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Preface

The food processing industry plays a vital economic role in Pennsylvania. According to 1986 data,
more than 2,300 food processing companies operate in the Commonwealth. As the fourth largest
employer, Pennsylvania food processors employ approximately 90,000 workers. The industry
accounts for nearly 9% of all manufacturing jobs in the state and ranks third in new job contributions.
The increased market value of raw agricultural commodities — total value added — for the industry in
Pennsylvania is estimated at $6.5 billion. Clearly, the food processing industry is essential to
prosperity in Pennsylvania.

The industry's prominence extends beyond state boundaries. Because the Keystone State is in the hub
of Northeastern population centers and abundant regional agricultural products, Pennsylvania food
processors have a significant competitive edge over other Northeastern processors. Millions of
consumers depend on the consistent, high quality food supply faithfully provided by Pennsylvania
processors.

Incidental residual materials are necessary consequences of processing agricultural commodities.
Combined Pennsylvania food processing residuals (FPRs) and packaging wastes are estimated to
approach 4.8 million tons annually. This estimate is conservative; many processors are uncertain
about the quantities of FPRs generated. FPRs, once inexpensively dumped at local landfills, now
generate a variety of concerns. Environmental protection standards are becoming more stringent, and
disposal costs continue to escalate. Therefore, we need to take a new look at alternatives — FPRs must
be minimized and recycled. By implementing successful FPR management strategies, the
Pennsylvania food processing industry can remain strong.

PA DEP has had comprehensive residual waste regulations (RWR) since 1992. As a part of these
RWR, the use of food processing wastes or food processing sludges can occur as part of normal
farming operations. All industries operating within the Commonwealth are also responsible for
developing comprehensive source reduction and management programs. FPR generators have
numerous possibilities for beneficial use due to the unique nature of FPRs. A multi-disciplinary work
group was formed to develop a guidance document to assist individuals involved in managing food
processing residuals. This document is a result of the collaborative efforts of representative
regulatory, industry, and university group members.

The objective of the Food Processing Residual Management Manual is to provide a framework for
developing FPR source reduction, recycling, and disposal programs through the FPR utilization and
disposal hierarchy. The main emphasis is on source reduction and recycling. FPR disposal (e.g.,
landfilling) is viewed only as a last resort when no practical, cost effective beneficial use can be
found.

Every attempt has been made to present information in a concise, easy-to-read format. While the
manual is not intended to be the sole reference for FPR management, it will be a valuable guide for
developing effective FPR programs. The principles presented apply to all food processing groups.
The potential for source reduction and beneficial applications for FPRs are limited only by our
imagination and willingness to explore innovative solutions.
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Introduction

Food processing management professionals have extensive experience in production technologies,
market development, and competitive strategies in their market. However, managers find that keeping
pace with stringent and changing waste management regulations and escalating costs is a challenging
task — made even more difficult by unfamiliar technical terminology and overlapping regulatory
agency mandates. Even regulators find it difficult to keep abreast of current policies and programs
required by sister agencies.

The term Food Processing Residual (FPR) was

Food Processing chosen specifically for this manual to recognize
Residual (FPR) Defined incidental materials generated during preparation of

food products as resources, not wastes. For FPRs to
An FPR is an incidental organic material be an asset rather than a liability, we must make a
generated by processing agricultural com- conscious commitment to this concept. FPR source
modities for human or animal consumption. reduction and reuse will not occur by accident, but
The term includes food residuals, food rather through a concentrated effort including
coproducts, food processing wastes, food thorough familiarity with specific FPRs and
processing sludges, or any other incidental management options.

material whose characteristics are derived
from processing agricultural products.
Examples include: process wastewater from
cleaning slaughter areas, rinsing carcasses, or
conveying food materials; process waste-
water treatment sludges; blood; bone; fruit
and vegetable peels; seeds; shells; pits; cheese
whey; off-specification food products; hides;
hair; and feathers.

The Food Processing Residual Management
Manual was prepared as a guidance manual for the
reader who has limited knowledge of FPR
management. The manual is user friendly, with
language gauged toward those with little or no
background in the subject. Where possible,
extended technical discussions are avoided. Readers
desiring more information are directed to
Additional Resources at the back of the manual or

to other publications when appropriate.
The objectives of this document are to:

m introduce use of the Food Processing Residual Utilization and Disposal hierarchy as a
guidance strategy for FPR management

m provide a guidance manual for regulatory agencies responsible for review of FPR
programs in accordance with current Pennsylvania Residual Waste Regulations (Title 25,
Ch. 287-299)

m provide a standard, but flexible, step-by-step methodology for developing an FPR
management program

m provide a basic reference and guideline resource for FPR managers
m provide examples of successful FPR management programs

Using this Manual

As shown in Figure 1.1, the manual is subdivided into three major parts with supporting information
sections. Refer to Figure 1.1 as you read the description of each section.

Part I: Assessing your Food Processing Residuals explains how to quantify and
characterize FPRs. Chapter 1 guides the reader through an initial seven-step review of
existing in-house data describing current FPR management practices. Chapter 2 provides a
standardized format for developing FPR flow diagrams. Chapters 3 and 4 provide basic
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information on important physical, chemical, and nuisance characteristics. FPR sampling,
analysis, and interpretation of results are also covered.

Part II: Implementing the Hierarchy addresses FPR utilization and disposal alternatives. Chapter 5
reviews FPR minimization and water conservation strategies. Chapters 6, 7, and 8 provide detailed
information about the three beneficial use strategies. Chapters 9 and 10 are devoted to disposal
options. Chapter 11 closes Part II of the manual with a discussion of strategies used to increase the
value of FPRs. A brief section covering economic analysis of FPR management alternatives is also
included.

Part III: Case Studies provides reviews of successful FPR management programs and innovative
strategies from several food processing plants.

References provides a list of all sources cited in the manual.

The Glossary is included to assure that the terminology used in the manual is uniformly interpreted.
Definitions provided in the glossary are consistent with those contained in the most current
Pennsylvania laws and regulations.

Figure I.1. FPR manual outline
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v

Getting Started

v
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Additional Resources presents detailed supplemental information and includes lists of analytical
laboratories, sample preservation and storage protocols, and regulatory agency contacts.

PADEP Intent Statement

If the use of food processing waste or food
processing sludge in the course of normal
farming operations is not hazardous, you are
not required to obtain a permit, comply with
the bonding or insurance requirements, or
comply with duties of generators. A person
managing food processing waste shall
implement best management practices. This
manual identifies best management practices
for the management of food processing
residuals and may approve additional best
management practices on a case-by-case
basis. If a person fails to implement best
management practices for food processing
waste, the Department may require
compliance with the land application,
composting, and storage operating
requirements of Chapter 291, 295, and 299.

An Index is provided to assist readers in locating
topics of interest. This tool will be particularly
helpful to infrequent users of the manual as a
reference source.

