Innovations in Minimizing Waste and Wastewater Effluent
from Food and Beverage Processing Operations

Water and Wastewater Treatment- Innovative
Application of Technology
1.0 Introduction
Minimizing water consumption will generate efficiencies and cost
reductions, and will help Ontario companies be more competitive
in the regional and international marketplace.

Innovative thinking leads
to Innovative Solutions…
Innovative Solutions leads
to competiveness.

The first and most cost effective approach to minimizing water
consumption is to identify procedures and practices that can be
improved. As a low cost or no cost option, these are relatively
easy to implement. Usually it includes a culture shift and a new awareness among employees with
regard to the use of water. At the same time, however, the application of technological solutions will
enhance water conservation efforts, achieving significant resource savings, often with very attractive
payback opportunities. The secret is in the application – ensuring a targeted approach with the
innovative use of technology.
This module will present a logical and practical approach to evaluation and implementation of innovative
approaches to water conservation and the technologies that make it work. This requires a creative
approach that “reaches into the process” to identify water savings, reuse, recycling, pre-treatment
opportunities that are integrated with the process. Finally, treatment technologies will also be
presented, using Technology Cards as summaries.

Challenge…Innovate… Succeed.

1.1 The Changing Landscape
Pressures on the Ontario Food and Beverage Processing Industry are mounting. The cost of the resource
as well as the cost to stay in compliance is increasing, eroding the industry’s competitive position in the
marketplace.
The Cost of Water
In general, the cost of potable water and wastewater treatment services has been considered to be
relatively inexpensive in North America. Water has historically been considered a cheap resource. It was
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abundant and inexpensive and could be readily disposed of. The cost of water in Canada and the United
States has traditionally been lower than in other jurisdictions. For example, the costs in Europe range
from one third higher (Italy, Sweden) to 3 times higher (Germany, France, Netherlands, England).
In Ontario there is significant pressure on the cost of
The City of Toronto
water, increasing toward full cost pricing. The cost to
the municipality to supply water and wastewater
increased purchased water
services has traditionally been undervalued. As an
costs in 2007 by 9 % and
essential service there may be political and/or public
plan on increasing rates at
pressure to keep prices low. However, the increasing
least 9% each year for five
need for municipal infrastructure improvement and
years.
the reduction in government transfer funding, has left
municipalities to fund these projects alone. This is
translating in to substantial price increases for water supply and wastewater services, especially
for the Food and Beverage Processing Industry.
For the Food and Beverage Processing Industry, increased costs are reflected by:






The overall cost of potable water rates increasing;
Enforcement and compliance to provincial regulations and municipal bylaws is more aggressive;
Wastewater surcharges increasing;
New fees on ‘taking’ groundwater, and;
Restrictions on land application of wastes.

These drivers are quickly increasing the cost of water,
Challenge… traditional
providing an opportunity for an innovative technology
thinking - look for
response that addresses the use of water as a production
innovative changes in the
resource. The first step is to Challenge… the traditional
consumption of water to look at use with a fresh
way water is used.
perspective to identify more creative options.
Conservation, waste minimization, and recycling are viable
options without compromising the quality of the product. This approach can bring new insights on how
water is used.
Regulatory Drivers
Wastewater discharges are regulated either by Municipal bylaws or provincial standards. Municipalities
are noting that high strength industrial discharges to municipal wastewater treatment facilities present a
loading to the wastewater plant that impact on the ability of the municipality to treat the waste with
existing equipment. This can have an impact on attracting further residential/commercial development
for the city, impacting its tax base. Municipalities are becoming more vigorous in implementing

Water and Waste Conservation in the Food and Beverage Processing Industry
Water and Wastewater Treatment – Innovative Application of Technology

Challenge…Innovate…Succeed

Page 2

surcharges based on operation costs at the treatment plant in order to treat the waste. Surcharges are
also meant to encourage food processors to install wastewater pre-treatment equipment.
In Ontario, food processors that discharge wastewater directly to the environment are regulated under
the Ontario Water Resources Act (OWRA). The Act requires that the discharging facility obtain an
approval from the Ministry of Environment (MOE) in the form of a Certificate of Approval. The Certificate
describes the proposed treatment systems and typically includes conditions specified by the MOE for
contaminant limits, monitoring and reporting, maintenance
Wastewater discharges to
practices, and annual performance reporting. Land
sewers or surface watercourses
application of wastewaters is also becoming more restricted
as available land is being developed or ground and surface
are regulated by sewer bylaws
water protection requirements from overland flow become
or provincial permit conditions.
more limiting.
Land Application
Land application of wastes, a common outlet for food companies, has become especially challenging. New
regulations such as the Nutrient Management Act and the Landfill Diversion regulation, as well as
existing regulations, are aggressively administered. Companies who use thirds parties (such as farmers
etc.) or have approval to spread their own waste, are finding many of these outlets shut down or
disappearing.
For companies who want to explore this issue in more detail, refer to AOFP Issue Management Bulletin
IMB-1.

1.2 Application of Technology is the Key
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Most facility management in the food
industry would consider wastewater
Case Example: Snack Foods
treatment to be an add-on at the end of the
 Downstream treatment quoted @ $2.1 m
process. Often “end-of-pipe” treatment is the
 Recycled water saved $100,000
most expensive option from a capital point Recovered starch sales $125,000
of-view as well as requiring substantial
 Removal of 88% TSS & 60% BOD saved
operations and maintenance attention. Even
in the case of municipalities where surcharge
$300,000
agreements are available, costs can be
 Total installation cost $900,000
substantial. A more critical evaluation of
water use and upstream control can identify
water and waste efficiency opportunities where pre-treatment equipment can have a substantial impact.
Critical review of how water is used and implementing upstream controls, potentially including capital
equipment, will often achieve significant savings as much reduced costs. This financial balance can result
in attractive payback opportunities.

Challenge…traditional approaches to water use
and reuse

Innovate…implement new approaches to water use,
using good business principles.

Succeed…and be more competitive

Water and Waste Conservation in the Food and Beverage Processing Industry
Water and Wastewater Treatment – Innovative Application of Technology

Challenge…Innovate…Succeed

Page 4

“Implementation of Best Management Practices (BMP) and innovative technology solutions can
contribute to competitiveness for the Food and Beverage Processing Industry.”
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2.0 Pollution Prevention is the Key
Water as a Production Resource
Water is overlooked as a production resource in the food industry. Water is often used in large quantities
without much thought to how much is actually required to do the job. The first consideration is to
understand the objective for the use of the water. In each aspect of production, water can be closely
evaluated as to how it is used in the facility and what function it performs. In this way creative options to
optimize water use will be identified. This can include minimizing volumes, reusing water, and/or
recycling specific streams. In every case it requires an evaluation of the function the water is asked
to perform.
With various functions, it can be considered that water has a ‘job’ to do. Maximizing or optimizing the
quality and quantity of the water used allows the facility to look at each step as a task or work item,
matching the water quality needs to the work involved. To do this, the team must understand what
the objective is and exactly how the water does its job. Some of the typical ‘jobs’ water performs include
cooling, heating (steam, hot water), washing, rinsing, blending, and as a carrier.
It is important to understand the water quality required for the
assignment, as many tasks do not need potable water. Pollution
Challenge traditional
Prevention techniques can have a substantial impact but the team
thinking. Think
can go beyond typical solutions by challenging traditional thinking
outside the box!
on how water is used. Using a creative approach, opportunities for
an innovative technological response, including the use of upstream
treatment or recycling technology, are created. Upstream treatment is proven to be more cost effective.
Process and Flow Evaluation
The essential first step in the evaluation is to
assess the potential for wastewater
minimization through water reduction
and/or reuse. Identify and eliminate any
obvious overuse of water, often simply
through better operator practices.

