NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS

Chapter 8 – Agricultural Land Application
Land application of biosolids provides valuable nutrients for crops and adds organic matter to the
soil. Land application can turn barren land into fertile soil and improve farmland productivity.
Agricultural land application programs have developed so as to provide benefits to both farmers
and biosolids producers.
The biosolids producer (generator) is responsible for insuring that the land application program
meets all regulatory requirements. Equally important to success is operating a program that goes
beyond minimum regulatory requirements and addresses both farmer and community needs. An
agricultural land application program must be based on good management practices and the
promotion of public acceptance. This chapter provides information to develop and operate a
successful biosolids program. Included are guidance to help estimate land base needs, select and
permit sites for land application, and develop and manage biosolids land application programs in
ways that improve crop yields, soil productivity and water quality.
Primary components of an agricultural land application program are listed below. Each
component has its own set of operational controls.
• Biosolids characteristics
• Land area requirements
• Site selection
• Permitting sites
• Field operations
• Managing operations
• Monitoring
• Record keeping and reporting
8.1 Biosolids Characteristics
An important internal control that should be established before initiating a land application
program is establishing biosolids characteristics. Biosolids characteristics include the following:
• Nutrient content (nitrogen, liming potential if applicable, phosphorus)
• Pollutant, pathogen and vector attraction reduction (VAR) requirements
• Potential for odors
• Product consistency
If biosolids quality data have been consistent over a number
of years, documentation should be fairly straightforward. For
a first-time agricultural land application program, biosolids
data must be collected for at least several months, and longer
if the data show much variability.
Following federal, state and local regulatory requirements
and the biosolids program recommendations contained in this manual can help develop a level of
confidence in biosolids characteristics. Having such confidence in the quality of the biosolids
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goes a long way in establishing that the land application of biosolids is a safe and valuable
practice and that the farmer's needs are balanced with those of the biosolids producer.
8.2 Land Area Requirements
Operating an agricultural land application program is an ongoing process that requires a flexible
land base. Expanding the available land area provides backup due to poor weather and site
conditions, land lost to development, sites withdrawn from the program, and changes in
agricultural operations. Successful land application operations should begin with estimating
acreage needed to provide a land base suitable for regulatory approval.

Estimating Acreage Needed
Agricultural land application operations can occur only when weather and field conditions are
suitable and cropping practices allow. Therefore, reliability can be achieved by having a variety
of farms, fields, and crops to go to. A simple method to estimate how many acres should be
available for a reliable biosolids land application program is:
1. Establish the amount of biosolids (in dry tons) handled annually. Use an average from the
past three years. Be sure biosolids stored for later application are included.
2. Establish an application rate for the basic crops in the program, using average nutrientbased application rates.
3. Divide the amount of biosolids produced annually (dry tons per year) by the average
application rate (dry tons per year) to estimate the minimum number of acres needed to
support the per acre program.
To account for the availability and accessibility of the land over
the course of a year, multiply the number of acres by a “factor”.
This number will vary based on location, local agricultural
practices and amounts of biosolids to be land applied. For small
to medium size programs, a factor of three may be reasonable. It
is often desirable to apply biosolids to a farm intermittently over
several years rather than annually, to accommodate farmer’s
crop rotations and nutrient management needs. Therefore,
tripling the acreage required provides flexibility to meet
contingencies and management objectives.
For example, a medium facility serving 100,000 people may
produce about 1,500 dry tons of biosolids per year. At an application rate of 3.5 dry tons per
acre, 430 acres of land would be required to handle the annual biosolids production. Using a
factor of 3 to provide operational flexibility, the producer would develop a land base of
approximately 1,290 acres to support the biosolids land application program.
The acreage estimation should be modified whenever allowed application rates for typical crops
in the program, amounts or nutrient content of biosolids, or other factors that affect the capacity
of the land base change significantly.
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8.3 Site Selection
The criteria for suitable agricultural land application sites (farms) can vary considerably from
state to state. However, there are a number of factors to consider when evaluating a farm for
inclusion in a land application program. The success of the biosolids program depends on
selecting farms that fit with the producer’s biosolids program goals and meet all federal and state
regulatory requirements.
The factors to consider are:
• Preliminary evaluation
• Soil properties
• Buffer zones
• Conservation planning
• Nutrient assessment
• Access to the farm
8.3.1 Preliminary Evaluation
Selection of suitable sites is essential to a successful land application program. Land
appliers need a roster of suitable sites to accommodate production and application
schedules. To conduct an initial screening of available agricultural sites in an area, ask
some general questions. If the answer is “no” to any of these questions, consider
eliminating the site from further consideration.
Initial Site Screening
• Is the landowner/farmer interested in participating in the program?
• Is the landowner willing to agree in writing to having biosolids applied to the land
and to comply with all applicable regulatory requirements?
• Is the farm operator willing to agree to comply with all applicable regulatory
requirements?
• Is the site within an economical hauling distance of the biosolids source?
• Does the site have enough acreage in sufficiently large blocks to meet biosolids
production needs?
• Are there any local ordinances or zoning requirements to consider?
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Attitude of Landowner and Farmer
The attitude of the landowner and farmer is an important component in determining
agricultural site suitability. They must be confident about the benefits of biosolids and be
willing to accept and comply with all of the Part 503 Rule and state regulatory
requirements, as well as meet the biosolids program needs. Discuss with the landowner
and farmer the level of public acceptance of biosolids in the neighborhood and
community. Ask if they feel that there will be a negative neighborhood reaction to
biosolids. A number of states require that landowners adjacent to an application site be
notified before the first biosolids application. The landowner/farmer should be aware of
this requirement prior to neighbor notification. Specific requirements for landowners and
site operators are contained in the federal regulation, 40 CFR Part 503 (see Federal and
State Regulations, Chapter 2 of this Manual). Discuss these responsibilities with the
landowner/farmer and make sure they agree to follow the site restrictions in regard to
waiting periods before the harvesting of certain food crops and the 30-day limitations on
public access and livestock grazing
Nutrients Application Rate
• Buffer zones to ensure biosolids are only applied in approved areas
• Commit to injection or incorporation in a timely fashion, if the farmer is
responsible for this activity
• Coordinate applications of manure or chemical fertilizers to avoid excessive
nutrient application
• As applicable, implement and maintain practices specified in the farm
conservation plan or erosion and sediment control plan according to the
prescribed schedule
Maximum Acceptable Handling Distances
There are a number of factors to consider when determining the maximum acceptable
distance for transporting biosolids. Ask these questions when establishing a maximum
hauling distance:
• What equipment is available? Larger vehicles allow travel over greater distances
while still being able to handle daily production from a facility.
• Are the biosolids liquid or dewatered? Liquid biosolids require more trips to
transport a given dry weight of biosolids from a facility.
• What is the travel time per trip? The number of round trips each vehicle must
make in one workday limits how many miles can be traveled. Having multiple
vehicles reduces the total number of round trips per vehicle, thereby allowing
longer hauling
• Are the roads congested? Delays due to traffic decreases the number of trips that
can be made to a site in a day.
• Are there if any zoning ordinances that regulate or restrict the types of vehicles or
the transporting of biosolids through a jurisdiction? Such local controls may
eliminate potential sites within the potential land application area.
Management and Economic Factors
Consider the size and type of fields from both a management and economic perspective.
