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Composting Reduces Growers’ Concerns About Pathogens

Introduction

In the past few years, growers have become increasingly concerned about applying raw, uncomposted manure to their fields because of the potential for introducing human pathogens such as Escherichia coli (E. coli) bacteria.  Fortunately, growers may apply treated manure and other organic amendments (i.e., material that has been properly composted to reduce pathogen concentrations.)

Composting is an effective means for reducing pathogen concentrations in a variety of organic materials, including manure, yard trimmings, and biosolids (sewage sludge).  These materials, when “raw” or not composted, contain pathogens that may infect humans when they are first generated.  The pathogens of interest include bacteria, protozoa, viruses, fungi, and helminths (parasitic worms).  During the composting process, beneficial microbial populations build up while pathogen concentrations are considerably reduced.

Pathogens

The Nature of Pathogens

Pathogens are organisms that can cause disease within another host organism.  Host organisms may be microbes, plants, wildlife, livestock, pets, or humans.  Generally speaking, pathogens have evolved to grow and reproduce within a specific species such as palm trees or humans, although closely related species may exchange pathogens under some conditions.  The danger of infection is, therefore, greatest when source and host organisms are of the same species.

However, common pathogens such as E. coli and Giardia definitely are not species-specific, but they tend to infect mammals.  The degree to which a parasite is able to cross between species depends both on the parasite itself and on the biology of the hosts.  Pathogens are infective; that is, they must move from one host to another in order to thrive.  Many pathogens have evolved to move from host to host by taking advantage of animal digestive systems.  Such pathogens are described as enteric.  Enteric pathogens leave the body in association with wastes excreted from the digestive tract.  These pathogens typically enter hosts orally.  To do this they may adhere to food, soiled hands, or culinary supplies such as dishes and glassware.  Pathogens may also be inhaled or consumed in contaminated water or other liquids.

Sources of Pathogens

Raw manure.  Raw manure contains a number of pathogens that may infect humans.  Recently, application of raw manure to food crops has received attention due to incidents of infections in human populations by organisms such as Cryptosporidium parvum and Giardia duodenalis (species of protozoa), and Campylobacter, Salmonella, E. coli, and Yersinia (species of bacteria).  Consequently, many growers and produce processors have adopted policies that prevent the use of raw manure on food crops.
Yard Trimmings.  Yard trimmings, a common component of compost, may also contain some pathogens prior to composting.  This plant debris may be contaminated with dog or cat feces, which may contain a number of pathogens, including
E. coli, Giardia, and helminths.  Yard trimmings may also contain a variety of plant pathogens since they come from residential and commercial landscapes.

Biosolids.  Biosolids, or stabilized sewage sludge, often raise concerns because they contain human pathogens, including bacteria and viruses.  While the majority of these pathogens are destroyed during wastewater treatment processes, those that survive are mostly associated with wastewater solids.  They are, therefore, concentrated into what is known as separated sewage sludge (separated from water).  After the sewage sludge is separated from the water, it is stabilized though a process known as controlled digestion.

How Composting Reduces Pathogens

Composting can be an effective means of reducing pathogens to acceptable levels in organic soil amendments.  High temperatures associated with the composting process are responsible for killing pathogens.

The Composting Process

During composting, beneficial bacteria and fungi use organic feedstock as a source of energy.  They grow and reproduce quickly, releasing an enormous amount of heat that warms the compost pile.  Under thermophilic (hot) conditions of 135–165(F, biochemical processes accelerate and beneficial microbes quickly deplete the compost of needed oxygen.

For this reason, air must be supplied to an active compost pile by either forcing it in or by periodic turning to maintain air spaces sufficiently large to allow passive ventilation.  Operations relying on forced ventilation are called “in-vessel systems” if they are enclosed within a structure and “static pile systems” if they are exposed to the environment.  

The majority of compost operations rely on turning to maintain aeration.  Because of their long pile shape, these are referred to as “turned windrow systems.”  Sustained thermophilic conditions are sufficient to kill most potential human pathogens (as well as most plant pathogens and weed seeds).  The composting process is described in further detail in the fact sheet Compost Microbiology and the Soil Food Web listed at the end of this document.

Eventually, the compost microbes exhaust the supply of readily available energy in the feedstock.  Microbial growth slows and the pile eventually cools to just above ambient temperatures.  Supplemental air is no longer necessary, so the compost is allowed to sit undisturbed.  

Meanwhile, the microbes slowly consume any odiferous or phytotoxic (poisonous to plants) compounds generated as decomposition by-products and convert them to carbon dioxide and water.  This process, called “curing,” generally takes from six weeks to six months.  Once compost is properly cured, its organic portion is functionally equivalent to humus and it performs as a safe and useful soil amendment.  Curing provides additional time for pathogen destruction.

Composting, therefore, has a number of advantages over other pathogen reduction technologies.  First, composting piles are energy-efficient because they are self-heating: energy already within the feedstock materials is used to generate pathogen-killing heat.  Second, cured compost is a particularly stable soil amendment that improves soil agronomic properties.  Detailed information on assessing compost quality is available in the fact sheet Compost: Matching Performance Needs with Product Characteristics listed at the end of this document.
California regulations (Title 14, California Code of Regulations, Section 17868.3) require that commercial compost producers follow specific procedures to demonstrate adequate pathogen reduction (see Web site referenced at the end of this document).  These requirements are based on U.S. Environmental Protection Agency (U.S. EPA) regulations (40 CFR Part 503).  For an in-vessel or static pile system, compost must reach or exceed 131(F for a continuous three-day period.  