For example, at a standard municipal water
pressure, a half-inch diameter hose could
discharge 23,280 liters per day or 5,127 Imp
gallons per day or 1.3 million gallons a year
(on a 250 operating days per year). This equals
about $30 a day or $8000 yearly.

The next step is to identify upstream options
to minimize contaminant concentrations and loading to the sewer. Again, this may be simple change in
practice or prevention of high strength streams going to sewer rather than dry cleanup and disposal
through a waste management program. Allowing highly concentrated streams to go to the sewer can
create a costly problem when designing treatment, potentially impacting treatment costs to the point
that a treatment system is not financially viable.
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Both of these activities are usually the cheapest and
easiest to implement in terms of capital outlay.
Recommendations can involve changing procedures, or
even re-routing sewers to contain high strength
contaminants without diluting them with cleaner water.
This work, then, establishes the true baseline of flow
and contaminant concentrations. Once completed, the
wastewater characterization will be more accurate and
will provide the basis for the design of final treatment.

Case example: Chicken Processing
Dry waste removal from floor and
equipment required before water
wash & installed system to collect
drips reduced BOD by 50% and
surcharge by $200,000.

Pollution Prevention Reduces Costs
The motivation behind all of this work is to develop the most cost effective solution and to ensure
industry and the cost of production continues to be efficient. Treatment at the end-of-pipe is not the
most cost effective approach. The first option is to control at the source. From an economic point of
view, water recycling and reduction has two benefits, namely:



Reduces municipal water charges;
Reduces the cost of treatment equipment.

Since treatment technology is costed based on water volume, which forces the sizing of the equipment,
any reductions in water volume will result in cheaper equipment. Innovation creates competitiveness by
adopting new technology and concepts, and it makes good business sense.

Adopting new technology and concepts makes
good business sense.
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3.0 A Step-by-Step Approach to Evaluation
To implement a more creative approach to water
management and the interaction with process, it is
essential to get a detailed understanding of how the water
is used. This breakdown will provide an analysis of the
contribution of each part of the process to the overall
contaminant and flow loading. With this information, the
facility can determine where specific projects in technology
application or procedures will get the most benefit.

The Five-Step Process
1. Wastewater
Characterization
2. Treatment Options
3. Conceptual System Design
4. Treatability Analysis
5. Detailed Design

Step 1: Wastewater Characterization
The first step is to characterize the effluent not just in flow
and contaminant terms, but also upstream characteristics. A detailed characterization includes a study of
all the plant processes in terms of how and why wastewater is generated. The sources of wastewater are
identified and evaluated and the strengths, concentration and volumes are measured. Time and
variability parameters are also included. One of the first steps is a critical review as to whether the
wastewater needs to be generated in the first place where a change in process or thinking may eliminate
the discharge from the specific process.
The Water Audit and Process Review, then, will:





Critically investigate and evaluate all
Study all plant processes in
process parameters and procedures to
terms of how and why
estimate the major contributors to the
wastewater is generated.
sewer;
Perform sewer sampling with 24 hour
composite sampler with the ability to obtain a sample for every hour so as to match production
schedules with overall contaminant loadings;
Spot sample upstream where appropriate to get a specific and accurate idea of the contribution
from specific processes.

Step 2: Treatment Options
Based on the results of the analysis, the team can develop the best approach to treatment. The treatment
technology design parameters of flow, volume, and expected concentrations are established, including
upstream contributions. Because so much detailed information is obtained from upstream sources, the
team can design more recycling, water minimization and/or water diversion options as part of the overall
treatment strategy. With this detailed information, the team can model the impact of creative upstream
options such as recycling.
For final treatment, some of the factors to be considered for optimum design include:



Consistent, reliable compliance;
Automatic operation vs. manual especially as this relates to cost;
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Minimizing operating costs;
Minimizing waste;
Case Study: Brewing
Whether skilled manpower is required (i.e.
bio systems);
Installed automatic shut off valves and
Associated capital cost (i.e. some
directed pasteurizer and final rinse to
technologies will be less expensive but
floor wash for savings of $37,500/year
higher operating costs);
with a < 2 year pay back.
Maintenance requirements and cost;
Ability to expand based on the always
changing needs of the plant;
Portability as many plants move or relate processes within the same facility;
Space required by the system and the availability.

A well-defined treatment objective, one that can include pollution prevention techniques, drives a cost
effective wastewater treatment system.
Step 3: Conceptual System Design
At this point the team can now develop a detailed conceptual design for the treatment. The selection of
technology is defined by the flow and concentration of the targets contaminants.
The most creative and cost effective programs are often a combination of upstream recycling,
minimization, and/or treatment. Selecting the right technologies takes the experience to know what
technologies work best in the flow and contaminant regime of the project. More examples are provided
in the presentation.
Step 4: Treatability Analysis
Once the conceptual design is completed, an important
step is to consider running bench scale and/or pilot tests
to prove the concept. As many options may be nontraditional to the industry, the concept may need to be
proven to gain acceptance. Although often considered for
‘end-of-pipe’ treatment, it is most important for recycling
options where the team must prove that the recycled
water meets all the quality parameters required by the
end use of the recycled water.

Case Example: Meat Processing
Install water filtration at scalder
tanks to remove solids and reuse
hot water longer for savings of
$160,000 (less than 1-year
paycheque)

In addition, there are a number of unknowns that must be considered and assessed before entering the
detailed design phase. For example, pilot test will investigate:


The actual in and out concentrations from the technology, usually upstream, to determine what
the resulting ‘out’ concentration to appropriately design the next step;
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The presence of trace chemical analysis that may not be expected normally but may build up in a
recycling strategy that can cause a problem (ie. chloride build up causing excessive corrosion of
steel parts);
Any non compatible compounds that may come together or be created in the treatment;




Energy requirements;
Potential fouling issues.