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Potential agricultural sites should have sufficient acreage and/or specific characteristics
with respect to operational considerations (e.g., usability during wet conditions) to justify
hauling biosolids to the site. There is no established minimum for field size, and each
manager should weigh the factors important to his/her program when deciding whether to
include specific fields or sites. If a site passes initial screening, a more detailed evaluation
will determine if the site is in fact suitable for agricultural land application. The Part 503
regulations do not contain specific criteria for selecting agricultural sites. However, most
state regulations do have certain standards and guidelines for site suitability. These
should be consulted when evaluating site suitability. Generally, examining a few physical
features and farming practices can help determine if a site is suitable. Suggested physical
features and farming practices to consider include:
•
•
•
•
•
•

Soil properties
Buffer zones
Conservation plan
Nutrient assessment
Access to the site
Distance to neighbors

These are discussed in the following sections.
8.3.2 Soil Properties
Soil properties affect the suitability of an agricultural site for the application of biosolids.
To properly evaluate a site, start by looking at soil related
features. A good source of information on soil features can
be found in the County Soil Survey available through the
local office of the Natural Resources Conservation Service
(NRCS). The Soil Survey contains maps (drawn on aerial
photographs) that show soil types, slopes, and physical features of the landscape. Other
reports and tables that provide basic information on soil productivity and cropping
potential needed for managing the site are also included in the Soil Survey.
Using the Soil Survey
To use the Soil Survey manual to evaluate a site, follow the steps listed below:
• Locate the site on the index map page to get the number of the detailed soil map
sheet (soil map)
• Find and outline the field(s) on the detailed soil map sheet
• For each field, write down the symbols denoting the various soil types
• Review the soils descriptions, located in the body of the manual, for the soil types
in each field
• Decide whether the soils at the site meet general agricultural recommendations or
the state requirements related to soils
The soil descriptions and other tables in the Soil Survey provide basic information about
important soil features, such as soil texture, erodibility, drainage, and slope. Review this
information carefully before making a decision about the suitability of the site. A brief
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summary about these soil features -- and how they relate to suitability of a site for land
application -- is below. More detailed discussion of soil properties is contained in
Appendix C of this Manual (Soil Characteristics).
Soil Texture
Soil texture refers to the size distribution of the soil mineral particles, specifically, the
proportions of sand, silt and clay. Textural differences result in differences in ability to
absorb and hold water, as well as the surface area available for retention of nutrients and
other biosolids constituents, and susceptibility to erosion. While most soil textural classes
are acceptable for the application of nutrients to groundwater. Sandy soils are more apt to
allow transport of nutrients to the water table.
Erodibility
The extent of soil erosion, or erodibility, should be considered in determining the
suitability of a site for biosolids recycling. The potential for erosion is primarily
influenced by slope, soil type, and vegetation. The Soil Survey provides information
about erosion potential relative to soil type. Each soil type is classified in one of three
classes based on potential for erosion. Soils rated as slightly erodible are generally
suitable for biosolids application with minimal conservation measures. Soils that are
moderately erodible are acceptable for biosolids recycling with implemented
conservation plans. Soils that are severely erodible frequently occur on steep slopes and
require significant erosion control practices which may limit the usefulness of these soils
for biosolids.
Drainage
Soil drainage refers both to how easily water can move through soil (due to soil texture)
and to the soil's propensity to be dry or saturated due to landscape position. Part 503 Rule
does not address soil drainage or limit the application of biosolids due to poor soil
drainage. However, most state regulations do limit biosolids applications on poorly
drained soils. Drainage classes are discussed more thoroughly in Appendix C: Soil
Characteristics.
In general, soils suitable for the land application of biosolids should allow water to drain
through the soil readily, but not rapidly. The soils that fall into the following NRCS
drainage classes can be considered suitable: somewhat poorly drained, moderately well
drained, well drained, and somewhat excessively drained. Soils that fall outside of these
classifications may not be suitable or may require additional management practices. Very
poorly drained (hydric) soils can be associated with wetlands and generally are not
suitable for land application. Each NRCS office has a list of hydric soils found in every
county that can be a helpful tool in assessing site suitability.
Liquid biosolids must be applied in a manner that does not overwhelm the soil’s ability to
absorb liquids and cause ponding or runoff. The soil survey can be used to identify soils
with limited infiltration capacity due to high clay content, restrictive layers (hardpans) or
other features. If necessary, appliers can then adjust the total amount of liquids they apply
at one time to give the soils adequate time to absorb them.
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Slope
A number of states do not allow application of biosolids to agricultural fields with slopes
greater than 15 to 25 percent. Slopes steeper than these increase the possibility of surface
runoff and erosion and therefore require more intensive conservation measures that may
restrict biosolids application options. In addition, safe operation of equipment becomes
more difficult as slopes increase. The slope that is acceptable on any one site varies and
depends on farming practices, soil infiltration rates and erosion potential.
The soil survey provides an estimate of the slopes at a site. A formal on-site verification
of slopes should be conducted if a visual inspection indicates potential discrepancies
between existing site conditions and those shown in the soil survey.
8.3.3 Buffer Zones
Sites selected for biosolids applications must be consistent with federal and state
regulations regarding buffer zones -- physical separations between the biosolids
application area and certain other areas, including streams, wetlands, dwellings, or wells.
The Part 503 Rule does not allow the application of biosolids within 10 meters (33 feet)
of a surface water source, such as a stream, pond, or wetland. Other federal requirements
regarding management practices are contained in Chapter 2 of this Manual (Federal and
State Regulations).
Typical Setbacks
Many states have buffer requirements. These typically include setbacks from:
• Property lines
• Homes/wells
• Water bodies
• Dry runs, grass waterways, etc.
• Rock outcroppings
• Public roads
Factoring In Buffers
During site evaluation, all buffer zones should be noted and marked on a site map. The
removal of application areas to accommodate buffer zones may result in less acreage at
the site than is acceptable. Buffer zone requirements may cause removal of a field or even
an entire farm from further consideration for land application of biosolids.
8.3.4 Conservation Planning
Farm conservation plans -- tools for farm operators to protect water quality and prevent
soil erosion -- are a part of good farming practices. The Part 503 Rule does not require
that a farm conservation plan be in place for
biosolids applications; however, many states
do require some measure of erosion control.
In the initial phases of site selection, find out if
a plan has been prepared for the farm and the
status of its implementation. If a farm does
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have a plan, review specific conservation practices for the fields considered for land
application of biosolids. Certain conservation practices (e. g., use of no-till or residue
management) may affect land application options. In such cases, determine whether
surface application without incorporation is possible. A detailed discussion of
conservation control is contained in Biosolids Recycling and Soil Conservation,
Appendix E of this Manual.
8.3.5 Nutrient Assessment
The application of nutrients to crops is necessary to achieve good yields. Farmers apply
nutrients in the form of animal manures, chemical fertilizers, biosolids, and other
residuals. To protect surface and ground water resources from excess nutrients, those
supplied must balance with the needs of the crops to be grown. Nitrogen is the focus of
most regulations, due to its more available (soluble) forms in soils. However, increasing
attention is being given to phosphorus in managing farm nutrients. Nutrient management
is discussed further in Biosolids Nutrient Management, Chapter 13 of this Manual.
Nitrogen Balance Check
For initial screening of potential sites, perform a nitrogen balance check (see Nitrogen
Balance Check, Appendix D of this Manual) to compare the amount of nitrogen available
at the site (animal manure estimate) to the nitrogen need of the crop (average crop
nitrogen need). With this information, decisions about the need for additional nutrients at
the site can be made.
8.3.6 Access to the Farm
When conducting a site evaluation, accessibility is an important consideration.