Turned windrow systems must be maintained at 131(F or higher for 15 days.  During this period, windrows must be turned at least five times.  Under these conditions, viable pathogens fall below detectable concentrations. (Current detectable limits are less than three Salmonella, less than one enteric virus, and less than one viable helminth ova in 4 dry grams compost.)  California regulations require compost producers to test finished compost for pathogens; fortunately, pathogen isolation tests continue to improve.  Acceptable levels are shown in Table 1.

Because the outside of a composting pile is cooler than its internal core, there is some concern that portions of a pile may not be heated to temperatures sufficient to inactivate pathogens.  Fortunately, compost is an extremely effective insulator, so thermophilic temperatures usually extend to near the edge of the composting material.  By mixing the composting material, turned windrow systems insure that all portions of the pile are exposed to interior conditions sufficient to kill pathogens.  In-vessel and static pile systems are often insulated to insure that exterior temperatures are sufficiently elevated.

Table 1.  Acceptable Levels of Pathogens in Finished Compost

	Pathogen
	Acceptable Level

	Fecal coliform (includes E. coli)
	Less than 1,000 Most Probable Number per gram of total solids (dry weight basis)

	Salmonella
	Less than 3 Most Probable Number per four grams of total solids (dry weight basis)


Source: Title 14, California Code of Regulations, Section 17868.3

A Few Pathogens of Concern

While most pathogens are significantly reduced during the composting process, a few may survive.  One of these, the fungus Aspergillus fumigatus, is a primary respiratory concern only for certain sensitive individuals exposed during the composting process (rather than an enteric pathogen that may contaminate food crops).  Aspergillus fumigatus can infect the lungs of humans when its spores are inhaled.  The resulting infection, called “aspergillosis,” is primarily a problem for immuno-compromised individuals, particularly people with low white blood cell counts.  Aspergillus fumigatus is not in any way unique to compost.  It is very common in the environment, occurring in soils, water, and decaying plant tissues.  Matter high in cellulose, such as hay straw, is particularly prone to containing this fungus.

Because Aspergillus fumigatus spreads by air through inhalation and because compost is not a unique source of this common pathogen, precautions against it are straightforward.  Significant amounts of dust from soil, decaying plant matter, or compost should not be inhaled, especially by immuno-compromised individuals.  Food is not considered to be a significant method for Aspergillosis infections.  The fungus, which normally grows on dead decaying matter rather than on healthy crops, does not affect crop quality.

A 1999 report prepared by the California Department of Health Services discusses the health risks associated with Aspergillus found at composting operations.  The report, “Bioaerosols and Green-Waste Composting in California,” is listed at the end of this document.

A few other microbes of pathogenic concern can grow in the environment, but generally not under thermophilic composting conditions.  These include certain Salmonella species, enteric coliform bacteria, and molds.  In cases where some pathogens such as Salmonella survive the composting process, the many beneficial microbes found in compost exclude opportunistic pathogens by occupying available ecological niches and by preying upon them.  In “Salmonella Elimination During Composting of Spent Pig Litter,” S. M. Tiquia et al. compared pig litter compost and potting media and found that the compost contained significantly less Salmonella.
In the past, some growers have applied uncomposted manure and well-digested biosolids to their land.  Few pathogens are able to reproduce outside of a suitable host; most will perish in an open environment due to unstable temperatures, an unreliable food supply, or difficulty withstanding solar radiation.  Other factors limiting pathogens include unfavorable moisture conditions and predation or other antagonistic activity by naturally occurring soil microbes and fauna.  Many pathogens can protect themselves from the environment for months to years, however, by encapsulating themselves within cysts or spores and entering a dormant life stage.  The resistant cover surrounding these structures provides protection from the environment until a host is encountered.  Even in spore form, however, their numbers will gradually decrease to approach background levels.

Table 2 summarizes the maximum and typical survival times of pathogens within soils and adhering to plant tissues.  Note that pathogens adhering to exposed plant parts are inactivated more quickly than those within soils.  For this reason, the danger of pathogen transmission from raw manure is considered to be greater from amended root crops, such as carrots, than from above-ground crops, such as broccoli.  Choosing compost instead of raw manure reduces concerns about pathogens for both root and above-ground crops.

Table 2.  Pathogen Survival Times on Plant Tissues and within the Soil

	Pathogen Type
	Pathogens within Soils
	Pathogens on Plants

	
	Maximum
Observed
	Usual
Maximum
	Maximum
Observed
	Usual
Maximum

	
	
	
	
	

	Bacteria
	1 year
	2 months
	6 months
	1 month

	Viruses
	1 year
	3 months
	2 months
	1 month

	Protozoan cysts
	10 days
	2 days
	5 days
	2 days

	Helminth ova
	7 years
	2 years
	5 months
	1 month


Source:  U.S. EPA, 1992

Conclusions

Composting is an effective means of reducing concentrations of pathogens in manure, yard trimmings, and biosolids.  High compost temperatures kill pathogens, and beneficial microbes in compost help prevent the natural re-colonization of the pile by pathogens.  Most people may use well-composted materials without taking special precautions against disease, but immuno-compromised individuals should avoid inhaling compost dust.
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Additional Resources

Compost Microbiology and the Soil Food Web, CIWMB Publication #442-00-013 available from the CIWMB at (916) 341-6300.

Compost:  Matching Performance Needs with Product Characteristics, CIWMB Publication 
#443-00-005.  Available from the CIWMB at (916) 341-6300.
Bioaerosols and Green-Waste Composting in California.  Available from the California Department of Health Services, Environmental Health Investigations Branch, Oakland, California, (510) 622-4500.

Integrated Waste Management Board’s compost regulations:  www.ciwmb.ca.gov/Organics/
Processors/
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