The treatability analysis identifies potential problems and determines the final sizing and detailed design
parameters for the system, upstream and downstream.
Step 5: Detailed Design
Finally, with all the design parameters quantified and potential problems identified, the team can
complete the detailed design and supply of the treatment system. Each technology system is tailored to
the operation to be most cost effective. Some examples of approaches and cost savings include:











Optimizing the performance of existing resources by reducing flow rates etc. to manage the waste
stream back to the existing design parameters of the equipment and/or adding accurately
designed additions to the existing equipment to help it perform better (i.e. a separator to pretreat).
Segregating high volume, low
contaminant streams (i.e. cooling water)
Once Through Cooling Water is often an
and directing them straight to sewer
opportunity. In a canning operation, over
rather than diluting a highly
25, 000 m3 of once through cooling
contaminated stream. This reduces the
volume to be treated, reducing equipment water was recovered for use as floor
wash water to save nearly $50,000 per
needs and cost;
year in purchased water costs. Water
Consider treating high strength streams
close to the source. Recycling options are
recovery equipment costs were about
more viable when there are fewer
$25,000 resulting in a simple payback
contaminants in the water. For example,
time of 6 months.
membrane separation is more viable;
Consider direct water reuse and/or
upstream water treatment to recycle specific streams. The technology must either guarantee
water quality where high quality is required or be directed to locations where lower quality can be
tolerated;
Use the contaminant balance to ‘blend up’ to the sewer bylaw standard. A high volume cleaner
stream can discharge to sewer and buffer the effluent from a smaller treatment system to still be
in compliance;
Cost effective options can include concentrating waste effluents to reduce trucking and
transportation costs, especially in the food processing industry.

Evaluating these options is usually the least expensive
and easiest to implement in terms of capital outlay.
Recommendations can involve changing procedures,
or even re-routing sewers to contain high strength

Initial upstream process analysis
that result in recycle or reuse can
eliminate or minimize flows and
Water and Waste Conservation in the Food and Beverage Processing Industry
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contaminants without diluting them with cleaner water.

The completion of this work, then, establishes the true baseline of flow and contaminant
concentrations. Upstream control will achieve water and waste minimization objectives and reduce
environmental costs.

Before
Washing
------------–
Rinse

High strength
overflow

Cleaning

Cooling

After

Screening

Washing
------------–
Rinse

High Strength
Overflow

Treatment

Cooling

Discharge

Cleaning
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4.0 Wastewater Treatment BMPs
4.1

Classification of Treatment Technologies

Once pollution prevention practices have been implemented it may be necessary to treat the wastewater
to meet internal or regulated effluent water quality objectives. Wastewater treatment (WWT)
technologies can be classified into four broad categories described as follows:





4.2

Preliminary techniques include processes that reduce the potential for upsets in downstream
wastewater treatment processes;
Primary treatment includes systems that remove floatable and settleable solids;
Secondary treatment includes systems that remove most of the organic matter in the wastewater
stream;
Tertiary treatment involves the removal of nutrients, particulate matter and other specific
contaminants like pathogens.

Level of Treatment Required

Each of the four WWT categories listed above will result in the removal of specific contaminants from the
wastewater stream as indicated. For companies that discharge directly, the Ontario Water Resources Act,
RSO 1990 – Section 53 and Guideline F-5 (MOEE, 1994a) define the normal level of treatment for
wastewater discharges to surface water as secondary, or equivalent. The treatment specifications are the
pollutant concentrations presented in Table 2. The guideline provides for a relaxation of the normal level
of treatment on a case-by-case basis taking into consideration the characteristics of the receiving water
body and in no case would be less than primary treatment. More stringent requirements than those
specified in the guideline may be applied where a site-specific assessment of the receiving water
indicates there is a water quality concern.
If the facility discharges to a municipal WWT system, discharge limits are higher reflecting the ability for
the municipality to treat the waste. Municipalities charge for the treatment within the monthly water
utility invoice. If the facility is out of compliance with the bylaw standards, the company can pay a sewer
surcharge negotiated directly with the municipality, reflecting the extra costs in treating the company’s
waste. This approach does have an impact on the ability to install smaller, less expensive, upstream
systems where the payback analysis incorporates the reduced surcharge. Typical discharge standards
applicable to the food industry are listed in Table 1.
Table 1: Typical Municipal Effluent Limits
Parameter
Biological Oxygen Demand (BOD)
Total Suspended Solids (TSS)
Total Kjeldahl Nitrogen (TKN)
Oil and Grease (mineral)
Oil and Grease (animal or vegetable)
Total Phosphorous (P)

Concentration
350 mg/litre
350 mg/litre
100 mg/litre
15 mg/litre
150 mg/litre
10 mg/litre
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Table 2: Ontario Effluent Criteria – MOE Procedure F-5-1 (MOEE, 1994b)
Treatment Level and Processes

SECONDARY TREATMENT OR EQUIVALENT
Conventional Activated Sludge without TP
removal
Conventional Activated Sludge with TP
removal
Conventional Stabilization without TP
removal
Conventional Stabilization with TP removal
Extended Aeration without TP removal
Extended aeration with TP removal
Continuous Discharge Lagoon without TP
removal
Continuous Discharge Lagoon with TP
removal
Seasonal Retention Lagoon without TP
removal
Seasonal Lagoon with TP removal by batch
chemical dosage
Seasonal Lagoon with TP removal by
continuous chemical dosage
Physical-chemical Treatment
ADVANCED TREATMENT
Conventional Activated Sludge with TP
removal and filtration
Conventional Activated Sludge with
nitrification
Extended Aeration, TP removal and filtration

Effluent Design
Objectives1 (mg/l)
BOD5

TS

TP

T A/N3

Effluent
Guidelines
2 (mg/l)
BOD5 TS

15

15

-

-

25

25

15

15

1.0

-

25

25

20

20

-

-

25

25

20
15
15
25

20
15
15
30

1.0
1.0
1

-

25
25
25
30

25
25
25
40

25

30

1.0

-

30

40

25

30

1

-

30

40

15

20

25

25

25

30

0.5 – 1.0
1.0
-

30

40

20

20

1.0

-

25

25

10

5

0.3

-

x4

x4

15

15

-

<1.0 5

x4

x4

5

5

0.3

1

x4

x4

Footnotes:
1
Expected effluent quality under optimum conditions when treating raw sewage with BOD5 = 170 mg/l, soluble
BOD5=50%, TSS=200 mg/l, TP=7mg/l, T A/N=20mg/l.
2
Criteria which the average annual effluent quality should not exceed.
3
T A/N = (NH3+NH4+)-N
4
Effluent quality and permissible periods of discharge will be stipulated as a result of receiving water assessment
methods. Where effluent BOD5 and suspended solids concentration are not found to be critical, then Effluent
Guideline BOD5 and suspended solids concentrations of 25 and 25 mg/l should be used.
5
Expected warm weather effluent concentration.
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4.3

Selection of Treatment Technologies

A variety of technologies are available that may be applied to food processor wastewater. Each
technology has been designed to remove specific contaminants and will achieve different levels of
reduction for different contaminants. For example, while aerated lagoons are designed primarily for the
removal (e.g., 70%) of biological oxygen demand (BOD) they may also achieve a modest reduction in
nitrogen levels (e.g., 5%). The selection of the optimum combination of wastewater treatment
technologies and the design of the treatment system is dictated by site-specific conditions, including:




Mass discharge rate of each contaminant;
The wastewater flow rate profile, which includes the volume of wastewater generated and the
fluctuation over time. There may be significant fluctuations due to daily shifts, hours of operation
and seasonal variation in production;
Existing treatment equipment and its performance.

