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Impact of FDA’s Proposed Application Intervals on

Organic Fertility and Crop Rotation Requirements

Background

In an effort to further inform the effects of the proposed application intervals would have on organic crop producers,
the Organic Trade Association (OTA) and the Washington State Department of Agriculture (WSDA) conducted a survey
of organic producers asking a number of questions related to the impact the FDA proposed produce safety rule would
have on their organic fertility and crop rotation practices. The survey was circulated to organic producers via email
and hardcopy (August 30 — October 4, 2014) and was limited to producers certified under the USDA organic
regulations, and therefore legally subject to the requirements outlined in 7 CFR 205.205 (Crop rotation practice
standard).

Rate of survey response

The NOP website lists approximately 8,100 producers certified for crop production in the United States. This was
considered the target population for the purposes of this survey, as organic crop producers are the group of farmers
who may be subject to both the crop rotation requirements under USDA organic regulations as well as the application
interval requirements outlined in FDA’s proposed produce safety rule. The survey received 310 responses, which
constitutes a response rate that provides a 95% confidence level with a confidence interval of 5.5%.

Survey conclusions

94% of organic producer responses indicate the use of compost or manure as a soil fertility input with organic
covered produce. The survey results indicate that FDA’s proposed waiting periods between application and harvest
for compost and untreated manure will restrict organic producers’ ability to rotate crops as part of preventive pest
and disease control and to comply with the established UDSA Organic Regulations at 7 CFR 205.203, 205.205, and
205.206 (Soil Fertility and Crop Nutrient Management Practice Standard & Crop rotation practice standard; Crop
Rotation Practice Standard; and Crop Pest, Weed, and Disease Management Practice Standard). Failure to implement
crop rotation as part of a preventative pest management program will force organic producers out of compliance with
current USDA Organic Regulations and prompt organic certifiers to pursue adverse action. Results also indicate that
the majority of producers using compost obtain their compost from commercial sources.



% Biological Soil Amendments

Organic Producer Survey Results

Does your operation grow any organic produce
commonly consumed raw?

HYes HNo




% Biological Soil Amendments

Organic Producer Survey Results

Does your operation use either untreated manure or
compost for soil fertility?

H No
B Compost
Untreated Manure

M Both
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Organic Producer Survey Results

If a nine (9) month waiting period was required after applying
untreated manure, how would this impact your operation’s ability
to rotate crops or introduce biological diversity?

® Prevent rotation or diversity

B Moderate effect on rotation or diversity

® No effect on rotation or diversity
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Organic Producer Survey Results

If a forty-five (45) day waiting period was required after applying
compost, how would this impact your operation’s ability to rotate
crops or introduce biological diversity?

¥ Prevent rotation or diversity
B Moderate effect on rotation or diversity

® No effect on rotation or diversity
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Organic Producer Survey Results

What are the sources of compost used on
organic farms?

M Purchased compost
@ On-farm compost

H Both




Biological Soil Amendments

Organic Producer Survey Results

310 responses received from 32 states
White: 0 | Green: 1-17 | Orange: 18-27 | Brown: 49+




APPENDIX B — OTA suggested revisions
Subpart F—Standards Directed to Biological Soil Amendments of Animal Origin and Human Waste

§ 112.51 What requirements apply for determining the status of a biological soil amendment of animal origin?

(a) A biological soil amendment of animal origin is treated if it has been processed to completion to adequately reduce
microorganisms of public health significance in accordance with the requirements of § 112.54, or, in the case of an agricultural tea, the
biological materials used to make the tea have been so processed and the water used to make the tea satisfies the requirements of
112.44(a).

(b) A biological soil amendment of animal origin is untreated if it:

(1) Has not been processed to completion in accordance with the requirements of § 112.54, or in the case of an agricultural tea,
the biological materials used to make the tea have not been so processed or the water used to make the tea does not satisfy the
requirements of 112.44(a);

(2) Has become contaminated after treatment;

(3) Has been recombined with an untreated biological soil amendment of animal origin;

(4) Is or contains a component that is untreated waste that you know or have reason to believe is contaminated with a hazard or
has been associated with foodborne illness; or

(5) Is an agricultural tea that contains an agricultural tea additive.

§ 112.52 How must I handle, convey, and store biological soil amendments of animal origin?

(a) You must handle, convey and store any biological soil amendment of animal origin in a manner and location such that it does
not become a potential source of contamination to covered produce, food-contact surfaces, areas used for a covered activity, water
sources, and water distribution systems.

(b) You must handle, convey and store any treated biological soil amendment of animal origin in a manner and location that
minimizes the risk of it becoming contaminated by an untreated or in-process biological soil amendment of animal origin.

(c) You must handle, convey, and store any biological soil amendment of animal origin that has become contaminated as if it was
untreated.

§ 112.53 What prohibitions apply regarding use of human waste?
You may not use human waste for growing covered produce, except sewage sludge biosolids used in accordance with the requirements of

40 CFR part 503, subpart D, or equivalent regulatory requirements.

§ 112.54 What treatment processes are acceptable for a biological soil amendment of animal origin that I apply in the growing of
covered produce?

§ 112.54 What treatment processes are acceptable for a biological soil amendment of animal origin that I apply in the growing of



covered produce?

Each of the following treatment processes are acceptable for a biological soil amendment of animal origin that you apply in the growing
of covered produce, provided that the resulting biological soil amendments are applied in accordance with the applicable requirements of
§ 112.56:

(a) A scientifically valid controlled physical process (for example, thermal), chemical process (for example, high alkaline pH), or
combination of scientifically valid controlled physical and chemical processes that has been demonstrated to satisfy the microbial
standard in § 112.55(a) for Listeria monocytogenes (L. monocytogenes), Salmonella species, and E. coli O157:H7;

(b) A scientifically valid controlled physical process, chemical process, or combination of scientifically valid controlled physical and
chemical processes, that has been demonstrated to satisfy the microbial standard in § 112.55(b) for Salmonella and fecal coliforms; or

(c) A composting process that has been demonstrated to satisfy the microbial standard in § 112.55(b) for Salmonella and fecal coliforms.
Scientifically valid controlled composting processes include:

(1) Aerated static composting that maintains aerebie-(i-e;—oxygenated)-conditions-at a minimum of 131 F (55 C) for 3 days and is
followed by adequate curing, which-ineladesproperinsulation, storage, and handling practices;

131 °F (55 °C) or hlgher for 15 days or longer and 1s followed by adequate curing, storage and handling practices. During the period

when the compost is maintained at 131 °F (55 °C) or higher, there shall be a minimum of five turnings of the windrow with a minimum
of 3 days between turnings. The 15 or more days at or above 131 °F (55 °C) do not have to be continuous; or

(3) Other scientifically valid, controlled composting processes, provided you satisty the requirements of § 112.12, including that the
alternative process has been demonstrated to satisfy the microbial standard in § 112.55(b).