Communicate with local officials to determine acceptable routes. Once at the site,
determine how to gain access to the application area. The best fields in the world are of
no value if vehicles and equipment can’t get to them.
Off-Site Road Restrictions
Road restrictions can result in problems, especially if they aren’t considered during the
site evaluation. Ask the following questions about roads leading to the site before
deciding that a site is suitable:
• Are there any road limitations, such as road or bridge weight restrictions or bridge
height restrictions that can keep vehicles from getting to a site?
• Are there any local limits on heavy vehicle traffic in certain residential or
business districts that may limit options for getting to a site?
• Have local officials been consulted to determine acceptable routes?
• Does the farm have a safe and accessible entrance? Are turning angles adequate
for vehicles?
• Are there blind turns or hidden entrances that may create a safety hazard to
vehicle drivers and other motorists? Will warning signs or flagmen be necessary?
On-Site Road Restriction
As the following questions about roads on the site:
• Are there adequate areas to unload if necessary? For instance, a level area to
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•
•

offload dewatered biosolids may be needed so they can be loaded into spreaders;
or a staging area may be needed for transferring liquid biosolids.
Do the roads become inaccessible during and after wet weather conditions?
Heavy vehicles can get bogged down or create unacceptable ruts, or worse yet,
become stuck.
Are there ways to cross streams or conservation areas such as grassed waterways
to get to remote fields?

Most issues associated with
transportation routes and site
access can be resolved.
Discussing the route with local
officials is strongly
recommended as they may ask
that certain roads be avoided. The farmer may express concerns about access to remote
fields at the farm. Field access should be discussed with the farm operator during the site
evaluation. This is probably the single most important issue to the farmer. Getting an
application vehicle stuck in a muddy farm lane or unloading biosolids in an inappropriate
area can ruin a relationship with the farmer. In some cases, it may be advisable to work
with the farmer to improve farm roads to accommodate your equipment.
8.3.7 Distance to Neighbors
The importance of proximity to neighbors depends on such factors as the type of
biosolids application, type of biosolids processing, whether neighbors are also farmers,
existing natural barriers (e. g., trees), degree of overall community acceptance for the
program and other subjective judgments. Good communication with participating
farmers often can help determine which factors are important, and common sense is the
best way to determine desirable distances from neighbors for specific sites. Many states
have requirements for buffer distances from abutting property lines and houses, but these
alone may not be sufficient to address neighbors' concerns. Try to be as flexible as
possible in dealing with this issue -- it may be possible to find mutually agreeable ways to
satisfy neighbors and still be able to operate on a site. At the very least, it is important to
acknowledge the validity of their interest, and make reasonable efforts to accommodate
their wishes, particularly with respect to such factors as timing of operations.
8.4 Permitting Sites
While the Part 503 Rule does not require site-specific land
application permits, many state regulations may contain specific
criteria for selecting suitable land application sites and require
that specific documentation be developed for site approval. Make
certain that the state requirements are fully understood and that
those requirements are factored into the initial site evaluation.
While the Part 503 Rule does not require site-specific land
application permits, many state regulations may contain specific criteria for selecting suitable
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land application sites and require that specific documentation be developed for site approval.
Make certain that the state requirements are fully understood and that those requirements are
factored into the initial site evaluation. This section outlines general procedures commonly
needed to “qualify” (for regulatory approval) a site for a land application program. The specific
information needed for site approval is available through individual state regulatory agencies
(see state and regional Contacts, Appendix B of this Manual).
Obtain Landowner Permission
Some state regulations require the landowner to sign a consent form to participate in a biosolids
program. It is a good idea to share this form with the landowner during the first visit. In most
cases, the form is a legal document and time should be taken to explain the form fully. In cases
where there is more than one landowner, it may be necessary to obtain signed consent from each
owner. In situations where the landowner and the person operating the farm are not the same
individual, make sure that they are both in agreement about participating in the program.
Establish Baseline Soil Fertility and Chemistry
Most state regulations require that soil samples be collected and analyzed for nutrients (fertility)
prior to the first application of biosolids to the farm. Some states also may require analysis of
regulated metals, soil pH, and, in some cases, phosphorus. There may be good reason (e. g.,
public acceptance) for testing for such parameters even if not required. A good strategy in these
cases would be to collect both background and post application samples for analysis. As a
minimum, know the state and local regulations and follow them.
Soil fertility information can be useful to farmers, and they may appreciate receiving it. Consider
supplying soil fertility information to participating farmers on a regular basis. Knowing soil
nutrient recommendations from the soil fertility report can be useful in planning biosolids
applications.
Collecting Soil Samples There may be a concern that soil metals
at a farm are greater than natural background soils. Past farming
practices may have contributed to higher than background metal
levels in the soils. As a result, collecting soil samples and
having them analyzed for regulated metals may be a reasonable
thing to do. In some areas of the United States, background soil
metal levels may be elevated due to natural minerals in the soils.
Again, collecting soil samples for metal analyses prior to the
initial application is a good idea.
Consistency with Conservation Planning
If a farm has a conservation plan, biosolids application should be done in a manner consistent in
place and maintained for permitting requirements. In particular, look at structural Best
Management Practices (BMPs) such as grass waterways and diversions, which are used to
manage the movement of water on a site. These practices, if not in place or if poorly maintained,
may require significant time and money to install or repair and may delay the opportunity for
land application of biosolids. Look for evidence of uncontrolled water movement such as rills or
gullies or accumulations of sediment indicating a need for conservation measures. Conservation
plans also address cover crops, conservation cropping (crop rotation), and tillage systems.
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Mapping Tools
Maps are essential tools in permitting and managing agricultural sites. Nearly all states require
some type of map before biosolids applications are permitted. Typical requirements for maps
include:
• Property and field boundaries
• Location of surface waters and buffer zones
• Location of dwellings and wells and buffer zones
• Biosolids application areas
• Soils information
• Slopes
• Conservation structures, such as waterways
Maps can be produced in a variety of formats from topographic quadrangle maps prepared by the
U. S. Geological Survey (USGS) to aerial photographs of sites used by the Farm Services
Administration for farm conservation planning and agricultural cost-sharing purposes.
Cooperative Extension Offices, state land grant universities and local governmental planning
units may have base maps that can be used to meet state mapping requirements.
Maps are most useful when the farm location and application areas are clearly shown. Problems
with farmers and neighbors can occur if good mapping isn’t available for the applier. A clear
map provides truck drivers with the means of locating correct fields for land application on each
farm.

Other farm information also should be included on a map including staging or storage areas, and
farm and field access points. It may even be a good idea to use the site map to show daily
application areas for record keeping purposes. Geographic Information System (GIS) can
sometimes be used to record information and develop a database for an application program.
Farmers may have fields where drainage is poor and soil compaction from application equipment
may be a concern, and it may be wise to exclude those fields from consideration. As a minimum,
know the state and local regulations and follow them, using the base map to identify areas to
exclude from the application area. Individual states may have additional criteria that should be
identified on the base map as well for exclusion from the application area.
Farmers prefer to have biosolids applied to an entire field. Additional applications of other
sources of nutrients are not necessary (on portions of the field) if the entire field is acceptable for
biosolids. If there are substantial areas in a particular field where biosolids cannot be applied
due to federal or state requirements, the farmer may not want to have biosolids applied to that
field.
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Application Restrictions and Buffer Zones
In qualifying a site for biosolids applications, certain
sensitive areas must be eliminated from the application
area. As discussed buffer zones are required to
minimize the potential for surface runoff or leaching to
impact surface or ground water resources.