4.3.1 Primary Treatment
Primary treatment technologies are most frequently applied to the removal of suspended solids. These
treatment systems can also be called “physical” treatment.
A hierarchy of selected treatment systems is presented below:








Settling tank or clarifier;
Screening;
Filters;
Hydrocyclones;
Centrifuges;
Vacuum filtration; and,
Dissolved Air Flotation.

Primary treatment
systems can often be
installed on transport
water streams to allow
reuse of the water.

In all cases, the basis of treatment is the difference in “physical” properties between the liquid and solid,
usually based on size or density differences. In the case of Dissolved Air Flotation, small air bubbles are
used to attach to colloidal and fine suspended material to float these solids to the surface of a tank where
they can be harvested.
Technology equipment for these systems are proven, relatively inexpensive and can be sized for virtually
any flow rates. In all cases, provision must be made for collection and disposal or reuse of the collected
solid material.
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TERTIARY
TREATMENT

SECONDARY
TREATMENT

PRIMARY
TREATMENT

PRELIMINARY TECHNIQUES

Figure 1: Classification of Wastewater Treatment Processes

Source Control
Including course screens for removal
of large solid particulates at sources

Diversion and Retention Tanks
•Contingency for accidental
release
•Keeping “clean” water separate
from water to be treated

Removal of Solids
Technologies included are:
Screening
Flow equalization
Gravity separation
Dissolved air flotation
Chemical precipitation

Removal of Organic Material
Technologies included are:
Biological treatment
Lagoons

Removal of Specific Contaminants
Technologies included are:
Nutrient removal
Filtration
Disinfection
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Screening
Screening is typically the most inexpensive form of primary treatment and is usually the first process
step in the treatment system. Screening removes large solid particles from the wastewater stream that
could otherwise damage or interfere with downstream processes and equipment. There are a number of
different types of screen technologies and the most commonly used screens in the food industry are:
static or stationary, rotary drum and vibrating. Typical examples of static and rotary drum screens are
illustrated in Figures 2 and 3.
Figure 2: Typical static screen process (US. EPA, 1999).

Flow Equalization
Flow equalization is used to reduce the fluctuations in the volume and quality of wastewater. Facilities
typically consist of a holding tank and pumping equipment designed to receive a variable flow into the
tank and provide a constant flow out. The primary advantages of equalization basins are that they allow
downstream treatment systems to be smaller and they prevent process upsets in downstream treatment
systems due to variations in treatment wastewater feed quality. Aeration and mixing is typically used in
situations where there is a potential for odours or settling of solids.
Gravity Separation
Gravity separation is used to separate waste materials such as oil and grease or suspended solids from
wastewater based on their difference in density. This is typically achieved using settling ponds, a
concrete basin, or specific types of tanks designed for minimum turbulence, flow-through operation with
typical hydraulic retention times of 20 to 45 minutes. Materials less dense than water (e.g., oil and
grease, fine solids) float to the surface and are removed by skimming, and heavier solids settle to the
bottom of the pond or vessel and are periodically removed and disposed.
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Figure 3: Typical rotary drum screen process (US. EPA, 1999)

Hydrocyclones and Centrifuges
Hydrocyclones and centrifuges work on the same principal by introducing the water tangentially
allowing the water to ‘speed up’ and throw particles or
soluble material with a density different than water against
Case Example: Snack Foods
the side walls, looking for the contaminant to drop out.
Installed hydrocyclones to
Hydrocyclones use the force of the inlet water to develop
separate potato & corn solids
the tangential inertia, while centrifuges use a motor to spin
from clean, reusable wash water
an internal basket. Hydrocyclones are less expensive but
resulting in $130,000 savings in
rely on an inlet stream of consistent flow.

reduced waste disposal (payback
5 weeks).

Hydrocyclones and centrifuges will mechanically separate
fine particles but can also be applied to 2 phase liquids
such as oil and water, as well as soluble compounds that have a different density than water. For
example, they have been used potato starch from water in the snack food industry.

Dissolved Air Flotation
Dissolved air flotation (DAF) is used extensively by food processors as primary treatment to remove
suspended solids and emulsified oil and grease. The basic operating principle involves passing gas
bubbles through the wastewater, which adhere to contaminant particles causing them to rise to the
surface and float where a skimmer mechanism continually removes the floating solids. A bottom sludge
collector removes any solids that settle. DAF technology has a number of advantages over gravity settling
and the primary one is the more rapid and more complete removal of small and light particles, including
grease. Chemicals, like polymers and flocculants, are often added to the feed water to improve the DAF
performance. Typical removal rates of TSS by DAFs vary from 40% – 60% without chemical addition and
80% – 93% with chemical addition. Oil and grease removals by DAF improve from 60% - 80% without
chemical addition to 85% – 99% with chemical addition (US EPA, 1999).
The main advantages usually associated with DAF systems are:
Water and Waste Conservation in the Food and Beverage Processing Industry
Water and Wastewater Treatment – Innovative Application of Technology

Challenge…Innovate…Succeed

Page 17



Relatively low installation cost;





Compact design;
Ability to accept variable loading rates;
Relatively low level of maintenance;

A typical lay out of a DAF process with recycling is illustrated in Figure 4.
Figure 4: Typical DAF Process with Recycling.

Chemical Addition
Chemicals are often added to remove contaminants from the wastewater and require a solids removal
step. Chemicals are often added to the wastewater prior to a DAF or clarifier process to coagulate or
flocculate suspended solids and improve the solids removal process performance. Practically all the
chemicals added to the wastewater are removed with the separated solids.

4.3.1.2

Technology Cards

Primary treatment technologies are summarized in these easy to reference Technology Cards. Pick and
choose the one right for you and, potentially combine it with other technologies or enhanced procedures
to optimize the performance and the benefits.
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PRIMARY TREATMENT

Name

Clarifiers

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD, Oils and Grease

How It Works

Basin or tank sized to allow for settling time of solids.
Some floating can also be removed. Solids are raked or
pumped from tank bottom. Clarified effluent flows by
gravity over weirs for collection.

Advantages/Disadvantages

Can be used with flocculants or coagulants. Numerous
variations. Numerous suppliers. May required large
surface area. Subject to upsets if flow varies greatly.
Removal efficiency varies dependant on solid.

PRIMARY TREATMENT

Name

Screens

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD if solids contain organic material

How It Works

Usually gravity flow over screens. Screen mesh size
determines solids removal. Liquid flows to wet well for
pumping or drain to destination. Solids are raked from
screen.

Advantages/Disadvantages

Numerous companies can supply. Clogging may be issue
with organic solids or fine screen mesh. Requires solids
handling. Typical maintenance requirements.
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PRIMARY TREATMENT

Name

Filters

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD, Oils and Grease

How It Works

A filter mesh or fine screen, of paper, metal or synthetic
material is contained in a housing and effluent is pumped
through. Exhaustion or blinding is indicated by pressure
drop across the filter.