(d) A scientifically validated composting process in accordance with the requirements of § 112.54(c) that has been demonstrated to
satisfy the microbial standard in § 112.55(a) for Listeria monocytogenes (L. monocytogenes), Salmonella species, and E. coli O157:H7.

§ 112.55 What microbial standards apply to the treatment processes in § 112.54?
The following microbial standards apply to the treatment processes in § 112.54 as set forth in that section. (a) For L. monocytogenes,
Salmonella species, and E. coli O157:H7, the relevant standards in the table in this paragraph or;

(a) For L. monocytogenes, Salmonella species, and E. coli O157:H7, the relevant standards in the table in this paragraph or;



For the microorganism—

The microbial standard is—

(1) L. 1MOROCYIOZONES ...ttt

(2) Salmonella SPECIES .........cevueeiiiiiiiiiieteee et

R WA K A & S

Not detected using a method that can detect one colony forming unit
(CFU) per 5 gram analytical portion.
Negative or less than detectible limit (<1/30 grams).

N 2 NAPN

Less-than three-most

Negative or less than detectible limit (<1/30 grams). Eess-than-0-3-MPN
: Itieal on.

(b) Less than three MPN Salmonella species per four grams of total solids (dry weight basis); and less than 1,000 MPN fecal coliforms

per gram of total solids (dry weight basis).

§ 112.56 What application requirements and minimum application intervals apply to biological soil amendments of animal

origin?

(a) Except as provided in paragraph (b) of this section, you must apply the biological soil amendments of animal origin specified in the
first column of the table in this paragraph in accordance with the application requirements specified in the second column of the table
in this paragraph and the minimum application intervals specified in the third column of the table in this paragraph.

If the biological soil amendment of animal origin is— Then the biological soil amendment of animal origin must be- And then the

apphed minimum
application
interval is—

(D)) Untreated .......ccceeeeiieeeiieeeiieeeee e e For covered produce whose edible portion has direct contact with 9-menths 120
the soil surface or soil particles, applied in a manner that does not days.
contact the harvestable or harvested part of the crop eevered-produce
during application and minimizes the potential for contact with
covered-produee after application.

(11) UNreated ......oooveeeeiieeiee e For covered produce whose harvestable portion does not have direct | 8-days 90 days.
contact with the soil surface or soil particles, applied in a manner
that-deesnot-contactcovered-produce-during- prevents potential
contact with the harvestable or harvested part of the crop during or
after application.




(2) Treated by a scientifically valid controlled physical or
chemical process, or combination of scientifically valid
controlled physical and chemical processes, in accordance
with the requirements of § 112.54(a) to meet the microbial
standard in § 112.55(a).

(3) Treated by a scientifically valid controlled physical or
chemical process, or combination of scientifically valid
controlled physical and chemical processes, in accordance
with the requirements of § 112.54(b) to meet the microbial
standard in § 112.55(b).

(4)(1) Treated by a composting process in accordance with
the requirements of § 112.54(c) to meet the microbial
standard in § 112.55(b).

(i1) Treated by a composting process in accordance with the
requirements of § 112.54(c) to meet the microbial standards
in § 112.55(b).

(1i1) Treated by a scientifically validated composting
process in accordance with the requirements of § 112.54(c)
to meet the microbial standard in § 112.55(a)

In any manner (i.e., no restrictions)

In a manner that minimizes the potential for contact with-eovered
preduee with the harvestable or harvested part of the crop during
and after application.

For covered produce whose edible portion has direct contact with
the soil surface or soil particles, applied in a manner that minimizes

the potential for contact with-eovered-produee with the harvestable
or harvested part of the crop during and after application.

For covered produce whose edible portion does not have direct
contact with the soil surface or soil particles, applied in a manner
that prevents contact dees-noet-contact-covered-produee with the
harvestable or harvested part of the crop during and after
application.

Applied in a manner that minimizes the potential for contact with
the harvestable or harvested part of the crop during or after
application.

0 days.

0 days.

45 days.

0 days.

0 days.

(b) You may establish and use alternatives to the minimum application intervals established in paragraphs (a)(1)(i) and (a)(4)(i1) of

this section, provided you satisfy the requirements of § 112.12.

§ 112.60 Under this subpart, what requirements apply regarding records?
(a) You must establish and keep records required under this subpart F in accordance with the requirements of subpart O of this part.

(b) For any biological soil amendment of animal origin you use, you must establish and keep the following records:




(1) Documentation of the date of application of any untreated biological soil amendment of animal origin (including raw manure) or any
biological soil amendment of animal origin treated by composting to a growing area and the date of harvest of covered produce from that
growing area, except when covered produce does not contact the soil after application of the soil amendment;

(2) For a treated biological soil amendment of animal origin you receive from a third party, documentation (such as a Certificate of
Conformance) that:

(1) The process used to treat the biological soil amendment of animal origin is a scientifically valid process that has been carried
out with appropriate process monitoring;

(11) The applicable treatment process is pertodieally routinely verified through testing using a scientifically valid analytical
method on an adequately representative sample to demonstrate that the process satisfies the applicable microbial standard in §
112.55, including the results of such periodic testing; and (iii) The biological soil amendment of animal origin has been handled,
conveyed and stored in a manner and location to minimize the risk of contamination by an untreated or in process biological soil
amendment of animal origin;

(3) For a treated biological soil amendment of animal origin you produce for your own covered farm(s), documentation that process
controls (for example, time, temperature and turnings) were achieved.

(4) For a treated biological soil amendment of animal origin you produce for your own covered farm(s) that is treated in accordance with
112.56(a)(4)(i11), documentation that:

(1) The process used to treat the biological soil amendment of animal origin is a scientifically validated process that has been
carried out with appropriate process monitoring;

(11) The applicable treatment process is routinely verified through testing using a scientifically validated analytical method on an
adequately representative sample to demonstrate that the process satisfies the microbial standard in § 112.55(a), including the
results of such periodic testing: and (ii1) The biological soil amendment of animal origin has been handled, conveyed and stored in
a manner and location to minimize the risk of contamination by an untreated or in process biological soil amendment of animal

origin;

) (5) Scientific data or information you rely on to support any alternative composting process used to treat a biological soil amendment
of animal origin in accordance with the requirements of § 112.54(c)(3); and

5) (6) Scientific data or information you rely on to support any alternative minimum application interval in accordance with the



requirements of § 112.56(b).

OTA comments on 0-day application interval option

Solutions for Safe Organic Produce

* The proposed 45-day waiting period following compost applications should only be applied to crops in contact with the soil, and
alignment with USDA organic regulations (no waiting period) should be applied to crops not in contact with the soil.

* We believe that FDA intends to imply that treated or untreated biological soil amendments of animal origin should be applied in
such a way to minimize or not contact the edible portion of a crop covered under the regulations. The phrase “minimizes the
potential for contact” is also very problematic because the interpretations may vary significantly. OTA proposes that FDA adopt
the language used in the NOP regulations. For compost, the application intervals would read as follows:

o

45-days: The biological soil amendment of animal origin must be, for covered produce whose edible portion has direct
contact with the soil surface or soil particles, applied in a manner that minimizes the potential for contact with the
harvestable or harvested part of the crop during and after application.

