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The goal of writing Safe and Sustainable was simple: to bring the best available information—and the right mix of
people—together to address critical challenges associated with protecting our food supply and the environment. In
researching and writing this report one thing became clear: we must pursue both food safety and environmental goals
in tandem. Producing safe and nutritious fruits and vegetables is a critical component of public health. So too are

grower’s efforts to safeguard natural resources such as clean water, clean air, and healthy ecosystems.

Throughout the development of this report, produce growers have resoundingly stated their commitment to produce
safe food, their desire to be excellent stewards of natural resources, and their belief that they can do both well — but
only if food safety programs effectively integrate resource conservation goals. Today, growers overwhelmingly report
being pressured by what appear to be conflicting demands. However, as detailed in this report, we believe “co-
managing” for food safety and ecological health is not only possible, but in fact represents the optimal path forward.

We owe it to growers and consumers to work together to provide a framework that makes this a reality.

This joint effort has resulted in a long and thorough process. More than 35 expert advisors contributed directly to
the drafting of this report, representing many facets of the agricultural industry—from small and mid-scale growers
to shippers and buyers—as well as government agencies, environmental non-profits, the legal world, academia, and
other related organizations and interests. The research and writing process built extensive networks of cooperation
and learning to produce this in-depth report. The project was further advised by top scientific experts in the fields
of microbiology, wildlife biology and veterinary science who are engaged in groundbreaking work to define sources

of contamination in fresh produce, as well as processes of contamination.

We encourage policy makers and industry leaders at every level to read Safe and Sustainable and consider its
findings. From legislative offices to corporate boardrooms, it is essential to pay close attention to the research and
“on-the-ground” realities represented here. The decisions we make now regarding managing food safety and our

natural resources may impact our nation’s health and prosperity for generations to come.

Sincerely,
Timothy York, President Christina Fischer, Project Director Gail Raabe
Markon Cooperative The Nature Conservancy Agricultural Commissioner

San Mateo County
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Abstract

The safety of fresh produce persists as a pressing national issue. Farmers, environmental groups, and others are
working together toward a common goal of promoting food safety and environmental stewardship. Members of
these groups have expressed concerns that certain on-farm food safety requirements may do little to protect human
health and might in fact damage the natural resources on which agriculture and all life depend. This report analyzes
the state of the science behind integration of food safety and ecological health. Drawing from multiple sources —
including more than 100 interviews with experts, observations at 68 farms, two large-scale surveys of growers, and
a review of more than 250 scientific studies — the report provides the most in-depth examination to date of this
topic. The main finding is that growers report yielding to tremendous pressure from auditors, inspectors, and other
food safety professionals to change on-farm management practices in ways that not only generate uncertain food
safety benefits, but also create serious environmental consequences. Environmental concerns include reduction of
water quality, removal of wetland, riparian and other habitat, and elimination of wildlife on and near farm land.
Many growers and a wide consortium of regional experts believe that “co-management” for food safety and envi-
ronmental protection represents the optimal path forward, albeit one that faces several key obstacles.
Co-management is defined as an approach to minimize microbiological hazards associated with food production
while simultaneously conserving soil, water, air, wildlife, and other natural resources. 1t is based on the premise that
farmers want to produce safe food, desire to be good land stewards, and can do both while still remaining econom-
ically viable. Although the report focuses on lettuce, spinach, and other leafy greens grown in the Central Coast

region of California, its findings reflect concerns across the nation.

Executive Summary

This report represents the most in-depth examination to date of integrating food safety and environmental protection
in agricultural production. The need for such integration occurs in many places and in association with an increasing
number of crops. Major national concerns about food safety and ecological health have converged on leafy greens
production areas in California’s Central Coast region. The local agricultural industry, supporting government and
academic professionals, and the environmental community have come together in a collaborative effort to address

these concerns.

The confluence of environmental and food safety concerns presents several pressing challenges. It also creates rich
opportunities for broad-based coalitions to form around shared concerns. interests, and values. Agricultural
producers as well as consumers seek to minimize foodborne illness risks while also conserving the natural resources
that make agriculture possible. This includes protecting water quality and preserving the diversity, beauty and
utility of natural ecosystems that sustain all of human life. Managing for these multiple goals presents a critical

challenge with national implications.

Unfortunately, available information on this challenge varies in quality and is scattered across multiple disciplines.
Stakeholders — including industry members, government officials, and environmental and consumer advocates — have
lacked an in-depth and objective synthesis of the best available information. This case study fills part of that
information gap. Its goal is to aid efforts to make food production safe and sustainable by reviewing the current state
of knowledge regarding integration of food safety with ecological health in leafy greens production. Four key

questions lie at its core:
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1. What is the background and context of the food safety and environmental protection conflict?

2 What is happening “on the ground” with respect to food safety and natural resource conservation practices?
3. What is the current state of the science with respect to these topics?

4.\’V hat is “co-management” and which key issues affect its viability?

In answering these questions, the analysis incorporates quantitative and qualitative data spanning both social and
natural sciences. Key data sources include:1) more than 100 interviews conducted with regional experts; 2) authors’
direct observations on 68 Central Coast farms; 3) a review ol more than 250 scientific studies and other relevant
publications; and 4) secondary analysis of anonymous mail surveys of 181 growers in 2007 and 154 growers in 2009.
The report uses a well established protocol for calibrating different levels of scientific certainty. Terms such as likely,
very likely, and practically certain appear throughout the document and reflect increasing levels of confidence
regarding expected impacts of on-farm management practices. Confidence is determined by the availability, quality

and applicability of scientific evidence.

While numerous important findings appear in this executive summary and throughout the full report, the weight of

evidence supports a single overall conclusion:

Growers report yielding to tremendous pressure from auditors, inspectors, and other food safety
professionals to change on-farm management practices in ways that not only generate uncertain food
safety benefits, but also create serious environmental consequences. Many growers and a wide consortium
of regional experts believe that “co-management” for food safety and environmental protection represents

the optimal path forward, albeit one that faces several key obstacles.

In terms of context, the Central Coast is nationally significant for its agricultural production and ecological features.
Like southern California, western Arizona, the central Mexico highlands, and other major leafy green production
areas, the Central Coast region has conditions that support immense biological diversity and position it as an area
of national ecological significance. The region’s agriculture and environment also play key roles in protecting public
health, for example by directly affecting water quality and food safety. Agricultural and ecological features are also

the subject of significant regulation and mounting challenges to their long-term viability.

On-the-ground farm management practices have changed in response to food safety concerns. First, growers report
being pressured by auditors, inspectors, and other food safety professionals to modify management efforts in ways
that cause concern among growers. Second, auditors/inspectors/others most often specify multiple environmental
features as food safety risks. For example, 47% (n = 72) of the 154 growers in the above-mentioned 2009 survey
reported being told that wildlife was a risk to food safety (including feral pigs, deer, birds, rodents, and amphibians).
Additionally, 31% (n = 48) were told the presence of streams, wetlands, and other water bodies near farm fields was

a risk to food safety.

The pressures growers face have resulted in changes to agricultural management practices, including impacts on
related efforts to conserve soil, wildlife. and water. Anonymous mail-in surveys, authors’ visits to dozens of farms,
and interviews with more than 80 growers across 2007, 2008, and 2009 provide clear evidence of widespread
adoption of conservation practices over the past decade. For example, 91% (n = 165) of respondents to the 2007
grower survey mentioned above reported adopting one or more conservation practice, and the majority reported

completing a Farm Water Quality Plan. Seventy-three percent (n = 112) of respondents in the 2009 grower survey
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indicated they had adopted at least one conservation practice. Growers implement conservation practices for multiple

reasons including the maintenance of long-term viability of the natural resource base.

The same sources that provide evidence of adoption of conservation practices also provide clear evidence that in
response to pressure from auditors, inspectors and other food safety professionals some conservation practices are
now being removed and/or discontinued. For example, twenty-one percent (n = 38) of growers surveyed in 2007
reported that they had removed or abandoned conservation practices. In addition, many growers have taken steps
to eliminate wildlife, vegetation, and water bodies near crops in response to pressures from auditors, inspectors,
and other food safety professionals. Eighty-nine percent (n = 161) of all growers who responded to the 2007 survey
indicated that they had adopted at least one measure to actively discourage or eliminate wildlife from cropped areas
in response to expressed food safety concerns. The 2009 grower survey and interviews provide additional evidence.
For example 28% (n = 43) of survey respondents stated they had installed fencing to deter wildlife and 22% (n =

34) reported installing bare ground buffers between natural habitat and row crops for the same purpose.

The science discussion addresses three questions: What food safety risk do wildlife, non-crop vegetation, and water
bodies present? To what extent does removing these three natural resources adversely affect ecological health? What
are the food safety consequences of removing or retaining them? The most important finding from the science

component is that available data relevant to the three questions posed above are incomplete.

For example, research scientists are beginning to collect survey-based data on pathogen prevalence in diverse wildlife
in relation to season and geospatial movements. These data will help to better characterize the role that wildlife might
play in direct and indirect pathogen contamination of produce, perhaps in connection with cattle or as independent
reservoirs of certain pathogens. The potential for, and relative importance of, direct fecal contamination (e.g..
contaminated feces in contact with fresh produce) and indirect contamination of the growing environment (e.g.,
contamination of water, soil, dust, bioaerosols) by domestic animals and wildlife is an area of active research. The
current level of understanding is not sufficient to fully predict risk posed by various contamination processes, nor
to identify and implement specific, effective and economically viable mitigation strategies to protect fresh produce

from contamination by domesticated and wild animals.

Some studies have demonstrated pathogen presence or vectoring potential in diverse wildlife species, generally at
low frequencies. Three investigations following illness outbreaks have found the same pathogens that made people
sick to be present in samples collected near fields where the implicated produce was grown. Much of the research
to date has helped answer the question, what can happen with regard to pathogens in wildlife and domestic animals?
Focus has largely rested on the fact that some species of wildlife can carry pathogens, and that they enter crop
fields. To fully assess the risks posed by these animals, however, it is necessary to answer the questions: what does

happen, how much risk does it pose, and what management strategies are appropriate to minimize risk?

The main points here are two-fold:1) contamination processes involving both domesticated and wild animals are not
well-described; and 2) the documented ongoing removal of non-crop vegetation and water bodies from farms is
based on the assumption that wildlife are attracted to these areas, and that wildlife and their wastes in proximity
to crops pose food safety risk. This report’s environmental focus has led to a detailed examination of wildlife’s
potential role in the process of contamination, but several other possible sources of farm-based contamination exist.
Leading examples include domesticated animals, water, soil amendments, and workers — all of which are subjects

of ongoing research and extensive farm-based food safety practices that lie beyond the scope of this report.

Regarding ecological health, available data from the Central Coast and beyond point to negative environmental

consequences of activities reported by growers to be occurring. Reported activities include eliminating or deterring
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wildlife, reducing non-crop vegetation, and removing natural and engineered water bodies. A large body of scientific
literature documents that removal of natural habitat such as wetlands and riparian vegetation leads to negative
environmental effects. While quantitative measurement of the impact of on-farm management changes on ecological
health was not part of this study, some impacts may be predicted based upon knowledge of both the importance of
specific management practices and indicators of changes in their use. Based on evidence reviewed for this report,
the following are likely effects of changes in management practices in response to food safety concerns in the Central
Coast region:

* adverse impacts on the quality of water for local populations of aquatic organisms such as fish and frogs,
as well as on habitat quality for terrestrial species such as birds and mountain lions, due to removal of
riparian vegetation;

* adverse effects on water quality, as well as on wildlife populations as integral parts of ecosystems, due to
removal of natural water bodies such as wetlands;

® negative environmental impacts on non-target species — including bioaccumulation up the food chain to
raptors, bobcats, and other predators — due to use of anticoagulant rodenticides in bait stations;

* compromises in water quality due to reduced use of vegetated treatment systems such as vegetated ponds
and grassed waterways;

* increased sedimentation in waterways, leading to reduced aquatic habitat and less capacity to handle

floodwaters, due to removal of vegetation and basins that catch sediment before it enters streams and rivers.

This report has not completely considered cumulative and synergistic environmental effects related to food safety
practices in the Central Coast region, although it is reasonable to expect that they occur. Cumulative and synergistic
effects are environmental impacts that result from individually minor but collectively significant actions. The report
flags them as issues of concern, but notes that fully documenting cumulative and synergistic effects in the Central

Coast region could require extensive research.

With respect to food safety implications, replacement of vegetated buffers with bare ground buffers is of particular
concern. To the extent that bare ground allows increased surface water runoff to reach crop land, the potential exists
for this practice to increase food safety risk. The risk is especially high in places where range land abuts crop land

and during rainfall periods.

Given the changes to practices, and the implications of these changes, what approach do regional stakeholders
consider to be a potential path forward? Experts from government, academia, non-profits, and the agriculture
industry widely describe co-management as a way to reconcile conflicts between food safety and natural resource
protection. Co-management is defined as an approach to minimize microbiological hazards associated with food
production while simultaneously conserving soil, water, air, wildlife, and other natural resources. It is based on the
premise that farmers want to produce safe food, desire to be good land stewards, and can do both while still
remaining economically viable. Suggested initial co-management principles include being science-based, adaptable,

collaborative, commodity-specific, and site-specific.

Through the process of developing this report, stakeholders have identified key issues that must be considered in
efforts to address the challenges of integrating food safety and natural resource conservation goals. Top among these
is the presence of numerous private corporate food safety standards, which raise multiple concerns such as:
inconsistent interpretation and application of requirements, a spiraling food safety “arms race,” lack of transparency
in the standards, unclear scientific basis for certain standards, requirements that pressure growers to contravene
environmental laws, and a spreading of ‘leafy greens’ requirements to crops such as Brussel sprouts and artichokes

that do not present the same food safety risk because consumers cook them before eating. Other issues are related
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to mounting liability and litigation risk, potential effects of national food safety standards, the industry’s movement
into value-added products, and lack of existing scientific data regarding minimizing risk. Understanding and
addressing these and other issues will be critical to successful implementation of effective co-management

strategies.

Lack of certainty about both food safety risk and threats to ecological health puts growers in a difficult situation.
Growers are currently asked to make high stakes decisions with low levels of information, the only certainty being
that if anything goes wrong they will be held accountable in both legal and public opinion. That said, even the
strongest scientific guidance can only go so far. Individual and societal values play a key role in decision-making at

all levels, which stakeholders acknowledge affects co-management success.

Taken as a whole, this case study stands as the most in-depth assessment to date of opportunities and obstacles for
making produce safer and more sustainable. It should be of interest wherever people seek to conserve sensitive
natural resources, reduce foodborne illness, or both. Although this case study focuses on a single category of produce
(leafy greens) and a specific geographical area, the findings and underlying principles may apply across the nation.
The report represents an important step toward helping society minimize acute risks of foodborne illness while also

preventing chronic dangers posed by ongoing degradation of natural resources.
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A. Why This Study?

National concerns about food safety and ecological health are converging in the agricultural fields of California’s
Central Coast region. On one hand, prevention of foodborne illnesses has emerged as an important national issue
(e.g., Booz Allen 2009, United States Government 2009). On the other hand, long-standing awareness of the risks

of environmental degradation to both ecological and human health continue to drive efforts to protect wildlife,

habitat, and water quality (e.g., U.S. EPA 2009, Worldwatch Institute 2008, TNC 20006).

The confluence of these two concerns presents several pressing challenges. It also creates unprecedented opportunities
for broad-based coalitions to form around shared concerns, interests, and values. Both the agriculture industry and
consumers have expressed a desire to minimize risks of foodborne illness. But society also wants to conserve the
natural resources that make agriculture possible, by protecting the quality of water for human and animal use, and
by preserving both the beauty and utility of natural ecosystems. This convergence of societal goals presents a critical

challenge with national implications.

Available information on this challenge varies in quality and is scattered across multiple disciplines. Stakeholders
— including industry members, government officials, and environmental and consumer groups — have lacked in-
depth and objective synthesis of the best available information. This case study attempts to address that information
gap. Its goal is to aid efforts to make food production safe and sustainable, considering production of food that
addresses the needs of society, the stewardship of the natural environment and the economic viability of the
agricultural community. The report reviews the current state of knowledge regarding the integration of food safety

with ecological health. The analysis seeks to answer four questions in particular:
1. What is the background and context of the food safety and environmental protection conflict?

2.\’V hat is happening “on the ground” with respect to food safety and natural resource conservation

practices?
3. What is the current state of the science with respect to these topics?
4 What is “co-management” and which key food safety issues affect its viability?

The report synthesizes available information regarding the issues so that interested parties can benefit from a greater
understanding of multiple perspectives and current scientific findings. While all interested parties can benefit from
its findings, it is important to note that the report reflects perspectives of the Technical Advisory Committee
assembled to develop it. By design, the committee focused on activities occurring on or near farms, i.e., the
production stage. It did not attempt to include perspectives and representation from large buyers and retailers who
comprise other links in the “farm to fork”™ chain. Nevertheless, the results should be of interest to a diverse set of

parties in California and beyond.
B. Agriculture in the Central Coast Region

vegetables and 78% of its lettuce (CA Agricultural Resources Directory 2009). The Central Coast region of California
is one of the most high-value agricultural areas in the state. The region encompasses seven counties: Monterey, San
Benito, Santa Cruz, Santa Barbara, Santa Clara, San Mateo, and San Luis Obispo. These counties produce over 200

types of crops and support a $6 billion dollar agricultural industry, according to the latest Crop Reports available
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from county agricultural commissioners’ offices. Agriculture is one of the top industries in the region supporting
approximately 57,400 jobs in 2006 (CA EDD 2006). Agriculture in the region, especially vineyards and wineries,
attracts visitors and contributes towards regional tourism. This report focuses primarily on the production of lettuce
and other lealy greens in the Central Coast region. Due to its role as a dominant producer of these commodities,
Monterey County is the focus of much of the discussion, even though the issues are not unique to that area. Appendix
A provides additional details on Central Coast agriculture and on each of the other topics addressed under sub-

heads in this section.