Advantages/Disadvantages

Usually constructed in parallel trains so one train can be
cleaned while the other performs the duty. Could be high
maintenance depending on loss of efficiency times.
Disposable media have costs.

PRIMARY TREATMENT

Name

Hydrocyclones

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD if solids contain organics

How It Works

Centrifugal force in cone shaped vessel allows solids to
flow to sidewalls and down while clarified effluent flows
from top.

Advantages/Disadvantages

No moving parts. Solids may require thickening. Best for
large density difference between solid and liquid.
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PRIMARY TREATMENT

Name

Centrifuge

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD

How It Works

Influent is fed to a rotating bowl and centrifugal force
results in separation of solids and liquids. A screw
conveyor moves solids from the bowl to a receiver.

Advantages/Disadvantages

Large electric motors are used requiring adequate power.
Noise and vibration may require separate rooms. High
efficiency dependant on solids type.

PRIMARY TREATMENT

Name

Vacuum Filtration

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD if solid contains organic material

How It Works

A rotating drum with filter medium or fine screens is
suspended in liquid. Vacuum is drawn as drum rotates.
Solid remains as cake on filter and is scraped off as drum
rotates.

Advantages/Disadvantages

Continuous process. Sludge cake moistures up to 30%
can be achieved depending on material. Can require high
maintenance. Initial costs are high.
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PRIMARY TREATMENT

Name

Dissolved Air Flotation (DAF)

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

Colloidal Solids, Oils and Grease

How It Works

Influent or recycled treated effluent is pressurized with air
and introduced to a tank through a pressure reducing
valve. The fine air bubbles attach to particulate matter and
the buoyant force causes particles to rise to the surface.

Advantages/Disadvantages

Relatively inexpensive to install as air is usually available.
Requires large surface area for tank. Skimmer
mechanism requires high maintenance.

4.3.2 Secondary Treatment
Secondary treatment usually refers to the removal of dissolved organic material in wastewaters. This
organic material contributes most of the BOD (Biochemical Oxygen Demand) in wastewaters.
For the most part, secondary treatment is accomplished through the use of bacterial organisms that use
the organic material as food. The bacterial population is separated from the wastewater and treated
water is discharged. In essence, the treatment system can be considered a “farm” where appropriate
husbandry techniques are required to tend to the “livestock”. The livestock need food, nutrients and
sometimes, oxygen. The organisms reproduce and in so doing, provide the product, clean water.
The systems are defined as aerobic (requiring oxygen) or anaerobic (not needing oxygen). The microbial
population can exist on fixed media or can be suspended in solution.
Anaerobic Systems
Anaerobic wastewater treatment processes make use of microbiological activated reduction of complex
organic compounds to methane and carbon dioxide as the mechanism for organic matter and BOD
reduction. Anaerobic wastewater treatment processes are generally more sensitive to loading rate and
temperature fluctuations compared to aerobic wastewater treatment processes. The BOD removal
efficiency by an anaerobic wastewater treatment process can be very high. Due to the relatively low
energy requirement, anaerobic treatment processes are attractive for the treatment of wastewater with
high BOD loads. The effluent from the anaerobic process will most likely not produce dischargeable
effluent, but will significantly reduce the energy requirement for a subsequent aerobic treatment process
to produce dischargeable effluent.
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Treatment systems can include:







Lagoons;
Digesters;
Contact reactor;
Fluidized bed;
Expanded bed;
Upflow Anaerobic Sludge Blanket (UASB).

Anaerobic systems are
usually applied to high
strength wastes and can
offer some cost recovery by
use of methane generated in
the treatment process.

Advantages of the technology include:





No oxygen or air is required for metabolism;
High BOD concentrations can be effectively treated;
A byproduct of metabolism, methane, can be recovered as supplemental fuel;
Less excess biosolids are produced in comparison to aerobic processes.

Disadvantages of the technology include:




In northern climates, lagoons freeze;
The microorganisms metabolize at relatively high temperatures, from 30 to 40oC, and the
equipment needs to be heated or insulated;
Anaerobic systems generally do not result in treated water that has a quality suitable for discharge
to surface water courses and additional organic removal is required.

Aerobic Biological Treatment
The primary objective of aerobic wastewater treatment is transforming the soluble and suspended
organic compounds into microbial biomass, with the subsequent removal of the biomass formed by
settling or mechanical separation. The treatment of food manufacturing wastewater aerobic treatment
may follow directly after primary treatment or follow an anaerobic treatment process to reduce BOD and
TSS concentrations to levels required for discharge. Aerobic treatment may also be used to reduce
ammonia concentration in the wastewater. Typical advantages of aerobic wastewater treatment
processes are: fast biological growth, low odour generation, and relatively quick adjustments to
temperature and loading rate changes. Aerobic treatment systems generally require more space,
maintenance, management and energy than anaerobic system, which makes the operating costs of
aerobic systems higher.
Aerobic treatment process can be divided into suspended and attached growth processes. Activated
sludge processes, like conventional, extended aeration, and sequencing batch reactors (SBRs) are
examples of suspended growth processes, while trickling filters and rotating biological contactors (RBCs)
are examples of attached growth processes (US EPA, 2002).
Activated sludge processes are some of the most commonly used wastewater treatment processes and a
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typical activated sludge process is illustrated in Figure 5. Aerobic processes are generally very effective
in removing BOD, TSS and oil and grease.
Treatment systems can include:







Lagoons (suspended);
Trickling filters (fixed media);
Rotating biological contactors (fixed media);
Activated sludge (suspended);
Sequencing batch reactor,
Membrane bioreactor (MBR).

Lagoons can be constructed in three configurations. These include passive oxygenation, where the
lagoons are shallow and oxygen is transferred by diffusion at the water surface (also known as
stabilization ponds); aerated lagoons with mechanical or diffused aerators; and facultative, where the
lagoons are deeper and the surface is aerobic and the depth is anaerobic.
Both trickling filters and rotating contactors are attached growth (fixed media) systems with passive
aeration. The microorganisms are attached to media over which wastewater is trickled or to media,
which is alternately submerged into a tank of wastewater and exposed to the atmosphere.
Activated sludge systems are suspended growth type systems and aeration is accomplished by
mechanical aerators or submerged diffused air systems.
Advantages of the technology include:






High treatment efficiencies (70 to 90%) can be achieved for BOD removal;
Relatively fast biological growth;
Relatively quick adjustments to temperature and loading rate changes;
Effluent, after clarification to remove excess biosolids, is often suitable for direct discharge to
sewers or surface watercourses;
The systems are more tolerant of flow and contaminant concentration variations.

Disadvantages of the technology include:




In northern climates, open lagoons, trickling filters and contactors can freeze;
Provision of air via mechanical aeration is energy intensive;
Operation and maintenance costs are higher than for anaerobic systems.