0-days: The biological soil amendment of animal origin must be, for covered produce whose edible portion does not have
direct contact with the soil surface or soil particles, applied in a manner that prevents contact with the harvestable or
harvested part of the crop during and after application.

*  We also request that FDA include an additional option and allow a 0-day application interval for compost that meets the
composting process described in §112.54(c) AND meets the following testing, curing, handling and record keeping criteria:

o

o

o

@)
@)

Testing of the finished compost, at the point of sale, to demonstrate the validity of the treatment process using established
sampling protocol and testing procedures. The microbial standards in 112.55(a) is the most appropriate standard to use;
Applied in such a way that minimizes the potential for contact with covered produce during and after application (as per
112.52);

Storage and handling requirements (as per § 112.52);

*Curing (FDA Guidance to be developed on a measurement for stability/maturity)

Records to support the testing, established protocols, monitoring and training (as per §112.60(b)(4)).

The combination of meeting time and temperature, stability (curing), and microbial standards assures the risk of transmitting
viable pathogenic organism is sufficiently minimized.

*Per FDA proposed rule: Curing means the maturation stage of composting, which is conducted after much of the readily metabolized

biological material has been decomposed, at cooler temperatures than those in the thermophilic phase of composting, to further reduce
pathogens, promote further decomposition of cellulose and lignin, and stabilize composition.



Appendix C — USDA NOP Organic Regulations - 7 CFR 205.203 - 205
§ 205.203 Soil fertility and crop nutrient management practice standard.
(b) The producer must manage crop nutrients and soil fertility through rotations, cover crops, and the application of plant and animal materials.

(c) The producer must manage plant and animal materials to maintain or improve soil organic matter content in a manner that does not contribute to
contamination of crops, soil, or water by plant nutrients, pathogenic organisms, heavy metals, or residues of prohibited substances. Animal and plant
materials include:

(1) Raw manure, which must be composted unless it is:
(1) Applied to land used for a crop not intended for human consumption;

(i1) Incorporated into the soil not less than 120 days (4 months) prior to the harvest of a product whose edible portion has direct contact with the soil
surface or soil particles; or

(iii) Incorporated into the soil not less than 90 days (3 months) prior to the harvest of a product whose edible portion does not have direct contact with the
soil surface or soil particles.

(2) Composted plant and animal materials produced through a process that (i) established an initial Carbon:Nitrogen ratio of between 25:1 and 40:1; and
(i1) Maintained a temperature of between 131 deg. F and 170 deg. F for 3 days using an in-vessel or static aerated pile system; or (iii) Maintained a
temperature between 131 deg. F and 170 deg. F for 15 days using a windrow composting system, during which period the materials must be turned a
minimum of five times.

§ 205.205 Crop rotation practice standard.

The producer must implement a crop rotation including but not limited to sod, cover crops, green manure crops, and catch crops that provide the
following functions that are applicable to the operation:

(a) Maintain or improve soil organic matter content;

(b) Provide for pest management in annual and perennial crops;
(c) Manage deficient or excess plant nutrients; and

(d) Provide erosion control.

§ 205.206 Crop pest, weed, and disease management practice standard.

(a) The producer must use management practices to prevent crop pests, weeds, and diseases including but not limited to:
(1) Crop rotation and soil and crop nutrient management practices, as provided for in §§ 205.203 and 205.205.

(b), (©), (@)........

(e) When the practices provided for in paragraphs (a) through (d) of this section are insufficient to prevent or control crop pests, weeds, and diseases, a
biological or botanical substance or a substance included on the National List of synthetic substances allowed for use in organic crop product may be
applied to prevent, suppress, or control pests, weeds, or diseases: Provided, That, the conditions for using the substance are documented in the organic
system plan.



Appendix D - OTA Comments

Review of Science Literature: Manure-Soil-Compost Pathogen Transfer and Survival / OTA

ABSTRACT

This survey addresses the scientific basis of proposed hygiene rule changes potentially affecting
organic growers due to the FDA Food Safety Modernization Act. Approximately 40 published scientific
studies were examined which deal with pathogen survival after application of manure to soil and
pathogen reduction during the composting process. The survey chose original studies that reported
time frames for pathogen reduction and tabulated the average and standard deviation of best/worst
case results (in days). The data were divided according to a focus on manure application or manure
composting. The results provide clear evidence of a very wide range in reported pathogen reduction
times in dependence on study conditions and the ecosystem environment. The soil-manure studies
examined largely support as safe the existing 90-120 day range already incorporated into the NOP
rule, but which FDA has proposed to significantly extend. Scientific data for compost studies also
reveal wide variances in findings and although the reduction times for pathogens in composting are
shorter than manure application ranges they are on average considerably longer than the 3/15-day
limits taken from early EPA 40 CFR Part 503 material and which are presently used as NOP guidance.
Therefore, the present challenge is to focus attention to upgrading existing composting rules and
guidelines in order that they more clearly reflect current scientific findings.

INTRODUCTION

In order to assess what scientific studies say regarding pathogen survival in soil and manure
environments it is very important to select from a wide variety of published reports. Current research
increasingly reveals broad ranges in time for reduction of pathogens such as E. coli 0157:H7 after
transfer or application of manure to soils. This also now appears to be the case for pathogen reduction
reported during composting environments. The explanation for this variability in findings is partly the
manner in which the scientific studies have been conducted, such as lab scale versus field scale.
However, the chief weight of the variability is likely due to the complexity of the ecosystem into which
organisms are being introduced and measured. Scientists increasingly cite specific factors such as
season, moisture, temperature and indigenous microflora as very influential of survival of pathogens.
Consequently, arriving at recommendations for safe-margins for manure and compost timeframes may
be very dependent on selectivity used in data review. This white paper examines some of the issues and
facts based on closely examining a range of recently published scientific data and makes some
recommendations for manure-soil systems and composting. This is a work in progress and no paper or
study may claim completeness.

OVERVIEW: MANURE-SOIL STUDIES

The wide variance in observations on pathogen reduction time may be illustrated by taking two
excellent studies with nearly opposite findings. In August 2006 Mukherjee et al. (Dept. Food Sci.,
University of Minnesota — Ref #18)* reported on a situation definitively linked to a child encountering E.
coli from crops harvested from soil to which contaminated manure had been applied. The authors
reproduced several E.coli-O157 scenarios under the specific circumstances of recently applied manure.
They found that, in 3 of 4 soil test plots, E. coli 0157 was completely absent after 69 days and only one

! Numbered references may be found in the Appendix “Pathogen Reduction Times (PRD) from Scientific Papers”
I ———
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Review of Science Literature: Manure-Soil-Compost Pathogen Transfer and Survival / OTA

plot had detectable presence up to 92 days. Interpreting this suggests a fairly long infectivity period for

potential transfer of a pathogen to plant surfaces (it did not prove the transfer happened). If these data
are applied to define set-backs, then the current NOP rule of 90/120 days would appear reasonably safe
(§205.203, NOP 2000).