As the top producers of raw product for bagged salads, growers in the Central Coast and especially in Monterey
County have been dramatically impacted by the 2006 outbreak of Escherichia coli (E. coli) O157:H7 associated with
spinach. The outbreak sickened over 200 individuals and resulted in at least 3 deaths (CDC 2006). The ensuing loss
of consumer confidence has cost the lealy greens industry more than $350 million by some estimates (Weise and
Schmit 2007). Although federal and state officials traced the outbreak to spinach processed in a single facility in
San Juan Bautista and sourced from a field in San Benito County, they did not determine how the contamination
occurred. The 51-page final report noted that, “No definitive determination could be made regarding how L. coli
0157:H7 pathogens contaminated spinach in this outbreak.” (California Food Emergency Response Team 2007,
p-4). The resulting attention on food safety has rippled throughout the Central Coast and largely has been directed
towards the most productive regions in the Salinas Valley. Monterey County and the larger Central Coast region have

therefore become the center of discussions regarding how to prevent future outbreaks associated with leafy greens.

C. Ecological Resources in the Central Coast Region

Highly productive agricultural areas are often areas rich in biodiversity and unique natural resources. Like southern
California, western Arizona, the highlands of central Mexico and other significant leafy green production areas, the
Central Coast region has fertile soils, a moderate climate during the growing season, and topographical diversity that
support immense biological diversity and position it as an area of key ecological significance. A combination of
coastal systems and topographic diversity makes the region home to a large array of microclimates suitable for
several important specialty crops. The Central Coast eco-region contains the largest percentage of bays, estuaries,
and salt marshes in California (Davis et al. 1998). Waterways in the central portion of the region flow into the
Monterey Bay National Marine Sanctuary, the largest marine sanctuary in the United States and an area of
exceptional significance for wildlife and commercial fisheries. Rivers include the Salinas, Pajaro, and Santa Maria,
plus numerous smaller coastal streams. Riparian' areas provide essential habitat for birds (including migratory and
resident songbirds and waterfowl), mammals, fish (including the federally listed as Threatened steelhead trout
(Oncorhynchus mykiss), and amphibians (including frogs, toads, snakes and salamanders). The Central Coast region

is home to more than 80 species listed or proposed for listing under the U.S. Endangered Species Act.

D. Protecting Public Health

The Central Coast plays a key role in protecting public health at the local and national levels. The region contributes
to national public health by serving as the nation’s main source of leafy greens. the consumption of which leads to
well documented health benefits (e.g., Goldman 2003, Su et al. 20006). Given the 2006 L. coli O157:H7 outbreak
linked to spinach that was grown here (California Emergency Food Response Team 2007), the region is also on the
front lines of implementing on-farm measures to prevent contamination of lealy greens with the pathogens that
cause foodborne illnesses. The 20006 incident is only one of numerous outbreaks linked to fresh produce over recent

decades (Sicapalasingam et al. 2004).

! Bold-faced words are defined in the glossary (Appendix C)
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Decisions in managing agricultural land play a key role in protecting air, water and soil resources, which are also
essential to public health. On-farm conservation practices that effectively remove sediment, excess nutrients,
pathogens and pesticides from agricultural drainage water protect both ground and surface water quality. Un-
treated agricultural drainage water may contain high levels of all of these contaminants and may affect public health
by compromising water quality. For example, in yearly well tests by California’s Department of Pesticide Regulation.
2.4% (8 out of 328) wells tested on the Central Coast had positive detections for pesticide residues (CDPR, 2008),
and 40 Central Coast waterways are listed as impaired, where agriculture is considered one of the contamination
sources.? Growers are keenly aware that their management strategies have a large impact on the human and natural
communities around them, and have made strong efforts to implement conservation practices that protect air, water

and soil quality.

E. The Roles of Voluntary Conservation Efforts and Regulation

Central Coast growers face a complex and escalating array of environmental and food safety regulations, which are
detailed in Appendix A. As noted above, the Central Coast region is home to over 80 species listed or proposed for
listing under the U.S. Endangered Species Act, which prohibits removal of habitat designated as Critical Habitat
for these species’ survival. Meanwhile, numerous local ordinances restrict vegetation removal and other land

modifications, especially in riparian areas and floodplains (Monterey County 2009).

Due to existing water quality problems and threats to natural resources, several agencies have devoted substantial
resources towards protecting ecological health in the Central Coast region. The Natural Resources Conservation
Service (NRCS) is a part of the U.S. Department of Agriculture and offers technical and financial assistance to
growers who adopt conservation practices. These practices serve a variety of purposes including minimizing erosion,
reducing the run-off of pesticides, fertilizers and sediment, and promoting wildlife habitat (NRCS 2009). Agencies
promote conservation practices through programs such as the Environmental Quality Incentives Program (EQIP),
funded through the U.S. Farm Bill. In addition, local Resource Conservation Districts (RCDs) work with growers to
adopt conservation practices and other measures to address water pollution and to protect natural resources. Many
of these practices use vegetation to filter out and absorb pollutants before drainage water and runoff enters
waterways. This vegetation may also serve as wildlife habitat. Neither the NRCS nor the RCDs are regulatory bodies,

which means that their programs rely on voluntary grower participation.

Central Coast landowners and growers have voluntarily implemented conservation practices designed to reduce
agricultural impacts to waterways and wildlife and to enhance ecosystem health on and near their farms (Resource
Conservation District 2007). Regional conservation and farming organizations have become increasingly involved
in efforts to reduce the environmental impacts of agriculture in the Central Coast. Several organizations assist
growers with installing native vegetation and hedgerows to provide wildlife habitat and reduce agricultural run-off.
The award-winning Agriculture Water Quality Alliance formed to further encourage environmental stewardship on
farmland. The collaborative effort represents a partnership between the Monterey Bay National Marine Sanctuary,
six county Farm Bureaus, the Natural Resources Conservation Service, local Resource Conservation Districts, and
the University of California Cooperative Extension (AWQA 2008). Through these and other voluntary efforts, the
Central Coast region has become a leading example of cooperation in promoting ecological health and continues to

be the focus of efforts to protect water quality, ecosystems, and wildlife.

2 Full list available from the Central Coast Regional Water Quality Control Board. See:
http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/303dlists2006/epa/r3_06_303d_reqtmdls.pdf
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In addition to voluntary programs, regulatory approaches have evolved to protect water quality in the Central Coast.
In 1987, Congress amended the U.S. Clean Water Act to include a new Non-point Source Management Program.
This program recognizes the need for leadership to address non-point source pollution and provides support for
states to establish their own methods to do so. The non-point source program in California is administered by the
State Water Resources Control Board and nine Regional Water Quality Control Boards (RWQCB). Along with urban
area inputs, agriculture is a leading source of non-point source pollution in California. Consequently, a large portion
of program resources focus on agricultural pollution. In 2004, the Central Coast RWQCUB adopted the “Agricultural
Waiver Program,” which includes mandatory grower education and promotes the same conservation practices
supported by the NRCS. The program also requires growers to participate in water quality monitoring, which may
be used in the future to identify pollution “hot spots” and implement enforcement where necessary (Dowd et al.

2008).

Overall, Central Coast growers have demonstrated exceptional interest and cooperation in addressing environmental
problems associated with agriculture. Central Coast RWQUCB staff report that among the roughly 2500 growers in
the Central Coast region, approximately 1800 growers (who manage 93% of the total regional acreage) have enrolled
in the Agricultural Waiver Program, 1000 growers have completed 15 hours of water quality education, and many
of these growers have at least one conservation practice in place.? Despite gains and a demonstrated history of
voluntary implementation of conservation practices, significant challenges remain, including potential environmental

degradation stemming from on-farm food safety practices.

The 20006 outbreak of E. coli O157:H7 associated with spinach spawned new measures to address food safety
concerns. In 2007, California and national legislative bodies (U.S. Congress and U.S. Senate) both debated newly
proposed laws to address food safety but did not pass any legislation. An alternative approach led by industry
resulted in a state marketing agreement known as the Leafy Green Products Handler Marketing Agreement
(www.lgma.com), with administration by the U.S. Department of Agriculture and the California Department of
Food and Agriculture (CDFA). For more information on the LGMA or private food safety programs see Appendix
A. Many private firms also adhere to their own food safety standards, including processers, shippers, retailers, and
third party auditors. As will be detailed in Part 1V, the result is that growers now face new, complex, and often
inconsistent measures directed by the produce industry — requirements that occur outside any regulatory oversight

or scientific review.

F. Regarding the Scope and Methods

The following sections explore the extent to which on-farm management practices, promoted either by the produce
industry or conservation agencies/organizations, support or undermine food safety and ecological health goals. They
analyze current on-the-ground practices relating to food safety and environment, then assess the state of the science
underlying these practices. To maximize the quality of this effort, this research process used multiple methods.
multiple researchers, and multiple data sources. The three main methods were:1) review of key documents; 2)
personal interviews with regional experts; and 3) direct observations conducted at farms and processing facilities.

In addition to these qualitative methods, researchers also drew heavily from quantitative data from 154 growers who

3 According to an August 13, 2008 Regional Board Staff Report
(http://www.swrcb.ca.gov/centralcoast/water_issues/programs/ag_waivers/docs/renewal_summary_8_08.pdf), accessed on
the regional board website (http://www.swreb.ca.gov/centralcoast/water_issues/programs/ag_waivers/index.shtml), as of June
30, 2008 1127 growers have completed at least 14 hours of farm water quality education and 1419 growers (representing
379.022 acres of irrigated agriculture) have completed a farm water quality management plan.
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answered a mail survey in spring 2009, as well as 181 growers who answered a mail survey in 2007. Appendix B

provides additional details on these methods. Bold-faced words in this report appear in the glossary (Appendix C).

Considerable scientific uncertainty, opinion, emotion, and politics surround this topic. Thus, this report attempts to
gauge the quality of the underlying science regarding specific issues, particularly the amount of evidence available
and degree of consensus among experts on its interpretation. The report borrows from a well established protocol
for calibrating different levels of scientific certainty. Terms such as likely, very likely and practically certain appear
throughout the report and reflect increasing levels of confidence regarding expected impacts of on-farm management
practices. CGonfidence is determined by the availability, quality and applicability of scientific evidence. For additional

details and an illustrative example, please consult IPCC (2004).

Given how large and complex issues concerning agriculture and the environment are. it was necessary to define the

project scope with a clear focus. First, with respect to microbial pathogens, the report applies to a broad range of

human pathogens but focuses on pathogenic E. coli and Salmonella. Second, the geographical focus is on the Central

Coast region of California, including the Salinas Valley, although the underlying principles have broad applicability
across California and beyond. Third, the analysis applies to a wide variety of crops but has focused on leafy greens,
with awareness that many of the contamination issues apply to other produce consumed raw. Fourth, significant
outbreaks have occurred dating back to the 1990s, but this report generally focuses on events and practices since
the 2000 spinach outbreak. Last, the report focuses on production and harvesting, but acknowledges the critical role
of practices during the entire product supply chain including processes associated with fresh-cut / value added,

distribution, and end-user handling.
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A. Introduction to Analysis of Management Practices

This section documents on-farm management practices and how they have changed in response to food safety
concerns. It focuses on those practices relating to environmental protection, food safety, or both. These are vast
topics. For example, the Commodity Specific Food Safety Guidelines for the Lettuce and Leafy Greens Supply Chain
lists 125 “things to consider” as possible “mitigation steps or practices” to reduce pathogenic contamination (Gorny
et al. 2000). A more recent document specifies 76 “best practices” for growers to follow during production and
harvest stage alone (Leafy Greens Marketing Board 2008). Regarding the environment, Farm Water Quality Plan
templates used in the area describe more than 300 on-farm practices to protect water quality (Bianchi, Mountjoy,
and Jones 2008). Analyzing this immense set of management practices lies beyond the scope of this report. Instead,

the report focuses on the small subset of practices that have generated the most discussion and concern.

This analysis of management practices draws from four primary data sources: 1) interviews with 66 randomly
selected growers from Monterey County in 2007 and 2008; a mail survey of 181 Central Coast growers in 2007; 3)
interviews with roughly three dozen regional experts in 2009, including 12 growers and representatives from
industry, environmental non-profits, and government agencies; and 4) a mail survey of 154 growers in 2009. The
use of two quantitative studies, two qualitative sources, and a three-year time period provides a strong foundation
for assessing changes in management practices. Multiple sources each provide different perspectives on the topic.
Taken as a whole they converge on a single compelling conclusion for Part Il: as a condition to sell their produce,
growers report yielding to tremendous pressure exerted by auditors, inspectors, and other food safety professionals
to take measures that are potentially damaging to the environment. The rest of this section covers the four data
sources in chronological sequence and summarizes key points from each. It also describes grower concerns and

management practices relating to flood waters.

B. Key Findings from the 2007 Grower Survey

By spring 2007, concerns had arisen about potential environmental impacts of industry-led food safety practices
being taken after the fall 20006 E. coli outbreak associated with spinach.* For example, in a March 19th letter to
the region’s farm bureaus and agricultural commissioners, the California Department of Transportation commented

on observed environmental changes:

“Since the L. coli bacteria outbreak this past year, the Department of Transportation (Caltrans) has
observed an increased number of property owners and ranchers performing vegetation management
measures where the State Right-of-way abuts private property. These efforts include mechanical, manual,
and chemical weed and brush control which may be in direct violation of Caltrans vegetation
management policies, environmental law and permits obtained by Caltrans from other regulatory

agencies.” (cited in multiple sources, e.g., Monterey Gounty Farm Bureau 2007, p.0)

In response to mounting concerns, the Resource Conservation District of Monterey County implemented an

anonymous mail survey of growers. The survey provided quantitative documentation of concerns about food safety

* For example, the following website displays letters written by local, state, and federal agencies expressing concerns about
environmental impacts of new food safety practices:
http://www.waterboards.ca.gov/centralcoast/water_issues/programs/ag_waivers/food_safety.shtml
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management practices. A consortium of agriculture entities co-sponsored the research, among them the Grower-
Shipper Association of Central California, the Central Coast Agricultural Water Quality Coalition, and the Monterey
County Agricultural Commissioner’s Office. Exactly 181 growers returned the survey for a response rate of 30% —
a rate that is considered by social science standards to be sufficient for the purposes of this analysis. The final report,
A Grower Survey: Reconciling Food Safety and Environmental Protection (Resource Conservation District 2007)

contained several findings, including:

* Growers actively plan and implement practices to protect the environment. For example, 91% of survey
respondents (n = 165) had adopted one or more conservation practice(s), and the majority had completed
a Farm Water Quality Plan.

* Growers are encouraged to eliminate wildlife, vegetation, and water bodies near crops. For example, 89%
(n=161) of all growers who responded to the survey indicated that they have adopted at least one measure
to actively discourage or eliminate wildlife from cropped areas. in response to food safety concerns.

* Growers are encouraged lo remove non-crop vegetation and conservation practices. For example 32% (n
=30) of lealy greens growers who responded had removed non-crop vegetation and 21% (n = 19) reported

they had actively removed one or more conservation practice.

The 2007 report also documented the large amount of land potentially affected by this issue (140,000 acres managed
by the survey respondents), the extent to which growers are concerned about conflicting demands, and growers’
personal thoughts on the situation. For example several growers wrote comments that were included in RCD (2007),

among them:”

® “Food safety auditors have been very strict about any vegetation that might provide habitat. We are very
concerned about upsetting the natural balance, but we have to comply with our shipper’s requests.”

e “[ am afraid many positive environmental programs and practices are going to be abandoned due to
retailers/shippers new food safety practices. I am all for the environment and safe food, but feel many new
Jfood safety ideas are being driven by fear and uncertainty rather than sound science.”

o “Ultimately, clean margins and no compost or recycling irrigation water will only hurt the farmers, since
they will be liable for ground and surface water pollution.”

e “Jle have definitely been put in a conflicting position with new leafy green guidelines and watershed
management. For now until more scientific studies produce the needed information I choose to err on the

side of food safety, not environmental quality.”

A detailed summary of the survey findings appears in a peer reviewed scholarly journal article (Beretti and Stuart

2008), which is reproduced in Appendix D.

C. Key Findings from the 2007-2008 Grower Interviews

From fall 2007 to spring 2008, a University of California researcher conducted 66 personal interviews with growers
in Monterey County, where the bulk of leafy greens production occurs. Growers of row-crops were selected randomly
for interviews. Results appear in a variety of scholarly publications. For example, Stuart (2009a) analyzes interviews
with leafy greens growers and includes verbatim comments from several growers expressing regret or concern about

the adoption of practices that eliminate vegetation or wildlife.

> Direct quotes from anonymous growers appear in several places throughout this report and are based on interview tran-
seripts. They do not pretend to serve as representative samples of all interview data, but rather strive to provide illustrative
examples and deeper insights for key topics.

An Initiative of The Pew Charitable Trusts at Georgetown University ® www.producesafetyproject.org




SAFE AND SUSTAINABLE:

D CO-MANAGING FOR FOOD SAFETY AND ECOLOGICAL
HEALTH IN CALIFORNIA'S CENTRAL COAST REGION

Although interviews focused on qualitative data, the number of interviews conducted makes limited quantitative
analysis possible. For example, 84% (n = 55) of interviewees said they had adopted at least one measure to eliminate
vegetation and/or wildlife as a result of pressure from auditors, inspectors, or other food safety professionals. Of
these, 42% (n = 28) used poisoned bait, 37% (n = 24) removed non-crop vegetation, and 21% (n = 14) removed
or abandoned conservation practices specifically installed for water quality. Approximately 37% (n = 24) reported
using traps and 42% (n = 28) reported erecting fences (Stuart 2009b). These quantitative and qualitative data

provide solid confirmation of the 2007 mail survey findings.