Aerobic Lagoons
Aerated lagoons are the most widely used type of aerobic lagoon in the food processing industry with
direct wastewater discharge. Aerated lagoons are usually basins excavated in the earth with aerators on
the surface of the water in the lagoon. In completely mixed lagoons dissolved oxygen and solids are kept
fairly uniform, which ensures aerobic activity throughout the lagoon. In facultative lagoons the power
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supply to the mixers is reduced, causing solids to accumulate at the bottom of the lagoon and undergo
anaerobic decomposition, while aerobic activity is maintained in the upper portion of the lagoon.
Uncovered lagoons are influenced by temperature fluctuations and low temperatures may
result in reduced efficiency and freezing of the surface. Increasing the depth of the unit can partially
alleviate this problem.
Aerobic units usually require a settling process, like a sedimentation unit or settling tank, downstream
and prior to the final discharge point to remove suspended solids. If an excavated basin is used as a
settling unit then care should be taken to provide a sufficient hydraulic residence time for the solids to
settle.
Figure 5: Typical activated sludge process

Provision for settling sludge should also be accommodated in the design of the unit. Offensive odours and
algae growth can occur at aerobic lagoons. Odour can be minimized when the minimum depth of the
lagoon is maintained at 2 meters, and using hydraulic retention times of less than 2 days can reduce algae
growth. Solids will accumulate at the bottom of the lagoon, even in completely mixed lagoons, and regular
removal of the solids is required.
Aerobic lagoons are more resistant to organic or toxic shock loads than other aerobic treatment
processes like activated sludge or trickling filters. Lagoons are also easier to operate and require less
capital cost and operating and maintenance costs than the other treatment processes. Lagoons, however,
require much more space than the other processes.
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4.3.2.1

Technology Cards

Secondary treatment technologies are summarized in these easy to reference Technology Cards. Pick and
choose the one right for you and, potentially combine it with other technologies or enhanced procedures
to optimize the performance and the benefits.

SECONDARY TREATMENT

Name

Anaerobic Lagoons

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Effluent is pumped to deep (up to 6m) flow through ponds,
where bacteria and algae degrade organics. No aeration
or oxygenation.

Advantages/Disadvantages

Large surface area can provide good BOD reductions.
Excess solids must be removed from final effluent.
Freezing is possible in northern climates. Low capital and
operating and maintenance costs.
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SECONDARY TREATMENT

Name

Anaerobic Contact Reactor

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Raw wastewater is mixed with recycled micoorganisms in
a short retention time tank. Microorganisms are recycled
from a clarifier. Due to the short retention time, the
microorganisms are always in a "high growth" mode.

Advantages/Disadvantages

Low surface area requirements. No mechanical aeration.
Reactors can be covered for winter operation. Clarified
effluent will require further treatment. Excess
microorganisms require removal through solids separation.

SECONDARY TREATMENT

Name

Anaerobic Digesters

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Effluent is pumped to large tanks containing
microorganisms. Mixing is provided. Treatment is
accomplished by long residence time in the tanks.

Advantages/Disadvantages

Treats high strength wastes. Needs mixing and pumping.
Needs excess microorganism removal from final effluent.
Final effluent usually needs further processing for BOD
removal. Can recover methane gas from process.

Water and Waste Conservation in the Food and Beverage Processing Industry
Water and Wastewater Treatment – Innovative Application of Technology

Challenge…Innovate…Succeed

Page 27

SECONDARY TREATMENT

Name

Anaerobic Expanded Bed

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Microorganisms are attached to fine media (sand) and as
wastewater is introduced to the bottom of the tank, the
media expands to allow contact between wastewater and
microorganisms.

Advantages/Disadvantages

Low surface area requirements. No mechanical aeration.
Reactors can be covered for winter operation. Clarified
effluent will require further treatment. Excess
microorganisms require removal through solids separation.

SECONDARY TREATMENT

Name

Anaerobic Fluidized Bed

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Similar to Anaerobic Expanded Bed, but higher
wastewater flow rates impart fluidization to the media.

Advantages/Disadvantages

Low surface area requirements. No mechanical aeration.
Reactors can be covered for winter operation. Clarified
effluent will require further treatment. Excess
microorganisms require removal through solids separation.
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SECONDARY TREATMENT

Name

Upflow Anaerobic Sludge Blankets

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Effluent is pumped upwards through a tank of
microorganisms for organic degradation. No aeration is
provided. Mixing of sludge keeps microorganism from
flocculating and provides high food to microorganism ratio.

Advantages/Disadvantages

Treats high strength wastes. Needs mixing and pumping.
Needs excess microorganism removal from final effluent.
Final effluent usually needs further processing for BOD
removal. Can recover methane gas from process.

SECONDARY TREATMENT

Name

Stabilization Ponds

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Effluent is pumped to shallow, flow through ponds, where
bacteria and algae degrade organics. Oxygen is provided
by atmospheric diffusion.

Advantages/Disadvantages

Large surface area can provide good BOD reductions.
Excess solids must be removed from final effluent.
Freezing is possible in northern climates. Low capital and
operating and maintenance costs.
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SECONDARY TREATMENT

Name

Aerated Lagoons

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Effluent is pumped to shallow, flow through ponds, where
bacteria and algae degrade organics. Oxygen is provided
by mechanical aerators or submerged diffusers.

Advantages/Disadvantages

Large surface area can provide good BOD reductions.
Excess solids must be removed from final effluent.
Freezing is possible in northern climates. Relatively low
capital but higher O & M costs for air supply.

SECONDARY TREATMENT

Name

Trickling Filter

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Microorganisms are attached to stones or plastic in a tank
open at bottom and top. Wastewater flows over media
while air flows through the tank to allow for atmospheric
diffusion of oxygen.

Advantages/Disadvantages

Low surface area requirements. No mechanical aeration.
Reactors can be covered for winter operation. Excess
microorganisms require removal through solids separation.
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SECONDARY TREATMENT

Name

Rotating Biological Contactors

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Microorganisms are attached to discs or plates on a shaft
immersed in effluent. As the shaft rotates the
microorganisms are alternately exposed to atmospheric
oxygen and wastewater.

Advantages/Disadvantages

Low surface area requirements. No mechanical aeration.
Reactors can be covered for winter operation. Usually in
trains to provide good removal. Excess microorganisms
require removal through solids separation.

SECONDARY TREATMENT

Name

Activated Sludge

Targeted Contaminant

BOD

Other Contaminant Treated

Suspended Solids

How It Works

Microorganisms are suspended in liquid. Aeration is
provided by mechanical aerators or submerged diffusers.
The system is flow through and excess microorganisms
must be removed. Final effluent clarification is required.

Advantages/Disadvantages

Excellent BOD removal as long as system is balanced.
Has relatively low footprint. Usually treats wastewater with
less than 2,000 mg/L BOD. High capital and O & M costs.
Requires sophisticated operation techniques.

Water and Waste Conservation in the Food and Beverage Processing Industry
Water and Wastewater Treatment – Innovative Application of Technology

Challenge…Innovate…Succeed

Page 31

4.3.3 Tertiary Treatment
Tertiary treatment generally involves any treatment beyond conventional secondary treatment to
remove suspended or dissolved substances. This may involve one or more treatment objectives and
processing steps. For example, tertiary treatment may be used to:
1)
2)
3)
4)

Remove nitrogen and phosphorus;
Further reduce suspended solids concentration after secondary clarification;
Remove soluble toxic or dissolved inorganic substances;
Disinfection for pathogen control.