A second study by Johannessen et al. (2004 - Ref #5) of the Norwegian Food Research Institute
attempted to create the circumstances of how many growers handle lettuce by transplanting seedlings,
a practice that is also widely used by organic growers in the USA especially in northern regions.
Greenhouse-grown lettuce was directly transplanted into soil freshly contaminated with manure-
inoculated with E.coli 0157:H7, and harvested and tested at 50 days. The plants showed no detectable
presence of the bacterium in any of the edible parts including none found on the roots of the plants.
Examination of soil identified Pseudomonas fluorescens in the rhizosphere, a natural soil organism
known to inhibit pathogens including E. coli 0157:H7 in vitro. If the findings from this study are used to
define a safe-margin it would suggest that given a normal healthy soil virtually no set-back time after
contaminated manure application may be required — other than that of the ordinary length of time it
takes to grow a relatively short-season plant to edible harvest (e.g. 50 days).

The Johannessen study may also be interpreted as providing proof for strong ecosystem barriers
or competitive factors operating in any pathogen transfer. Further, it may help explain the relatively low
incidence of reported outbreaks due to manure-soil contamination, considering that in the USA nearly 1-
billion tons of fresh manure is produced each year and ultimately soil applied. An early, excellent and
extensive review of the complexity of environmental factors influencing the fate of introduced
microorganisms is by van Veen (1997) and a summary of the broad range of treatment options that
reduce pathogens in manure is by Martens and Bohm (2009).

DISCUSSION

The pathogen reductions times reported by Mukherjee et al. (2006) are convenient as they closely
corroborate existing NOP standards. In examining a larger range of published scientific reports it is
possible to obtain a nearer estimate of what are likely to be reasonable, scientifically-derived standards.
As indicated in the Appendix, in taking a group of best case/worst case results and averaging, then
adding the mean margin of error from all studies (itself quite large) a fairly solid estimate for a safe
setback range is 50 to 94 days (survival of raw manure pathogens in soil systems).

One of most worst-case reports to our knowledge is a 2001 study by LeJeune et al. (WSU
Veterinary School- Ref# 11) showing 245 days reduction time of E. coli 0157 in water trough sediments
contaminated with feces from cattle excreting E. coli 0157. Under these circumstances the E. coli were
clearly not being exposed to a normal aerobic soil environment. This suggests that long reduction times
may be associated with unusual or abnormal environments and should not alone be used to construct
set-back standards. Other recent studies in what appear to be normal environments also show fairly
long survival times of 217 and 231 days respectively for E. coli 0157:H7 ( Islam et al. 2005) and
Salmonella (Islam et al. 2004) in soil with inoculated composts. These data were however produced on
coastal plains soils of marginal fertility and using the same compost plus inoculum for each several
published papers. This underscores the need to examine varying environments and materials.

1
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Review of Science Literature: Manure-Soil-Compost Pathogen Transfer and Survival / OTA

Contrast this with studies reporting on cattle environments typical for regions of the USA. Davis
et al of the Dept. of Microbiology, University of Idaho (Ref #13 ) stress in 2005 the interaction of on-farm
ecology and pathogen survival. They reported declines in E. coli 0157-positive (inoculated) cattle
manure during routine bedding before soil application. Therefore, even in an environment where
animals were artificially inoculated with E coli 0157, the total survival time was not longer than 34 days
in the bedding. Bedding is clearly not held in a barn for 45 days but the authors point out it is held for a
week so that the suggested setback time after removal would only be another 3-weeks (and this without
any soil application, which may reduce the hold time even more quickly). Using a very similar approach
of inoculating cattle with E. coli 0157 and following the manure but under very differing ecosystem
variables, Hutchison et al (2005- Microbiological Research Division, United Kingdom — Ref# 14) reported
the infected cattle manure when spread on fescue plots showed no detection of pathogens past 64 days
regardless of solid or liquid phase applications.

Both these studies - and virtually all similar studies reported in the literature - use
manure or cattle artificially inoculated with pathogens such as Salmonella or E. coli 0157:H7. This is
justified in order to obtain sufficiently high detection of pathogen so that the study will be successful.
Levels of inoculation such as 10’ cfu per gram solids especially with Salmonella and E. coli 0157:H7 are
extremely unrealistic, however. Most analysts observing naturally present E. coli 0157 or Salmonella in
manures report much lower amounts. While the threshold of infectivity for specific pathogens remains
not well-defined, and is undoubtedly fairly low for E. coli 0157, it is also likely that in reality much of the
fresh manure is very low to start with. Considering this fact, and the other unnatural circumstances of
many studies, it is clear that several of the reported results have been obtained on a worst/worst case
premise.

COMPOSTING STUDIES

Composting manure differs from soil spreading in that composting is presumed to provide an
environment for pathogen reduction as effective as, or more effective than, normal soil environments.
This assumption dates back to the 1950’s. In an early review of pathogen reduction Wiley (1962)
cautioned in a fashion that would still seem partly true today that “these [pathogen reduction]
statements are made without confirmation by actual experiments with composting and were made
based only on observed temperatures and published reports of temperature lethal to pathogenic
organisms”. Today, the compost industry in the USA (and Canada) relies significantly on the EPA 40-CFR
Part 503 rule (“EPA 503”) (USEPA 1989, 1993) or versions of it for satisfactory composting conditions
based on time, temperature and composting method. The pathogen reduction times are relatively short.
For composting of sludge either a minimum temperature of 55°C for 3 days in aerated static piles or
in-vessel systems is considered sufficient, and for turned-windrow systems, 15 days at 55°C with 5
turnings is required. This guideline was incorporated intact into the NOP rule §205.203. There is a
surprising paucity of published scientific data that substantiates these short pathogen reduction times.
However, a considerable effort was made under EPA sponsorship to document the relationship of fecal
coliform and fecal streptococci as a surrogate tests for presence of Salmonella, from which the modern
EPA rule on testing Salmonella or fecal coliform in sludge is based (see Janko 1988, USEPA 1989). In
applying the EPA 503 rule to compost most states add also this component of actual analysis of fecal
and/or salmonella on top of time x temperature guidelines as a premise for compliance, but the NOP
]
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Review of Science Literature: Manure-Soil-Compost Pathogen Transfer and Survival / OTA

incorporated only the time x temperature component (and a C:N requirement), and therefore is a
somewhat weaker guideline.

Recent scientific data examining pathogen behavior in composting environments clearly
suggests that pathogen reduction time due to composting is as variable as that indicated for survival in
soil environments from un-composted manures. Perhaps this should not surprise since composting is in
all likelihood an ecosystem similar in most respect to soils and the microbes present in composting are
largely strains found in soil.