This manual is intended to be an evolving document.
The work group decided that provisions for updating
the document periodically should be a primary
consideration when selecting the manual format.
Because the manual covers a broad spectrum of
topics, certain sections may become outdated yearly.
A three-ring binder format for the manual was
selected so that individual pages, or even sections,
can be updated periodically. In this way the manual
will remain current as new and innovative FPR
management approaches evolve or as regulations
change.

GETTING STARTED

With a complex issue like FPR management, you
might be asking yourself, "Where do I begin?”” The
FPR Utilization and Disposal Hierarchy is an

excellent starting point. Originally developed by R.J. Shober (1989), the hierarchy graphically
illustrates that careful reduction and management of FPRs benefit your company. The multi-level
sieve shown in Figure 1.2 illustrates the hierarchy concept. Management strategies on the screen's
upper levels yield the greatest benefit to the facility, environment, and society. For example, when
material losses and water consumption are reduced, fewer FPRs are generated.

As you progress down the hierarchy, the relative benefit to your facility and the environment
decreases. This is noted along the right column in the figure. The sieve order in the hierarchy assumes
that FPRs intended for human uses have greater value than those recovered for animal uses. Land-
applied FPRs that act as a soil conditioner or plant nutrient supplement have less benefit than human
and animal uses. Options below land application are liabilities with increasing costs.

You can apply the hierarchy concept to every FPR in your facility. As the concept develops, you will
see that such an approach is a valuable tool for exploring and setting goals, and establishing priorities

for FPR use.

The following sections define these hierarchy terms, discuss FPR management constraints, and

provide you with an FPR management goal.

The FPR Hierarchy

Each level in the hierarchy has a corresponding chapter in Part II devoted to that particular
management strategy. However, it is important that you become familiar with the hierarchy concept
early in the manual. The following paragraphs introduce the hierarchy levels.
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FPR Source Reduction and Water Conservation.

This management strategy reduces excessive FPR production. All processing plants practice this
technique to one degree or another. However, even more significant savings can be achieved through
a concerted effort. This may be accomplished by reducing material loss, conserving and reusing
water, and preventing spills.

Figure 1.2: FPR utilization and disposal hierarchy
Current FPR inputs

Management strategy ' Benefit scale

>
>
_ > 10
FPR source reduction o Maximum benefit to
and water X L4 ) the processor and the
conservation é § environment
b
4 v oy
Recovery P >
for human uses - L
4 -
kY Y 7
A o >
Recovery
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conditioners & fertilizers
<>
0

Disposal in landfiil,
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or incineration

Disposal in hazardous
waste management

facility <o

¢
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. Increasing cost
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FPR Recovery for Human Uses

This management strategy recovers FPRs for human ingestion, personal care, home use, or
commercial/industrial use. Some examples of FPR human uses are thermally modified whey proteins
used as food additives, cosmetic additives, incense, and starch-based biodegradable packaging
materials.

FPR Recovery for Animal Uses.

This management strategy uses FPRs primarily for animal consumption. Examples include pet food,
livestock feed, and animal bedding.

FPR Recovery for Soil Amendments or Fertilizer (Land Application)

Often viewed as a disposal option, properly managed land application programs strive to replenish
soil organic matter and nutrients that are depleted through cropping. The objective is to replace
conventional soil supplements with FPRs, which are recycled through the soil back into a new crop.
Nutrient management programs prevent accumulation of substances that may inhibit plant growth or
permanently limit future use of a site. Crop harvest and attention to site productivity in this
management option distinctly set it apart from disposal practices. Examples include the land
application of snack food and meat processing plant wastewater sludges.

FPR Disposal via Landfill, Impoundment, or Incineration.

This disposal strategy has no benefit to society other than to capture, contain, and control the release
of potentially harmful contaminants. At this point on the hierarchy, the residuals are waste. The
manager's objective is to find the least expensive, environmentally responsible alternative. All
disposal options involve an extensive evaluation of waste characteristics since the type of facility
required for disposal depends on these characteristics. An FPR possessing high heating value may be
more appropriately viewed as a recovery for human use management approach when incinerator heat
is captured and put to beneficial use.

FPR Disposal via Hazardous Waste Management Facility.

Any FPR material that has been mixed with a listed hazardous waste, or exhibits hazardous
characteristics (e.g., ignitability, corrosivity, reactivity, or toxicity) must be handled as a hazardous
waste. An FPR becomes a hazardous waste only under unusual circumstances. However, such
situations may arise. One example would be a spill of toxic cleaning agent that was washed into an
FPR stream. The entire contaminated FPR stream would require handling as a hazardous waste. A
brief coverage of this topic is provided in Chapter 10.

Understanding FPR Terms

To understand the remainder of this manual, you need to be familiar with FPR terms. This section
introduces FPR terms and provides examples where appropriate. Legal definitions are provided in the
Glossary.

Agricultural Waste

This term includes manure and residual material generated in the production and marketing of
agricultural commodities. Residual materials generated during production, harvesting, and marketing
of agronomic, aquacultural, horticultural, and silvicultural crops are included as long as they are not
hazardous. Examples include livestock manure, fishery manure, soil residue dislodged from
harvested crops, waste animal feed, plant parts, and livestock washwater.
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Beneficial Use

This term applies to the use or reuse of residual material for beneficial purposes. The use must not
threaten public health or the environment. Examples include returned bakery, confectionery, or dairy
products used in animal feeds; composted FPRs used as a soil amendment or fertilizer.

Coproduct

A coproduct is an incidental material generated during production that can be substituted for another
commercially available product or raw material. A coproduct must be similar in physical character
and chemical composition to the product for which it is substituted and be used for land application
or energy recovery. Coproducts must not present a greater risk to human health and the environment
than the original product or raw material. Examples include nutshells, bone, blood, fats, and hides.

Expended Material

This FPR has exceeded its useful lifetime and can no longer be used effectively without processing or
treatment. Examples include process wastewater or additives that have been exposed to unsanitary
conditions.

Food Processing Residual (FPR)

An FPR is an incidental organic material generated by processing agricultural commodities for
human or animal consumption. The term includes food residuals, food coproducts, food processing
wastes, food processing sludges. or any other incidental material whose characteristics are derived
from processing agricultural products. Examples include: process wastewater from cleaning slaughter
areas, rinsing carcasses, or conveying food materials; process wastewater treatment sludges; blood;
bone; fruit and vegetable peels; seeds; shells; pits; cheese whey; off-specification food products; hide;
hair; and feathers. Note that only those materials that are wastes are regulated by the Pennsylvania
Department of Environmental Protection (PADEP).

Food Processing Sludge

Generated by a food processing water treatment or wastewater treatment facility, this sludge may
contain additives like detergents, dispersal agents, flocculants, disinfectants, or biological agents.
Examples include: process wastewater clarifier solids and skimmings; dissolved air flotation
skimmings; and chemically conditioned dewatered solids.