Tertiary treatment can also be referred to as “polishing” and is applied in those situations where
additional treatment is required beyond secondary treatment.
Nutrient Removal
Nutrients, primarily phosphorus and nitrogen, can require treatment depending on discharge
requirements from permits or based on the capacity of downstream users, whether a municipal
treatment plant or a surface watercourse.
Phosphorus can be removed by chemical addition and, in municipal treatment plants, is commonly
accomplished by the addition of ferric chloride, source from spent pickling liquor. The sludge produced
requires additional processing and disposal.
Nitrogen is commonly removed through a modification of the biological oxidation process and usually in
concert with secondary treatment, as this is most cost effective.
Enhanced Solids Removal
The concentration of suspended solids in secondary treatment effluent may exceed the level necessary to
comply with regulatory limits. In these situations, granular-medium filtration involves passing the
wastewater though a porous material to remove fine suspended material. In addition to removing
suspended solids the process also provides further reductions in BOD. There are a variety of filter
configurations used that differ in the type of media, number of media layers and operating mode (e.g.,
continuous or semi-continuous). With all types of filters there is a requirement to backwash or
regenerate the filter to remove accumulated solids and prevent solids breakthrough. In semi-continuous
filters, filtration and backwashing occur sequentially, whereas in continuous filters, filtration and
backwashing occur simultaneously.
An alternative to granular-medium filters is the use of micro-screens, which involve passing the
wastewater through a filter fabric to remove fine material. A typical configuration uses gravity-driven,
low speed; continually backwashed, rotating drum filters. Wastewater enters the open end of the drum
and flows outward through the rotating screening cloth.
Toxics Treatment
No one technology is applicable to toxic chemical removal as the system requirements are dependent on
the target compound.
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Many organic chemicals can be effectively removed by the use of granular activated carbon, either in beds
(filters) or suspended in tanks. Detailed calculations are required to obtain optimum treatment
efficiency, but treatment is usually extremely effective.
Metals can also be removed by on exchange resins or chemical precipitation, which is most often used.
Other technologies available for toxics treatment that are commonly applied include:






Air stripping (for ammonia removal);
Membrane processes such as ultrafiltration and reverse osmosis;
Electrodialysis;
Oxidation (usually via chlorine);
Reduction.

Disinfection
Disinfection is required to destroy pathogenic microorganisms remaining after the processing of animals
is typically required for the discharge of wastewater from meat and poultry processing facilities.
Chlorination is the most commonly used method for wastewater disinfection however, use of ultraviolet
light, and combinations of ozone injection UV disinfection are alternativess to disinfection. Where
chlorination is used as the disinfection agent, de-chlorination using an oxidizing agent (e.g., sodium meta
bi-sulfite) may be require to remove chlorine residuals to acceptable levels.

4.3.3.1

Technology Cards

Secondary treatment technologies are summarized in these easy to reference Technology Cards. Pick and
choose the one right for you and, potentially combine it with other technologies or enhanced procedures
to optimize the performance and the benefits.
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TERTIARY TREATMENT

Name

Ferric Chloride Addition

Targeted Contaminant

Phosphorus

Other Contaminant Treated

Some selected metals

How It Works

Ferric chloride is added to clarified treated effluent to
produce an iron-phosphate sludge requiring removal and
disposal.

Advantages/Disadvantages

Competing reactions and equilibrium constants for various
other metals require sophisticated process control. Ferric
chloride is available from spent pickle liquor. Sludge
requires disposal.

TERTIARY TREATMENT

Name

Biological Nitrification/Denitrification

Targeted Contaminant

Nitrogen

Other Contaminant Treated

None

How It Works

Anaerobic conditions are imposed to drive ammonia
compounds to Nitrates. Oxygen in the nitrates is used as
oxygen source to produce Nitrogen gas that is expelled.

Advantages/Disadvantages

Always used in conjunction with biological treatment.
Requires sophisticated control to maintain appropriate
anaerobic conditions and recycle of microorganisms to
aerobic treatment.
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TERTIARY TREATMENT

Name

Multimedia Filtration

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD

How It Works

Downflow, porous, granular, mutimedia beds are used to
trap solids.

Advantages/Disadvantages

Standard, off-the-shelf units are available. Automatic
control of backwashing is usually provided. Solids
disposal is required.

TERTIARY TREATMENT

Name

Microscreening

Targeted Contaminant

Suspended Solids

Other Contaminant Treated

BOD

How It Works

Fine wire screening is mounted on the perimeter of a
rotating drum immersed in treated effluent. Effluent enters
the interior of the drum and pass through the screen. A
backwash spray removes solids for recycle or disposal.

Advantages/Disadvantages

Leakage at drum ends. Slime or solids buildup on
screens. Shaft alignment.

Water and Waste Conservation in the Food and Beverage Processing Industry
Regulations, Policies and Programs
Challenge…Innovate…Succeed

Page 35

TERTIARY TREATMENT

Name

Activated Carbon

Targeted Contaminant

Organic Compounds

Other Contaminant Treated
How It Works

Carbon with small pore sizes allow for large surface areas
for adsorption of organic molecules.

Advantages/Disadvantages

Good for colour removal. Has a high capacity for low
concentrations of residual organics. Can be recycled after
removal of contaminant. Usually used in upflow columns.

TERTIARY TREATMENT

Name

Air Stripping

Targeted Contaminant

Ammonia

Other Contaminant Treated

Volatile Organic Compounds

How It Works

Wastewater pH is raised and passed over a porous bed in
a column with air introduced at the bottom to strip
ammonia as gas from solution.

Advantages/Disadvantages

Large volumes of air are required. Wastewater requires
neutralization after treatment. High concentrations of
ammonia could result in nearby odours and complaints.
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TERTIARY TREATMENT

Name

Ultrafiltration

Targeted Contaminant

Suspended or Colloidal Solids

Other Contaminant Treated

BOD

How It Works

Treated wastewater is pressurized and forced against a
semipermeable membrane for filtration of solids and high
molecular weight compounds. Pressures on the order of
40 psig are used

Advantages/Disadvantages

Pretreatment is usually required. Membrane fouling by
higher weight compounds may be an issue. Concentrates
may be recycled or require disposal. Permeates may
need further treatment for organic or pathogen destruction.

TERTIARY TREATMENT

Name

Reverse Osmosis

Targeted Contaminant

Suspended or Colloidal Solids

Other Contaminant Treated

BOD

How It Works

Treated wastewater is pressurized and forced against a
semipermeable membrane for filtration of solids and high
molecular weight compounds. Pressures on the order of
500 to 700 psig are used

Advantages/Disadvantages

Produces high quality permeate. High pressures require
pump maintenance. Membrane fouling by higher weight
compounds may be an issue. Concentrates may be
recycled or require disposal. Permeates may need further
treatment for organic or pathogen destruction.
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TERTIARY TREATMENT

Name

Electrodialysis

Targeted Contaminant

Dissolved solids (salts)

Other Contaminant Treated
How It Works

An electric current is applied to electrodes surrounded by
semipermeable membranes. As the ions migrate toward
oppositely charged electrodes, the membranes prevent
mixing and allow for concentration of desired species.

