactose 4.6 3.8-5.3 36
Fat 3.9 2.4-55 31
Protein 3.25 2.3-4.4 26

Casein 2.6 1.7-35 20
Mineral substances 0.65 0.53-0.8 5.1
Organic acids 0.18 0.13-0.22 14
Miscellaneous 0.14 il

Dairy Emulsion

O

Different compounds (unlike) in dispersed
state Mpnot energetically favorable, will
separate

Emulsion stabilized:
1. Proteins (caseins) lower interfacial tension

2. Fat globule membranes lower surface area
between fats and waterhfats not exposed to
water

Further stability achieved during
homogenization
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Slide 13

Dairy Emulsion

o casein micelle

& @
®
Q.‘

Dairy composition and Structure, picture reproduced from
Walstra et al., Figure 1.1. The casein micelles as well as
proteinaceous membrane covering the fat globules reduces
surface tension, making the emulsion stable.

Slide 14

Destabilizing Dairy Emulsion: pH

- ZpH m==pCaPdissolution
- pH=5.2:
1.most of Calcium phosphatelost

2. Casein lost most of its charge Q ‘% b (@ oW

Cakium
Fros

@% QOQ yu-

- pH [4.6 -4.8]:
1. All CaPdissolved
2. Casein charge ) === separation Casein Micelles, Walstra, 1984
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Slide 15

Slide 16

Destabilizing Dairy Emulsion: Temperature

O

- Heat:
1. Heat Coagulation of Caseins

2. Further Acidification

3. Denaturation of Whey Proteins

Creaming of Milk
after heating in lab

4. Damage to Fat GlobuleMembranes 'y

exposing fat

Destabilizing Dairy Emulsion: Temperature

- Cooling:

1. Crystallization of Fats

2. Crystallization of Proteins

- Air Entrapment === Foaming
& Adsorption of Fats &
proteins in Foam
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