The Part 503 refers to restrictions to protect surface and
ground water as management practices that must be
addressed during site selection. Refer to Federal and
State Regulations, Chapter 2 of this Manual and
references (USEPA 1993 and USEPA 1994) and (4) for more detailed discussion of management
practices. For Class B biosolids, the Part 503 Rules Management Practices require restricting the
application of biosolids:
• Where biosolids applications will likely adversely affect a threatened or endangered
species (any place where a threatened or endangered species lives and grows during any
stage in its life cycle);
• On flooded land (land is considered flooded when the soil at the surface is saturated with
water, regardless of whether water is visible on the ground);
• Within 10 meters of surface water bodies (buffer zone so that biosolids do not enter
surface waters or wetlands).
Make certain to identify areas on the site that meet the above descriptions and eliminate them
from the application area. Most states also have additional restrictions (e. g., shallow depth to
groundwater or shallow seasonal water tables). Consult state regulations and include such
restrictions in the information provided for regulatory site approval.
8.5 Field Operations
The following functional groups are associated with basic levels of responsibility for biosolids
management in a land application program:
• Preparer (Generator): The person who prepares biosolids during the treatment of
wastewater.
• Transporter: The person who transports biosolids from the point of production (treatment
plant) to the point of use at the agricultural site.
• Applier: The person who applies biosolids at the farm to condition the soil and fertilize
crops.
• Farmer: The person who grows and harvests the crops fertilized with biosolids.
In many programs, typically the smaller and medium sized, the generator is responsible for the
activities of the entire program. Other programs may contract with other entities to transport
and/or apply biosolids. Each of the entities above has a responsibility as defined by regulation
and possibly by contract. However, the generator also has the responsibility to make certain
biosolids are transported and applied in compliance with the regulations. It is also wise for the
generator to provide guidance and oversee the activities of the transporter and applier. If the
transporter or applier does not follow good management practices, the generator may lose the
trust of the farmer and the community. A manual developed by the California’s Water
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Environment Association of this chapter contains a summary of the responsibilities of the
various functional groups. (California Water Environment Association 1998)
8.5.1 Scheduling
Before scheduling, check to make sure ownership of the land has not changed since the
landowner consent forms were signed. Also confirm that required state and local
approvals have been obtained and are current. Note any fields that were deleted since the
site was selected. Make sure all required maps, soil testing and other analytical
monitoring requirements are up to date.
The application of biosolids to agricultural sites requires working closely with the farmer.
Meeting the schedule of the farmer is very important. For the most part, farmers have
tight schedules and when it is time to apply biosolids, it needs to happen quickly.
Scheduling land application activities must account for the operational controls described
below.
Biosolids Production Schedules and Storage Capacity
Each treatment facility produces solids on a daily basis. Some facilities do not have
storage capacity and require daily end-use options. Other facilities generate biosolids
periodically when lagoons or digesters are cleaned, or have storage for biosolids. These
application sites in the spring is great as managers meet fertilizer requirements before
crops are planted. Storage over the summer months is often critical, as access to planted
fields is limited.
Cropping Patterns and Land Availability
Most biosolids are applied to cropland. The most active seasons for land application are
in the spring before row crops are planted, and in the fall after crops are harvested, when
fields are generally accessible over a longer period of time. Crops have different growing
seasons in different parts of the country. Biosolids managers should become familiar with
the different windows of opportunity for biosolids application, and incorporate them in
overall biosolids management program planning.
Plan to meet with each farmer at the beginning of every year to talk about cropping
schedules and potential biosolids application periods. Based on the cropping information
supplied by the farmers, prepare an annual application plan for the biosolids. The plan
should address the following:
• What is the quantity of biosolids available for land application in the coming
year?
• Which fields will and will not be available for biosolids applications in the
upcoming season?
• When will the selected fields be available for biosolids applications?
Provide a copy of a completed annual application plan to farmers. They are more likely to
call when fields become available if they know the schedule for potential biosolids
applications.
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Seasons, Weather, and Soil Conditions
The seasons, prevailing weather conditions, and
soil conditions greatly influence the schedule of
biosolids application operations. Winter can be a
difficult period, since biosolids may not be
applied to flooded, frozen, or snow-covered
ground. Wet periods in the spring may restrict
application on low-lying fields since heavy traffic
can cause compaction. Storage and/or disposal
alternatives are needed when poor weather
conditions prevent land application operations.
Sensitivity to Neighbors
In scheduling sites for biosolids operations, be sensitive to the farm neighbors by
considering timing and weather conditions. For example, in many parts of the country
where neighbors are relatively close to application sites, it's not a good idea to schedule
biosolids applications on a hot, humid Friday of Labor Day weekend. Common sense and
consideration can determine whether or not biosolids land application is accepted in the
community.
Identify sensitive sites and give them special consideration when scheduling biosolids
applications. Make sure the land base has some less sensitive/isolated sites that can be
used for unusually odorous materials, when hot weather conditions increase the potential
for off-site odors, and during times when neighbors likely will be outdoors, such as
holidays and weekends.
To minimize the odor associated with a land application program, consider injection of
liquid biosolids or immediate incorporation of dewatered biosolids. Besides odor,
consider the potential impacts of traffic and noise from trucks delivering biosolids and
equipment loading and spreading biosolids. More detailed discussions of odor and other
aesthetic considerations are contained in Public Acceptance, Odor Control, and Odor
Control in Land Application Chapters (1, 7 and 11) respectively, of this Manual.
8.5.2 Determining Application Rates
The Part 503 Rule requires that biosolids be land applied at “an agronomic rate” that
meets the crop's nutrient requirement for optimum growth. This rate must be calculated
for specific crops grown on various soils in different parts of the country. For most
biosolids land applied under the requirements of the Part 503 Rule, nitrogen will be the
limiting constituent on an annual basis. Therefore, the application rate must be calculated
giving careful consideration to the kinds and amounts of nitrogen in the biosolids.
Typical ranges for these forms of N in anaerobically digested biosolids are shown in
Table 8.1.
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Table 8.1: Composition of Representative Digested Biosolids
Component
Organic nitrogen
Ammonium nitrogen
Total phosphorus
Total potassium

Range
1% - 5%
1% - 3%
1.5% - 5%
0.2% - 0.8%

Plant Available Nitrogen Calculation
Organic nitrogen is estimated as total nitrogen (TKN) minus NO3-N and NH4-N. Both of
these latter forms of N are inorganic and therefore more readily available for plant uptake
or movement through the soil. Organic nitrogen must be mineralized to these inorganic
forms through a microbial decomposition process in the soil in order to become more
available to plants. Nitrogen transformation processes occur in various combinations
depending upon environmental conditions. For example, nitrification converts NH4-N to
NO3-N by means of an aerobic process. Conversely, the anaerobic denitrification process
converts NO3-N to gaseous N forms (N2 or N2O that can be lost from soils), which
occurs to a significant degree in water-saturated soils. Immobilization occurs when soil
microorganisms use inorganic N in such a way that it is no longer available for plant
uptake. Nitrogen may also be lost through volatilization of NH3, especially when
biosolids remain on the ground surface. The calculations used to determine plant
available nitrogen (PAN) are detailed in Biosolids Nutrient Management-Calculating
Agronomic Rates of Application, Chapter 14 of this Manual. A series of sample
worksheets are included that help calculate an agronomic application rate.
