
Module 5:

Animals, Animal Byproducts, 

Biosolids and Site Selection
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• General considerations

• Good Agricultural Practices (GAPs)
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– Manure and compost

– Other animal byproducts

– Biosolids

– Site selection

• Case study

• Summary and evaluations
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Goals

Participants will increase their knowledge of:

• Why GAPs are important

• GAPs related to domestic and wild animals

• GAPs for use of animal byproducts and 
biosolids

• GAPs for site selection
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Possible Sources of E. coli

O157:H7 in 2006 Spinach Outbreak

• Feces from wild pigs in field

• Irrigation water (ground water) 
recharged by river, which was 
contaminated by feces from cows 
and/or pigs
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How Might This Have Been 

Prevented?
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Why Should I Care?

• Public health

• Loss of sales (self and others)

• Lawsuits

• Pass buyer-mandated audits

• Avoid required audits
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Pathogens

• Organisms that cause disease

• Often carried in feces
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The “Guide” Says…

“Fresh produce can become microbiologically 

contaminated at any point along the farm-to-

table food chain. The major source of 

microbial contamination with fresh produce is 

associated with human or animal feces.”

Basic Principle 3, from “Guide to Minimize Microbial Food Safety 

Hazards for Fresh Fruits and Vegetables”



Pathogens

• Spread onto surface of plants from 

amendment or amended soil (possibly 

to inside of fruit)

• Uptake by roots
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Unless noted, photos courtesy of USDA ARS Image Gallery

Human disease 

causing organisms
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Crop Characteristics

• How much contact is there between the 

edible part and potential contaminant?

• Is the crop generally cooked before 

consumption?
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Livestock

• Prevent livestock, manure and 

contaminated runoff from coming in 

contact with produce or irrigation water.

• A number of variables affect needed 

distance between animals and crop or 

water source.
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Livestock

• USDA and Primus ranch audits ask 
questions regarding the proximity of 
domestic animals to fields. 

• Leafy Greens Marketing Agreement 
checklists ask whether crops are 30’ 
from grazing lands and domestic 
animals, 400’ from CAFOs.



Livestock

CAFOs are non-vegetated areas that have at 

least a minimum number of animals (e.g., 200 

mature dairy cows; 300 heifers, steers or 

bulls; 750 swine of greater than 55 pounds; 

150 horses; 9,000 chickens [when a liquid 

manure-handling system is used]), or have 

been identified as “…a significant contributor 

of pollutants to waters of the United States.” 

(40CFR122.23)
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Pets

• Keep pets out of field during growing 

season, using barriers as necessary.

• Animals can bring not only their waste 

but can carry pathogens from the waste 

of other animals. 
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Wild Animals

• Watch out for evidence of large 

populations of wild animals.

• Fencing, scare tactics, depredation 

and/or modification of the surrounding 

environment are potential management 

measures. 
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Domestic and Wild Animals

• USDA audit 
– “Measures are taken to restrict access of livestock 

to the source or delivery system of crop irrigation 
water” and “…to reduce the opportunity for wild 
and/or domestic animals to enter crop production 
areas.”  

– “Crop production areas are monitored for the 
presence or signs of wild or domestic animals 
entering the land.”



Domestic and Wild Animals

• Primus: policy prohibiting animals in 

areas of production or 

packaging/equipment storage

• LGMA: evidence of animals of 

significant risk
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Manure

• Valuable source of nutrients but 

potential source of pathogens

• Take measures to reduce risk of using
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The “Guide” Says…

“Practices using animal manure or municipal 

biosolid wastes should be managed closely to 

minimize the potential for microbial 

contamination of fresh produce.”

Basic Principle 5, Guide to Minimize Microbial Food Safety 

Hazards for Fresh Fruits and Vegetables



Raw Manure

• Apply early, keeping nutrient concerns in 

mind.

• Don’t apply manure or manure-containing 

litter while eaten part is present.

• Cornell GAPs suggest applying and 

incorporating manure at least 120 days 

before harvest. 