Food Processing Waste

In the context of this manual, a food processing waste is a waste and includes: expended materials;
products or co-products if they are abandoned or disposed; or contaminated soil, water, or other
residue that are generated during the processing of commodities for human or animal consumption
and are not immediately reused by the generator or employed as a beneficially useful co-product.
These commodities include seafood, milk, meat, eggs, poultry, fruit, vegetables, and crops.

This term is formally defined in Title 25, Chapter 287 of the Residual Waste Regulations, and is
included in the Glossary of this manual. However, it must be noted that the representation of the term
in this manual is specifically limited to those materials that have no redeeming value.

Normal Farming Operations

This term refers to accepted practices routinely used in the nurturing and production of agronomic,
aquacultural, horticultural, livestock, poultry, or silvicultural commodities. Normal farming
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operations must be conducted in compliance with applicable laws that govern public health and
environmental protection. Examples include: land application of FPRs as soil amendments or
fertilizer; use of FPRs in livestock or fish feed; and use of FPRs as bedding.

Product

A product is the sole or primary intended result of a manufacturing or production process. Materials
that do not meet industry or manufacturing quality specifications are not considered to be products.

Residual Waste

This is a broad term that includes non-hazardous garbage, refuse, and discarded material from
industrial, mining, or agricultural operations. Industrial, mining, or agricultural sludges from water
supply treatment, wastewater treatment, and air pollution control facilities are considered residual
wastes as long as they are not hazardous.

Source Reduction

Source reduction refers to lessening or eliminating the generation of wastes or their undesirable
characteristics. Source reduction is achieved through changes in the production process. The term
does not include dewatering, compaction, waste reclamation, or the use or reuse of waste. Examples
include: process modifications, feedstock substitutions, improved feedstock purity, shipping and
packing modifications, housekeeping and management practices, and improved process efficiency.

Waste Exchange

In some instances you will not have the technology and resources available to recycle certain FPRs.
You are faced with the problem of marketing a material that has some value but not to your plant.
Ideally, you would like to find someone who does have the resources to convert the FPR into a cash
value product: The concept of waste exchange was developed to match waste generators with waste
users. In some cases, waste exchanges yield profits because the user is willing to pay for the material.
In such arrangements, the generator profits by avoiding disposal costs and by receiving a fee for the
material. The user benefits by acquiring a needed product for less cost. Chapter 11 further explores
the value of waste exchange programs.

FPR Management Constraints

As an FPR manager you are faced with a series of constraints that limit practical FPR use
possibilities. You need to be aware of the constraints in your particular situation. Any FPR program
must function within these limitations, which will vary from plant to plant, even when the same
product is being produced. Six general categories of constraints follow:

s Physical Plant: What is your plant size, location, age, and level of technology?

m Financial Resources: Are adequate funds available to resolve regulatory issues, explore
alternatives, and develop new technologies?

m  Human Resources: What is the current level of training, experience, and worker cooperation at
your plant? Are individuals assigned specific FPR management responsibilities? Is there one
individual who has overall responsibility and control for FPR management?

m  Regulatory Issues: What federal, state, and local agencies have jurisdiction over the plant and
what are the current regulatory requirements?

m  Technical Information: Do you have access to current information concerning available
technologies, waste exchange opportunities, and expert consultation?
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= Public Perception: What is your relationship with the local community? Have you been a good
neighbor or the target of nuisance complaints?

This manual will help processors identify, work within, and in some cases, overcome these
management constraints.

Where to Begin

Effective FPR management begins with a thorough evaluation of the current FPR handling/disposal
method at your plant. Look at all process lines, FPRs, and waste streams. Ask yourself the following
questions and consider how you may go about finding answers.

What FPRs are being generated?

How much of each FPR is generated?

Where do FPRs go after they are removed from the process line?

What are current FPR recycling and disposal costs?

Who controls the FPR management program?

Is the current FPR management strategy in compliance with federal, state, and local
environmental regulations?

The answers to these questions should be readily available. If your plant is like most facilities, a
rigorous examination of existing plant records and practices is needed. You need to know what you
have to work with in order to develop an effective FPR management program. This manual will help
you to determine whether or not your current program is in compliance with state and federal
regulations. Since local concerns may vary significantly, inquire at your municipality about its FPR
requirements. We will explore how to define your program in Chapter 1.

Your Goal

Effective FPR management does not happen by accident. It takes a focused plan of action with clear
objectives and individual accountability. Companies with effective FPR management programs share
several basic characteristics. These programs:

m satisfy regulatory requirements

m operate as a separate enterprise with one or more individuals devoting their full time to FPR
management and a separate management budget

m  maintain flexibility to take advantage of new FPR uses
m incorporate cost-effective strategies and planning
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PART I: ASSESSING YOUR FOOD PROCESSING RESIDUALS

Without exception, all FPR use and disposal options are contingent on the specific properties of the
material. For example, a clean FPR exposed to unsanitary conditions renders the FPR unsuitable for
both human and animal use. FPRs containing broken glass or other sharp objects may eliminate all
beneficial use options and necessitate landfill disposal. In the worst case, contaminating FPRs with a
toxic material results in a greater hazardous waste disposal problem.

It is essential that you assess your FPR resources. The first step is to identify and characterize all
FPRs. A careful program evaluation also identifies opportunities to reduce FPR generation and to
maintain or improve FPR quality. The characteristics of your FPR will largely determine where your
particular material(s) fit into the hierarchy. Improving the quality of your FPR may provide new
options for a higher return on beneficial uses.
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Chapter 1: Defining Your Existing FPR Program

This chapter guides you through a review of the current plant FPR handling strategies, practices,
characteristics, and costs. This involves locating and assembling all available data to create an
accurate picture of your current situation. Detailed analysis of specific FPR flows is not addressed at
this point in your evaluation. Focused evaluations should wait until all the basic facts about various
FPRs are gathered.

The following Seven Step Program Review provides the basic facts needed to assess the existing
FPR program at your plant. A program review describes the baseline situation for your plant and
stimulates consideration of innovative management strategies. Measure all future FPR management
initiatives against this baseline to determine actual efficiency and cost savings.

Additional Resource A provides a set of blank worksheets to use for the seven-step program review.

1.1 Step 1: Create an Input Inventory

While this exercise may seem unproductive, creating an input inventory is the most important step
toward effective FPR management. Documenting plant inputs verifies potential outputs as FPRs or
residual waste materials. For example, if no toxic materials enter the plant, no hazardous (toxic)
residual wastes will exit the plant. Careful documentation may eliminate the need for detailed waste
characterization and thus costly waste analyses. You may also discover that you are hindering your
own recycling efforts, by virtue of certain pollutants contained in one or more inputs.

Begin your inventory by listing all materials delivered to the plant and estimate their volumes. Walk
through the facility and examine container labels, cleaning closets, and storage areas. Talk to shift
supervisors and maintenance personnel. Show them your list and discuss any omissions. Don't forget
to include people wastes (e.g. lavatory, lunchroom, office wastes) in your inventory. Collect all
material safety data sheets (MSDS). File the input inventory and MSDSs together. After you have
made the effort to create the inventory, invest the time to keep the list current.