D. Key Findings from the 2009 Grower Survey

In early 2009, the Resource Conservation District of Monterey County collaborated with conservation organizations
and agricultural industry groups to conduct a follow up mail survey of Central Coast irrigated row crop operations.
The survey was designed to obtain clearer understanding of conflicts between food safety and environmental
protection. It focused on three objectives: 1) identifying the key drivers within the production, marketing, distribution
and retail chain that contribute to the challenge; 2) determining which farming operations experience the most
pressure as a result of conflicting demands:; and 3) assessing if and how the on-the-ground impacts of these
challenges have changed over time. Appendix E contains the executive summary of the resulting 68-page report,

titled Challenges to Co-Management for Food Safety and Environmental Protection: A Grower Survey.

Based on data provided by 154 irrigated row crop operations (from a group of 647 surveyed), the report provided
a quantitative, comprehensive snapshot of current on-farm practices and drivers of those practices.® The report
focused on three categories of practices of particular concern: wildlife management, non-crop vegetation, and

water bodies.” This sub-section focuses on management practices within those three categories.
te)

The relevant overall finding from the 2009 grower survey was that as a condition to sell their produce, nearly half
the growers (49%, n = 76) reported being pressured to exclude wildlife, remove non-crop vegetation, and/or remove
water bodies from their fields, resulting in substantial on-farm changes. Growers report that pressure came from
auditors, inspectors, and others. As noted in the report “inspectors” are employed by the California Department of
Food and Agriculture to monitor for compliance with the Leafy Green Marketing Agreement, “auditors” represent
a company that buys produce, and “others” consist mostly of growers” in-house food safety professionals. This
section provides specific details supporting the overall finding. It focuses only on portions of the study relevant to

this report. Key relevant findings from the survey report include:

Auditors/Inspectors/Others Pressure Growers to Change Practices

e When an environmental feature presents a real or perceived food safety risk growers must take appropriate
action to address the food safety concern or risk potential consequences. RCD (2009) provides detailed
analysis of common consequences. Examples include auditors deducting audit points, requiring removal of

the feature, or rejecting the crop entirely.

5From RCD (2009): “Surveys were mailed to irrigated row crop operations in Monterey, San Benito, San Mateo, Santa
Barbara, Santa Clara, Santa Cruz, and San Luis Obispo Counties. The survey was mailed out to all known row crop opera-
tions using the Central Coast Regional Water Quality Control Board Conditional Waiver Program (Region 3) mailing list of
enrolled properties, which covers every county except San Mateo. In San Mateo County the survey was mailed out to all row
crop operations identified by the San Mateo County Agricultural Commissioner’s Office.”

7As used in the survey, water bodies and ponds may be either natural or engineered. Some engineered water bodies may occur
in areas in which natural ponds, springs or seasonal wetlands have been engineered for agricultural use when land was
converted from previous use.
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e Approximately half (49%, n = 76) of the survey respondents reported that an auditor/inspector/other had
indicated that wildlife, non-crop vegetation or water bodies were risks to food safety. Among all 154
respondents, wildlife (47%., n = 73) was most commonly reported as being indicated as a food safety risk.,
followed by water bodies (31%, n = 48) and non-crop vegetation (26%, n = 40).

e Of the 73 respondents who were told wildlife is a risk to food safety, respondents reported the following were
noted as animals of concern: feral pig (41%, n = 30); deer (63%, n = 46); birds (57%, n = 42): rodents
(73%, n = 53); amphibians (43%, n = 31); other (22%, n = 16).

e Of the 40 respondents who were told non-crop vegetation is a risk to food safety, respondents reported the
following vegetation types associated with these concerns: plants in ditches or ponds (70%, n = 28):
hedgerows or windbreaks (28%. n = 11); rangeland (55%, n = 22); natural lands not grazed (55%. n =
22); wetland or riparian vegetation (55%, n = 22); other (10%, n = 4).

e Of the 47 respondents who were told water bodies are a risk to food safety, respondents reported the
following water bodies associated with these concerns: irrigation reservoir (64%, n = 30); tailwater and
other farm pond (53%. n = 25); stream, river or wetland (51%, n = 24); agricultural ditch (45%, n =

21); sediment or stormwater basin (34%, n = 16); other (0%).

RCD (2009) documents differential treatment of growers based on a variety of factors. For example, growers who
adhere to other food safety programs (OFSPs) and sell to either processors or national/international buyers (instead
of directly to local markets) were more likely than others to be told that wildlife was a risk to food safety. Table 1

below provides specific details, including comparisons across species.

Table 1. Animals Indicated as a Risk to Food Safety:
Respondents Adhering to Other Food Safety Programs Selling to Processors,

National or International Buyers, or Other Buyers
(From RCD 2009)

% of OFSP Respondents who Sell to | % of OFSP Respondents who Do Not Sell
Processors or National/International | to Processors or National/International
Buyers Told Animals were Risks ! Buyers Told Animals were Risks 2

Feral Pig 18.8% (n =0) 11.7% (n=7)

Deer 28.1% (n=9) 15.0% (n=9)

Birds 3 43.8% (n =14) 16.7% (n =10)

Rodents 3 40.9% (n =15) 18.3% (n=11)

Amphibians ? (e.g., frogs) 281% (n=9) 11.7% (n="7)

Other 18.8% (n =0) 5.0% (n=3)

Notes:
1 “OFSP” refers to 92 growers who adhere to “Other Food Safety Programs,” e.g., non-LGMA private corporate standards.
Of those 92 growers. 32 fit into this column category.

2 Percentages in this column are based on 60 growers who fit into this column category.

3 The different results for both Birds and Rodents were statistically significant at p < 0.05, and for Amphibians at p < 0.10.
No other differences were statistically significant.
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Actions in Response to Food Safety Concerns about Wildlife

One-time actions reported by respondents to address food safety concerns expressed by auditors, inspectors
or others were installing fencing (28%, n = 43) and making bare ground buffers (22%. n = 34).%

The most common ongoing management activities reported by respondents (used currently) were poison or
poison bait for rodents (18%, n = 28), hunting or shooting (15%, n = 23), using copper sulfate in irrigation
reservoirs to address frogs and fish (5%, n = 8), and using copper sulfate in other water bodies to address
frogs (3%, n =15). Six percent (6%, n = 9) of respondents indicated they had taken other actions for wildlife
which include: trapping and monitoring bait stations and traps; bird and deer chasers; maintaining no

standing water; and informing neighbors of the potential food safety risks associated with their pets.

Actions in Response to Food Safety Concerns about Non-Crop Vegetation

The one-time actions most commonly reported by respondents to have been taken to address food safety
concerns about non-crop vegetation expressed by auditors/inspectors/others were clearing bare ground
buffers (20%, n = 31), removing vegetation {from farm ponds and ditches (17%, n = 26), and removing
trees and shrubs (16%, n = 25). A total of 13% (n = 20) respondents indicated use of fencing between
non-crop vegetation and cropland. Ten percent (10%. n = 15) of respondents indicated that they planted
a different crop adjacent to non-crop vegetation. Three percent (3%, n = 5) of respondents indicated that

they removed wetland or riparian vegetation.’

Actions in Response to Food Safety Concerns about Water bodies

The one-time actions most commonly reported by respondents to address food safety concerns about water
bodies expressed by auditors/inspectors/others were bare ground buffers (15%, n = 23), fencing (15%,
n = 23), planting different crops adjacent to water bodies (10%, n = 15), and stopping use, draining or
filling farm ponds or ditches (9%, n = 14). Five percent (5%, n = 8) of respondents indicated that they
drained, diverted, or filled in a natural water body. Three percent (3%, n = 5) of respondents indicated
taking other actions to address food safety concerns about water bodies which include: water testing, copper

sulfate, discontinued use of irrigation reservoirs, and drained water from the area.

Actions in Response to Food Safety Concerns about Conservation Practices

In response to food safety concerns expressed by auditors/inspectors/others,12% (n = 18) of all respondents
indicated that they had removed a conservation practice (one-time action). Practices removed include:
vegetated roads, buffers and ditches/waterways; irrigation reservoirs, tailwater ponds and basins;
compost, animal-based compost and manure; cover crops; and habitats.

In response to food safety concerns expressed by auditors/inspectors/others,11% (n = 17) of all respondents
indicated that they had disabled or stopped using a conservation practice (ongoing action). Practices taken
out of use or disabled include: vegetated buffers and ditches/waterways; irrigation reservoirs, tailwater
ponds and basins; compost and manure; cover crops; areas of beneficial insect harborage; and cattle rotation

on cropland.

8 As noted in RCD (2009). “one-time” actions include actions such a removal of practices, removal of vegetation, or installa-

tion of structures such as fencing. “Ongoing” activities include trapping or hunting. Some actions such as installing fencing
and bare ground buffers could be one-time or ongoing, but for the purposes of this report are considered as one-time actions.

?The illegality of removing wetland and riparian habitat and using copper sulfate to eliminate amphibians may have led to

un d er- report] ng.
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E. Key Findings from the 2009 Qualitative Interviews

Research methods for this report also included conducting informal interviews with more than two dozen technical
experts representing the agricultural industry, environmental organizations, and government agencies. Many of
these experts also served on the project’s technical advisory committee. In addition to these technical experts,
researchers also interviewed 12 growers. Growers were selected through purposive sampling (Trochim 2000), based
on their demonstrated willingness to speak candidly about issues lying at the core of this report, and their
representativeness in terms of size (both large/small) and production type (organic/conventional). Interview data
do not indicate prevalence of certain experiences and viewpoints, but do offer rich, descriptive information intended

to supplement concerns raised during the grower surveys.

The following excerpts from interview summaries illustrate pressures that growers face to deter or eliminate wildlife
and/or remove or abandon vegetation or conservation practices. Full summaries of all 12 grower interviews
conducted in March-April 2009 appear in Appendix F. These interviews, and the subset of 8 brief summaries below

provide deeper insights into growers” experiences with food safety requirements:

e Grower #1'_(Size category > 3000 acres, mostly conventional): worked with the RCD to install grassed

waterways but has had to remove several of them. S/He shares that: “the auditors said they were possible
harborage for wildlife and wanted us to either get rid of them or put buffers around them.” S/He also shares
that they can no longer use reservoirs and have filled several in. S/Ile has managed to keep some of her/his
grassed waterways although they remain a serious problem. S/He states that grassed waterways are always
“an audit topic and they argue about it every time.” S/He explains how auditors want to see clean ponds

with no amphibians, so they use copper sulfate to eliminate frogs and tadpoles.

® Grower #6 (Size category 200-500 acres. conventional and organic): has grassed waterways and catch
basins near crop fields. When the auditors from the buyer complain about them s/he tries to explain: “If
we didn’t catch the tailwater it would just flood over into other fields.” Grower has lost business because of
these practices. Some buyers will no longer buy crops from her/his fields, so s/he has had to find other

buyers with “less stringent standards.”

e Grower #11 (Size category 500-1000 acres. all conventional): has been asked by auditors from shippers to

remove their conservation practices. Grower used to have grasses in the ditches to reduce erosion, but now
keeps them sprayed and clean to keep wildlife out. Grower says that now s/he has more erosion. Grower
also puts copper sulfate in all of her/his ponds because the shippers say they must have a pond policy to

eliminate amphibians.

® Grower #7 (Size category 1000-3.000 acres. conventional and organic): has removed hundreds of trees

and extensive brush around the companies’ fields due to pressure from salad processors. Salad plant auditors
tell grower: “this tree is too close™ and “if you remove this, then I will approve it [the field].” The company
also uses blue tablets of copper sulfate in all of their ponds or any standing water because the processors
“don’t like frogs.” Grower shares that processors do not allow them to use their reservoirs anymore so they

have bulldozed them over.

* Grower #9 (Size category 1000-3000 acres, all conventional): lost 10 acres of crop, about $32,000, from

one incidence of deer intrusion. Grower explains that they have had to build fences all along the [name

redacted to protect anonymity] river and more will be added. They have been asked to remove riparian

19 Grower number corresponds to the grower number in Appendix F.
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vegetation along the river, but told the auditor (from their shipper) that “it is protected riparian vegetation

and we cannot remove it.”

3 sanic): Grower describes why her/his company
had to remove conservation practices: “People can’t do these practices anymore because they are not allowed
to have grasses.” Grower explains that for the LGMA it is not so much they are not allowed to have the
grasses, but that “the buffer requirements for the LGMA make it unreasonable to install conservation
practices.” Grower says that you need to have a buffer of at least 10 feet on each side and that “10 feet along
a mile and a half is a lot of land that could be farmed.” Grower shares that if you need the buffer on both
sides that means at least 20 feet out of production on each side. Grower states that keeping conservation

practices with these requirements is not practical for business.

® Grower #10 (Size category >3000 acres. conventional and organic): was asked by auditors from a processor

to clear brush and put up fences along the [name redacted to protect anonymity] river. Grower explains how
processors are concerned about foreign matter in the lettuce: seeds from cottonwood trees would get into
the romaine lettuce so they were required to cut down the trees. Auditors have also told them to remove
extensive shrubs and grass “because they like clean fields.” Almost all of their ponds and reservoirs have

been bulldozed over because auditors said they were a problem.

e Grower #12 (Size category 200-500 acres. all conventional): has been told by shippers to put out bait

stations all along fields, grower states that s/he has close to 1000 bait stations. Grower also put up a fence
along the creek. S/He was told by her/his shippers to remove vegetation along the [name redacted to protect
anonymity] creek that could serve as habitat and harbor wildlife. They cleared out large sections of the

creek: “We probably took out about 90 truck loads of brush from along the creek.”

Identification of Flood Risk and Flood Management Practices. Interviews with growers in 2009 also highlight
concerns about flooding. For example, one grower interviewed for this report commented, “All of the shippers go
beyond the LGMA in their own way. They are stricter regarding flooding and the widths of buffers.” Flooding
concerns also surfaced in the 2007 quantitative and qualitative data. For example, a participant in the 2007 grower
survey described having 23 acres of head lettuce and 2 acres of mixed lettuce rejected by auditors due to contact
with [name redacted to protect anonymity] river flood water (RCD 2007, Beretti and Stuart 2008). A grower
interviewed in 2007 commented, “Fields were flagged out for bird [droppings]. If there was a flood you couldn’t

plant for 3 years. Ridiculous rule.”

Why are growers concerned about food safety when managing for flood prevention, and how do food safety programs
alter growers’ response to flood management practices? In 2005 the FDA sent a letter to California leafy greens
growers stating that product from flooded fields is considered adulterated and not safe for consumption because flood
waters may carry human pathogens (FDA, 2005). Citing this letter, current LGMA guidelines require destruction
of flooded crops, and recommend a waiting period of 60 days after {looding before re-planting. Soil tests for the
presence of microorganisms of significant public health concern, or appropriate indicator microorganisms, may be

used to shorten this period to 30 days (LGMA, 2008).

In California’s Central Coast region, loss of the standing crop, plus a 60 day waiting period, can result in significant
financial loss. Private, corporate food safety standards that go beyond the LGMA requirements can sharply increase
these waiting times, resulting in even greater losses. Fresh Express, for example, was reported to require a 5-year

post-flood waiting period in a USA Today article available on Fresh Express” website at the time of writing and
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reproduced in Appendix G."" Responding to an inquiry made for this report, Fresh Express declined to provide their

current standards, but did provide a brief description of them (See Appendix G).

Growers and other landowners cite several reasons other than food safety concerns for wanting to control flooding,
among them reducing flood-induced erosion, property damage, and threats to public safety. However, extended
periods of lost productivity generate increased financial risk associated with even minor flooding events. This
represents a significant new consideration for landowners when contemplating the level of effort to direct at flood

control activities such as riparian vegetation management.

Growers report acting on concerns about financial impacts from both loss of crop due to flooding and waiting periods
after flooding. New food safety requirements featured prominently in a November 2008 permit request for emergency

flood control activities in Monterey Gounty:

“Major financial impacts would result from the temporary loss of available agricultural lands for crop
production subjected to a flood. Under the California Leafy Green Products Handler Marketing
Agreement (LGMA), rigid food safety standard controls are now in place for production of crops in
recently flooded areas. The LGMA standard states the grower/landowner must till under any existing
flooded areas, allow the soil to dry sufficiently, and perform active tillage therein for at least 60 day
Jollowing the receding of the flood water before planting a new crop. This tillage work is required to
provide additional protection against the survival of pathogenic organisms.”

(Army Corps of Engineers Public Notice, November 2008, pg. 2)

The LGMA guides growers to consult with appropriate regulatory agencies prior to implementing flood control
strategies in environmentally sensitive areas adjacent to crop land (LGMA 2008, including its Appendix Z). It is not

known whether private corporate standards provide similar guidance, nor the extent to which such guidance is

followed.

Based on the above, it is reasonable to assume that growers will consider food safety related risks when making flood
control decisions, and that such consideration may lead to more channel clearing and riparian vegetation
management than was previously considered necessary to address flood risks. Should this be the case, it could lead
to substantial adverse impacts on affected rivers and streams. These waterways and the associated riparian
vegetation serve as regional wildlife corridors and habitat for steelhead and other aquatic species (Entrix Inc. 2009,

Moyle 2002, Smith 2007).

Part Il Conclusion. Overall, the 2009 qualitative interview data, combined with the grower interviews from 2007-
2008 and quantitative survey results from both 2007 and 2009, provide compelling evidence of changes in
management practices due to food safety concerns. These changes influence management of wildlife, water bodies,
non-crop vegetation, and flood risk. Part III explores the implications of the management changes that growers
report taking to address food safety issues. Specifically, the following section explores the science behind this subset

of practices in order to clarify implications for both food safety and ecological health.