32



Raw Manure

• Pathogen survival dependent on

– Type of pathogen

– Rainfall

– Soil moisture

– Temperature

– Soil type

– Whether or not it is incorporated

Franz et al., 2005; Guan and Holley, 2003; Ingham et al, 2005; Natvig et al., 

2002; Oliver et al., 2006; Saini et al., 2003; Scott et al., 2006



Raw Manure

• Incorporation may lead to longer pathogen 
survival. (Oliver et al., 2006; Saini et al., 2003)

• Avoid runoff if manure is left on surface for a 
time.

• Incorporation may reduce chance of 
contamination by soil splash and reduce 
chance of runoff into water sources.

• Mulches reduce soil splash.
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Raw Manure

• A DENR permit is required for manure 

disposal if owners have at least:

– 75 horses

– or 100 dairy cows

– or 250 hogs

– or 1,000 sheep

– or 30,000 broilers or layers (liquid waste systems)
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Raw Manure

• N.C. DENR manure permits specify how 

early manure must be applied:

– Before growing season (annual crops)

– While dormant (fruit trees)

– At least 30 days before harvest (produce to 

be processed).
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Raw Manure

• USDA National Organic Program 

regulations specify how early manure 

must be incorporated:
– 120 days before harvest for crops if the consumed 

part comes into contact with soil particles

– 90 days before harvest if the consumed part does 

not come into contact with soil particles.
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Raw Manure

• USDA audit asks: “…incorporated at 

least 2 weeks prior to planting [and] 120 

days prior to harvest”?

• LGMA checklist asks: “applied in last 1

year”?



Raw Manure

• Primus checklist:

 Is raw manure incorporated before planting 

or bud burst and at least 120 days before 

harvest, if use allowed by law?

 Is there documentation of when raw 

manure was applied and contents of 

manure?



Raw Manure

• Avoid contaminating irrigation water, 

crops, finished compost or other 

materials with raw manure.
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Manure Treatment Methods

• Aging (passive)

• Composting (active)

• Other active treatments  

– Pasteurization

– Heat drying

– Aerobic and anaerobic digestion

– Alkali stabilization
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Composted Manure

Composting guidelines often based on 

federal biosolids law (40CFR503):

• At or above 131°F for at least three (within-

vessel or static aerated pile) or 15 

(windrow) days

• Turned at least five times (windrow only)
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Composted Manure

North Carolina law requires commercial 

compost facilities that handle manure to 

meet the criteria on the previous slide.



Composted Manure

• USDA audit:

– Is composted manure “properly treated, 

composted, or exposed to environmental 

conditions that would lower the expected 

level of expected pathogens”? 

– Are “[a]nalysis reports…available”?



Composted Manure

• Primus checklist:

– Incorporation before planting/bud break

– Applied at least 45 days before harvest

– Documentation of when used



Composted Manure

• Primus checklist (cont.):

– Certificate(s) of Analysis showing
– Results of heavy metals test(s) 

– Less than 1000 MPN/gram fecal coliform

– Salmonella under detection limit

– E. coli O157:H7 under detection limit

– Documentation that compost producer has 
quality-control procedures.



Composted Manure

• LGMA checklist:

– Records documenting one of following:
– Enclosed or within-vessel composting

– At least 131°F for three days

– Windrow composting

– Aerobic conditions and at least 131°F for 15 days

– Turned at least five times

– Aerated static pile composting

– 6 to 12 in. of “insulating materials” 

– At least 131°F for three days



Composted Manure

• LGMA checklist (cont’d):

– Application 45 days before harvest

– Lots tested and found to be in compliance
– Less than 1000 MPN/gram fecal coliform

– No E. coli 0157:H7 detected

– No Salmonella detected



Composted Manure

• Once compost is finished, protect it from 

contamination.

• USDA: “Composted manure and/or 

treated biosolids are properly stored 

and are protected to minimize 

recontamination.”
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Composted Manure

• If compost isn’t produced in a 

satisfactory way, precautions similar to 

those for raw manure can be used.

• Concern about compost is related to 

animal materials.
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Manure Slurry

• Faster decline in E. coli and Salmonella 
numbers in slurry than solid manure at 
temps between approximately 70° and 
100°F. (Guan and Holley, 2003; Oliver et al., 2006)

• Cornell:  Store 60 days before 
application in summer (90 in winter).