In a recent study on pathogen-inoculated compost Singh et al. (2011 — Ref #7) of Clemson
University emphasize that pathogen inactivation during composting is very complex. The authors point
out that other factors in addition to time x temperature are also important. These include moisture,
carbon/nitrogen ratio, particle size, aeration, heap size, pH, and types and populations of indigenous
microflora. The emphasis on C/N as an added factor is also reflected in the NOP rule requiring evidence
that starting CN ratios are proper for composting, a requirement that is absent in the EPA 503 rule. This
fits with the newly emerging thinking about multiple factors being of importance for composting beyond
simple time x temperature rules.

The apparent discrepancy of scientific data for compost pathogen reduction compared to the
original EPA Chap 503 guidelines has been discussed in recent studies. In the Clemson study (Ref #7) the
authors compared their static pile performance to EPA protocols and concluded that 0157:H7 survival
clearly exceeded 3 days at 55°C suggesting “inadequacy of the [EPA] guidelines for composting”. Other
studies reflect a similar conclusion. Wichuk and McCartney (2007) of the Department of Environmental
Engineering, University of Alberta, recently concluded that survival of pathogenic bacteria beyond EPA
suggested guidelines “occurred in a significant number of studies surveyed”. Brinton et al. reported in
2009 results of examining finished composts from 94 west coast facilities across three states, two of
which require compliance with the EPA 503 rule. Only 1/3 of compost facilities in regulated states fell
within the pathogen guidelines and 1/3 exceeded the guidelines by a significant margin. All these
composts were of significant age. Around the same time, Kim et al (2009) of Clemson published compost
data suggesting that regrowth of pathogens must be routinely occurring in compost piles. Reflecting a
familiar theme of soil health, these authors concluded that the major factor affecting the suppression of
E. coli 0157:H7 regrowth in compost would be presence of indigenous microflora,- pointing to
ecosystem factors. A recent paper by Elsas (2012) provides evidence that pathogen survival in soils is
inversely related to soil microbial richness. Soils on organic farms are significantly more biologically alive
than conventional farms (Reganold et al. 1993, Mader 2002, Brinton et al. 1979).

In the aforementioned study Brinton et al. (2009) had sufficient facility data to divide
composting types into categories similar to the EPA rule (static-pile versus turned windrow) and
concluded that static pile methods showed the longest survival of pathogens whereas turned-windrow
indicated the least, in contrast to the divisions suggested in the EPA CFR40 503 rule. Statistical analyses
revealed that factors for elevated pathogen levels were large facility size, large pile size, and immaturity
of compost. Application of a compost maturity index involving testing C:N and each of two other
parameters distinguished compost products that had very low levels of E. coli from those with high
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levels. The referenced maturity index was originally developed by a panel of USA laboratory scientists
familiar with analyzing composts (CalRecycle, 2001) but has not been adopted by the compost industry.

On-farm composting is a common practice for growers. A very research report (Berry et al.
2013- U.S. Meat Animal Research Center, USDA, Idaho) examines fate of pathogens in “minimally
managed” compost piles. Such a form of low-management composting with infrequent turning is
perhaps the most typical form of composting in America among farmer-growers. This study concluded
that turned windrow-composting functions better than static-compost for pathogen reduction.
Pathogen reduction of turned composts required generally a range of time from 28 to 56 days and in
some instances there was measurable survival of E. coli 0157 out to 84 days. This appears to be the only
study aside from Brinton et al. 2009 which examines naturally occurring pathogens instead of preparing
artificially contaminated materials. In a somewhat similar approach, Shepherd (2011) examined
minimally managed compost heaps and found survival times mostly in the 7 to 35 day range with E. coli
0157 survival to 60 days on edges (tails) of composts.

A clear impression is gained in examining the field “real-world” compost studies compared to
lab-studies, the latter involving incubators, chambers and pouches inserted into artificially heated
composts. Lab studies appear to report short reduction times ( hours to days) and the field studies
significantly longer (weeks into months). This is not surprising as a growing body of evidence for survival
mechanisms under extreme environments lends real credibility to reports on heat-shock tolerance of
bacteria observed in composts (Droffner et al. 1995, Singh 2011, Gong et al 2005), selective heat-
survival, and accumulation of pathogenic spore formers due to hot composting (Bohnel and Lube, 2000).
In other words, environmental factors tend to contribute to lengthened survival.

SUMMARY AND RECOMMENDATIONS

Based on this survey of scientific findings there appears to be little ground for altering the
90/120-day setback precaution with soil-spread manure which is part of the NOP rule. The range of
reduction times reported in the scientific literature examining manure applications appear very
consistent with if not slightly more lenient to requirements presently used within the NOP. Virtually all
scientific studies examined herein employ unnatural scenarios such as placement of sachets of
artificially contaminated manure in small lab vessels and heating constantly, or inoculation of manures
with levels of pathogens several orders of magnitude higher than would be normally encountered. For
example, in over 10 years pathogen testing Woods End Laboratories has only encountered about 6
positive samples of Salmonella in compost out of hundreds tested and the quantities observed for
positive samples were close to the reporting MLD of < 3 cells in 4g. Similarly, in examining commercial
compost from 94 facilities, while 6% tested positive for E. coli 0157:H7, only one sample could be
quantified at 10° MPN/g; all others were very close to the minimum detection of 4.0 - 6.8 MPN/g TS.

With regard to compost pathogen reduction a number of issues emerge. The chief discrepancy
between science-based data and current NOP (and EPA) guidelines concerns the permissible time
constraints which presently appear far too lenient. While several composting studies do show very short
times for pathogen reduction several of these as mentioned use simulated lab compost environments
isolated from real ecosystems. Studies that are larger, based on field scales or involving more potential

pathogens and more modern methods clearly point to much longer pathogen reduction times.
]

COPYRIGHT © 2013 WM F BRINTON ALL RIGHTS RESERVED PAGE 5



Review of Science Literature: Manure-Soil-Compost Pathogen Transfer and Survival / OTA

A simple resolution would be to require the overall length of time for composting (plus curing)
be at least the same as soil setback rules for manure,- e.g. in the range of 120 days. While clearly
composts have an advantage of episodic high heat that suppresses pathogens and results in faster
reduction times, the margin of difference compared to soils is not large and appears to be diminishing
with newer studies. There are a variety of reasons for this, a chief one being that composts, unlike soil
environments, provide an unusually rich array of nutrient substrates for pathogen survival and
regrowth. Pathogen regrowth has been a theme from the very beginning (Janko, 1988) but involves
more complicated testing than routine pathogen counts and perhaps for this reason has not taken hold.
Taken together the best precaution in view of the data is to treat the compost environment as
essentially the same as ambient soil systems and to expect longer treatment times. This could be
accomplished by more specific definition of “curing” which is mentioned but vaguely defined in the FDA
proposals.