1.2 Step 2: Create an Output Inventory

This inventory identifies all materials that are generated apart from your intended product. The output
inventory must consider every plant output exiting via door, truck, pipe, or otherwise. This includes
but is not limited to: FPRs, sanitary sewer discharges, garbage, trash, small pieces of the raw
agricultural produce, sludges, manure, paunch material, and offal.

As you identify each output, make a preliminary estimate of the volume generated and record the
properties of the material. Record the physical state (solid, liquid, or slurry), general appearance, any
nuisance characteristics like odor, and known significant qualities (e.g., elevated temperature,
extreme pH, fecal contamination). Gather current flow monitoring, volume measurement, or
laboratory analyses for each plant output.

1.3 Step 3: Connect Inputs and Outputs

Comparing the material types, composition, and quantities in the input and output inventories will
identify obvious inconsistencies. If a specific input does not show up in products or output streams,
something is wrong. Conversely, if an output stream exhibits qualities that are inconsistent with the
listed input materials, you have missed an important input. This initial connection of inputs with
outputs will serve as the skeleton for detailed flow diagrams discussed in Chapter 2. The worksheet
included in Additional Resource A provides space to list each input and output and draw lines to
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connect them. Figure 1.1 illustrates this process and shows the level of detail that should be
considered.

1.4 Step 4: Identify Current FPR Management Practices

Identify how all plant outputs are conveyed, reused, or disposed. Find answers to the following

How is each material transported to the disposal/reuse site?

What are the minimum quality criteria required by the user?
Where are pipelines and connection points for liquid FPRs located?

What is the wastewater treatment facility capacity, and how is the material being treated?

questions.

|

m  Who transports it?

m  Where does it go?

m  How is it recycled or disposed?
n

|

m  What is the capacity of the pipe?
|

n

Is the wastewater treatment facility in compliance with environmental regulations?

What is the status of your discharge quality with respect to the wastewater treatment facility
pretreatment standards?

Figure 1.1: Connecting FPR inputs and outputs for a potato chip processer

Input ID and name

Output ID and name

r
I-1 Cardboard packing

1-2 Packing film
-3 Salt

I-4 Qils
(List)

-5 Seasonings
{ List)

-6 Potatoes

I-7 Clinging soil

1-8 Stones /
-9 Water

1-10 Ferric chloride
I-11 Lime

1-12 Sanitary waste

1-13 Cleaning detergents
(List)

1-14 Office supplies
\_ (list)

~
A

O-1 Recyclable cardboard

O-2 Packaged chips

0-3 Starch by-product

0-4 Soil

Q-5 Potato fragments & peels
0-6 Stones

Q-7 Treated process wastewater
effluent

O-8 Sludge cake

0-9 Municipal wastewater
discharge

O-10 Administrative paperwork
0-11 Refuse

0-12 Recycle paper

N\

Note: Step 3 of the 7-step program review.
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1.5 Step S: Identify Limiting FPR Characteristics

Based on information gathered in Steps 1 through 4, consider the principle limiting factors of each
output. For example, one restroom hookup or an unmonitored floor drain that enters an FPR
collection line limits all further potential uses for that FPR. When a sanitary waste enters the FPR
flow, it becomes sewage. The sanitary waste becomes the limiting factor in this example. A caustic
peeling FPR may have high pH and soluble salt levels as limiting factors. Certain slaughterhouse
wastes likewise have high soluble salt levels. For fruits and vegetables, storability limits FPR uses for
animal feeds. Odors resulting from storage or land application of FPRs place severe limitations on
these activities.

An understanding of limiting factors will focus further waste characterization efforts and indicate
where your FPR fits into the hierarchy.

1.6 Step 6: Estimate Current FPR Management Costs

At this step you must consider all the costs and receipts of FPR management. Include energy costs,
transportation costs, disposal tipping fees, penalty fees (e.g., municipal wastewater treatment facility
discharges exceeding pretreatment standards), chemical costs, in-plant labor costs, capital
amortization, coproduct sales, and any other factors affecting costs and receipts.

To determine the optimum (lowest cost) FPR management options you need to evaluate several
alternatives. All other things being equal, the lowest cost alternative is the option of choice. The cost
savings realized over other alternatives may also be viewed as a "cost avoidance" factor. Chapter 11
discusses cost analysis considerations in greater detail.

If FPR management is not a separate enterprise in the overall plant management strategy, estimating
FPR costs may be a formidable task. However, without an economic baseline you have no actual
measure of improvements or increased efficiency. All optimization problems boil down to an
economic comparison of the alternatives. FPR management is no exception.

1.7 Step 7: Brainstorm the Alternatives

With information from Steps 1 through 6 in hand, you can now brainstorm how the limiting factors
may be altered to reduce the overall FPR management costs. For example, a rigorous examination of
water use in the plant may identify locations where flow restricting nozzles or modified dry clean up
could eliminate the need to expand wastewater treatment facilities. Running raw product through a
waterless soil removal device before processing may significantly reduce solids in the wastewater
treatment facilities. Uncontaminated soil dislodged from potatoes, for instance, is considered an
agricultural waste, which is subject to less rigorous regulation. In the lavatory sewer hook-up
example, you may eliminate one restroom connection for $20,000 in capital improvements. In return,
the on-site wastewater treatment facility sludge may now be managed as an FPR rather than as
sewage sludge. While first-year sludge management cost savings may be less than the cost of
eliminating the restroom hook-up, successive years will more than make up for the expenditure. In
addition, the FPR sludge has greater potential for beneficial use, thus moving this FPR up on the FPR
hierarchy. In some cases, combining similar FPRs may result in a composite FPR that may be
handled more efficiently. The combined FPRs could have superior qualities to the individually
handled FPRs.

Brainstorming alternative FPR management strategies will set the stage for Chapters 3 and 4, which
describe FPR characterization, sampling, and analysis.
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Chapter 2: Creating a Process Flowchart

In Chapter 1, FPRs were characterized from a broad perspective. Now it's time to answer specific
questions about each FPR. Where is it generated? What potential inputs may have altered
characteristics during processing? How is the FPR processed? A process flowchart is an FPR
management tool that can answer these questions. In this chapter, we will explore how to create your
own consistent flowcharts for each process within your plant. These flowcharts will become the basis
for determining FPR hierarchy placement and utilization options discussed in later chapters.

2.1 What Is a Flowchart?

A flowchart is a powerful tool for FPR management because it compiles considerable amounts of
information into a consistent format. It identifies important steps within each process unit and
identifies where FPRs are generated. Once you have created the basic flowchart, you can then add the
information you glean from Chapters 3 and 4 about flows, volumes, and FPR characteristics. At this
point, the chart can be used to develop material balances — a balance of mass input with mass output
and mass accumulated. This concept was described in Chapter 1. By diagramming such information
you determine where losses are occurring in the system and where to concentrate reduction efforts. It
cannot be stressed enough that the creation of an accurate and comprehensive FPR flowchart can in
itself be the basis for a number of FPR management decisions.