Agronomic Rate Calculations
Once the plant available nitrogen is calculated, the amount of biosolids needed to meet
crop needs - the agronomic rate - can be determined. The agronomic rate is the amount of
biosolids required to meet the nitrogen recommendation for the crop grown as shown on
a soil test report, factoring in applicable nitrogen credits (e. g., from manure application
or legume plow down). Balancing the amount of nitrogen applied to the crop to meet the
need of the crop minimizes leaching of nitrogen below the root zone and to groundwater.
Agronomic application rates are expressed in dry tons per acre. This unit application rate
needs to be converted to “as-delivered” units. For
example, for dewatered biosolids, the amount of wet tons
per acre or cubic yards per acre that can be applied must
be calculated.
Variations from the Rate
Although it is best to apply biosolids at this agronomic
rate, there are situations when that isn’t possible. Poor
weather conditions, wet fields, farmer’s schedule, and
equipment problems, are a few examples of times when not enough biosolids can be
applied to meet the calculated application rate. Liquid biosolids may not be applied to the
full agronomic rate if soils do not have the ability to transmit the liquid (water) portions
fast enough to prevent ponding. It also can take longer to transport liquid biosolids
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because the majority of what is being moved is water.
8.5.3 Field Operation Checklist
When a site is scheduled for biosolids application, use the following checklist as
operational controls.
Regulatory Compliance
• Take the following steps to prepare the site and ensure compliance with federal,
state, and local regulations
• Verify site documentation from the management plan
• Check the annual application plan and consult with the farmer about timing,
fields, tillage, incorporation responsibilities
• Mark buffer zones and setbacks
• Calculate agronomic application rate if not already specified
• Consider any other specific regulatory requirements
Operation “Inventory”
Before operations on a land application site begin, brief all personnel, especially truck
drivers and equipment operators who apply the biosolids. The following information is
needed:
• Correct haul route as shown on a map with written directions to the site
• A map showing the fields and identification numbers where applications will take
place
• Location of the flagged areas and buffer zones and any fields restricted from
biosolids application
• Locations of loading/stockpiling areas
• Application rate to be used on each field and the total field capacity
• Method of application (surface or injection) and, for surface application, any time
limits for soil incorporation (If the vector attraction reduction requirement will be
met by soil incorporation within six hours after application, emphasize the need to
observe this time limit.)
• Weather/field conditions that require operations to be shut down or delayed
• Any special requirements imposed by regulatory agencies, instructions from the
farmer, and any good neighbor practices regarding odors, operating hours, or
other aesthetic considerations
8.6 Managing Operations
Once all of the program requirements have been met, operations can begin. The following
discussions include operational controls to consider during operations at the farm.
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8.6.1 Biosolids Management Plan
Land application activities should be conducted according to a written management plan,
in which everyone’s role is clearly defined. The farmer, producer, transporter, and
program. Facilities should consider developing a plan. If a plan is beneficial to their
program it should be provided to each person with a significant role in the program. The
plan should be reviewed and updated as needed.
Farm Specific Information
The plan should contain relevant general information about relevant farming operations,
cropping practices and biosolids application practices. In addition, specific information
about each farm should be developed that includes the following:
• Map(s) that identify application sites. All buffer zones (buildings, surface waters,
wetlands) required by the state regulations should be included on the map(s).
Staging and storage areas should be clearly marked to assist transporters.
• Description of crops to be grown, crop planting and harvesting schedules,
commercial fertilizer use, conservation measures needed, and information about
any use of animal manure.
• Application practices related to the method of spreading, methods of
incorporation, agronomic application rates, nutrient management measures (when
required), and other agricultural management practices.
8.6.2 Plan to be a Good Neighbor
The key to successful land application programs is being a good neighbor. This means
conducting operations in compliance with all regulations and working to accommodate
and be courteous to neighbors.
Brief Field Crews
Brief field crews on appropriate responses to inquiries from citizens or local government
representatives. They should listen respectfully to concerns and make every effort to
resolve issues. Timely and quick responses can resolve issues before they escalate. Be
sure field staff knows the program's contact names and phone numbers for their own use,
and to provide to neighbors as appropriate.
Complaint Response
If complaints are received, document them. Record the complainant’s name, the date and
time, and a summary of the complaint. Investigate every complaint. The results of the
investigation and any planned corrective action, if needed, should be promptly shared
with whomever filed the complaint and others involved in the situation (such as local
government representatives). Ongoing communication with these individuals or groups
should be maintained until the situation is resolved. Further discussion of communication
efforts is contained in the Chapter Public Acceptance.
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8.6.3 Coordinate Operations with the Farmer
Consult the farmer regarding preferences and concerns about hours and days of
operations, truck access routes to the fields, soil moisture condition as they relate to
equipment traffic and potential for soil compaction. Discuss tillage practices and Best
Management Practices (BMPs) used on the farm. Fields where a Conservation Plan
specifies no-till or residue management practices may be limited to surface application,
or biosolids applications may be scheduled only when tillage is allowed in the crop
rotation.
Verify Pervious Data
Since several months can elapse between regulatory approval of a site and biosolids
application, verify the previously collected data and note any changes with the farmer.
Verify which fields the farmer wants to receive biosolids and make sure they are still
eligible. In addition, verify the crop to be planted on each field.
Review Fertilizer Needs
Discuss crop yield goals and fertilizer needs. Find out if
any fields have been, or will be, fertilized with
manures, residuals (such as food wastes), or chemical
fertilizers. This may change the projected biosolids
application rates or make the field ineligible for
biosolids application.
Biosolids Nutrient Information
Provide the farmer with a description of the type of biosolids and expected nutrient
additions. The farmer will be particularly interested in the amounts of nitrogen (N),
phosphorus (P), and potassium (K) that will be applied so that any supplemental chemical
fertilizer necessary to meet crop fertility requirements can be applied at planting. When
lime treated biosolids will be applied, provide the farmer with equivalent lime
information.
Application Timing, Method
If biosolids are surface applied to hay, pasture or rangeland it is important that they be
well stabilized. Liquid application of well-digested anaerobic biosolids may be more
acceptable to neighbors than surface application of lime-treated dewatered biosolids.
If biosolids are to be applied to hay or pasture, plan application so as to apply biosolids
right after fields have been cut or grazed to a recommended height of four to six inches.
Verify that the farmer can and will restricting grazing for 30 days after biosolids
application. If the farmer cannot rotate livestock pastures to comply with required waiting
periods, biosolids should not be applied to the field.
Finally, the applier should periodically contact the farmer and conduct site visits to
monitor crop growth and site conditions. The applier also should be available to
troubleshoot potential problems.
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8.6.4 Identify Buffer Zones and Restricted Areas
Before beginning biosolids application operations, positively identify all buffer zones and
areas where applications are restricted in the field. Develop a method to notify the applier
of these areas.
Flagging Fields
On small sites, or in areas with close neighbors, flags are used to delineate buffer areas.
Placing flags in the field will show equipment operators what areas of the field should
receive biosolids. When flagging fields, the following practices are recommended:
• Determine the exact location of off-site features (e.g. private wells) that must be
buffered.
• Do not guess.
• Verify unclear property line boundaries. If the boundary between contiguous
fields is a property line and there is no distinct natural or manmade boundary, the
boundary should be established using the current deed, tax map, or property
survey.
8.6.5 Managing Areas for Staging, Storage or Stockpiling
Discuss the vehicle route to be followed with the farmer. Many farmers will not permit
narrow-tired delivery trucks to cross fields because of soil compaction. Decide with the
farmer where loading and stockpile areas will be located.