European countries have addressed compost pathogen concerns very recently as a result of the
crisis of transmissible spongiform encephalopathy (TSE). Composting standards have been updated to
be more rigorous with regard to testing, validation of heating, classification of type of technology and
risk groups (end-use) (Commission 2002). The new Austrian ONORM standards for compost (2005)
require multi-phasic testing assuming detection thresholds of 1 cell in 50g fresh compost, the results to
be compared to an end-use risk matrix (see Appendix I). ONORM considers commercial bagged compost
and hobby-gardening with compost to be the highest risk group. The importance of considering end-use
categories is reflected in a recent US study specifically examining pathogen transfer to plants under
casual gardening practices (Erickson et al 2013).

To address composting curing issues, there is evidence that scientists have described a variety of
Maturity Index standards for compost completeness (CalRecycle 2001), none of which has taken hold in
the USA. An index by definition requires more than one indicator, a precautionary principle based on the
concept of triangulation to avoid a single lab test being applied dogmatically and therefore very
inaccurately. With more work these approaches could be cross-referenced to pathogen reduction and
incorporated in future rules, including reincorporating the well-known but little used principle called
“reduction of organic matter” (ROM) (Brinton 2010). Adding conditions for time and curing, with
optional testing to validate curing if shorter than suggested times, should help escape the obvious
vagueness of the present system, which in effect is transferring unnecessary risk to growers and
ultimately to consumers. Finally many composters routinely use fairly long or 5-6 month composting
times plus additional curing due to experience with satisfactory consumer quality (see Resource
Recycling, 2002). The fact that many states have imposed by law additional “curing” times for
composted biosolids even after they comply with the basic EPA 503 time x temperature standard
suggests two things; it is recognized that the 3/15-day approach is too basic and that “maturity”
however vaguely defined is an advantage. Perhaps a variety of scientists and industry representatives
can find a way to craft a more modern standard without being disruptive of existing practices. <>
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Appendix | ONORM (Austrian) Compost HYGIENE MATRIX
APPENDIX I, tabulation of surveyed studies with numbered references #1-29
ADDITIONAL REFERENCES

1. Austrian Standards Institute (ONORM). 2005. Compost Hygiene Recommendations [Kompost—
Hygieneanforderungen] —E. coli, Salmonella sp., Listeria sp., Campylobacter sp. [Probenahme,
Untersuchungsmethoden, Ergebnisdarstellung]. S 2204. Ed. Osterreichisches Normungsinstitut,
Vienna. Available at: http://www.on-norm.at/publish/home.htm. (summary attached)

2. Brinton W, P. Storms and C Blewett (2009) Occurrence and Levels of Fecal Indicators and
Pathogenic Bacteria in Market-Ready Recycled Organic Matter Composts. Journal of Food
Protection, Vol. 72, No. 2, 2009, Pages 332—-339

3. Brinton, W 2002. Compost Quality and Management Issues. Resource Recycling June 2002

4. Brinton, W 2010. Characterizing Compost Completeness. Biocycle Vol 2:30-34

5. Brinton et al. 1979. Effects of organic and inorganic fertilizers on soils and crops: results of a long
term field experiment in Sweden. Research Report Nordisk Forskningsring, Jarna, Sweden

6. Commission of the European Communities. 2002. Regulation (EC) no. 1774/2002 of the
European Parliament and of the Council 3 October 2002 laying down health rules concerning
animal byproducts not intended for human consumption. Off. J. Eur. Communities L273.

7. CalRecycle. 2001. Compost Maturity Index. Dr. Buchanan Chair. Available at:
www.calrecycle.ca.gov/organics/products/quality/compmaturity.pdf

8. Droffner, M. L., and W. F. Brinton. 1995. Survival of E. coli and Salmonella populations in aerobic
thermophilic composts as measured with DNA gene probes. Zentralblatt Hygiene Umweltmed.
197:387-397.

9. Droffner, M. W. Brinton and E Evans (1995) Evidence for the prominence of well characterized
mesophilic bacteria in thermophilic (50-70°C) composting environments. Biomass and
Bioenergy Volume 8, Issue 3:191-195

10. Elsas, J van D., M Chiurazzia, C. A. Mallona, D. Elhottova V. KriStufek, and J. Falcdo Salles. 2013.
Microbial diversity determines the invasion of soil by a bacterial pathogen. PNAS vol. 109: 4
1159-1164

11. Erickson, et al. (2013) Fate of Escherichia coli 0157:H7 and Salmonella in soil and lettuce roots
as affected by potential home gardening practices. J Sci Food Agric 93: 3841-3849
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12. Franz et al. 2008. Manure-amended soil characteristics affecting the survival of E. coli 0157:H7
in 36 Dutch soils. Environmental Microbiology (2008) 10(2), 313—-327

13. Gong. C et al. 2005.Survival of pathogenic bacteria in compost with special reference to E. coli.
Jrnl of Environ. Sci 17:770-774

14. Islam, M., M P. Doyle, S C. Phatak, P Millner, X Jiang. 2005. Survival of Escherichia coli 0157:H7
in soil and on carrots and onions grown in fields treated with contaminated manure composts or
irrigation water. Food Microbiology 22:1, 63-70.

15. Islam, M., M P. Doyle, S C. Phatak, P Millner, X Jiang. 2004. Persistence of Salmonella enterica
Serovar Typhimurium on Lettuce and Parsley and in Soils on Which They Were Grown in Fields
Treated with Contaminated Manure Composts or Irrigation Water. Foodborne Pathogens And
Disease Vol 1:1-27-35

16. Janko, W.A. (1988) Occurrence of Pathogens in Distribution and Marketing Municipal Sludges.
EPA -600/1/1-87/014. Sponsoring Agencies: HERL, ORD, USEPA. Available by NTIS Springfield VA

17. Kim, J F Luo, and X Jiang. (2009) Factors Impacting the Regrowth of Escherichia coli 0157:H7 in
Dairy Manure Compost J. Food Prot., Vol. 72, No. 7

18. Martens W. and R. B6hm (2009) Overview of the ability of different treatment methods for
liquid and solid manure to inactivate pathogens. Bioresource Technology Vol 100:22 5374-5378

19. Mader, P., FlieBbach, A., Dubois, D., Gunst, L., Fried, P., Niggli, U., 2002. Soil fertility and
biodiversity in organic farming. Science 296, 1694-1697.

20. NOP Rule (2000) U.S.D.A. Agricultural Marketing Service. National Organic Program. 7 CFR Part
205. U.S. Department of Agriculture, Agricultural Marketing Service, Washington, DC.

21. Reganold, J., A. S. Palmer, J. C. Lockhart, A.N.| Macgregor. Science Vol 260 344-349.

22. Semenov, A. V., E. Franz, L. Van Overbeek, A. J. Termorshuizen, and A. H. C. Van Bruggen. 2008.
Estimating the stability of Escherichia coli 0157:H7 survival in manure-amended soils with
different management histories. Environ. Microbiol. 10:1450-1459.