A good flowchart will use consistent symbols that provide specific information about a process or
flow. Figure 2.1 identifies these symbols and their definitions. Within each symbol you write the
name of the component and later on, after completing Chapters 3 and 4, you can fill in flow volumes
and characteristics of interest. We will examine these flowchart components in detail but first we
need to identify unit processes.

Figure 2.1 Flowchart components

Raw Materials
Raw product(s) coming in the process line.

Process
Processes within the unit such as rinser, caustic peeler, etc.
Also includes intermediate storage facilities.

Inputs
Ingredients or chemical additives. Examples include
salt, seasoning, or caustic peeling chemicals.

Ends
Includes final storage for the finished product and ultimate
FPR utilization and/or disposal strategies.

Outputs
Includes finished product and FPR streams.

e Product flow line
e — - FPR flow line
e LLCLLLET e Auxiliary process flow
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2.2 Defining Unit Processes

Before making the flowcharts, first identify all unit processes of interest. Remember that FPR
treatment (e.g., wastewater, drying, etc.) is also a process that generates outputs. Assign a name to
each unit process and create a separate file for each one. Compile all available information on these
units and the raw product that they process. The following are some potential sources of information:

existing process line diagrams

standard operating procedures and operating manuals
raw material purchase records

batch makeup records

plant personnel

product specification sheets

Gain an understanding of each process. Talk with personnel in the plant who can clarify exactly how
equipment works, where pipes connect and discharge, and what inputs are added on the process line.
Draft rough flowcharts by spending some time in the plant when lines are running. Refer back to the
worksheets from Chapter 1 to make sure that you have covered all-important processes. Now you are
ready to use the flowchart components in Figure 2.1 to refine the charts and make them consistent for
each process.

2.3 Compiling Flowchart Components
Step 1: Connect Unit Processes

Start to draft the flowchart by putting the raw material in its symbol — the first symbol in Figure 2.1.
Next, put processes in the rectangular symbols and order them according to flow, connecting each
process to the subsequent one with solid arrow lines. This is the path that raw materials follow to
become a finished product.

For example, potatoes for a chipping process are washed, peeled, sliced, fried, cooled, and bagged.

Step 2: Add Inputs

Process inputs may include chemicals, process water, ingredients, seasoning, and steam. You should
have gleaned this information from the purchasing records and batch makeup records. Put each input
in the appropriate flowchart symbol and connect it to the process where the input occurs.

For example, at the potato chip plant, a caustic might be added at the peeler, oil at the fryer, and salt
at the cooling stage.
Step 3: Add Outputs

This step identifies outputs. Give each output a specific name and put it in the parallelogram symbol.
Outputs can be primary products, coproducts, FPRs to be reused, and waste to be disposed. Be sure to
gather all output information from waste manifests and shipping papers, production records, and
wastewater treatment. For FPRs coming off of a process, use a dashed line to connect it to the
process. For products and coproducts coming off of the production line, use a solid arrow line.

For example, final outputs from a chipping operation might include potato chips; chip pieces
skimmed from the fryer; wastewater from the peeler, washer, and cooker; and skins from the peeler.

Step 4: Indicating Use and Disposal Methods

At this point, you are ready to put "ends" on the flowchart. These are final uses and disposal methods
for all outputs coming off of the various processes. Sometimes these may only be storage facilities or
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coolers in the case of the finished product or, for wastewater, an end might be the wastewater
treatment plant. (Of course, the wastewater treatment plant would then have its own process
flowchart.)

For example, potato chips would go to the warehouse; chip pieces from the fryer and potato skins
might go to animal feed; wastewater would go to a treatment lagoon.

Step 5: Account for Auxiliary Process Features

Now that you have the skeleton of the flowchart — from raw material to ultimate use and disposal —
you must now incorporate auxiliary process features. Not directly related to production, these features
might include cleanup cycles, recycled water, or makeup water. Although this information may be
difficult to obtain, it is very important to collect data or estimates of wastewater flow volumes added
to process lines. Label these outside of the actual flow chart and use a dotted line to show their flow.

For example, water used to wash peeled potatoes might be recycled to the intake flumes to wash
incoming raw potatoes before it is discharged to the wastewater treatment plant.

Step 6: Add Flow Volumes

This step is really the key to the material balance principle. By adding input and output volumes to
your flowchart, you will have all the weapons you need to pinpoint problem areas and material
losses, and make economic decisions about recycling, utilization, and treatment.

You will complete this step after you read about flow measurements in Chapter 3, but here are two
points to consider before you add any numbers to the flowchart: First, what level of detail do you
want to include in the flowchart? When you first start flowchart development, you may only want to
incorporate volumes for known problem areas. However, attention to detailed flow measurements at
this stage of the management process will make it easier to assess waste reduction opportunities later.
Second, what units will you use to determine volumes? You can measure flows by the minute,
hourly, daily, weekly, or even monthly. You can also measure average values over a given period of
time. Whichever you choose, make sure that all flow measurements added to the flowchart are
measured over the same time period.

Step 7: Add FPR Characteristics

A final piece of information to add to the flow chart is flow characteristic data. Refer to Chapter 4 to
learn how to obtain this data. While it is not necessary to add all analyses to the flowchart, you may
want to write in a characteristic of concern.

Figure 2.2 provides an example of a completed flowchart. Figure 2.3 shows a process flowchart for a
wastewater treatment facility at a potato chip plant. By adding flow volume and waste characteristic
data, you now have a fairly accurate and detailed assessment of the unit process __ all on one
flowchart. As you will see in Part II, you've created a very powerful tool for assessing your
management alternatives.
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Figure 2.2 Sample flowchart of potato ship processing
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screened
wastewater from
chipping process

Figure 2.3
Sample flowchart
of potato chip processing
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Chapter 3: Characterizing Food Processing Residuals

Previous chapters introduced the concept of using the hierarchy as a tool to formulate strategies for
effective FPR management and collect data describing current programs and facilities. Regardless of
the type of FPR you generate and the method you employ for reuse or disposal, thorough
characterization is essential. In this chapter we will examine the issues related to characterization.
FPR properties of importance and types of analyses are introduced. A more detailed discussion of
FPR properties is reserved for Part II of the manual where specific test values and interpretations are
covered. To characterize your FPR, you need to ask the following strategic questions.

3.1 Is Your FPR a Waste?

Food processing wastes and food processing sludges are considered wastes unless they meet the
exemption provided in the waste definition, Section 287.1 of the residual regulation, qualified as
coproduct (Sections 287.1 & 287.8), or are materials from the slaughter and preparation of animals
that are used in manufacturing of products. The definition of waste does not include materials directly
returned to the original process from which they were generated without first being reclaimed, or
materials from the slaughter and preparation of animals that are used in the manufacturing of
products.