Minimizing Field Impact
Heavy vehicle traffic in loading areas causes soil compaction. With dewatered biosolids
operations, loading areas also tend to have high levels of biosolids mixed into the soil or
left as a surface residue. These factors may prevent good crop growth in loading areas
and may leave bare spots in fields. To minimize impacts on a field, scrape off-loading
areas to remove excess amounts of biosolids. These areas also can be evened out through
back-dragging, chain drags, or discing. If soil compaction is a major concern, these areas
should be chisel-plowed or v-ripped. Discuss options with the farmer and make sure
measures taken comply with the Farm Conservation plan.
Selecting Loading, Stockpiling Areas
These steps should be followed when selecting areas for loading and stockpiling
biosolids:
• Ensure the area is designated for biosolids application
• Avoid low spots
• Choose areas with little or no slope
• Minimize the distance application vehicles must travel to spread material
• Ensure easy truck access
• Maintain required buffer or setback distances
Normally, biosolids are applied starting at one field border and proceeding to the other.
The off-loading site must be selected so that the unloading vehicles do not have to drive
through areas where biosolids have been applied. Conservation practices on a site, such
as contour plowing and strip cropping, can make biosolids application challenging due to
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difficulties in maneuvering equipment. Such practices may eliminate a field from
consideration. Also note the location of conservation structures such as earthen diversions
and grass waterways. Be careful that trucks and other heavy equipment do not damage
these structures.
8.6.6 Site Application Equipment
Land application equipment should be designed and maintained to ensure that biosolids
are applied evenly across the field at the proper application rate. Application equipment
(box spreaders or liquid applicators) should be calibrated regularly. It is important to
apply biosolids at the proper rate, as exceeding applications limits can become a serious
compliance issue.
Liquid Application Options
Liquid soil injection units have a series of hoses running from a tank to a tool bar
equipped with a series of injectors. The injectors are vertical knife-like blades,
resembling a chisel plow, which slice through the soil and inject a band of liquid up to 10
inches below the soil surface. On cropland, chisel plows or disc harrows pulled behind a
tractor also are used to incorporate the biosolids into the soil and to provide a more
uniform application. Injecting liquid biosolids reduces ammonia volatilization and
decreases odor potential by minimizing biosolids exposure to the atmosphere. Liquid
handling equipment may operate by gravity or pumps. Gravity fed systems not requiring
mechanical pumps are less expensive, and are suitable for biosolids with low solids
contents. Gravity systems work best for surface applications that exhibit less resistance to
flow of materials. Using pressurized or vacuum pumps to apply thickened liquid
biosolids reduces application time and provides a uniform application.
Spray Irrigation
Spray irrigation on land application sites may be used for biosolids with a very low solids
content. Standard irrigation equipment may be used with pipe sizes and pump pressure
adjusted for the solids content of the biosolids. Spray guns or drop hoses may also be
used; drop nozzles are less likely to produce nuisance odors since they do not disperse a
fine mist into the air.
Spray, Drop-Hose Applications
Liquid biosolids also may be applied on the soil surface using spray or drop-hose
pastures, fields managed using no-till or conservation tillage, or for top dressing growing
crops such as small grains).
If incorporation is desired following surface application, biosolids may be worked into
the soil with standard agricultural chisel plows or agricultural discs. Surface application
works well on very coarse, gravelly or stony soils that might damage injection equipment
or when high clay content makes the soils difficult to chisel plow. It also provides more
uniform application than the banding effect from injectors. The wider application pattern
from surface application also reduces the number of equipment passes required to cover a
field.
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Cake Application
Delivery trailers offload dewatered biosolids into piles across a field or in a centrally
located area. Front-end loaders are used to transfer the material to applicator vehicles.
Dewatered biosolids can be applied using standard side or rear discharge manure
spreaders (pulled by tractors) or self-propelled hopper-style spreaders.
After biosolids are spread, discing or chisel plowing may be used to work them into the
soil. Where soil incorporation is inappropriate, such as pastures, dragging a chain harrow
across the field helps break up biosolids clumps for more uniform distribution.
8.6.7 Equipment Calibration
To meet regulatory requirements and the needs of farmers in a land application program,
appliers must calibrate equipment properly to insure uniform application at agronomic
rates. Calibration may be accomplished by spreading a known amount of biosolids at a
given speed, and measuring the area covered.
Calculating Application Rate
To calculate the application rate (AR):
AR = Amount Applied / { (L x W)/43,560 }
Where:
AR = amount applied (gal, wet tons, cubic yards) per acre at a given vehicle speed
L = length in feet
W = width in feet
43,560 = square feet per acre conversion factor
By repeating this calculation at several speeds, the speed needed to apply a specific
source of biosolids at the allowed application rate can be determined. Changes in solids
content will change the amount of total material needed per acre to achieve the selected
application rate, and may necessitate recalibration. When operating at specific gear
settings and ground speeds, application rates should be determined for each gear settings.
Check Field Conditions
Just prior to biosolids application, check the condition of the fields for wetness and
adequate access. Scheduled applications may have to be postponed due to weather or
saturated soils. Wet soils are more subject to compaction and rutting and can bog down
equipment. Make sure the farmer agrees that conditions are acceptable for land
application.
Liquid Application
Liquid application should not exceed the soil’s ability to absorb the liquid (hydraulic
loading rate), which could result in surface runoff or ponding of the material. Depending
on the rate at which the soils on a site are able to absorb liquids and the slope, operators
may opt to limit the volume of liquid biosolids applied in a given period of time. This
practice need not affect the total amount of biosolids (dry tons) that can be applied per
acre, but it may affect how many application passes must be made before the full rate is
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applied.
8.6.8 Recording Field Applications
Once application of biosolids is completed, the applier is responsible for gathering and
summarizing the application information. It is important to carefully record application
information during operations. Make certain that the applier has a system in place to
record the application information accurately. The applier should have a site or field map
and a form to record each load.
Data to Record
Biosolids application information may be recorded on a daily basis or a field basis. Most
state biosolids programs have preferred methods for recording this information. Follow
the suggested method for your state. It is important to record:
• Number of loads hauled
• Number of gallons or wet tons per load
• Average percent solids
• Number of acres in the application area
• Field and weather conditions
Report to Farmer
When biosolids applications are completed on a field, give the farmer a report that shows
the total amount of biosolids, nutrients, and trace metals applied to each field. This report
is designed to give farmers a record of what was done to each field and help them
determine supplemental fertilizer needs.
A follow-up meeting with the farmer is advisable to review all crop and grazing
restrictions and make sure that the farmer knows his obligations. This is also an ideal
opportunity to inquire about any further follow-up work needed at the farm, and
determine satisfaction with the biosolids application operation.
8.6.9 Scheduling Applications
Land application operations require that the
available land be managed to account for
seasonal variations in amounts of biosolids removed
from a given facility. Daily production amounts
may be only partly related to the equipment
required for managing those quantities of biosolids.
Weather and soil conditions in the field, stored
biosolids that must be removed and applied at
certain periods of the year, and availability of fields
based on cropping practices will all play a role in
determining equipment needs.
Variable Quantities
An example of the variability in quantities for a liquid land application program is
contained in Table 8.2, which shows the monthly distribution for the Madison, Wisconsin
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Program.
Table 8.2: Monthly Biosolids Distribution for Agricultural Program, Madison,
Wisconsin
Month
January
February
March
April
May
June
July
August
September
October
November
December

% of Annual
0
0
0
10.2
19.7
5.2
5.9
14.1
17.2
18.6
9.1
0

Gallons/day
0
0
0
147,600
285,000
75,000
85,000
205,000
250,000
270,000
132,000
0

Table 8.2 illustrates the seasonality (in most parts of the country) of land application
operations. In the case shown, winter weather conditions and agricultural planting
schedules limit or prohibit field operations during several months of the year. These
considerations are critical to providing adequate equipment capability.