23. Shepherd, M. 2011 Developing Strategies to Control Human Pathogens in Minimally—Maintained
Dairy Manure—Based Compost Heaps. Doctoral Dissertation. Clemson University

24. Singh, R. 2011. Thermal Inactivation Of Stress Adapted Pathogens In Compost. Doctoral
Dissertation In Microbiology. Clemson University

25. USEPA. 1989. United States Environmental Protection Agency, CFR-40 Chap 503 Proposed Rule.
Sludge Guidelines. Sept 1989 Federal Register; Revised and published as CFR-40 Chap 503. Final
Rule. Feb 1993

26. Van Veen, van Overbeek, van Elsas. 1997. Fate and Activity of Microorganisms Introduced into
Soil. Microbiology and Molecular Biology Reviews, 61:121-135

27. Wichuk and McCartney (2007) A review of the effectiveness of current time—temperature
regulations on pathogen inactivation during composting. J. Environ. Eng. Sci. 6: 573-586

1
COPYRIGHT © 2013 WM F BRINTON ALL RIGHTS RESERVED PAGE 8



COMPOST HYGIENE REQUIREMENTS - BASED ON THE S 2204 ONORM STANDARDS

REQUIREMENTS AND INTERPRETATION OF ONORM COMPOST TEST RESULTS

Table 1 — Minimum Test Requirements and Compost Application and Handling Conditions
in Dependence on Microbiological Test Results

E. coli C lobact i i
Salmonella ampylobacter
COMPOST GROUP (EHEC Serovar 0157:H7) Listeria
sp. sp. sp.
Bagged Commercial 08 0 0 0
Recreation areas, school
playgrounds, parks, sports 0 0 0 0
arenas
Home Gardening 0 0 X ¥ X
Erosion control, surfaces with 0 0 X X
surface water potential, dikes,
dams, embankments
Pasture and hay land (forage 0 Curing and Re-testing or 6-weeks X X
harvesting) holding-time before use
Cultivated soils — Field forage 0 Curing and Re-testing or 6-weeks X X
production L 1)
holding-time before use
Cultivated soils — field veges
near soil, small fruits, 0 oniv f i L X X
gardening, (exception of nly for preceeding crops )
ornamentals)
Cultivated soils — other .
0 Plowing under * X X
harvested field crops g )
Wine grapes, Fruit, Hops
0 Curing and Re-testing or 6-weeks X X
holding-time before use *
. 0 Lo X X
Horticulture — Ornamentals No limitations on use
Christmas Trees 0 Lo X X
No limitations on use
General Landscaping 0 X X
Reclamation and landfill cover 0 X X
Bio-filter material X X

8 0 ... may not contain any detectable bacteria at the method MLD ( <1/50g as is compost)
T X ... Not required for testing
') In case of a positive detection of E. coli the stated handling measures take effect.

Translation 2010 by W F Brinton Woods End Laboratories Inc USA ref: 857384-1: ONORM Austrian Standards Institute Vienna Austria
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APPENDIX E - OTA Comments Prepared by will brinton 11/15/2013 Page 1
Scientific Papers examining reduction of manure and compost pathogens (E. coli; E.coli 0157:H7; Salmonella, Listeria spp)
Color Keys: |compost study manure study
Days to disappearance
ITEM Pub Date Authors Primary Institution Focus - Abbreviated Title best case  worst case FDA#
1 May-02 Jiang, Morgan, Doyle Center for Food Safety Manure-E.coli-0157 loss in soils 42 193 191
Fate of Escherichia coli 0157:H7 in Manure-Amended Soil. APPLIED AND ENV. MICROBIOLOGY, May 2002, p. 2605-2609 Vol. 68, No.
5
2 Nov-04 Ingham et al Univ. of Wisconsin E. coli loss in manure fertilized soils 100 168
Escherichia coli Contamination of Vegetables Grown in Soils Fertilized with Noncomposted Bovine Manure: Garden-Scale Studies
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 2004, p. 6420-6427
3 Oct-03 Jiang, Morgan, Doyle Center Food Safety Compost inactivation of E. coli 0157 1 6
Jiang, X., J. Morgan, and M. P. Doyle. 2003. Thermal inactivation of Escherichia coli 0157:H7 in cow manure compost. J. Food Prot.
66:1771-1777
4  Jan-05 Leleune and Kauffman Ohio State Ag. R& D 0157 survival cattle bedding 13 22
Lelune, J.T. and M.D. Kauffman. Effect of Sand and Sawdust Bedding Materials on the Fecal Prevalence pf Escherichia coli 0157:H7
in Dairy Cows. Appl. Environ. Microbiol. Jan. 2005, 71.01.326-330.
5 May-05 Johannessen et al Natl Veterinar Inst (Oslo) 0157 in greenhouse soils and lettuce 56 84
Johannessen, G.S. et al. Potential Uptake of Escherichia coli 0157:H7 from Organic Manure into Crisphead Lettuce. Appl. Environ.
Microbiol. May 2005, 71.05.2221-2225.
6 Jul-11 Rogers et al Clarkson U, Pottsdam, NY  Pathogen decay in Manured Soils 55 120
Rogers et al. Decay of Bacterial Pathogens, Fecal Indicators and Real-Time Quantitative PCR Genetic Markers in Manure-Amended
Soils. Appl. Environ. Microbiol. Jul 2011, 77.14.4839-4848.
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ITEM Pub Date Authors Primary Institution Focus - Abbreviated Title best case  worst case FDA#

7  Jun-11 Singh et al Clemson U. Bio Dept 1 5
Singh, R. et al. Determining Thermal Inactivation of Escherichia coli 0157:H7 in Compost by Simulating Early Phases of the
Composting Process. Appl. Environ. Microbiol. Jun 2011, 77.12.4126-4135.

8 Jul-96 Wang, Zhao and Doyle Center for Food Safety 0157 fate in Bovine Feces 49 70 198
Wang, G.,T.Zhao, and M. Doyle. Fate of Enterohemorrhagic E.coli 0157:H7 in Bovine Feces. Appl. Environ. Microbiol. Jul 1996,
62.07.2567-2570.

9 Sep-98 Kudva, Blanch and Hovde U. Idaho, Moscow, ID 0157 Fate Manure/Slurry Var. Temp 47 120 177
Kudva, I.T., K. Blanch, A. and Hovde, C.J. Analysis of Escherichia coli 0157:H7 Survival in Ovine or Bovine Manure and Slurry. Appl.

Environ. Microbiol. Sep 1998. 64.09.3166-3174.

10 Nov-99 Fukushima et al PHI Shimane Prefecture 0157 Survival Bovine Feces 7 126
Fukushim, H., K. Hoshina, M. Gomyoda. Long-Term Survival of Shiga Toxin-Producing Escherichia coli 026, 0111m and O157 in
Bovine Feces. Appl. Environ. Microbiol. Nov 1999. 65.11.5177-5181.