A coproduct is a material generated by a manufacturing process that is not the product but can be
used as a substitute for land application or energy recovery in lieu of a product or raw materials. A
coproduct is not a waste and is therefore not regulated under the PADEP Residual Waste Regulations
(Title 25, Ch. 287-289). Accordingly, coproducts are exempt from all PADEP requirements noted in
this manual. If you make the claim that you are producing a coproduct, you bear the burden of proof
that the material is in fact a coproduct. Accordingly, thorough chemical and physical characterization
1S necessary.

3.2 Is Your FPR a Liquid or a Solid?

FPRs are frequently high in moisture content. Unless fluid material is conveyed by pipe to its
ultimate recycling, utilization, or treatment location, high moisture content is an obstacle for FPR
management. Excess water means increased volume or weight and, in most cases, significantly
increased transport costs. For example, consider a 1% solids wastewater treatment plant sludge that is
land applied. For every pound of solid material applied, 99 pounds of water is applied. Increasing
sludge solids content to 2% yields a striking reduction in the amount of water being applied. In this
case for every pound of solid material applied, 49 pounds of water was applied. Table 3.1 illustrates
how reducing FPR water content affects the total amount of material requiring handling.

As Table 3.1 shows, dewatering can reduce FPR volumes dramatically. Dewatering FPRs to the point
where no free draining liquids are present offers storage advantages since liquid containment is not
necessary. The absence of free draining liquids is also a very important consideration for landfill
disposal. Generally, drier material can be stored longer and offers the greatest flexibility for
alternative recycling uses. Heat dried material is best suited to pile storage and least susceptible to
odor emission.

Dewatering technology and sophistication unfortunately requires additional costs and expertise. Also,
chemical-conditioning agents used in dewatering must be selected carefully so that they do not
introduce other use limitations. When considering these limitations, always establish water
conservation practices (Part II, Chapter 5) as a top priority.
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When you consider FPR dewatering, the bottom-line question is, Will the reduced transportation
costs, storage longevity, and flexibility, and reduced odor problems offset the increased costs
associated with construction, operation, and maintenance of dewatering facilities? This question can
be answered only by carefully evaluating your options and FPR management constraints.

Table 3.1 Impact of FPR dewatering on the amount of material handled.

Water handled for
Solids content % each 1b of solids (1b) Example of applicable technology

1 99 Clarification

2 49 Gravity thickening

5 19 Dissolved air flotation

20 4 Belt filter press

50 1 Recess chamber press

95 <1 oz. Heat drying/pelletizing

Note: Technology examples are provided only to illustrate that commonly available methods are capable of achieving
listed solids contents for certain materials. Applicability or effectiveness of listed methods is dependent on specific
properties of the FPR. Numerous other technologies are also available.

3.3 How Much FPR Do You Have?

Volume estimation of variable flows such as those typically experienced in food processing plants is
not an easy task. It usually involves a substantial amount of labor and/or sophisticated equipment.
Start by planning a detailed strategy that will yield the best estimate with a reasonable level of effort.
During the data collection period identify factors that may contribute to data bias. Finally, after data
collection, you must consider whether the information you gathered is truly representative of the time
period for which you intend to use it. The decisions you make during this process are among the most
difficult you will face. A seemingly minor error in volume estimation can mushroom into a serious
problem if, for example, FPR handling, storage, or treatment facilities are undersized.

Solid FPR estimates are usually based on volumetric (cubic yards) or weight (tons) measurements.
The preferred method of measurement is by weight since this measure is not influenced by container
size and capacity. Solid FPR generation rates are easily estimated. Simply combine the number of
containers or the weight of materials shipped from the plant in a given period. Select a time frame
that will yield the best information for your program. This may be based on one shift, a full workday,
or a week.

To estimate slurry and semisolid FPR volumes use gallons or wet tons with an accompanying solids
content value. For example, the term 5,000 gallons at 5% solids provides a basic description that
relays considerable information. Even if you have not personally observed the material, you can
judge that a 5% solids material is probably fluid. You can also determine the approximate wet and
dry weights of the FPR (assume 8.5 1b per gallon). Measuring these FPRs requires either full pipe
flow metering devices, open channel flume or weir measurement methods, or batch volume
estimations. For example, you may need to calculate the number of fixed known volumes processed
in a given period of time.

Express liquid FPRs — generally <0.5% solids — in gallons. Gallons per day (gpd) or million gallons
per day (mgd) are common ways of expressing the discharge rate per unit time for liquid FPRs.
Measuring also employs various full pipe flow, open channel flow, and batch volume methods. For
more information on pipe flow and open channel flow measurement considerations, refer to
Additional Resource B at the back of this manual. A concise review of flow measurement technology
used for wastewater treatment is presented. This paper is applicable to most FPR needs.
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Use the flow diagrams you created in Chapter 2 to locate appropriate locations for volume
measurement. When evaluating FPR volume generation data, be sure to consider rate fluctuations.
Continuous flow recording devices are well suited for this purpose. Adjust projections in accordance
with product output for that period. Viewing the amount of FPRs generated per unit of production is a
useful way of expressing the FPR generation rate.

3.4 Is Your FPR Variable?

One important characteristic of FPRs is that they are highly variable in nature. It is not unusual for
several processing lines to contribute to a common underfloor FPR collection system. The combined
flow is then treated as a single FPR. A change in any one of the processing lines, therefore, affects
the composite. Week-to-week or even day-to-day fluctuations in FPR are the rule rather than the
exception.

FPR properties change due to the seasonal nature of agricultural commodities and daily shift changes.
Production line changeovers to successive, different crops (as they reach maturity) dramatically affect
FPR characteristics. Water consumption and waste strength observed during the cleanup shift will
obviously be different from that observed during other times of the day. The challenge to the FPR
manager is to develop an FPR management strategy that accounts for these variables.

3.5 What Characteristics Best Describe Your FPR?

Representative characterization means that the description you use to classify your material truly
represents the FPR from your plant. If the FPR does not meet the specifications made in your claims,
a representative characterization was not made. This is especially important for beneficial use or
disposal options. Higher levels in the hierarchy generally have tighter specifications.

Typical FPR characteristics reported in the literature provide some guidance concerning expected
properties. However, you must not assume that your FPR is typical. Textbook values cannot be the
foundation for your management program because they do not reflect the specific processes of your
plant. Each food processing plant faces unique circumstances. Effective management begins with a
thorough understanding of your FPR. This means that you must take the extra steps necessary to
understand composition and how it varies over time.

A representative FPR characterization considers seasonal and daily fluctuations in the process line
operation. Continuous monitoring of flow rates is practical in some situations, using automatic flow
recording devices. When continuous monitoring is not practical, rely on carefully planned periodic
measurements to represent FPR characteristics over time. This may be a daily, weekly, monthly, or
seasonal undertaking.

No one is better qualified to design your basic characterization program than the people who handle
FPRs daily. Even outside consultants would have to rely heavily on feedback from plant personnel.
However, one clear advantage that an outsider brings is a fresh perspective. As with anything else,
daily contact sometimes blinds you to things that may be obvious to an onlooker.