Liquid operations that employ subsurface injection (as is done exclusively for the
Madison project) are even more field-limited than surface application of liquid or
dewatered cake biosolids.
Managing the Land Base
A flexible approach to managing the permitted land base can maximize the land
application days each year. The following suggestions may be useful in managing the
land base:
• Use fields on a rotating basis: Maximize biosolids applications to the field by
waiting one to three years between applications. Annual biosolids applications
reduce agronomic application rates when residual nitrogen from the previous
year’s applications is accounted for.
• Avoid buildup of excess soil phosphorus: Phosphorus (and, in some cases, lime)
can build up in the soil from repeated biosolids applications. Concerns regarding
excess phosphorus application may be reduced if the land base is managed
appropriately.
• Apply biosolids at agronomic (crop nitrogen need) application rate: Lower
biosolids application will increase the recycling costs, and lower the economic
benefit for farmers. The net effect is fewer nutrients and organic matter are
provided with low application rates.
• Include a variety of types of farms in the land base: Farms with different crops,
soils, locations, transportation routes, or local government units add flexibility to
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the program. For example, soil types at farms in one area may allow applications
in wet weather, and in another area the farmers may grow crops that allow
summer access. Having both types included in the land base provides needed
flexibility.
8.6.10 Housekeeping - Good Neighbor Policies
Control of potential for nuisance conditions should be an
integral part of all phases of biosolids management practices.
For example, greater processing (e.g., digestion, lime addition)
to reduce vector attraction during treatment also can serve to
prevent odors from developing during handling, transport and
application of the biosolids in the field. This subject is
discussed in greater detail in the Odor Control in Land
Application Programs Chapters.
Applying common sense procedures to prevent nuisance conditions during transport and
handling of biosolids is one of the most important aspects of successful projects. It is in
this area of biosolids management, perhaps more than any other, that the "good neighbor
policy" is essential to success.
Review Housekeeping Issues
Field operational practices to address housekeeping issues include:
• Spill prevention and cleanup
• Daily (or more frequent, if needed) equipment cleaning
• Prompt incorporation of biosolids into the soil where appropriate
• Avoiding application near dwellings during weather conditions when odors are
more likely to occur
• Avoiding field conditions that might lead to biosolids' ponding
• Avoiding tracking of mud/biosolids onto roadways
• Selecting off-loading areas that are as inconspicuous as possible
• Limiting field stockpiling whenever possible
Good housekeeping at the farm maintains a positive impression with the farmer and the
surrounding community. The operator should properly cover trucks, repair leaks (e. g.,
tailgate seals), and clean tires and mudflaps. Recognize that even if subcontractors are
used to transport biosolids, the generator's program is at risk if housekeeping is ignored.
During operations and equipment transport to new fields/sites, keep roadways clean of
biosolids and mud. Truck drivers should not drive through biosolids. Clean vehicles
before leaving the field to prevent dragging or spilling biosolids on the roadways.
Procedures at Application Site
At the end of each day and after completing application to a field, some or all of the
following may be necessary:
• Remove any signs at the entrance
• Pick up trash
• Back-drag and/or till off-loading areas
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•
•
•
•
•

Till compacted areas (truck routes, staging areas)
Secure fence openings/gates
Repair any damaged property as agreed upon with the farmer (e.g., fences, gates,
mailboxes, cattle guards, culverts, farm roads, rutted areas)
Clean up any materials tracked onto roadways during field operations and during
equipment moves with absorbents, brooms and shovels or broom tractors
Chain drag/harrow pasture and hay fields where necessary

8.6.11 Site Restrictions and Public Access
Part 503.32 (b) (5) contains specific site restrictions that apply to the application of Class
B biosolids. The site restrictions are summarized below:
• Food crops with harvested parts above ground but touching the biosolids/soil
mixture shall not be harvested for 14 months after application.
• Food crops with harvested parts below the surface shall not be harvested for 20
months after application when the biosolids remains on the surface for 4 months
or longer prior to incorporation into the soil.
• Food crops with harvested parts below the surface shall not be harvested for 38
months after application when the biosolids remains on the surface for less than 4
months prior to incorporation into the soil.
• Food/feed/fiber crops shall not be harvested for 30 days after application.
• Domestic animals shall not be grazed on land for 30 days after application.
• Public access to land with a high potential for public exposure shall be restricted
for one year after application of biosolids.
• Public access to land with a low potential for public exposure shall be restricted
for 30 days of biosolids.
• Turf grown where biosolids are applied may not be harvested for 1 year after
application when the harvested turf is placed on land with a high potential for
public exposure or a lawn, unless otherwise specified by the permitting authority.
These restrictions were designed to ensure sufficient reduction in the number of viable
helminth ova, one of the hardiest of pathogens. The soil environment serves as the
medium for further reduction of pathogens, beyond normal treatment processes. Refer to
(Environmental Considerations) Chapter 14 of this Manual, for an explanation of the fate
of pathogens in the soil once the biosolids have been land applied.
According to the site restrictions in the Part 503 Rule, public access must be restricted for
sites with both low and high potential for public exposure following the application of
Class B biosolids, as set forth above. The manner in which access is restricted will vary
based on the size of the site and location relative to neighbors. Large rangeland parcels
may require no signage. Small farm sites with nearby neighbors may require posting to
restrict public access.
Applier Responsibilities
The Part 503 Rule defines the applier as the individual or party who land applies
biosolids. This may include farmers, municipalities, and private enterprises that land
apply or their contractors. The applier of Class B biosolids is responsible for making
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certain that land application activities are in full compliance with the site restrictions. In
fact, the Part 503 Rule requires the applier to describe how each site meets the site
restrictions, and certify that they are being met. This requirement is part of the Part 503
reporting requirements.
It is very important that appliers of biosolids discuss the site requirements with the
farmers. If a participating farm has animals, the farmer will be required to meet the 30day
grazing restriction. Appliers should verify that all farmers in the program understand and
are willing to adhere to required site restrictions.
8.7 Monitoring
Monitoring, record keeping, and reporting are essential components of a successful biosolids
management program. Biosolids preparers and appliers are responsible for compliance with state
and federal regulations. Demonstrating that the biosolids meet the processing and quality
standards and that the land application program is being managed properly can be shown through
adequate monitoring, record keeping and reporting efforts.
A sound approach to sampling and monitoring is essential when demonstrating to regulatory
agencies and the public a good compliance record. Preparers must show compliance with
biosolids quality standards. Appliers must show compliance with certain management practices
at the land application site.
8.7.1 Monitoring Frequency
The minimum frequency of monitoring biosolids quality can be found in Part 503.16(a).
Monitoring frequencies range from once per month to once per year, based on the amount
of biosolids used or disposed.
Additional Monitoring Condition - Non-Compliance
Some states have additional monitoring requirements for biosolids preparers. In certain
situations, additional monitoring may be warranted. Examples are:
• Biosolids quality that changes and is not consistent over time
• One or more biosolids pollutants that are close to the Part 503 Rule Ceiling Limit
• Variable quality of the treatment plant influent
• Significant wastewater contribution from industries
Any biosolids that do not meet quality standards are not in compliance with the
regulations and may not be applied to a site. Non-compliance could result in enforcement
action. Most states have site specific monitoring requirements for soil fertility and
chemistry. Because these monitoring requirements vary by state, it is important to
institute monitoring programs that conform to federal, state and local regulatory
requirements. Be sure to check these agencies for specific information regarding
monitoring requirements and frequency of monitoring.