11 Jul-01 LelJeune, Besser, Hancock WSU Vet School 0157 survival cattle troughs 180 245
Leleune, J.T., T.E. Besser, D.D. Hancock. Cattle Water Troughs as Resevoirs of Escherichia coli 0157. Appl. Environ. Microbiol. Jul
2001.67.07.3053-3057

12 Sep-04 Hutchinson et al Direct Labs. Ltd, UK 0157 decline livestock waste soil 15 60
Hutchinson, M.L. et al. Effect of Length of Time before Incorporation on Survival of Pathogenic Bacteria Present in Livestock Wastes
Applied to Agricultural Soil. Sep 2004. Appl. Environ. Microbiol. 70.09.5111-5118

13  Nov-05 Davis et al U. Idaho, Moscow, ID 0157 Survival cattle bedding 35 60
Davis, M.A. et al.Escherichia coli 0157:H7 in Environments of Culture-Positive Cattle. Nov 2005. Appl. Environ. Microbio. 71.11.6816-

6822.
14  Feb-05 Hutchinson et al Direct Labs. Ltd, UK Pathogen Fate spread onto Fescue 2 63

Hutchinson et al. Fate of Pathogens Present in Livestock Wastes Spread onto Fescue Plots. Feb 2005. Appl. Environ. Microbiol.
71.02.691-696.
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ITEM Pub Date Authors Primary Institution Focus - Abbreviated Title best case  worst case FDA#
15 May-04 Nicholson et al ADAS Gleadthorp UK Pathogen Survival land application 30 64

16

17

18

19

20

21

22

Jun-09

Apr-07

Aug-05

Jan-13

Apr-10

Dec-07

Apr-09

Nicholson, F., S.J. Groves, B.J. Chamber. Pathogen Survival During Livestock Manure Storage and Following Land Application. May
2004. Elesevier Ltd. Online.

Erickson et al Center Food Safety Inactivation of Salmonella in manure 3 4

Inactivation of Salmonella spp. in cow manure composts formulated to different C:N ratios . Bioresource Technology 100 (2009)
5898-5903

Franz et al Wageningen University Manure from Organic vs Conv Farms E.coli 94 109

Prevalence of Shiga Toxin-Producing Escherichia coli in Manure from Organic and Low-Input Conventional Dairy Farm s . APPLIED
AND ENVIRONMENTAL MICROBIOLOGY, Apr. 2007, p. 2180-2190 Vol. 73, No. 7

Mukherjee et al Food Sci., Univ. Minn ECO157 transfer from soil appl. Manure 69 92

Soil survival of Escherichia coli 0157:H7 acquired by a child from garden soil recently fertilized with cattle manure . Journal of
Applied Microbiology 101 (2006) 429-436

Berry et al USDA Animal Research Ctr Fate during Minimally Managed composting 28 84

Fate of Naturally Occurring Escherichia coli 0157:H7 and Other Zoonotic Pathogens during Minimally Managed Bovine Feedlot
Manure Composting . ) Food Prot., Vol. 76, No. 8

Wei et al Dept Food Sci Univ DE Fate of Viruses during Manure Composting 1 9

Fate of Human Enteric Viruses during Dairy Manure—Based Composting . Journal of Food Protection, Vol. 73, No. 8, 2010, Pages
1543-1547

Shepherd et al Center Food Safety 5 120

Fate of Escherichia coli 0157:H7 during On-Farm Dairy Manure-Based Composting . Journal of Food Protection 70.12: 2708-2716

Erickson et al Center Food Safety Pathogen Inactivation in Composting 1 4

Pathogen Inactivation in Composting . Compost Sci Util Vol 17:229-236
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23 Jun-03 Larney et al. Agriculture Canada Fate of Coliforms in Composted Manure 7 45
Fate of Coliform Bacteria in Composted Beef Cattle Feedlot Manure . ). Environ. Qual. 32:1508-1515 (2003).

24 Apr-08 Franz et al Wageningen Univ Soil Quality Manure Amendment Pathogens 54 105
Manure-amended soil characteristics affecting the survival of E. coli 0157:H7 in 36 Dutch soils. Environmental Microbiology (2008)
10(2), 313-327

25 2009 Shepherd, W Clemson Univ Doctorate Compost Methods for Pathogen Reduction 7 60

26 2005 Nicholson et al. Gleadthorpe Research Pathogen Reduction manure and compost 7 32
Pathogen survival during livestock manure storage and following land application. Bioresource Technology 96 (2005) 135-143

27 2004 Islam et al. Center Food Safety Persistence E.coli-0157 from Compost 154 217 104
Persistence of EHEC O157:H7 in Soil and On Leaf Lettuce and Parsley Grown in Fields Treated with Contaminated Manure Composts
or Irrigation WaterJornal Food Prot. 67:7

28 2004 Weil et al Penn State University Destruction Pathogens Mushroom Compost 1 6 183
DESTRUCTION OF SELECT HUMAN PATHOGENIC BACTERIA IN MUSHROOM COMPOST DURING PHASE Il PASTEURIZATION, Poster
presented at the 2004 ISMS/NAMC conference in Miami, Florida 2004

29 2010 Shepherd et al. Clemson Univ. Heat Shock Reduction of Compost E. coli 5 60 168
Effect of heat-shock treatment on the survival of Escherichia coli 0157:H7 and Salmonellaenterica Typhimurium in dairy manure co-
composted with vegetable wastes under field conditions. Bioresource Technology 101 (2010) 5407-5413

30 2003 Liao et al. USDA MRCS Maine Pathogens in potato soil from manure 40 70
Occurrence of gastrointenstinal pathogen in soil of potato field treated with liquid dairy manure. Food Agric. Environment Vol
1:2:224-228

Note * FDA # refers to FDA cited literature from the Federal Register Vol 78 No 11 January 16 2013
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ITEM Pub Date Authors Primary Institution Focus - Abbreviated Title best case  worst case FDA#
SUMMARY OF FINDINGS
MEAN OF PATHOGEN REDUCTION DAYS (PRD) BEST WORST
Manure based products Manure Average PRD 50.0 94.2
number of examined studies standard deviation (SD) of mean, days 49.8 68.7
20
1) Average case + one SD 100 163
2) Average of all Best/Worst Case Scenarios 72
3) Average margin of error estimating reduction 59
4) Suggested safety set-back in days based on
average plus SD margin of error (2) + (3) DAYS 131.3
For Manure Composting Compost Average PRD 3.5 36.3
soil applied and planted standard deviation of mean, days 7.5 38.3
number of examined studies
11 1) Average worst case + one SD 75
2) Average of all Best/Worst Case Scenarios 20
3) Average margin error to estimate reduction 23
4) Suggested safety set-back in days based on
average plus SD margin of error (2) + (3) DAYS 42.8

Disclaimer: This survey does not purport to have examined ALL published scientific studies. Studies eligible for inclusion in
this survey reported original observed data for days of reduction for manure and compost pathogens