3.6 Is Your FPR a Potential Source of Odor?

More than any other factor, odor is listed as the most common source of complaints in FPR
management programs. Two common sources of nuisance odors are land application fields and FPR
storage areas. (Land application odor problems are more fully addressed in Chapter 8.) However,
odor complaints also arise from wastewater treatment facilities, composting facilities, FPR animal
feeds (e.g., ensiled cannery FPR or wet whey), and some food processing operations themselves.
Hence, a general overview of odor perception and measurement is appropriate.
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Environmental odors are not pure compounds, but rather complex mixtures of ammonia, hydrogen
sulfide, skatole, indol, amines, and mercaptans. Despite advances in analytical procedures, most
odors are so complex and detectable at such low concentrations that isolating them is impractical.
The ultimate odor-testing device is the human nose. Hence, odor detection remains a qualitative
measurement. Odor perception has four dimensions: detection, intensity, character, and acceptability
(also called hedonic tone).

Detection

This dimension is measured by finding the number of dilutions (with odorless air or water) required
to elicit a 50% positive response from a panel of test subjects exposed to a particular sample. Results
from the detection evaluation are expressed by several equivalent terms: threshold odor
concentration (TOC), odor unit (OU), dilutions to threshold (D/T), or effective dilutions (ED).

Perhaps the most often used term, ED50 means that 50% of panelists could detect an odor. A
relatively low ED50 value such as 2 indicates that a given volume of odorous air (say one cubic foot)
requires dilution with two cubic feet of odorless air to reach threshold where the odor is detected by
one-half of the population. An ED50 of 1000 indicates that the odor sample had to be diluted 1000
times to reach the same threshold point.

The detection threshold is the point at which test subjects become aware of the presence of an added
substance but do not necessarily recognize an odor sensation. The recognition threshold is the point at
which subjects recognize a characteristic odor. At this point, a specific odor quality description such
as ammonia may be attributed.

Intensity

This dimension categorizes the perceived strength of an odor by comparing various odor
concentrations with a reference odor. The n-butanol intensity scale, based on standard n-butanol
solution concentrations, provides the reference odor. The test determines the rate at which intensity
decreases as concentration decreases. This relationship is then used to predict concentration
reductions needed to bring the intensity down to an acceptable level. Some odors require many
dilutions for dissipation. Examples of these include hydrogen sulfide, butyl acetate, and the amines.
Ammonia and aldehydes require less dilution.

Character

Character refers to what a substance smells like. One scale developed categorizes odor character with
146 descriptors. The scale includes such terms as fishy, hay, nutty, rancid, sewer, ammonia, etc.
Character assessment is useful in determining the source and describing it to others. For a condensed
list of the 146-odor character descriptors see Additional Resource C.

Acceptability

The last dimension of odor characterization is acceptability, also called hedonic tone. This trait is a
subjective judgment of the relative pleasantness or unpleasantness of an odor. Odor frequency,
character, and intensity all play an important role in determining its acceptability. Even a pleasant
fragrance can become objectionable over time, so acceptability assessment is irrelevant to air
pollution evaluation work.

3.7 How Do You Control FPR Odors?

For odor to be detected down wind from a source, it must be formed, released into the environment,
and transported to the location of interest (e.g., your nearest neighbor). To control odors you must
inhibit one of these processes. FPR odors arise during material decomposition. Measures that limit
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this biological activity can, therefore, directly affect and minimize odor formation. Limitation and
minimization are the best controllers.

Low technology FPR odor control practices for diffuse sources include the following:

moisture reduction

aerobic condition maintenance

pH adjustment

shelter to reduce dissipation

water sprays to scrub the air

barriers to promote turbulent air mixing and dilution
appropriate site location

observance of local weather conditions

timing of land application activities

subsurface injection and incorporation

Odor control chemicals such as masking agents, odor counteractants, odor absorption chemicals, and
enzymatic biological inhibitors can also be used. However, little data are available concerning
chemical control effectiveness.

More sophisticated odor control solutions, normally considered for point sources such as cookers,
wastewater treatment facilities, dryers, and ventilation exhausts, include the following:

improved air dispersion (stacks)

process modification

ventilation modification

add-on controls, including wet scrubbing, dry scrubbing, condensation, incineration, biofiltration
chemical oxidation with chlorine or ozone

The various elements of odor control are identified in Figure 3.1. Chapter 8 provides additional
information concerning odor control practices for land application programs.

Figure 3.1 Elements of odor control

} & Dilute
Disperse Dilute mperse Disperse
< 5%

N
ﬂﬁ% < Contain
Mask
<> - v
i Buffer < &\W

zone to Dilute
neighbors M'} < q

Reduce or Treat

Prevent

Source: After Haug, 1990.
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3.8 What are the Nuisance and Environmentally Significant Properties of Your FPR?

More than any other industrial residual, FPRs present consistently benign qualities that allow for
innovative management solutions. Typical FPRs contain no toxic organics and have no more heavy
metals than natural soil. After all, FPRs are derived from food grade materials that have undergone
thorough inspection. Principal components of FPRs include water, carbohydrates, proteins, and fats.
They are often similar to the raw agricultural product. Having said this, however, we must keep in
mind that even food products can pose a hazard to human health and to the environment if they
become contaminated or are not properly stored or disposed.

Nuisance and environmental FPR characteristics affect four areas of interest during production and
management:

human health and safety

animal health

plant growth and productivity

general environmental degradation (e.g., odors, dust, noise, etc.)

These categories are interconnected. Clearly, environmental pollution may have a direct impact on
human health. Vegetation that has been exposed to toxic materials may show no visible
contamination, but may severely affect animals who consume it. An ingested pollutant may pass from
plants to animals to humans, or directly from plants to humans with no apparent negative effect until
toxic levels accumulate. This study of potential pollutant routes and impacts on human health is
called risk pathway analysis. Risk pathway analysis is currently receiving much attention by
environmental scientists.

Environmental regulations set maximum allowable levels of potential pollutants. Because
environmental pollution has serious consequences, regulators often establish seemingly conservative
cutoff values. However, to err on the conservative side is more acceptable than underestimating the
pollutant hazard.

Table 3.2 provides a list of FPR characteristics significant for management planning. The list
contains many parameters or qualities, which typically are not present in your FPR. However, a
thorough review of important characteristics must at least consider hazardous waste qualities,
parameters important for landfill disposal, land application parameters, and animal feedability
potential. The table is not all - inclusive. If you know about important qualities or parameters not
contained on the list, you should assess their beneficial and environmental properties before
implementing the strategies described in Chapters 5-10.