" In addition to Appendix G, please see Schmit (2000) at
http://www.freshexpress.com/assets/news/[reshnews/usa061101.pdf
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A. Defining Risks in a Local Context

As indicated above, growers report being told that wildlife, non-crop vegetation and water bodies pose a risk to
food safety. They also indicate that proximity of domestic animals and their waste products to crop production areas
is considered a risk. The following section begins by reviewing information regarding factors that growers report they
have been told are risks for food safety, and reviews scientific literature that addresses risk from these factors. The
review then considers available information to assess the impact of changes in management practices to address food
safety concerns — deterring or eliminating wildlife, reducing use of non-crop vegetation or altering use of water

bodies — on ecological health and food safety objectives in the Central Coast region.

Much of the discussion here summarizes review of relevant literature, reports, and other information sources that
are presented with full citations and in more detail in Appendices H and . Wherever possible, research done in the
Central Coast region, under conditions representative of local, irrigated row crop production systems, is discussed

to help provide the most relevant assessment of the effectiveness of local management practices.

B. Evidence of Food Safety Risk From On-Farm Factors

Risks from Wildlife: Wildlife has received considerable attention in efforts to identify sources of E. coli O157:H7
and other pathogens in fresh produce. However, data relevant to food safety risk from wildlife is scarce and
incomplete (Atwill, 2008).

Table 2 summarizes details about the methods, sample size, and factors reported in 52 studies relevant to pathogens
in wildlife. These studies demonstrate the range of research areas, species, and methodologies used to investigate the
role both wild and domestic animals may play in contamination processes. See Appendix I for a detailed explanation

of how these studies were identified and selected.

Prevalence studies of pathogens in cattle or other domestic animals typically represent the infection rate in the
population as a whole. Population size is known, as is percent of the population sampled. In the vast majority of
studies investigating pathogen prevalence in wildlife, population size and percent of the population sampled are not
known. For example, if 100 fecal samples are collected after deposition, in many instances it is not known whether
this represents fecal samples of 100 animals, or fecal samples of 25 animals defecating four times each. Also,
methods of collection, knowledge of sample age and condition, duration of pathogen shedding from infected animals,
magnitude of infection (number cfu/g fecal matter), and possibility of contamination after deposition are usually
unknown. Because of these uncertainties, the data summarized in Table 2 should be seen as a guide for future

study, not a statement of risk.

Few studies have been conducted in North America, and particularly in California or the Central Coast region.
Pathogen prevalence and movement may depend upon the environment in which animals live and coexist. For this
reason, full assessment of the risk wildlife and their wastes may pose to food safety must include studies in the

relevant growing environment.

Research to date primarily addresses whether various species of animals are capable of carrying human pathogens.
Contamination processes might include direct transfer of pathogens to fresh produce through fecal deposition directly

onto plants. Other contamination processes might involve contamination of the growing environment (e.g., water,

An Initiative of The Pew Charitable Trusts at Georgetown University ® www.producesafetyproject.org




SAFE AND SUSTAINABLE:

D CO-MANAGING FOR FOOD SAFETY AND ECOLOGICAL
HEALTH IN CALIFORNIA'S CENTRAL COAST REGION

soil. dust, bioaerosols), elements of which may subsequently come in contact with crops. The relative importance
of these mechanisms in recent contamination processes remains unclear. Without information that describes the
contamination process, it is extremely difficult to assess the risk posed by the presence of pathogens in domesticated

and wild animals, particularly in wildlife populations where sample collection is more challenging.

Table 2. Summary of Select Studies Examining Pathogens in Wild and Domestic Animals

Citation Findings/Comments

Adesiyun et al. 2009 E. coli 0157, Salmonella, Campylobacter

Bats representing 12 species from 27 locations across Trinidad and Tobago were
trapped and euthanized. A total of 337 fecal samples from the euthanized bats
were collected. Four of 377 (1.1%) samples were positive for Salmonella. None of
377 samples were positive for E. coli O157 or Campylobacter. Species of bats
sampled included Artebius sp., Carollia perspicillata, Desmodus rotundus, Diaemus
voungi, Glossophaga sp., Molossus major, Molossus ater, Mormoops sp., Noctilio
leporinus, Phyllostomus hastatus, Phyllostomus discolor, and Pteronotus parnelli.

Atwill et al., 1997 Cryptosporidium spp., Giardia duodenalis

Examined shedding potential and prevalence of Cryptosporidium spp. and Giardia
duodenalis in feral swine in Coast Range of north and central California. A total of
221 animals from 10 populations were live trapped or shot, and fecal samples
collected for analysis. 5.4% (12/221) of the animals were shedding
Cryptosporidium and 7.6% (17/221) were shedding Giardia. Information about
population density of the swine, association with cattle, age/gender/sex of the
individual animal was all collected.

Beutin et al., 1993 STEC

Domestic animals in Germany were sampled in a number of locations and the
frequency of VITEC! carriers was recorded. All animals were healthy. Samples
were collected by rectal swab'? or directly from the colon in slaughtered animals.
80 of 120 (66.6%) sheep sampled from 6 populations were positive; 9 of 120
(7.5%) domestic pigs sampled from six populations were positive; 37 of 66 (56.1%)
goats from 4 populations were positive; 9 of 65 (13.8%) cats from two populations
were positive; and 3 of 63 (4.8%) dogs from two populations were positive. All
animals were from private farms, university institutes or the Berlin Zoological
Garden, except the dogs and cats, which were from private owners or the Berlin
Society for the Protection of Animals.

128TEC (Shiga toxin-producing Escherchia coli) and VTEC (Verotoxin (VT [Shiga-like toxin] Escherichia coli) are used
interchangeably by researchers. STEC is generally used by U.S. based researchers, VIEC by European based researchers.

31t is important to note that direct comparisons between studies are problematic because of the lack of standardized methods.
Proportion of the population sampled impacts the margin of error of reported results. The size (weight) sample tested and the
microbiological methods used may also influence the sensitivity of the test. Additionally, improvements in laboratory detection
methods in recent years raise questions regarding negative results from older surveys of pathogen prevalence in wildlife popu-
lations.
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Citation Findings/Comments

Branham et al., 2005 E. coli 0157, Salmonella

Sampled for £. coli O157:H7 and Salmonella in populations of deer and livestock
grazing the same range land in Texas. Deer were sampled after hunter kill. Some
information about spatial relationships of water sources, animal grazing areas is
given in the discussion. F. coli O157:H7 found in 1 of 80 (1.25%) cattle; 1 of 82
(1.22%) sheep; 0 of 31(0%) goats; and 0 of 26 fecal or rumen samples from white
tailed deer (samples of each from 26 animals). One of 20 (5%) water samples was
positive for E. coli O157:H7. Salmonella found in 1 of 80 (1.25%) cattle; 6 of 82
(7.32%) sheep; 3 of 81 (3.7%) goats; 0 of 26 white tailed deer fecal samples; 2 of

26 (7.69%) white tailed deer rumen samples; and 1 0f20 (5%) water samples.

Chapman et al., 1997 | E. coli 0157

Study of cattle, sheep. pigs and poultry in England. Tested 400 cattle each month
over an entire year and found 13.4% of beef cattle and 16.1% of dairy cattle tested
positive for £. coli O157:H7; in spring/summer up to 36.8% of cattle tested positive
for £ coli O157:H7. Also tested 1000 each of sheep, pigs and poultry over the same
period. E. coli O157:H7 was isolated from 2.2% of sheep, 0.4% of pigs, and 0% of
chickens.

Cizek et al., 1999 E. coli 0157

Fecal samples were collected from cattle, feral pigeons, domestic sparrows (no
further description given) and rodents. 72 of 365 (20%) of cattle fecal samples; 0
of 50 (0%) of pigeon samples; 0 of 20 (0%) of sparrow samples: and 4 of 10 (40%)
of Norwegian rat samples (Rattus norvegicus) were positive for E. coli O157:H7.

Cody et al., 1999 E. coli 0157

Deer (species not noted) feces collected near an orchard in California from which
E. coli O157:H7 contaminated apples had been used to make juice tested positive
for E.coli O157:H7. Amount of fecal material collected is not noted. Consumers of
the juice became ill from the contamination.

Compton et al. 2008 Salmonella

Ten Salmonella enterica serotypes were found in fecal samples from raccoons
(Procyon lotor) in Pennsylvania. Samples were collected from live, anesthetized
animals caught in traps. Salmonella was isolated in 55 of 738 (7.4%) of the
samples collected over a two year period.

Converse et al., 1999 | E. coli 0157, Salmonella spp., Campylobacter

Fecal material from Canada geese resident in non-agricultural areas in
Massachusetts, Virginia and New Jersey was collected three times over
approximately 2 months from 12 study sites. Ten samples were collected each of the
three sampling sessions from each site. Samples were collected from the ground
and were of unknown age at the time of collection, but were noted to be “fresh”.
Some samples were marked and allowed to remain for five days before collection
and analysis. No movement patterns of the geese populations sampled noted. Two
of 360 samples (0.6%) were positive for Salmonella spp., none of the samples were
found positive for L. coli O157:H7 or Campylobacter.

Dunn et al., 2004 E. coli 0157

Prevalence of E. coli O157:H7 in hunter-harvested white-tailed (Odocoileus
virginianus) deer in Louisiana, U.S.A. was 0.3% (n=338). In August 2001, £. coli
0157:H7 was detected in one of 55 deer (1.8%) from the captive herd, which was
fed a grain concentrate. Prevalence over the 1-yr period for the captive herd was

0.4% (n=226).
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Citation Findings/Comments

Faith et al. 1996 E. coli 0157

Researchers sampled dairy cattle manure to test for prevalence of . coli O157:H7
in the animals. In a prevalence study, 10 of 560 calves (1.8%) tested positive for
E. coli O157:H7. In a follow up study, in addition to bovine fecal samples, a total
of 302 environmental samples including feed, water, and non-bovine animal feces
were tested. The 18 non-bovine animal feces tested included cat, dog, pig, rabbit,
and raccoon (number of each not specified). None of the non-bovine samples were
positive. Three percent (3/101) animal drinking water samples were positive.
Prevalence in the bovine feces during the follow up study was 3.7% (19/517).

Fenlon, 1981 Salmonella

Found prevalence of Salmonella in seagull (Larus spp.) feces of 12.9% for 1,242
samples. Samples were taken at various locations in Scotland in open areas, by
lakes, and by sewage outfalls. Results showed that gulls feeding at sewage works
had higher rates (17-21%) of carriage of pathogens than those elsewhere.

Fischer et al., 2001 E. coli 0157

Did a two year study in southeast states in the U.S. with sampling in a total of 11
sites. Samples collected from the rectum of hunter kill deer or from the ground.
None of 310 (0%) samples of fecal material collected from the ground (age
unknown, but described as fresh) were positive for £. coli O157:H7. Three of 469
(0.64%) fecal samples collected from free-ranging deer (hunter kill) were positive
in the first year. All 3 were from same sample site. Thirteen of 305 (4.3%) cattle
sampled from an adjacent area (sampling method not stated) to the area in which
positive E. coli O157:H7 results for deer were found were positive for E. coli
0157:H7. While both the cattle and the deer found to carry E. coli O157:H7 in
their feces came from the same sample site, there was not a match between the F.
coli O157:H7 strains found in each. In a subsequent sampling of all 11 sites, one
of 140 (0.7%) deer samples was positive.

Garcia-Sanchez et al.,|E. coli 0157

2007 Used rectal swabs to sample wild populations. 2006 red deer (Cervus elaphus), 20
roe deer (Capreolus capreolus), 6 fallow deer (Dama dama) and 11 mouflon (Ovis
musimon) in southwestern Spain were tested for L. coli O157:H7. Three of 2006 red
deer (1.5%) were positive for L. coli O157. All other samples were negative.

Gaukler et al., 2009 E. coli 0157, Salmonella

Used tags and radio transmitters on European starlings (Sturnus vulgaris) in

Kansas to explore movement of these birds among feedlots and roosting spots. All
cloacal swabs (n=434) were negative for L. coli O157:H7. Three out of 434 samples
(0.7%) tested positive for Salmonella. Distances traveled by the birds were recorded
for those collected from tagged individuals. Average distance from roosting site to
feedlot was 19 km, though some radio tagged individuals moved as far as 40 km
from the capture site, and one bird was found 1,287 km away.
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Citation Findings/Comments

Gray et al., 2007 E. coli 0157

Authors conclude that tadpoles orally inoculated with £. coli O157:H7 and housed
in a flow through aquarium in a lab study did not become infected, while inoculated
metamorphs (young frogs recently developed from tadpoles) housed in lab tanks
not connected to a flow through system did become infected. None of 23 tadpoles’
organ samples showed positive results for £. coli 0157. 54% of 24 metamorphs,
housed in a stagnant tank after inoculation, had positive results for organ tests of
E. coli O157. The two metamorphs sampled on the last day of the study (21 days
after inoculation) were negative for L. coli 0157 in their organ tissues. Small
sample size, differences in water condition for tadpoles and metamorphs, and
imperfect replicates of natural environments make extrapolation to field settings
problematic.

Hancock et al., 1998 E. coli 0157

Research conducted in the Pacific Northwest tested for E. coli O157 in wild birds
on cattle ranches. One of 200 (0.5%) bird feces samples from 12 farms tested
positive for . coli O157:H7. Feces were collected from roosting spots, not directly
from birds; species not described. None of 300 rodents from 11 farms were found
to harbor E. coli O157:H7. Rodents were live caught and euthanized for sampling;
species not given. None of 34 wildlife fecal samples from 6 farms positive for £. coli
0157. Species of wildlife not listed; feces of unknown age.

Henzler and Opitz, | Salmonella

19992 715 mice and rats were sampled from 10 poultry farms with 16.2% culture-positive
for Salmonella enteritidis. Salmonella enteritidis was shown to persist for at least
10 months in an infected mouse population. Authors conclude that mice may be
important amplifiers of disease in egg-laying farms.

Heuvelink et al. 2008 | E. coli 0157, Salmonella, Cryptosporidium, Giardia

Wildlife samples were collected over a 22 month period in The Netherlands. A total
of 897 fecal samples was collected. Prevalence of E. coli O157 was 13.6%,
Salmonella was 0.1% and Campylobacter was 0.5%. Campylobacter was isolated
mainly from fecal samples collected from birds, including corvidea (59.8%), and
meadow birds and waterfowl (22.4%). A subset of 247 samples was also analyzed
for Cryptosporidium and Giardia; none were positive for Cryptosporidium, one roe
deer sample was positive for Giardia. (Information extracted from abstract only)

Hussein, 2007 STEC

Reviewed literature of prevalence of STEC (Shiga toxin-producing E. coli, of which
E. coli O157:H7 is one) in beef cattle. The review found prevalence rates of . coli
0157:17 ranged from 0.3% to 19.7% in feedlots and from 0.7% to 27.3% on
pasture. Prevalence rates for non-O157:H7 STEC were 4.6% to 55.9% in feedlots
and 4.7% to 44.8% on pasture. The authors note that non-O157:117 should also be
considered in addressing pathogen risks in beef products.

Janisiewicz et al., 1999 | E. coli 0157

Fruit flies were contaminated with £. coli by allowing them to walk on an ager plate
with the bacteria. Seven of nine fruit flies were contaminated after 2 hours exposure
to I coli; all fruit flies were contaminated after 6 or 24 hours. In a separate
experiment, transfer of £, coli F-11775 (a non-pathogenic strain of L. coli found
to grow similarly to £ coli O157:H7 on apples) to wounded apple tissue was
demonstrated to be possible. Four, three and all six apples in the glass dome
experimental container were contaminated after exposure to the fruit flies after 0,
24 and 48 hours.
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Citation Findings/Comments

Jay et al., 2007 E. coli 0157
See discussion in text box. Sampling results for L. coli 0157 in a irrigated row
crop production area in California 26/77(33.8%) of cattle feces; 0/10 (0%) water

troughs; 13/87 (14.9%) feral pig feces;3/79 (3.8%) surface water samples; 3/37
(8.1%) soil/sediment samples; 0/18 (0%) well water samples.

Jijon et al. 2007 E. coli 0157, Salmonella

Fecal samples collected from wild animals taken to two wildlife rehabilitation
centers in Ohio were analyzed for E. coli 0157 and Salmonella. Samples were
taken within 3 days of arrival in the center. None of the animals tested were positive
for E. coli O157. A total of 8 of 71 samples were positive for Salmonella. The
researchers note that acquisition of Salmonella at the rehabilitation facility itself
was likely in some of the infections, perhaps in as many as half the cases (Dr. Jeff
Leleune, DVM, Dipl. ACVM, personal communication). Number of positive
samples/number of samples from the species were as follows: 0/1 Turkey vulture
(Cathartes aura), 0/4 Eastern cottontail (Sylvilagus floridanus), 3/7 (43%)
Opossum (Didelphis virginiana), 0/4 Common raccoon (Procyon lotor), 0/4
Canada goose (Branta canadensis), 0/2 Mallard duck (Anas platyrhynchos), 0/14
Red-tailed hawk (Buteo jamaicensis), 1/1 (100%) Harris’s hawk (Parabuteo
unicinctus), 0/3 Cooper’s hawk (Accipiter cooperii), 1/8 (12.5%) Eastern screech-
owl (Otus asio), 0/3 Barred owl (Strix varia), 0/1 Great horned owl (Bubo
virginianus), 0/6 American kestrel (Falco sparverius), 0/3 Mourning dove (Zenaida
macroura), 0/1 Jumping meadow mouse (Zapus hudsonius luteus), 0/1 White-
tailed deer (Odocoileus virginianus), 1/3 (33.3%) Woodchuck (Marmota monax),
2/4 (50%) Eastern gray squirrel (Sciurus carolinensis) and 0/1 Eastern fox squirrel
(Sciurus niger).