Advantages/Disadvantages

Works best for low molecular weight compounds. Does not
require pressure as in other membrane processes. Subject
to fouling of membranes by both organic compounds and
undesirable inorganics. Produces low resistance water.

TERTIARY TREATMENT

Name

Oxidation (by chlorine)

Targeted Contaminant

Ammonia

Other Contaminant Treated

BOD, pathogens

How It Works

Ammonia is oxidized by reaction with chlorine to
chloramines and eventually to nitrogen gas and
hydrochloric acid.

Advantages/Disadvantages

Organic compounds and pathogens may exert chlorine
demand raising required dosage. Neutralization of final
effluent may be required. Dechlorination may also be
required.
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TERTIARY TREATMENT

Name

Reduction

Targeted Contaminant

Nitrates and nitrites

Other Contaminant Treated

Organics

How It Works

Strong reducing agents (usually ferric oxides) are added to
strip oxygen from nitrates resulting in ammonia gas
production and completely oxidized reactants.

Advantages/Disadvantages

High chemical costs. Effluent may require further
treatment. Chemical sludges require disposal and may
contain other toxic chemicals.

TERTIARY TREATMENT
Name

Disinfection (by chlorine)

Targeted Contaminant

Pathogens

Other Contaminant Treated

Ammonia

How It Works

Chlorine gas or hypochlorite solutions (calcium or
sodium) are injected into treated water for mixing and
then allowed to contact in a tank for up to 30 minutes to
assure kill and residual chlorine concentrations, if
required.

Advantages/Disadvantages

Chlorine gas is toxic and care is required to avoid
evolution of gas in plant. Dosage is affected by solids
content (that could harbour pathogens) and other
organics that could be oxidized. Usually is the choice
for pathogen removal.
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TERTIARY TREATMENT

Name

Disinfection (by ozone)

Targeted Contaminant

Pathogens

Other Contaminant Treated

Other organic compounds

How It Works

Ozone (triatomic oxygen) is dissolved in treated effluent.
Ozone decomposes to oxygen and a free radical oxygen
that destroys cell walls to effect pathogen destruction.

Advantages/Disadvantages

Ozone must be generated on site. It has a short half life in
water. Due to its strong oxidizing properties, other organic
and inorganic compounds can exert a demand before
disinfection starts, resulting in high dosages.

TERTIARY TREATMENT

Name

Membrane Bioreactor

Targeted Contaminant

BOD, Suspended Solids

Other Contaminant Treated

Other organic compounds

How It Works

An ultrafiltration membrane is placed in or subsequent to
activated sludge treatment. Permeate is withdrawn for
discharge. No clarifier is used. Sludge remains in
aeration tank with only sludge wasting required.

Advantages/Disadvantages

Provides high quality effluent. Small footprint area. No
secondary clarifier is needed. Can operate with no return
sludge. Fine screening required to protect membranes.
Capital cost high compared to clarifiers.

Costs
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RESOURCES
Regulatory
Nutrient Management Act, 2002: O.Reg. 267/03, General; as amended by O.Reg. 338/09; new regulation
for non agricultural source material (NASM) handling.
Ontario Water Resources Act: O.Reg. 387/04, Water Taking; relates to Permits to Take Water, allows the
Director to consider issues relating to the use of water including water conservation (Sec. 4(2)3i).
Ontario Water Resources Act: O.Reg. 450/07, Charges for Industrial and Commercial Water Users; relates
to provincially applied charges for water use in specific sectors including bottled water, beverage
manufacturing and fruit and vegetable canning and pickling (where water is incorporated into the
product).
Clean Water Act, 2006: O.Reg. 284/07, Source Protection Areas and Regions; relates to prohibitions on
activities to protect drinking water sources.
https://www.ontario.ca/laws/statute/06c22#BK60
Safe Drinking Water Act, 2002: O.Reg. 169/03, Ontario Drinking Water Quality Standards.

Funding
Agricultural Adaptation Council: umbrella organization of Ontario agri-businesses to access government
funding. AOFP is a member. http://www.adaptcouncil.org
Ontario Ministry of Economic Development. Two programs of note are available: the Eastern Ontario
Development Fund (specific to eastern Ontario) and the Advanced Manufacturing Investment Strategy.
The latter has criteria specifically referring to projects in waste reduction or energy conservation.
Ontario Ministry of Food Agriculture and Rural Affairs: OMAFRA has developed a web page listing
various sources (30) of funding for agri-businesses. Web site is
http://www.omafra.gov.on.ca/english/food/industry/funding-prog-index.htm
Agriculture and Agri-Food Canada (federal gov’t): Two programs of note; the Agricultural Flexibility
Fund and the ecoAgriculture Biofuels Capital Initiative; both programs are noted in a listing of programs
from the Agricultural Adaptation Council noted above.
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Environment Canada: provides links within Environment Canada for pollution prevention. Access
web site at http://www.ec.gc.ca , scroll down to topics, select pollution and waste, then select pollution
prevention.
Ontario Ministry of Environment: Ontario Drinking Water Stewardship Program: Pollution Prevention
Reviews. Grants (100% of eligible costs) for conducting Pollution Prevention Surveys of sites near
municipal drinking water sources. Contact C2P2 for application forms.
http://www.abca.on.ca/page.php?page=drinking-water-stewardship
City of Toronto: Toronto water provides for Pollution Prevention in its Sewer Use Bylaw. Web site is
http://www.toronto.ca/water/protecting_quality/pollution_prevention/index.htm

Technology
United States Environmental Protection Agency (USEPA): Office of Water Management; web site that
contains links to various wastewater technology fact sheets. Web site is
https://www.epa.gov/aboutepa/about-office-water#wastewater

Waste Reduction Resource Center (U.S.): a collaboration of the USEPA Region V and the North Carolina
Division of Pollution Prevention and Environmental Assistance. Best References: Food Processing (Fruits
and Vegetables) provides fact sheets, articles and reports and manuals. Web site is
http://wrrc.p2pays.org/industry/industryinfo.asp?INDSECT=39
Waste Reduction Resource Center (U.S.): a collaboration of the USEPA Region V and the North Carolina
Division of Pollution Prevention and Environmental Assistance. Best References: Food Processing
(Dairy) provides fact sheets, articles and reports and manuals. Web site is
http://wrrc.p2pays.org/industry/industryinfo.asp?INDSECT=36
Waste Reduction Resource Center (U.S.): a collaboration of the USEPA Region V and the North Carolina
Division of Pollution Prevention and Environmental Assistance. Best References: Food Processing
(Poultry and Eggs) provides fact sheets, articles and reports and manuals. Web site is
http://wrrc.p2pays.org/industry/industryinfo.asp?INDSECT=51
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