• Same N.C. permit requirements as 
manure.
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Manure and Compost Teas

• No manure teas

• Compost tea safety dependent on 

compost used and protection from 

contamination

• Heat treatment possible
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Other Animal Byproducts

• E.g., bloodmeal, bonemeal, 

feathermeal, fish emulsion

• Little information

• Process check

• Watch for contamination with manure

54



Topics

• Goals

• Why should I care?

• General considerations

• GAPs
– Animals

– Manure and compost

– Other animal byproducts 

– Biosolids

– Site selection

• Case study

• Summary

55



Biosolids

• Use of “sewage sludge generated 

during the treatment of domestic 

sewage in a treatment works” is

regulated by federal law (40CFR503). 
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Biosolids

• Regulated under NC law (15A NCAC 
02T), too, as “residuals”

• “…solid, semisolid, or liquid 
waste…generated from a wastewater 
treatment facility, water supply 
treatment facility or air pollution control 
facility permitted under the authority of 
the Commission”



Biosolids

• Class A

– Can be sold directly to public

• Class B

– Applied by producer, under permit that 

states how long before harvest it must be 

applied 
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Biosolid Concerns

• Pharmaceuticals are sometimes 

present.

• There is little information about uptake 

by plants, but it has been shown in 

manure-amended soil.
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Biosolid Concerns

• Allowed heavy metal concentrations are

regulated by law.

• Levels of heavy metals are typically low 

in domestic biosolids.
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Biosolids

• USDA audit asks:  

– Is composted manure “properly treated, 

composted, or exposed to environmental 

conditions that would lower the expected 

level of expected pathogen”? 

– Are “[a]nalysis reports…available”?



Biosolids

• Primus checklist asks:
– "Are biosolids incorporated...prior to planting or 

bud burst...?" 

– Is there documentation of what was used, when 
and where?

– "Is there a Certificate(s) of Analysis...certifying 
compliance with prevailing national/local 
standards and guidelines?"



Biosolids

• LGMA checklist:

– Biosolids not allowed under LGMA (within 
one year)

• National Organic Program:

– Not allowed
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Site Selection

• Has the site been exposed to activities 

or conditions in the past that might have 

resulted in contamination?

• Is adjacent land being used for 

purposes that might result in 

contamination of crop land? 
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Site Selection

• Land use history

– Livestock or manure

– Flooding

– Hazardous chemicals

• Current proximity to livestock 
operations, cull piles, refuse dumps and 
debris
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Farm layout

Site Selection

Slide modified from D. Sanders presentation
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Site Selection

• Farm diagram

• Feedlot drains 

into irrigation 

pond

Slide modified from D. Sanders presentation
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Site Selection

• Soil can be tested for fecal bacteria, 

heavy metals or chemical 

contamination.

• Fecal coliforms or E. coli are often used 

as indicators of contamination by 

manure or sewage.



Site Selection

• USDA, Primus and LGMA questions are 

related to site factors. 

• Primus ranch audit asks for results of 

soil tests when land was used for non-

agricultural purposes or has been 

flooded.
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Case Study – Muscadine Acres Farm

 grow a variety of vegetables and fruits and two broiler 

houses

 located in an area of the county where a lot of people 

have cattle 

 farm’s produce is sold from farmers markets, but the 

owners sell wholesale to one grocery store chain 

 compost from their chicken litter and use it to fertilize 

their vegetable fields. They use uncomposted litter in 

their orchard and vineyard. 

 Irrigation is through a drip system on vegetables and 

in the vineyard and overhead in the orchard.The 

water comes from ponds scattered over the farm.
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Summary

• GAPs are relevant to public health, farm 

and industry financials and audits.

• Pathogens often come from animal or 

human waste.

• Crops differ in their risk of transmitting 

pathogens. 
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Summary

• Keep animals and run-off from their 

waste away from crops and irrigation 

water.

• Applying manure earlier, aging and 

composting are ways to reduce risk.



Summary

• Take much caution if considering using 

manure or compost tea.

• Consider the manner used to process 

bone and bloodmeal. 



Summary

• Biosolid production and use are 

regulated by federal and state law.

• Pharmaceutical and heavy metal 

contamination are potential concerns.



Summary

• Consider what has happened on a 

considered site in the past and what is 

going on around the site.



Thank You!
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