Johnsen et al., 2001 E. coli 0157

Intestinal contents from 1,541 cattle, 665 sheep, and 1,976 pigs in Norway were
analyzed for L. coli O157:H7. E. coli O157:H7 was present in 0.35% of cattle,
0.24% of pigs and 0% of sheep.

Keene et al., 1997 E. coli 0157

Consumption of venison jerky by a hunter and family members in Oregon led to F.
coli O157:H7 infection. E. coli O157:H7 was recovered from 3 of 32 (9%) of black
tailed deer (Odocoileus hemionus columbianus) fecal pellets and none of 9 elk
(species not given) fecal pellets collected in forest land near where deer had been
hunted. In samples collected 4 months later, none of three deer samples, and none
of 70 cow fecal samples collected from a nearby ranch were positive.

Kirk et al., 2002 Salmonella

Sampled water in troughs from weaned dairy calves in California. Salmonella was
found in 4 of 48 dairies in fall 1998 and 8 of 37 dairies in summer 1999. Methods
of managing water (continuous filing vs. valve) may affect likeliness of Salmonella.

Kullas et al. 2002 E. coli 0157

Researchers collected a total of 397 Canada goose (Branta canadensis) fecal
samples from four study sites over approximately 11 months. An aggregate sample
was collected once every four weeks from a marked area at four sites around Fort
Collins, CO. The sample area was raked clean for three weeks in a row; the sample
was collected in the fourth week. Samples were also collected from outside the
transect area. No E. coli 0157 strains were identified, though 6% of the samples
were classified as EHEC strains.
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Citation Findings/Comments

LeJeune et al., 2008 E. coli 0157

Radio tagged European starlings in Ohio, and also sampled entire gut of 316 birds
and found 7 out of 316 (2.2%) sampled were positive for F. coli O157:H7. 48 out
of 1869 cow manure samples collected from the farms where the birds were
captured tested positive for L. coli O157:H7.

Lillehaug et al. 2005 STEC, Salmonella, Campylobacter

Fecal samples from wild red deer, roe deer, reindeer and moose were provided
during hunting season in Norway. None of 135 red deer, 0 of 127 moose, 0 of 2006
roe deer, and 0 of 150 wild reindeer were positive for STEC. 0 of 135 red deer, 0
of 127 moose, 0 of 196 roe deer and 0 of 153 wild reindeer were positive for
Salmonella. 0 of 82 red deer, 0 of 82 moose, one of 38 (2.6%) roe deer and 0 of

150 wild reindeer were positive for Campylobacter.

Nagano et al. 2007 E. coli 0157, Salmonella, Shigella, Yersinia, Cryptosporidium

A total of 464 fox (Julpes vulpes) were shot and killed during a vermin cull
throughout Ireland in 2003. Post-mortem rectal samples were collected from a
randomly selected group of 124 fox. All samples were negative for L. coli 0157,
Salmonella, Shigella, and Yersinia. Ten (8.1%) of the samples were presumptively
positive for Cryptosporidium.

Nakazawa et al., 1999 |FE. coli 0157
Rectal fecal swabs from 221 pigs from 35 farms in Japan were tested for E. coli
O157:117. Three pigs from three different farms tested positive (1.3%).

Nielson ef al., 2004 STEC

A total of 446 fecal samples collected from animals found near cattle and pig farms
in Denmark were tested for STEC. These included 244 wild bird samples (the most
common species represented were barn swallows (Hirundu rustica), tree swallows
(Passer monanus), house sparrows (Passer domesticus), and blackbirds (Turdus
merula)). Four birds (4/244, 1.6%) were found positive for STEC. The positive
birds were two tree sparrows, one barn swallow and one starlings (S. vulgaris). Two
rodents (2/10, 20%) were found positive, and 0 out of 6 pooled insect samples were
found positive.

Olsen et al. 2002 E. coli 0157

Following an outbreak of L. coli 0157 linked to a contaminated municipal water
system in Alpine, Wyoming researchers tested deer and elk (species not noted) fecal
samples. None of five deer and elk samples taken from an area mnear the
underground spring that served as a water supply source for patients who had
become ill were positive for F. coli O157.

Palmgreen et al., 1997 | E. coli 0157, Salmonella, Campylobacter spp.

Stool samples were collected from 50 seagulls and 101 passerines (land birds) that
were just entering Sweden from their wintering grounds. Samples were analyzed
for Salmonella, Campylobacter spp., and E. coli O157:H7. Two of 50 (4%) seagull
samples were positive for an antibiotic resistant strain of Salmonella; three of 101
(2.9%) passerine samples were positive for Campylobactor jeuni, and no samples
from either type of bird tested positive for . coli O157:H7.
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Citation Findings/Comments

Parish, 1993 Salmonella

Following an outbreak of Salmonella Hartford in people drinking orange juice
purchased at a theme park in Florida, environmental samples near the juice
processing facility were collected. Samples were collected from sump water, dried
frog feces, four tree frogs (Hyla cinerea) and a toad (Bufo terrestris). No Salmo-
nella was found in sump water or dried frog feces. The toad tested positive for
Salmonella Newport and Hartford, but not the same strain of Salmonella Hartford
found in the outbreak patients. Tree frogs were positive for Salmonella Newport.
Author does not specify how many frogs were positive.

Pedersen et al. 2006 STEC

Cloacal swabs were collected from a total of 406 rock pigeons (Columba livia) live
trapped or sampled immediately after being shot in. Pigeons from seven locations,
including both urban and dairy farm settings, were sampled. No STEC was
detected in the 400 samples. Salmonella was detected in nine of 106 (9%) of
pigeons samples collected from a dairy environment, and none of 171 of samples
collected from urban pigeons. The prevalence for Salmonella in all samples was
3% (9/277). Environmental samples in the dairy farm setting were also positive
for Salmonella as follows: manure (8/120 samples, 7%), water (2/120, 2%), feed
(117120, 9%).

Renter et al. 2001 E. coli 0157

Fecal samples from free range white-tailed deer (Odocoileus virginianus) in
Nebraska were collected by hunters from dead animals when they weighed in with
their kill. £. coli O157:H7 was cultured from four (0.25%) of 1,608 total samples
submitted.

Renter et al. 2003 E. coli 0157

Fecal and water samples collected in range cattle environments in Kansas and
Nebraska over an 11 month period were analyzed for E. coli O157. 92 of 9122
(1.01%) cow fecal samples and 14 of 4083 (0.34%) water samples were positive
for E. coli O157. Of 521 wildlife fecal samples 0 of 230 raccoon, 0 of 141 deer, 0
of 100 coyote, 0 of 9 bird (species names not given), 0 of 16 unknown species
samples were positive. One of 25 opossum (Didelphis virginianus) tested positive.
The same subtype of E. coli 0157 was identified in all samples. Cow fecal samples
were collected from cows observed defecating and were of known age. Wildlife
samples were collected from the ground as scat during cattle sampling visits, and
were also collected by local hunters and trappers.

Renter et al. 2006 Salmonella

Fecal samples from free range deer (Odocoileus virginianus) in Nebraska were
collected by hunters from dead animals when they weighed in with their kill. A
subset of 500 of the 1,608 samples submitted by hunters was analyzed for
Salmonella content. One percent (5/500) of the samples were positive for
Salmonella. The authors state that the serovars recovered are pathogenic to humans
and animals.
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Citation Findings/Comments

Rice et al. 2003 E. coli 0157

The authors of the study solicited or collected and cultured feces from a variety of
wildlife whenever the opportunity arose. No further details of sample collection or
treatment procedures given, nor are Latin names given for the following animals for
which fecal matter was collected. Species name is followed by the number of
positive samples/number of samples: white-tailed deer (5/630, 0.79%). elk
(0/244), bison (0/57), bighorn sheep (0/32), antelope (0/1), Canada goose
(0/121), trumpeter swan (0/67), gull (0/150), duck (0/20), starling (0/124), wild
turkey (0/83), coyote (0/7), rodent (0/300), pooled flies (2/60, 3.33%), and fish
(0/4).

Richards et al., 2004 Salmonella

Sampled animals brought to a wildlife rescue center, including: 34 eastern box
turtles (Terrapene carolina carolina), 14 eastern painted turtles (Chrysemys picta
picta), 14 snapping turtles (Chelydra serpentina), 6 black rat snakes (Llaphe
obsoleta obsoleta), 2 redbelly turtles (Pseudemys rubriventris), 2 yellowbelly sliders
(Trachemys scripta scripta), 2 eastern garter snakes (Thamnophis sirtalis sirtalis),
and 1 eastern river cooter (Psell(lerrg}*s concinna concinna). All cultures were
negative for Salmonella spp., which the authors report is in contrast to the high
prevalence of Salmonella cloacal shedding reported in captive reptiles but similar
to previous reports in free-living North American reptiles.

Samadpour et al. 2002 | E. coli 0157

After an illness outbreak traced to a recreational swimming lake in Washington
state, fecal, water, sand, soil and sediment samples were collected and tested for .
coli O157. One of 20 (5%) of duck feces sampled, and 2 of 51 (3.9%) of water
samples were positive for the outbreak strain. All other fecal samples collected
including 4 cow, 1 coyote, 2 deer, and 1 rabbit fecal were negative.

Sanchez et al., 2009 E. coli

Tested for Shiga toxin-producing L. coli with pathogenic potential (not L. coli
0157:H7) in wild ruminants in Spain (elk, European roe deer, fallow deer,
mountain sheep) 58 of 243 (23.9%) samples were positive. Authors state that the
STEC detected have the potential to be serious human pathogens.

Sanderson et al. 2006 | E. coli 0157

Sampled cattle feces, water, feed, bird feces and houseflies in a feedlot cattle
environment over a 13 week period. Six of 165 (3.6%) of bird fecal samples were
positive for L. coli O157. Samples were of unknown age, bird species were not
noted. Housefly (species not given) samples were collected by a swoop net in the
feedlot environment. 53 of 1,540 (3.4%) were positive for £. coli O157.

Sargeant et al., 1999 E. coli 0157

Collection of fecal samples from 2 Kansas ranches where white tailed deer
(Odocotleus virginianus) and cattle share range land. Fresh fecal samples (n=212)
from free ranging white-tailed deer were collected on multiple pastures from 2

farms in norl,h cenlral Kansas between September 1997 and April 1998. L. coli
0157:H7 was identified in 2.4% (5 of 212) of white-tailed deer fecal samples.

An Initiative of The Pew Charitable Trusts at Georgetown University ® www.producesafetyproject.org




SAFE AND SUSTAINABLE:

D CO-MANAGING FOR FOOD SAFETY AND ECOLOGICAL
HEALTH IN CALIFORNIA'S CENTRAL COAST REGION

Citation Findings/Comments

Schaife et al. 2006 E. coli 0157

Fecal samples from cows and rabbits (species not given) sharing range land in
Norfolk, UK were collected in winter when there were few rabbits and in summer
when there were many rabbits present. Samples were collected from 16 different
cow herds. Researchers chose to examine cow / rabbit cohorts on 6 of the 7 farms
on which fecal samples indicated that cows were shedding L. coli O157. Traps were
set to catch rabbits, and fecal samples were collected from the trap area daily; traps
were disinfected after each use. None of 32 rabbit fecal samples contained E. coli
0157 in the winter sampling period. Two fecal samples on each of four farms
contained L. coli O157 in the summer sampling period (total positives 8 of 97
(8.2%). One tagged rabbit was negative when sampled in the winter and positive
when re-caught in the summer.

Shere et al. 1998 E. coli 0157

Researchers examined E. coli O157 content of the guts of necropsied wildlife on
four Wisconsin dairy farms and sampled fresh dog feces as well. The samples were
taken over a 14 month longitudinal study period. A total of 89 samples was
collected from the following animals on the farms: deer, opossum, wild turkey, mice,
rats, raccoon, birds (sparrows, starlings, pigeons), and flies. A total of 99 bird fecal
samples were collected by cloacal swabs from pigeons, sparrows and starlings.
Number of samples from each species not noted. One pigeon sample from a total
0f 99 bird samples (1%), and one fly trap was positive (authors state this as 5% of
samples). In addition, one raccoon (Procyon lotor) sample was positive for k. coli
0157. All other samples were negative.

Sprosten et al., 2006 E. coli 0157

Slugs were collected from sheep pasture where E. coli O157:H7 contamination
from previous sheep grazing was known. A total of 474 slugs was collected,
separated into 33 groups, and homogenized in a sterile blender. A slurry of the
homogenized slugs was tested for £. coli O157:H7. One in 33 groups tested
positive. Additional laboratory investigation demonstrated that slugs exposed to E.
coli O157:H7 contaminated food source shed the pathogen in their feces.

Srikantiah ef al. 2004 | Salmonella

Following a marked increase in Salmonella Javiana incidence in Mississippi,
researchers tested reptiles and amphibians commonly found in patient yards for
Salmonella. A total of 21 amphibians were collected, all were either Southern
cricket frog (Acris gryllus gryllus) or Fowler’s toad (Bufo woodhouse fowlert).
Eleven individuals of the following species of reptiles were collected: green anole
(Trachymes scripta elegans), ground skink (Skincella lateralis), red-eared slider
(Trachymes scripta elegans) and common musk turtle (Sternotherus odoratus).
Number of each species was not given. Salmonella Javiana was not recovered from
any of the animals nor their feces. Salmonella Newport was isolated from a single
Fowler’s toad.

Talley et al., 2009 E. coli 0157

Filth flies (flies that have a stage of development in animal feces) in the families
Muscidae and Calliphoridae were captured in leafy green fields in the Central Coast
of California. Eleven of 18 (61%) of the flies captured tested positive tested for E.
coli O157:H7. A follow-up lab study demonstrated that house flies confined on
manure or agar containing £. coli O157:H7 were able to transfer the bacteria to
spinach plants. A marker used to trace presence of the E. coli bacteria on spinach
leaves on which flies had landed found 50-100% of the leaves contaminated.
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Wallace et al., 1997 E. coli 0157

Researchers isolated L. coli 0157 from wild birds (mainly gulls). Freshly voided
fecal samples were collected at two sites in England, one being a landfill waste site
and the other an intertidal zone. Birds were primarily herring gulls, black-headed
gulls, and common gulls. crows, and jackdaws. 400 samples were collected from
each site over 4 visits. 2.9% of samples from the intertidal site and 0.9% from the
urban landfill tested positive for L. coli O157:H7. No information about the extent
to which these two samples represent different populations of birds is given.
Distance between the sample sites is not given, nor is the food on which each group
of birds feeds mentioned. Age and conditions that might impact the survival of L.
coli O157:H7 in fecal material are not noted.

Wahlstrom et al., 2003 | E. coli 0157, Salmonella, Campylobacter

791 samples were collected from Canada geese, roe deer, hares, moose, wild boar
and seagulls in Sweden. Samples were collected from animals that had been hunted.
E. coli 0157 was not isolated from any of the samples. Salmonella species were
isolated only from seagulls, of which 4% were estimated to be positive.
Thermophilic Campylobacter species were commonly isolated from all the species
except the deer.

Growers and food safety auditors regularly find evidence of animal incursion in row crops (e.g., crop damage, tracks,
or fecal material). Ilowever, controlled studies examining the frequency of incursion into row crops by these animals,
and detailed information about how behavior in the crop might impact contamination processes (e.g., contact of
animal or animal feces with harvested portion of crop) is not available from the existing literature. Without a better
understanding of the contamination process it is not possible to define risk from these incursions. Currently, the crop
in areas around evidence of incursion is not harvested. The area designated for exclusion varies widely, however, and
may even result in an entire field being removed from fresh produce production for an extended period of time

(Schmit 2000).

The foodborne illness outbreak investigations presented by Jay et al. (2007) and Cooley et al. (2007) explored
whether feral pigs may be involved in processes of contamination. The text box below and Appendix K describe their
work in detail. No other wildlife studies provide the level of detail regarding contamination sources and processes
as Jay et al. and Cooley et al. for deer, amphibians, rodents, and birds — the wildlife identified by growers in the mail

survey as sources of buyer of food safety professional concern.

Pathogen prevalence in amphibians and reptiles in particular is not well represented in the literature. What is known
does not clearly indicate what risk these animals pose to food safety. For example, studies conducted in laboratory
settings using levels of imposed contamination far greater than are likely to occur in field settings must be interpreted
with great caution. Laboratory settings may not reflect what is likely or possible in field conditions. In a study of
wild caught amphibians and reptiles in natural settings, no human pathogens were detected (Richards et al., 2004).
Reports of amphibians (typically frogs) found in fresh produce occur in the media (Sacks 2008), but to date no

evidence indicate that these episodes represent a food safety risk.'

Detailed studies documenting risk from rodents are similarly limited. Extension specialists and growers confirm

that several local rodents including ground squirrels, mice, voles and rats are present as pests in fresh produce crops

* Food quality issues may influence the marketability of a product, and consumer choice, but they do not necessarily present
food safety risk.
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(Salmon 2008). While rodents are capable of carrying various strains of E. coli, Salmonella, and other infectious
bacteria (Clark, 1994), the number of animals tested in field studies has been limited (Hancock et al., 1998; Cizek
et al., 1999). In one study E. coli O157:H7 was isolated from Norwegian rats (Cizek et al. 1999). Ongoing research
in the Central Coast region (see text box and Appendix K) is collecting information to help assess the prevalence of

E. coli O157:H7 in local wildlife populations, including rodents.

Compared to information regarding rodents and amphibians, a larger body of literature demonstrates that some birds
may carry important pathogens, including several bird species occurring in the Central Coast region (e.g., Canada
geese, European starling, seagulls). Authors of several published studies report samples that are often of unknown
age at collection. When detected, prevalence varies widely but is typically very low (see Table 2). Many of the studies
were done in settings in which birds fed in cattle yards or areas of concentrated human waste (e.g., dumps). which
the authors note increases the incidence of contamination. In a study of wild birds in England, Hughes et al. (2009)
determined that while the birds were unlikely to be a direct source of Shiga toxin producing L. coli (STEC) they
provide a potential reservoir of genetic variations that increase virulence of the pathogen. They note that the birds’
capacity to serve as reservoirs of the bacteria, coupled with their ability to transport the bacteria long distances,

means that wild birds have the potential to influence the spread and evolution of STEC.