8.7.2 Measuring Biosolids Characteristics
Preparers must be able to show that biosolids meet the quality requirements of the federal
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and state regulations. Sampling biosolids for nutrient content is also necessary so that the
applier and farmer know how to apply the biosolids to best meet their needs. Minimum
biosolids monitoring should include the following parameters.
• Pollutants
• Microbiological testing
• Vector Attraction Reduction
• Nutrients
• Solids content
• pH
Monitoring biosolids for other parameters, such as PCBs, may be required by the state.
Contact the state regulatory agency for specific information on monitoring for other
parameters.
8.7.3 Sample Collection
The aim of collecting biosolids and soil samples is to obtain a representative sample and
to preserve the sample in a way that insures its quality and integrity. Selecting a qualified
analytical laboratory is just as important as collecting a representative sample. The
laboratory selected should be experienced in conducting routine analyses of biosolids
products and soils. Reference (6), Chapter 9 - Sampling Procedures and Analytical
Methods, provides suggestions relative to selecting a laboratory.
Biosolids Sampling Plan
The validity of analytical results reflects the care given to the
various components of sampling and monitoring. A sampling
plan is a useful tool in assuring the quality and consistency of
the results. At a minimum, a sampling plan should provide the
following information.
• Where to collect representative samples
• Appropriate sample types (grab or composite) and
sample volumes
• Appropriate containers and equipment to use
• Sample preservation during transit to the laboratory
• Chain of custody procedures
• Validation of laboratory analyses with QA/QC
• Analytical methods
• Procedure to review the data promptly
• Procedures followed when results are outside regulatory requirements
A sampling plan should be a written document that all employees can access when
conducting monitoring. Creating standard forms and procedures can enhance the
usefulness of the plan. The sampling plan should be unique to a facility, and be prepared
in accordance with the size, treatment processes, and type of biosolids produced at the
facility.
Representative sampling is a critical component of sampling and monitoring. Instances of
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questionable data in sampling and monitoring programs are often the result of sampling
errors. Establishing biosolids product quality is the end result of a good sampling and
monitoring program.
Sample Types
There are two types of samples: grab and composite. A grab sample represents biosolids
quality at a specific time and location within a monitoring event. A sampling event is the
timeframe in which a series of samples are collected to meet the Part 503 Rule
monitoring requirements. A composite sample consists of individual sub-samples that are
mixed together to form one sample. Analytical results from a composite sample represent
the quality of biosolids over time.
Grab samples are preferred for microbiological testing and measuring parameters relating
to vector attraction reduction. For these types of samples, strict constraints are placed on
the time between sample collection and its arrival at the laboratory. Composite samples
are appropriate for the analysis of pollutant concentrations. Design a program for taking
subsamples for pollutants that represents a particular period of production. For smaller
facilities, samples could be collected over a one-day period. For larger facilities with
monthly sampling requirements, collect and store sub-samples over the period of a month
before combining into one sample for analysis.
Sample Location, Handling, and Documentation
The sampling location selected should reflect the following objectives:
• Most samples should be collected from processed biosolids that are ready for use,
• The sample should represent the entire unit of material, and
• The sample should be taken when the material is in motion.
Each time samples are collected for any one parameter, they should be taken from the
same location, based on the above objectives. For example, a sample collected from a
stockpile for pollutant analysis should be a composite of subsamples. The stockpile
should be divided into a grid with cores (subsamples) taken at varying depths in each
grid. With each monitoring event, the samples should be collected in the same manner.
Once samples are collected, they must be prepared for transit to the laboratory. Be sure to
check ahead of time with the laboratory that will be conducting the analysis to find out
what size sample is needed, and the type of container required for various analyses.
Regardless of whether the sample is going to the facility laboratory or an outside
laboratory, sample handling is the same. Handling requirements include proper:
• Preservation
• Packaging
• Sealing and labeling
• Shipping
• Holding times
A chain-of-custody form must accompany every sample to establish possession from the
time the sample is collected until it arrives at the laboratory. The information needed for a
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chain-of-custody record is summarized in Chapter 9 of Reference (USEPA 1999). It is
recommended to “record sufficient information so that the sampling situation can be
reconstructed without reliance on the collector’s memory”.
Additional information about sample collection, preservation and analytical procedures
may be found in Standard Methods Publication of the American Public Health
Association. (APHA/WEF 1998)
Soil Sampling and Analysis
Soil sampling and monitoring for fertility is
part of normal farming practices. Soil pH
and fertility information is important for
farmers to know, to obtain optimum growth
of their crops. These are good reasons to
sample soils periodically and provide the
results to the farmer. The Part 503 Rule does not require soil sampling prior to or during
land application. However, many states do require collecting and analyzing soil samples
(particularly to establish agronomic application rates) prior to the first application to a
site, and/or at some time after biosolids applications. Because soil sampling and
monitoring may be required, knowing how to collect and prepare soil samples for
analysis is important, and this information is generally available from the state Land
Grant University.
Good soil sampling techniques provide reasonable soil test information. Follow the
general guidelines below when collecting soil samples:
• Collect a minimum of one composite sample per 20 acres
• Stay away from old fence lines, terraces, dead furrows, and roadways
• Break up clods in soil for proper mixing
• Do not sample near manure piles, animal dropping, or biosolids
• Avoid heavily eroded areas or depressions
• Try to collect the sample before the application of manure or biosolids
• Obtain a core sample the depth of the plow layer and avoid getting the soil surface
only
• Use sampling equipment that will not contaminate the soil sample
Most state Land Grant Universities perform soils analyses for a fee. Follow the
instructions provided by the testing laboratory to make sure you are preparing the soil
samples correctly for shipment. Soils can be analyzed for fertility (phosphorus,
potassium, calcium, magnesium, and other micronutrients), and chemistry (regulated
metals, pH, PCBs). Check state requirements for specific soil sampling and analysis
requirements.
More complete information on agricultural soil analysis, including metals, micronutrients
and quality assurance plans can be found in the Soil Analysis Handbook of Reference
Methods (Soil and Plant Analysis Council 1999).
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8.8 Record Keeping and Reporting
Keeping records establishes compliance with biosolids regulations. Data on biosolids quality is
necessary to show that the biosolids meet pollutant limits and pathogen and vector attraction
reduction requirements. In addition, keeping records on land application activities shows that the
land application sites are being managed in accordance with the regulations. A simple
computerized system may help with record keeping and reporting, and is recommended even for
relatively small land application programs.
Part 503 Rule Record Keeping Requirements
Federal record keeping requirements can be found in EPA Part 503.27 and are based on the
biosolids pollutant, pathogen, and vector attraction reduction levels achieved. Certification
statements are specified in the Part 503 Rule, as are retention requirements for records. Land
application records must also be kept in accordance with the Part 503 Rule requirements. Most
states have additional record keeping requirements such as tracking cumulative pollutant loading
rates, and/or keeping daily biosolids application information. Site maps and collecting periodic
soils information may also be required by some states.
Part 503 Rule Reporting Requirements
Reporting requirements for land application of biosolids can be found in 503.18. Facilities that
have a design flow rate greater than 1 million gallons per day or that serve at least 10,000 people,
must submit an annual report (Discharge Monitoring Report - DMR) to EPA. The preparer is
responsible for completing and submitting the EPA annual report. Many states also require
separate reports to be prepared and submitted annually.
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