This list may appear overwhelming at first sight, but you can eliminate many parameters if you have
thorough knowledge of FPR sources and can substantiate your claims. This applies particularly to
hazardous waste qualities. If you have no intent to pursue animal feed recycling, the feedability
parameters can also be deleted from consideration.
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Table 3.2

Select FPR parameters of importance

Human Health and Safety

Listed hazardous wastes Chromium
Ignitability Lead
Corrosivity Mercury
Reactivity Nitrate nitrogen
Toxicity Phenolics
Total organic halogens (TOX) Cyanide
Cadmium Floride
Pathogens

Animal Health

Dry matter Aluminum
Digestible energy concentration Boron
Metabolizable energy concentration Calcium

Net energy of maintenance Copper

Net energy of gain Iron

Energy of lactation Magnesium
Crude protein Manganese
Fiber (crude) in animal feed Phosphorous
Acid detergent fiber Potassium
Fat Sodium
Microbiological (pathogens) Zinc

Sharps (glass, metal, etc.) Pathogens
Plant Growth and Productivity

Sodium absorption ratio (SAR) Zinc
Calcium carbonate equivalent (CCE) Kjeldhahl nitrogen

Plant pathogens (bacteria, nematodes, etc.)
Carbon nitrogen ration (C:N)
Soluble salts

Ammonia nitrogen
Nitrate nitrogen
Organic nitrogen

Sodium Total nitrogen
Chlorides Phosphorous
Copper Potassium
Nickel

General Environmental Degradation®

Oil & grease (or petroleum hydrocarbons) Sulfate

Pathogen reduction

Storability (how well does the FPR store?)
Total solids

Suspended solids

Volatile solids

Dissolved solids

Fixed solids

a.) Parameters not otherwise listed which are useful for wastewater treatment, landfill

disposal, & nuisance assessment.

Biochemical oxygen demand

Chlorine residual
Dust, noise
Vector attraction
Free liquids

PH

Odor
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Chapter 4: Sampling and Analyzing Food Processing Residuals

After completing Chapters 1-3, you should have a general idea of where your FPRs fit in the
hierarchy. Now your position will be further narrowed through representative sampling and
appropriate methods of analysis.

Chapter 3 listed a number of qualities and analytical parameters that can be used to assess FPRs. In
this chapter we examine what constitutes a good sample and introduce some of the basic laboratory
methods used for analyses. What these results mean in the context of the hierarchy is also considered.
A thorough discussion of analysis interpretation is reserved for Part II of the manual where specific
beneficial uses and disposal alternatives are addressed.

A list of Pennsylvania laboratories by county is provided in Additional Resource D. Additional
Resource E provides a table summarizing required sample containers, preservation protocols, and
methods of analysis.

4.1 Sampling Procedures

Accurate sampling produces a representative volume of material small enough to conveniently handle
and transport to the laboratory. Test results are no better than the sample upon which they are run.
Your sample must reflect proportionate volumes and concentrations of the FPR being evaluated.
After collection, the sample is preserved to insure that characteristics remain stable before analysis.
Remember, when you submit a sample to a laboratory for analysis, you are responsible for the
validity of the sample. The appropriate use of analytical results is possible only when sample
collection and preservation conditions are known.

Prior to sampling, contact the laboratory. Discuss the specific tests you desire and request special
instructions for sample collection and preservation. For example, some analytical procedures require
that suspended matter or turbidity be filtered from liquid samples during sampling. Request sample
bottles, appropriate preservatives, bottle labels, chain of custody paperwork, and an ice chest if
samples are to be refrigerated. Inform the laboratory when you expect to deliver your samples so that
they can schedule testing for any parameters which require minimum storage before analysis. For
example, biological and nitrate-N samples should be analyzed as soon as possible.

The lab will chop or grind solid/semisolid samples prior to sub-sampling for analysis. Generally,
laboratories sub-sample and analyze liquids accurately. They tend to be less successful at sub-
sampling and analyzing heterogeneous, bulky samples. If you prepare the sample by chopping or
grinding, take care that you do not introduce foreign contaminants (certain metals, particularly lead,
can invalidate the sample). When searching for a laboratory that performs bulky sample analysis,
inquire about the number of tests they perform daily/weekly on the type of material you desire
analyzed. Ask about their sub-sampling and grinding protocol and the size of the analysis sample. A
one-gram sample may be too small for certain FPRs. When possible, laboratory procedures using
large samples for analysis are recommended (e.g. use the macro-Kjeldahl method for nitrogen
analysis rather than the semi-micro-Kjeldahl method).

Maintain a record of every sample collected. This includes location of the sample point, time, date,
name of the sampler, and other information necessary to define sampling conditions (e.g.,
temperature, flow conditions, process being conducted, etc.). Do not rely on memory. Your recorded
sampling information should provide enough direction for another person to secure a similar sample
without personal guidance.

Sampling protocol depends on what you are sampling -- no fixed procedure applies to all situations.
For example, before collecting samples from a water distribution system, allow water to run long
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enough to assure sufficient flushing. Representative groundwater samples require that the well be
pumped long enough to displace water standing in the casing with fresh groundwater. You should
also record the flow rate and the duration of flushing in these cases. The sampling of open channel
flows may require sampling at varying depths or even across the channel if it is very wide. Lagoon
sampling, or other large contained volumes, also requires care in selecting sample location, depth,
and frequency. Avoid sampling surface scum unless that is your specific intent.

Be mindful of the general laboratory procedures to be used and the purpose for sampling. Do not
underestimate the importance of good representative sampling. Accurate sampling lays the
foundation for a successful FPR program.

4.2 Sample Types

Three basic types of samples are commonly recognized: grab or catch samples, composite samples,
and integrated samples.

Grab samples

Grab samples are just what the term implies — a single sample representing a specific place or time in
the FPR stream. Grab samples are adequate for sources with consistent composition over a
considerable period of time, or over substantial distances in all directions. Examples of such sources
include water supplies and some surface waters. Don't use a grab sample to characterize a wastewater
stream; such streams vary too much.

Composite samples

Composite samples are a series of grab samples blended into a single sample to represent the average
concentration over a given time or space. Time-composite sampling involves obtaining grab samples
at a fixed location, at a predetermined frequency, and mixing them as a single sample. A sub-sample
from the mixture is then used for analysis. Sampling frequency may be once a day, after each work
shift, or every few hours.

Time composites may be either a blending of constant volume grab samples or the combination of
individual grab samples having volumes proportional to flow. The latter case is called fixed time -
flow weighted sampling. This type of composite is essential for representative sampling of many
liquid FPR streams. Figure 4.1 shows how this type of sample is taken.

In liquid containment facilities such as digesters, lagoons, or tanks, a representative sample should
have at least four grab samples. Grab samples should be composited over a 24-hour period. Each
sample should be from different depths and locations in the unit. After sampling, thoroughly mix the
grab samples in a single container and obtain a sub-sample for analysis.

Representative composite samples of stored solid materials, drying bed solids, or piles should contain
at least ten grab samples. The recommended procedure involves creating an imaginary grid over the
area to be sampled and obtaining grab samples from the center of each grid block. Grab samples
should be thoroughly mixed and sub-sampled for analysis.
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