Aside from the 20006 E.coli outbreak traced to Central Coast spinach, research for this report identified two other
investigations regarding pathogen outbreaks in fresh produce for which a subsequent investigation found the
pathogen in animal fecal matter collected on the implicated farm. In a recent investigation of a campylobacteriosis
outbreak linked to fresh peas in Alaska, the strain of the bacteria that made people ill was isolated from Sandhill
crane feces found in the field from which the implicated produce was harvested (Gardner and McLaughlin 2008).
Campylobacteriosis is caused by bacteria in the genus Campylobactor, and causes gastrointestinal symptoms that
may be quite severe. In the Alaska outbreak, an estimated 99 people who ate the peas became ill from
campylobacteriosis, five of whom were temporarily hospitalized (none died). The other investigation involved a
Yersinia pseudotuberculosis outbreak in carrots in Finland. This pathogen causes illness accompanied by fever and
severe abdominal pain that mimics appendicitis. The outbreak bacterium was isolated from a pooled sample of
common shrew (Sorex araneus) intestines from one farm (Kangas et al. 2008). As with the 20006 E.coli O157:H7
outbreak in spinach in the Central Coast region, the process of contamination in the pea crop in Alaska and the carrot

crop in Finland is not well described.

Deer have received much discussion as hosts of pathogens, in particular of L. coli O157:H7. Some (but not all)
studies have shown deer to contain pathogens (see Table 2). Additional discussion of pathogens in deer appears

below, particularly when they share range land with cattle.
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Investigation of Contamination Processes

Following the 2000 E. coli O157:H7 outbreak in bagged spinach, intense research focus centered on the area
from which the product was harvested. The research was unique in its effort to detect evidence of the pathogen
in a wide range of sources, not just a specific animal (in this case feral pigs), and in its effort to capture impor-
tant information about how contamination processes involving wildlife and cattle may occur. The study
sampled water, soil, and wild and domestic animal feces for £. coli O157:H7 (Jay et al. 2007). Combined with
work by Cooley et al. (2007), which traced potential fate and transport of L. coli O157:H7 with a source
tracking method in the same samples, the research provided the most comprehensive and relevant data avail-

able to address the role of feral pigs in L. coli O157:117 outbreaks in fresh produce.

In both studies the authors conclude that feral pigs are among the potential sources or vectors of E. coli
0157:H7, but that the process by which the produce was contaminated remains unclear. The influence of the
high population density of feral pigs and proximity to cattle on prevalence of E. coli O157:H7 were identified
as important areas that need further research. Jay and Wiscomb (2008) subsequently published a review of
food safety risks and mitigation strategies for feral swine near agriculture fields that highlights the best known

practices at this time.

For additional information about this research see Appendix I.

Risk from Cattle: Studies relevant to pathogen risk in wildlife note the prevalence of pathogens in domestic
animals. Domestic ruminants are documented sources of I, coli O157:H7 (Pedersen and Clark, 2007). Studies
demonstrating high pathogen prevalence in cattle typically examined prevalence in Concentrated Animal Feeding
Operations (CAFOs) or large dairy production systems. Neither of these types of operations have a significant
presence in the Central Coast region compared with ranch-based, cow-calf operations. That said, it is worth
noting that the specific . coli strain that caused the 2006 spinach outbreak was found in pastured “grass fed”
cattle on the ranch where the spinach was grown (California Food Emergency Response Team 2007; Jay et al.,
2007). Most cattle in the region are pastured beef cattle. See Table 2 and Appendix [ for citations and details
regarding pathogen prevalence in cattle and local cattle production information. Cattle are by far the largest
domestic animal presence in the region, however small numbers of sheep and goats are also present and may pose

some risk.

Although neither CAFO’s nor dairy operations are a large component of Central Coast cattle operations, connections
to large dairy operations and CAFO’s outside the Central Coast region exist. These connections exist through use of
composted manure products as soil amendments in row crops, and through the periodic rotation of stocker cattle
from outside the area to Central Coast winter range land. No studies have examined direct links from these products
or practices to crop contamination. Raw manure is not applied to fresh produce production areas, and compost
manufacturers manage the composting conditions (temperature, moisture, acration, duration) to effectively mitigate
pathogen risks before finished product is sold. Strict processing guidelines (See Appendix I) ensure that pathogen

contamination risk is minimized, but it may not be completely eliminated.
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Growers receive verification of composting methods with each shipment of composted material to document use of
approved methods. Nonetheless, as noted above, growers report reduced use of compost and manure,'> as well as

reduced cattle rotation on cropland in response to food safety concerns.

Because processes of contamination remain unclear, one cannot rule out the possibility that local cattle may be
involved in pathogen contamination of fresh produce. Central Coast cattle often graze on lands near or adjacent to
row crop production, typically on hillsides from which seasonal run-off may move to fresh produce production
areas.'® Both fresh produce growers and cattle managers acknowledge the risk inherent in this arrangement, and have
developed management guidelines to minimize the risk of either waste materials, or water which has come in contact
with waste materials, reaching produce fields or irrigation reservoirs. Appendix | contains an excerpt from a
document produced by Central Coast Cattlemen describing a wide variety of management practices suggested to
minimize contamination risk, including maintenance of adequate vegetative cover and strategies to direct cattle
movement away {rom crop production areas. The extent to which ranchers follow these guidelines is unknown at
this point. Growers attempt to protect water sources and produce from animal intrusion or run off from range land
by maintaining separation between rangeland and crops and water sources, by fencing, and by avoiding planting

in areas that cannot be adequately protected.

Risk from Deer Sharing Range Land with Cattle: Several studies have investigated pathogen prevalence in deer
and cattle that share range land (Branham et al. 2005; Fischer et al. 2001; Sargeant et al. 1999). When researchers
sample cattle and deer from the same area, infection rates in deer (when researchers document infection) are not as
high as those found in cattle. None of the studies examining pathogens in deer and cattle sharing range land have
been done in California. Pathogen movement between domestic and wild animals may depend on pathogen
persistence in the shared environment, and other factors dependent upon local conditions. Thus, research to verify
that similar results are found when research is repeated in a variety of locations, including the Central Coast produce
growing region, is essential. Ongoing research is addressing this information gap. At this point, an understanding

of how pathogens may transfer from domestic to wild animals (or the reverse) is incomplete.

Research Questions: Evidence exists that cattle, deer, wild pigs and some birds are capable of carrying pathogens
and shedding them in waste products. A lack of sufficient information regarding the prevalence of pathogens in
wild amphibians and rodents makes assessment of the risk presented by these animals impossible at this time. There
is very limited data for other animals that may enter crop land, including dogs, coyotes, possums, raccoons, cats,
bobcats, and rabbits, among others. Research conducted in the Central Coast region and guided by the following

questions is essential to inform food safety guidelines:
1. What pathogens are found in each type of animal of organism? With what frequency?
2 Are wildlife species significant sources and/or vectors for important pathogens?
3. What types of animals live in the farm environment? Do they enter crop fields or remain in adjacent areas?

4 po specific features, such as vegetation or water sources, encourage wildlife to enter ranches and farms?

15 LGMA food safety standards does not allow the use of raw manure on fresh produce crops (Leafy Green Handler
Marketing Board 2008).

10 Runolf from rangeland is only likely if it is irrigated, or during seasons in which there is rainfall. The majority of the rain-
fall in the region is received between October and April, yet pathogen contamination events are most frequent in the late
summer and early fall. Movement of pathogens in runoff from rangeland may be significantly reduced when there is vegeta-
tion present, as is typical in rangeland (Tate et al., 20006).
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D.Is it necessary for the animal to move into the crop field to contaminate produce, or is it possible to facilitate
contamination without direct contact? For example, do pathogens from fecal materials or other

contamination sources reach crop fields via water, wind, or attached to other materials or organisms?

6.How do animal species known to carry pathogens become infected (e.g., by eating cattle manure or drinking

contaminated water)?

Risks from Non-crop Vegetation: Two assumptions seem to underlie food safety concerns related to non-crop
vegetation: first, that wildlife are attracted to these plantings; and second, that wildlife and their wastes in proximity
to crops are a risk to food safety. Risk from wildlife is discussed above; the review below focuses on what is known
about how non-crop vegetation attracts wildlife, and the extent to which wildlife moves from non-crop vegetation

to crops.

Expert opinion from wildlife biologists and conservation agency staff suggest that certain wildlife are attracted to
habitats created by non-crop vegetation, and that others (such as feral pigs) are more mobile and less likely to be
attracted to such areas. Jay and Wiscomb (2008) note that habitat removal is not likely to be an effective control
strategy for feral swine, due to their mobility and large home range. Salmon (2008) notes that rodents naturally
occur in range land and other vegetated areas, and that it is reasonable to assume they will at least occasionally enter
crop production areas if they are nearby. Animals may move into or through crop land to reach food or water sources

or wildlife movement corridors even if they do not feed on the crop.

Earnshaw (2003) notes that some grass plants produce less seed than others, and therefore tend to attract fewer mice.
Management parameters may also influence the extent to which animals are attracted to non-crop vegetation. For
example, the NRCS and Monterey County RCD advise that mowing vegetation used in grassed waterways and filter

of buffer strips may reduce wildlife presence by reducing cover provided by the vegetation.

Aside from flies,'” insects have not been a focus of food safety research. Because much of the research on species
attracted to non-crop vegetation has focused on insects as pollinators, pests, and the natural enemies of insect pests,
these studies provide little insight into food safety concerns. Aside from sporadic anecdotal information, there is little
or no information that describes the species attracted to various non-crop vegetation practices, nor about the

movement of these species in crop fields.

Research Questions: Information regarding wildlife use of non-crop vegetation is generally not from controlled or
systematic studies. Rather, it is information shared informally among growers or conservation agency staff, and is
occasionally included as observations in manuals intended to guide implementation and management of various non-
crop vegetation systems. Evidence exists that wildlife species, including insects, differ in the extent to which they
are attracted to or use non-crop vegetation. Collaborative efforts to combine information from expert experiences,
combined with research efforts in the Central Coast region and guided by the following questions is essential to

inform food safety guidelines:

1.\’V hat are the patterns of use and movement with wildlife species into and through non-crop vegetation

adjacent to croplands.

2 To what extent are insect species potential vectors of pathogens?

17 See Appendix H for additional information about {lies.
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3.W'0uld increased information about species’ preference for vegetation allow management of non-crop

areas to reduce the incidence of particular wildlife species of concern?

4 What additional farm management practices, like mowing of filter strips to reduce cover for rodents,

might reduce preference for particular wildlife species?

Risks from Water Bodies: The same two assumptions regarding the food safety risk posed by non-crop vegetation
also underlie concerns relevant to water bodies in the production area — namely that these areas may attract wildlife
and that wildlife and their wastes pose a risk. The latter is discussed above. As noted above, cattle may be important
pathogen sources; however, these animals” access to water bodies in production areas is typically controlled by
intentional placement of water supplies and fencing. Use of cattle, goats or sheep to graze crop residue on harvested
crop land, a valuable nutrient cycling strategy, is no longer commonly practiced in fresh produce production areas.
To the extent that domestic animals are in close proximity to crops or irrigation water sources (e.g., via a broken

fence), domestic animals” movement around water bodies near crop areas is also of interest.

In areas where water is scarce, which is the case for much of the dry season (approximately May through November
in the Central Coast region), animals may seek water sources in farming areas. Fencing around water bodies that
are intended for irrigation use is common to exclude animals both for practical and food safety risk concerns. In water
systems that are more extensive and may be more difficult to fence (e.g., natural water features or a large constructed
wetland) it is more likely that a variety of animals will be attracted. Amphibians, birds, and rodents may be among
the more challenging to exclude because of the larger numbers of these animals, and the ease with which they may
pass a barrier fence. As noted above, how, or if, these animals may contribute to processes of contamination is poorly

understood. Currently, there are no known studies demonstrating that wild amphibians pose a food safety risk.

California red-legged frogs (Rana draytonii) and California tiger salamanders (Ambystoma californiense) — federally
protected species for which the Central Coast contains critical recovery habitat — rely upon ponds in range land
areas (Symonds 2008). Since both red-legged frogs and tiger salamanders are thought to disperse 2-3 km from
their natal ponds, movement into farm ponds near range land is a reasonable assumption. Red-legged frogs are
more likely to be found in areas in which suitable terrestrial habitat occurs within 100 meters of a frog-occupied
water source (Bulger et al., 2003). Red-legged frogs have been documented in and near row crop areas in the Central
Coast region (Bulger et al., 2003; Seymour and Westphal, 2000; Westphal and Seymour, 1998) and also have been

known to migrate across agricultural land (Bulger et al., 2003).

Wildlife is likely to be attracted to water sources wherever they occur in the landscape. Field surveys find that non-
native bullfrog (Lithobates catesbeiana), as well as the native Pacific chorus frog (Pseudacris regilla) and western
toads (Anaxyrus boreas halophilus), are commonly found in or near on-farm water bodies. In a survey of an
irrigation reservoir in San Mateo County western yellow-bellied racer (Coluber constrictor mormon), coast garter
snake (Thamnophis elegans terrestris), Pacific chorus frog, California red-legged frog, and rough-skinned newt
(Taricha granulosa) were all found (Swaim Biological, Inc. 2007). The presence of both adult red-legged frogs and
metamorphs (young frogs recently developed from tadpoles) in and around irrigation reservoirs in San Mateo, Santa
Cruz and Monterey County suggests that these water bodies are important habitat for red-legged frogs in the region
(Bulger et al., 2003; D’Amore et al., 2009; Smith, 2002; Swaim Biological, Inc.; Westphal and Seymour, 1998;
Seymour et al., 2007). The importance of farm water sources as wildlife habitat has increased as natural wetlands
have declined (Noss et al. 2001). A number of state and federal programs encourage enhancement of on-farm
water bodies for wildlife habitat (Wolinsky, 2005).
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The sensitive western pond turtle (Actinemys marmorata) and San Francisco garter snake (Thamnophis sirtalis
tetrataenia) are rarely found in on-farm ponds, though many local and migrating species of birds have been observed

in on-farm water bodies (Rich Seymour, personal communication).

Research Questions: As with non-crop vegetation, information regarding wildlife use of water bodies is generally
not from controlled or systematic study. Evidence exists that wildlife species, particularly in the dry summer and
fall months, use water bodies in or adjacent to crop production areas. Collaborative efforts to combine information
from experts” observations, combined with research efforts in the Central Coast region and guided by the following

questions are essential to inform food safety guidelines:

1.\’(/ hich animals are attracted to water?
2.\V hat strategies are useful to exclude wildlife if they are a food safety risk?

3 1s it possible to selectively exclude wildlife so that species that do not present food safety risk may

still access water supplies?

Summary of Risk Evaluation: Growers report being told that wildlife, domesticated animals, non-crop vegetation
and water bodies present food safety risks in their crop production areas. However, sufficient information to fully
define and effectively manage these risks is lacking. For example, the majority of the available literature regarding
pathogen presence in wildlife was conducted outside of California, and before the development of improved detection
methodologies. As noted, pathogen movement and persistence, and other factors dependent upon local conditions,
may vary by geographical region. Thus, caution is required when applying results of research from outside the

region to local settings.

Some studies have demonstrated pathogen presence or vectoring potential in diverse wildlife species, generally at
low frequencies. Three investigations following illness outbreaks have found the same pathogens that made people
sick in samples of feces (cattle, feral pigs, cranes), intestinal samples (shrews), and water collected near fields where
the implicated produce was grown. No investigations have linked frogs collected near fields to outbreaks of food-
borne illness. While studies with cattle in confined animal operations have found high levels of pathogens, such

operations are not typically found on the Central Coast.

The existing body of research contains little information about the potential for (or relative importance of) direct
contamination (e.g., contaminated feces coming into contact with fresh produce), or indirect contamination of the
growing environment (e.g.. contamination of water, soil, dust, or bioaerosols) by domesticated animals and wildlife.
The current level of understanding is not sufficient to fully predict risk posed by various contamination sources and
processes. Much of the research to date has helped answer the question, what can happen with regard to pathogens
in wildlife and domestic animals? Focus has largely centered on the fact that some species of wildlife can carry
pathogens, and that they enter crop fields. To fully assess the risks posed by these animals it is necessary to answer

the questions: what does happen, how much risk does it pose, and what can be done to minimize risk?

It is beyond the scope of this report to consider all the factors likely to contribute to contamination processes. Because
wildlife featured prominently in investigations of a high profile outbreak linked to fresh produce from the Central
Coast region, and because growers report taking actions to reduce wildlife for food safety reasons, this report focuses
on wildlife and food safety risks. Several other potential sources of farm-based contamination exist, including
domesticated animals, water, soil amendments, and workers (see LGMA 2008), all of which are subjects of ongoing

research and extensive farm-based food safety practices that lie beyond the scope of this report. Persistence of
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pathogens in the environment (in soil and water and on crops), mechanisms of transfer from waste material or
contaminated water to crops, and the role of soil management and environmental factors in pathogen survival are
among other important variables that also influence contamination processes. Several overviews of this topic are
available and the reader is encouraged to consult these (e.g., . Brandl 2006, Doyle and Erickson 2008, Harris et al.
20006, Suslow 2003).

C. What Evidence Demonstrates Impact of Management Practices?
As described above, growers report several on-farm management strategies adopted in response to food safety

concerns. These responses can be characterized as follows:

e Deter or eliminate wildlife;
e Reduce non-crop vegetation (either by removal or by reduced use):
e Reduced construction, discontinued use, or removal of non-natural water bodies;

® Destruction of natural water bodies by draining or filling.

It is important to note that the RCD survey results only partially quantify the changes in management practices used
to address food safety concerns. Survey data do not provide specific details of changes to management practices. For
example growers report use of bare ground buffers, but details of placement and what the bare ground buffer
replaced are not known. Fully evaluating impacts of management practice changes would require defining details
of implementation in the field, which is beyond the scope of this report. The following, therefore, summarizes what
is known about how changes in management practices to achieve improved food safety can impact ecological health,

and also the likely impact of the changes on both ecological health and food safety.

Deter or eliminate wildlife: Actions or specific practices reported by growers that are taken to reduce movement
of wild animals near fresh produce production areas include fencing, installing bare ground buffers, trapping, use

of poison bait, use of copper sulfate, and hunting and shooting.

Fencing: Foraging (for both food and water), mating behavior, seasonal movement or migrations, and shelter needs
are all important factors in how wild animal populations can be sustained within a landscape. Fences may interfere
with animals” ability to access important resources. Atwill (2008) reports that much of the riparian corridor along
the Salinas River is now fenced, and that the remaining gaps in fencing have high concentrations of wildlife transiting

them. In the case of fencing along riparian corridors, escape from flood waters may also be problematic (Paige,

2008).

Neither of the two grower surveys (2007 & 2009) provides specific information about precisely where fencing is
erected, how extensive its use is, and the extent to which fences disrupt typical animal movement. Fencing designs
range from four-foot-tall black fabric fencing with soil used to seal the lower boundary to chain link fences of heights
up to 10 feet, and include a number of other options. Some animals are notoriously difficult to deter (e.g.. feral pigs)
as they are able to destroy fences or dig around or under them. Jay et al. (2007) found that wild pigs could pass
under a fence due to erosion and rooting (animal digging). Red-legged frogs have also been found able to climb over

frog barriers, though not consistently (Rathbun et al., 1997)

It is broadly accepted in the field of ecology that isolated remnants of habitat suffer predictable, cumulative losses
of species (Soul¢, 2001). In the California context, habitat fragmentation was described in a California-wide analysis
of wildlife corridors and landscape connectivity (Penrod et al., 2001). The report describes over 20 threats to animal

movement and habitat connectivity: the top three being urbanization, roads and agriculture. Based on this report,
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the impact of additional fencing around and on agricultural lands is practically certain to further reduce connectivity

among remaining natural areas and adversely affect local wildlife.

Bare ground buffers: Installing bare ground buffers serves two purposes. First, they allow inspectors and growers

to see tracks or other evidence of animal incursion into crop fields. Second, they are assumed to reduce animal
movement by providing a vulnerable area that small animals are less likely to cross (e.g., no vegetation cover in which
to hide from predators). Creating open ground may decrease movement of some but not all rodent pests (Salmon
2008). The width required for bare ground buffers to be effective in discouraging movement of rodent pests into
crop fields is unknown (Clarke, 1995). The impact of these buffers depends upon how much area is affected, the
species likely to move in those areas, and whether or not creation of the buffer entails removing non-crop vegetation,
all of which are site specific. For all these reasons, it is not possible to describe the effect of these buffers on wildlife

at this time.

Trapping and Use of Poisoned Bait: Trapping and poison bait use are practices aimed at defining rodent populations

(rapping) and reducing them (trapping and use of poison bait). Growers have long used poisons to control rodent
populations as a standard management practice unrelated to food safety concerns (Salmon, 2008). The University
of California and the California Department of Pesticide Regulation both maintain statewide pesticide usage statistics
that document widespread and long-term use of specific pesticides in Central Coast counties, including a wide
variety of anticoagulants.'” Documented anticoagulant use in the study area includes “first-generation”
rodenticides (warfarin, chlorophacinone, diphacinone) and a more lethal set of “second-generation” rodenticides

(brodifacoum, bromadiolone, difenacoum, and difethialone).

Rodenticides are generally placed in T-shaped PVC pipes in an attempt to minimize consumption by non-target
animals, however there is little clear knowledge about which rodent species take the poison (Salmon 2008). The 2007
grower survey found that poison baits were the most commonly adopted wildlife mitigation measure (RCD 2007).
As noted in Salmon (2008) and documented during field visits conducted during research for this report, it is
common to see leafy-green field borders lined with PVC bait stations most likely containing first-generation
anticoagulant materials. As the marketing director for a major lettuce buyer noted, “Some processors are requiring

trapping stations [bait stations] every 50 feet for rodents” (Salmon 2008).1

A concern investigated during research for this report was that increased poison bait use in response to food safety
concerns may decrease mice, vole, and other rodent populations so dramatically that raptors and other predators
could face a reduced food supply. A California Department of Fish and Game biologist interviewed for this report
commented that starvation risk to raptors is small given their low population densities on the Central Coast region,

and their ability to migrate to areas with more abundant prey.

However, other concerns remain. After more than a decade of research and an intensive public comment process,
the U.S. Environmental Protection Agency recently concluded that anticoagulant rodenticides pose a significant
risk to both human health and the environment (U.S. EPA 2008a). With respect to wildlife, XPA notes:

18 For University of California data, see http://www.ipm.ucdavis.edu/PUSE/puse1.html. For California Department of Pesti-
cide Regulation data, see: http://www.cdpr.ca.gov/docs/pur/purmain.htm

19 Rodenticide use may be less widespread than the abundance of visible T-shaped stations suggests. Growers report that
food safety inspectors are now requesting less use of these poisons because they increase risk of dead or poisoned animals in
crops.
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“EPA’s comparative ecological risk assessment concludes that each of the rodenticide active ingredients
poses significant risks to non-target wildlife when applied as grain-based bait products. The risks to
wildlife are from primary exposure (direct consumption of rodenticide bait) for all compounds and
secondary exposure (consumption of prey by predators or scavengers with rodenticide stored in body

tissues) from the anticoagulants.” (US EPA 2008a, p.7)

Drawing mostly from New York and California data, U.S. EPA has documented more than 500 incidents nationwide
of dead mammals and birds testing positive for anticoagulants in liver tissue, representing 44 species (U.S. EPA
2000). Anticoagulant incidents are based on detection of residues in liver tissue and corroborating evidence from
carcass necropsy. Although tissue analysis showed that second generation anticoagulants were present in most
cases, numerous mortality incidents also occurred where the dead animal only contained first generation
anticoagulants. According to U.S. EPA (2000), avian species in this category included hawks, owls, turkeys, falcons,
and a bald eagle. Mammalian species included coyotes, bobcats, mountain lions, raccoons, deer, squirrels, badgers,
and the federally endangered San Joaquin Kit Fox. Within California, 71% of liver samples from 35 dead mountain
lions contained at least one anticoagulant rodenticide. Eighty-four percent (84%) of 32 dead San Joaquin kit foxes
also tested positive, as did 79% of 39 dead bobcats (U.S. EPA 2000).

The adverse impacts of anti-coagulants on non-target species and through bioaccumulation are well documented,
and are reasonably assumed risks related to use of these poisons. Pesticide use statistics provide some insight, but

the magnitude of the impact of poisoned bait on non-target species remains poorly defined.

Use of Copper Sulfate: Use of the algaecide copper sulfate to maintain irrigation reservoirs (engineered water

bodies, specifically managed for irrigation use) clear of algae so that irrigation equipment is not damaged or disabled
is a widespread and accepted agricultural practice in the Central Coast region®’. Copper sulfate is labeled for use
to minimize growth of algae and aquatic weeds in ponds, and for use in flooded rice fields to control freshwater snails,
leeches, and tadpole shrimp. Irrigation reservoirs are not intended for use as habitat, and are not typically
maintained to encourage wildlife presence; thus, in theory at least, fewer animals are likely to be present or affected.

Nonetheless, as discussed above, field surveys document that many animals do use these water bodies.

A small number of survey respondents report use of this material to reduce {rog and fish populations in irrigation
reservoirs, and to control frogs in other water bodies. Several growers interviewed for this project specifically
explained that they have increased copper sulfate use to reduce frog populations in response to food salety concerns

expressed by auditors or others.

Copper toxicity in fish and aquatic invertebrates is caused by interference with the ability of gills to function properly
(U.S. EPA, 2008b). A recent study by Garcia-Munoz et al. (2009) found toad tadpoles exposed to copper sulfate
showed reduced growth and decreased escape behavior, both of which may reduce survival. Chen et al. (2007)
found similar results in leopard frog tadpoles exposed to copper sulfate. Copper in sediments may have adverse
impacts on midge larva (Servia et al. 2000), suggesting that cumulative effects of copper sulfate application may
be of importance for some species. The above studies were done in laboratory conditions, and indicate the need to
investigate the effects of copper sulfate in field conditions. Copper sulfate tends to rapidly immobilize in sediments,
probably in association with organic fractions (van Hullebusch et al., 2003), and behavior in a natural system may

be quite different from that of laboratory observation.

20 Increased use of irrigation systems that are easily disabled by algae (e.g., drip irrigation) may lead to increased use of this
material in the region.
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The federally protected California red-legged frogs and California tiger salamanders each have a life stage as gill-
breathing organisms. The above research strongly suggests that impact of copper sulfate on these populations is
possible when exposure occurs. As noted above, it is likely these species use farm ponds at least in some settings.
More information is needed to assess the impact of copper sulfate on wildlife in field settings with typical copper

sulfate application rates.

Hunting and Shooting: Growers report hunting and shooting of wildlife to reduce animals perceived to pose a food

safety risk. Feral pigs and deer are both large game legally hunted in California and among the animals targeted by
food safety-related hunting. Boxall (2009) notes that following the 20006 L. coli O157:H7 outbreak, an increase in
requests for state depredation permits occurred, which allow farmers to shoot some wildlife species that damage their

Crops.

Waithman et al. (1999) report that feral pig populations can withstand an annual combined mortality rate (death
by all causes) of 70% without affecting existing populations. It should be noted that feral pigs are non-native species,
and as such the relative merits of concerns of hunting them should consider their impact not just on agriculture and
food safety risk, but also on broader ecosystem balance (Kreith, 2007). Deer are managed by the California
Department of Fish and Game to maintain populations for both ecological balance and big game hunting.
Historically their populations have fluctuated, largely in response to available habitat (DFG, 2009). The impact of

increased hunting by growers with depredation permits is not documented.

Species other than deer or feral pigs may be targeted by growers concerned about wildlife presence, but there is little
information to document such hunting. Determining whether hunting occurs, and the extent of it, would be necessary

to fully understand the impact of hunting on wildlife populations.

Reduce non-crop vegetation: Actions reported by growers that reflect reduced use of non-crop vegetation include
creation of bare ground buffers, removal of vegetation intended to reduce run off and erosion, removal of vegetation
from farm ponds and ditches, removal of trees and shrubs, and removal of wetland or riparian vegetation. A
comprchcnsive discussion of all research relevant to the use of non-crop vcgetation in on-farm management stratcgics
is beyond the scope of this report. Appendix J provides background information to document the benefits of non-
crop vegetation to soil and water quality and protection, as well as to support sustainable farming practices, such
as integrated pest management. Research relevant to the effectiveness of non-crop vegetation as a conservation

management strategy in irrigated row crops in Gentral Coast region settings is included below.

Bare Ground Buffers or Removal of Vegetation Intended to Reduce Run Off and Erosion: Soil without vegetative

cover is susceptible to increased erosion by wind and water, and also tends to develop poor surface structure, thereby
decreasing water infiltration and increasing surface run off. The impact of bare ground on soil and water quality
depends in large measure on topography and the land use it replaces (e.g., vegetated buffers or waterways, hedgerows

or field margin plantings, crop acreage, riparian vegetation).

By slowing surface water movement and capturing suspended soil and debris. vegetated buffers may retain and
break down pollutants, decrease erosion, increase soil deposition, increase nutrient uptake by plants, and increase
microbial activity. Vegetated buffer zones have been found to effectively remove some pesticides from surface run
off. Vegetated buffers and filter strips have also been shown to reduce the transfer of pathogenic bacteria in surface
water. See Appendix J for citations and details of relevant studies to support these statements. This ability may be
particularly important in the Central Coast region between range land and crop land. Pathogen movement by
overland flow from range lands may be reduced when perennial forage and/or grasses act as a barrier to reduce

movement of manure and water downslope (Tate et al. 2000). In rangeland systems, manure deposition is typically
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spread across a wide area, and water flow is typically not concentrated. The benefits relate to both mechanical

trapping of manure, and increased infiltration of water as it moves across the landscape.

To assess the impact of bare ground buffers and un-vegetated areas on both food safety and ecological health, it
is essential to know how extensively they are used, and where they are placed in the landscape (e.g., upslope from
cropland to protect from adjacent land use run-off or downslope from cropland to filter irrigation run-off). Of
particular importance is information regarding proximity to sensitive areas (e.g., water bodies or crops), and whether
vegetation exists between sensitive areas and bare ground buffers. Slope, volume and concentration of run-off, and

soil type and structure are also important factors.

Other management practices may be available to mitigate the water quality impact of bare ground buffers
downslope from cropland. Increased use of drip irrigation, as well as other irrigation management practices that
reduce water use and/or irrigation water runoff?', decreases the volume of water moving across or off of cropland.
Vegetated systems downslope of the field may then be effective in reducing movement of pollutants and
contaminants. Drip irrigation may also help minimize pathogen contamination risk. Soloman et al. (2002) found
greater numbers of plants tested positive for E. coli O157:H7 when irrigated by sprinkler irrigation than when
irrigated by drip irrigation. Fertigation (application of fertilizer through the irrigation system) in drip irrigation
systems reduces nutrient loads in run off or tail water as nutrients are more precisely placed to reduce application
rates. Applications of materials still being developed may decrease soil loss by holding fine soil particles together in
larger aggregates (e.g., PAM) or reduce organophosphate pesticide contamination of tail water with an enzymatic

treatment that helps break down organophosphate pesticides (e.g., Landguard®).

In places where range land abuts crop land, and where bare ground allows increased flow of upland run off to reach
crops or irrigation water sources, bare ground buffers have the potential to reduce not just ecological health, but
food safety as well. Because bare ground buffers do not capture debris that may carry contaminants, nor facilitate

infiltration of surface runoff as effectively as vegetated buffers, movement of pathogens through them is more likely.

Removing vegetation from farm ponds and ditches: Intentionally vegetated ponds — also called Vegetated Treatment
Systems (VTS) — are constructed to hold or convey runoff and/or tail water and to facilitate contaminant retention,
sorption, and breakdown. Vegetated treatment systems may reduce runoff, sediment delivery, and nutrient (nitrogen
and phosphorus) and pesticide content of discharge water. Vegetation within waterways can also reduce the presence

of water borne pathogens. Appendix | provides detailed information and citations to support these statements.

Effective vegetated ditches (also called Grassed Waterways) are constructed to convey run-off without causing
channel erosion and thereby prevent additional sediment from being transported downstream to waterways. To
reduce nutrient or pesticide content effectively, the vegetated ditch must be installed with a broad flat bottom, with

minimal slope and limited runoff volume.

Hunt et al. (2007, 2008) measured the effectiveness of two vegetated pond systems in reducing concentrations of
both pesticides and nutrients. Both ponds were originally constructed to retain sediment and had been maintained
since with vegetation established to help increase denitrification (a process by which excess nitrogen in water is
reduced) and microbial populations (to facilitate pesticide breakdown), and to slow flow through rates (to increase
sedimentation). Both water and sediment concentrations of pesticides were lower at the outlets of both VTS than at

the inlet, demonstrating the ability of both systems to effectively reduce pesticide loads from farm runoff. Turbidity

21 An alternative irrigation strategy that reduces run-off from overhead sprinklers is to use “hand-move” lines so that the
field is irrigated in several sets. Compared to solid-set sprinklers, where fields are irrigated in a single set, the overall applica-
tion rate of hand-move sprinklers is lower.
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(a measure of sediment load) and nutrient levels were consistently lower at the outlet of one VTS, but not the other.
The effectiveness of the VTS to retain pesticides carried in farm run off appears to vary, and is dependent upon the
manner in which individual pesticides interact with sediment as they are retained, residence time, effective contact

with vegetation and other factors in each VT'S.

Anderson et al. (2008) built upon the work of Hunt et al. (2007, 2008) and demonstrated that a vegetated ditch
system was effective at reducing pesticide concentrations, especially when used in conjunction with Landguard®
treatment. While some pesticides (organochlorines and pyrethroids) showed declines after treatment in the
sedimentation and vegetated sections of the ditch, diazinon (an organophosphate) was not sufficiently removed

during the VTS residence times observed in the study. Landguard® was able to effectively remove diazinon.

Factors that influence practice effectiveness:

The case of vegetation

Research conducted in irrigated row crops in the Central Coast region suggests that the effectiveness of VI'S
and vegetated ditches can vary based on site specific characteristics, and the design and maintenance of the
practice. The value of vegetation as described above is best demonstrated in systems receiving low volume of
water with low levels of pollutants and contaminants, such as water flowing off of range land (e.g.. Tate et al.
2000). The impact is less evident in typical narrow V-shaped ditches and treatment ponds receiving high
volumes of water with high levels of pollutants and contaminants. Cahn et al. (2009) found that VTS and vege-
tated ditches were not consistently capable of reducing the concentration of suspended sediments and nutrients
in water, nor coliform and L. coli bacteria, in the run off from research trials in irrigated vegetable crops in
the Central Coast region. Supporting practices, appropriate design, residence time (the amount of time water
remains in the VTS), contaminant load, turbidity (amount of suspended solids), and contact with vegetation
all influence the effectiveness of VI'S. Overall, the research provides a reminder that efficacy of conservation
practices varies widely. The impact of removing them is dependent upon how effectively they were installed

and managed.

In addition to uncertainty regarding the ability of VT'S to handle the volume of water and contaminants typically
discharged from irrigated row crops (particularly those without tile drainage®?), difficulty in maintaining these
practices may reduce their effectiveness. Local soils vary in texture and structure, with some being more challenging
for establishment of effective V'T'S than others. Visits to farms in the area revealed an instance where water flowed
around the vegetation in a VTS, making little contact with it. In such cases, the effectiveness of the system is
compromised. Growers and UC Cooperative Extension personnel recount difficulty in maintaining V'S in optimum
conditions, and effectiveness of VI'S undergoes continuous assessment by growers, extension personnel and research

scientists.

Given the persistent problems with excess nutrients, sediment and pesticides in agricultural runoff in the region,
suites of conservation practices used in tandem are appropriate. While VTS may not be universally or solely effective,

both the extensive body of literature and local research suggest they are an important component of water quality

22 Tiled drainage systems are generally installed in soils with poor drainage. Without installation of such drainage, fields are
prone to waterlogging. Less water tends to be discharged from such systems, and any water discharged has already passed
through the soil, a potent filtration system that significantly reduces sediment and pesticide loads, though not necessarily
nutrients.
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management. Since their level of effectiveness varies based on site-specific characteristics, proper design and
maintenance, it is difficult to know precisely how reduced use of these systems may impact water quality. However,
where they have been found to be effective at reducing pollutant transport downstream, their loss is practically

certain to reverse water quality gains at the farm level.

Removing trees and shrubs: Trees and shrubs in the agricultural landscape may be present as hedgerows,
windbreaks, wood lots, field border plantings, and stands of native vegetation, especially along streams or rivers.
According to USDA Natural Resources Conservation Service standards (NRCS 2002), hedgerows may serve as living
fences, provide food and habitat for wildlife, create barriers for pesticide drift, dust and odors, and improve the
landscape appearance. These plantings may provide habitat for predator and pollinator insect populations (Denys
and Tscharntke 2001, Earnshaw 2003, Kremen et al. 2002, Pickett and Bugg 1998), and reduce pest populations

and displace noxious weeds (Ehler et al. 2002, Long and Pease 2005).%

Landscape connectivity is required to maintain wildlife populations that are well balanced in both numbers and
composition (e.g. predators and prey) (Soulé, 2001). Corridors of vegetation connecting areas of habitat can provide
critical connectivity and serve as “stepping stone reserves” for insects, pollinators, seed dispersers, bats, birds, and
other species (Penrod et al. 2001; Rosenberg and Noon 1997). Use of tree patches has been demonstrated to be
important for red-legged frog populations, which move away from water sources in the non-breeding season (Chan-

McCleod and Moy, 2007).

Vegetation loss plays a role in landscape-level habitat fragmentation, which persists as the most widespread and
g play ! g P P

pernicious threat to wildlife worldwide (e.g., Millenium Ecosystem Assessment 2005, Groom et al. 2006). In a
conference in which participants identified 20 key wildlife corridors, gaps in habitat cover is listed as a primary

barrier to animal movement in 35% of the corridors identified in the Central Coast region (Penrod et al., 2001).

Hedgerows and other stands of trees or shrubs can have a beneficial effect of reducing wind velocities in their vicinity.
Dispersal of pathogens with dust has been documented (Chang et al., 2001, Lee et al., 2000, Whyte et al. 2001).
If a pathogen capable of dispersal by dust and wind is present near a crop field, the removal of hedgerows or other
vegetation that reduce dust on crops may compromise not only crop quality, but also food safety. At this time there
is little information to verify dispersal of pathogens by dust locally, or to define the extent to which hedgerows

provide their intended services to both wildlife and crops.

Removing wetland or riparian vegetation: Riparian vegetation provides terrestrial habitat, aquatic habitat, stream
bank stability, shade, and large woody debris. Vegetative debris in waterways may increase retention of sediment
moving in them, thereby improving water quality downstream and contributing to healthy watershed functions.
The vegetation provides ecological services that support local wildlife populations dependent upon intact vegetation

around water sources for habitat and food (Kocher and Harris 2007).

Long, intact riparian corridors can provide regionally important wildlife movement corridors for both aquatic and
terrestrial animals (Penrod et al., 2001). The unique qualities of riparian zones may make them habitat for a

particularly diverse population of wildlife (Naiman et al. 1993). Local research in a restored riparian zone

2 It should be noted that reasons other than food safety concerns may discourage growers from using some non-crop vegeta-
tion. For example, an economically significant pest that vectors a viral disease in lettuce is associated with the landscaping
plant alyssum (often inter-planted with organic lettuce to attract beneficial insects) and ice plant (commonly planted for
erosion control) (Bryant, 2008). Koike et al. (2009) documented that thrips on alyssum plants were carrying a virus that
causes Impatiens necrotic spot virus (INVS) in lettuce. Growers interviewed in the course of researching this report also noted
concerns about dispersal of weed seeds from unmanaged non-crop vegetation (e.g., vegetation that grows in drainage ditches
without intentional planting).

An Initiative of The Pew Charitable Trusts at Georgetown University ® www.producesafetyproject.org




SAFE AND SUSTAINABLE:

D CO-MANAGING FOR FOOD SAFETY AND ECOLOGICAL
HEALTH IN CALIFORNIA'S CENTRAL COAST REGION

demonstrated that many local species use riparian corridors, and that restoring damaged or cleared riparian
vegetation to support wildlife is challenging and expensive, and requires close attention to original features to ensure
that appropriate habitat characteristics are restored (Queheillalt and Morrison 2006). Maintenance of wide, well-
vegetated riparian zones appears to be very important for large predators. such as the mountain lion. Hilty and
Merenlender (2004) found that mountain lions were 11 times more likely to be found in riparian zones than in

surrounding vineyards.

Riparian habitat was listed as a key feature in 65% of the wildlife corridors Penrod et al. (2001) identify in the
Central Coast region. Local river systems and their riparian boundaries, including the Salinas River, Santa Ynez
River, Uvas Creek, Llagas Creek and San Antonio Creek, were all specifically mentioned as linkage features in the
corridors (Penrod et al., 2001). The riparian corridors along these rivers and streams provide important habitat

connectivity for large and small mammals, southern steelhead and neotropical migratory birds (Penrod et al. 2001).

Increased canopy cover in riparian zones may prevent water temperatures from rising during warm seasons, thereby
improving survival of some aquatic species (Kocher and Harris, 2007). Many creeks and rivers within the Central
Coast region, including the Salinas River, are designated as Critical Habitat for the steelhead, which is federally
listed as Threatened (NMFES 2005). Adequate water quality, including cool water temperatures, are necessary for
steelhead to persist in areas of spawning and rearing habitat. During the summer, the cover and shading provided
by riparian vegetation is essential to keeping water temperatures cool enough for the species (David Boughton,
Research Ecologist, NOAA, personal communication). High water temperatures and poor water quality adversely
affect steelhead both by direct effects and by changing competition factors with more tolerant species (Moyle and
Williams 1990). Riparian vegetation is also critical in steelhead management as it provides large debris in the
waterways, which creates changes in stream flow that facilitate abundance of food sources upon which steelhead rely
(Thompson et al. 2000). Also, insects falling off of riparian vegetation into the water are an important source of food
for steelhead (Rundio and Lindley 2008). Aquatic macroinvertebrate populations tend to be greater in and near
riparian zones with vegetation. The explanation for this finding is not yet clear, but suggests that riparian vegetation
may be important to ecological balance of aquatic life in ways that are not yet fully understood (Anderson et al.

2003).

The discussion at the end of Part Il explains the impact of food safety related changes on the ability to use recently
flooded land. Removal of riparian vegetation is practically certain to increase the amount of sediment that enters
waterways and moves downstream, potentially carrying pollutants (e.g., pesticides) that adhere to sediment and have

adverse impacts on steelhead trout and wildlife near riparian zones.

Reduced construction and discontinued use or removal of engineered water bodies: Engineered water bodies
specifically mentioned in the survey include ditches and farm ponds, which may include irrigation reservoirs,
irrigation runoff recovery ponds, and sediment basins. These are management tools that growers use to receive,
capture or store excess water, capture sediment or convey water safc]_v across a property. Their decision to discontinue
use of such strategies should be viewed as loss of the erosion control or other resource management benefits they
provide, not destruction of natural habitat. Nonetheless, these systems are noted to have critical ecological value for
some wildlife. In many regions, financial resources and technical support have been offered to growers as an incentive

to manage these water sources to support wildlife (Wolinsky, 2005).

As noted above, the threatened California red-legged frog may be found in Central Coast region irrigation reservoirs
(Swaim Biological, Inc., 2007). Information documenting use of these water sources by wildlife is not extensive, but
as noted above, the surveys that have been published list several species of snakes, frogs, salamanders and birds that

have been observed in farm ponds, particularly where there is suitable terrestrial habitat nearby. The impact of
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removing these water bodies is dependent upon factors such as their proximity to suitable terrestrial habitat, other
water bodies, and how they are managed (e.g., Does water level {luctuate? Are they seasonally drained? Are they

treated with copper sulfate? Does the water or sediment contain high levels of contaminants?)

Sediment detention basins (also called sediment ponds or settling ponds) hold storm water and tail water, allowing
sedimentation (soil to drop out of water and settle to the bottom) before water is discharged, thus preventing
sediment from entering nearby water bodies. They may also reduce flooding risk by managing surges in runoff
(NRCS 2008). Sediment basins are well established management practices in many farm environments. Although
they do not completely address water quality concerns, they are widely accepted as at least partially effective as a
component of a suite of practices to reduce nutrient, sediment and contaminant loads in water. As noted above in
Hunt et al. (2007, 2008) and Anderson et al. (2008), some pesticides are removed with sediments as they settle out.
Even if these management practices do not completely address sediment reduction goals, they may provide important
improvements in water quality relevant for local wildlife. For example, Wood et al. (2009) found that western toad

tadpoles could tolerate turbidity at low levels but not higher levels, such as those of untreated agricultural discharge.

Another key function of sediment detention basins is to capture eroded soil from cropland and prevent it from being
transported downstream where it will accumulate in lower gradient channels and waterways. Sediment basins,
therefore, play a critical role in reducing flooding frequency by detaining runoff and keeping local drainages open
during winter storm events. If food safety requirements result in the abandonment of sediment basins, then
downstream farm flooding will increase unless channel dredging is increased. This, in turn, would reduce growers’

ability to use flood-prone acres, since flooded land is considered a food safety risk.

To the extent that engineered water bodies used to support water quality improvement (e.g., settling ponds, use of
VTS to reduce sediment, nutrient, pesticide and pathogen loads prior to discharge) are abandoned, it is practically
certain that unless other management practices are substituted to address loss of V'S services, water quality at the
farm level will be adversely affected. Volume of sediments and certain pesticides entering waterways are particularly

likely to increase. This impact will likely be more pronounced in areas without tiled drainage systems.

Destruction of natural water body by draining or filling: Removal of water sources in a region characterized
by a long dry season is likely to adversely affect local and migratory wildlife populations. It will certainly adversely
affect any animals living in the water source, such as fish or amphibians depending upon it for a stage of the life
cycle. If natural water bodies are habitat for endangered or protected species, their destruction may be deemed
unlawful (Symonds 2008). Both locally and nationally, many endangered plant and animal species depend on
increasingly fragmented wetlands. These areas often support concentrated populations of sensitive species, in part

because so much original wetland area has been converted to other land use (Noss et al., 2001).

Wetlands also provide many of the services described above for VIS, as they are essentially natural VTS, though
natural wetlands may become less effective over time if channels form that allow water to flow through them more
rapidly with less contact with vegetation (Knox et al. 2008). Locally, Dayton et al. (2000) demonstrated that nitrate
concentrations in a natural wetland were greatest where farm runoff entered the wetland, and decreased as the
water flowed through the wetland. Knox et al. (2008) demonstrated that wetlands may be capable of retaining

pathogens. but that these same pathogens may be released later if a scouring flow passes through the wetland.

Wetlands may also mitigate flood effects by temporarily holding water during flood peaks, and subsequently allowing
drainage downstream or to groundwater drainage (Potter 1994). Removal of natural water bodies is practically

certain to have adverse impacts on wildlife and water quality.
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Summary of Environmental Impacts: The degree to which on-farm management strategies adopted in response
to food safety concerns may have generated adverse impacts on ecological health is not known at this time. The
impact of shifting management strategies is not well defined because there is not quantitative data to describe the
extent to which grower reported actions occur in the landscape. Acreage alfected. number of water bodies filled, type
of vegetation removed, and many other details are necessary to determine actual impact. The intent of this review
is to provide background information to describe the operation and potential impacts of these strategies in Central

Coast irrigated row crop systems.

The discontinued use of appropriately placed. and properly designed and maintained vegetated practices may also
reduce the potential for other interdependent practices to protect water quality at a particular site. A combination
of numerous strategies, including use of materials for treatment of field or tailwater, improved irrigation and nutrient
management technologies, and continued adaptation of conservation practices for local conditions, provides
innovative ways to address long standing water quality problems. If vegetation is lost from some farms as a

component of these strategies, greater reliance on the other components will be required.

Adverse impacts on amphibians from both direct attempts to eliminate them. and indirect impacts of removal of
water sources, are also practically certain if extensive removal of water bodies occurs in the farm landscape. Also
practically certain is adverse impact on local steelhead and other aquatic species if significant riparian vegetation
removal proceeds. Impacts on other wildlife are difficult to assess without more information regarding the extent to

which wildlife use existing farm resources (non-crop vegetation and water bodies) as habitat.

Cumulative and Synergistic Lffects: This report has not thoroughly considered cumulative and synergistic
environmental effects related to food safety practices in the Central Coast region, although it is reasonable to expect
that they occur. Cumulative impacts result from the incremental impact of an action when added to other past,
present, and reasonably foreseeable future actions. Cumulative impacts can result from individually minor but
collectively significant actions taking place over a period of time.* Synergistic effects occur when interactions
produce more than additive effects, and are well documented throughout the natural world (e.g., Cunningham and
Cunningham 2008, Primack 2008, Wright 2007). With synergistic effects. the total impact of two or more threats

— such as chemical exposure and habitat removal — can exceed what would be expected from their independent

effects (Groom et al. 2008).

Cumulative effects typically result from multiple stressors. For example, increased hunting of a certain species for
food safety concerns may not lead to significant adverse effects on the population. But when combined with other
stressors — such as increased chemical ingestion, exposure to sound cannons, the need to navigate around more
fences, and reduced habitat in which to find shelter, mates, and food — the combined effect may prove lethal.
D’Amore et al. (2009) describe an example of this in the Elkhorn Slough area of Monterey County. In this area and
across many parts of the region, the camulative effect of habitat fragmentation and degradation, combined with the
well-documented adverse impacts of non-native bullfrogs on the threatened California red-legged frog (D’Amore

et al., 2009: Doubledee et al. 2003; Lawler et al. 1999) has led to declines in red-legged frog populations.

Regarding synergistic impacts, removal of vegetation, application of copper sulfate, and other management prac-
tices documented to occur in the Central Coast region may mix in particularly lethal combinations that scientists
have not begun to analyze. Documenting cumulative and synergistic effects in the Central Coast region could

require years of intensive research.

2t See CEQ document referring to National Environmental Policy Act. See
http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/cfodocs/howell.Par.8634.File.dat/20ch5.pdf
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A. What is Co-Management?

As described above, pressures from buyers and auditors have resulted in reduced use of certain in-field conservation
management practices, with serious environmental and food safety implications. Understandably, some authors
have described this as a “conflict” or “apparent conflict” between food safety and environmental protection (Stuart
et al. 2000, Bianchi et al. 2008, Crohn and Bianchi 2008). The conflict pitches two largely supported societal goals

— public health and environmental protection — against one another.

In an attempt to achieve both goals, stakeholders in the Central Coast region are currently working towards “co-
management” strategies. These stakeholders include growers, environmental non-profits, farm organizations,
government agencies, produce companies, and industry trade organizations. The current co-management challenge
and the key issues stakeholders describe in the Central Coast region are an important case study to evaluate as new

food safety standards are applied in other regions or nationally.

While “co-management” can be used in different ways, here it is defined as an approach to minimize
microbiological hazards associated with food production while simultaneously conserving soil, water, air, wildlife,
and other natural resources. The term co-management has a long history in fisheries and other natural resources
where it implies multiple stakeholders jointly managing the resource base in a way that balances protection with
production (e.g.. Pomeroy and Rivera-Guieb 2005, Wilson et al. 2003). Within food safety, co-management has roots
in a 2007 conference organized by University of California in cooperation with agency and industry stakeholders
(Bianchi et al. 2008). 1t is based on the premise that food safety and ecological health goals are attainable and

compatible.

B. Towards Co-Management for Food Safety and Ecological Health

Co-management for food safety and ecological health has great appeal for growers. The 2009 grower survey noted
that eighty percent (80%. n = 123) of growers agreed or strongly agreed that it is their responsibility to protect food
safety on their farms. Less than 1% (n = 1) disagreed and the rest either had no opinion or did not answer the
question (RCD 2009). Similarly, 80% (n = 123) agreed or strongly agreed with the statement, “I feel it is my
responsibility to protect water quality and the environment on my farm.” Less than 2% (n = 3) disagreed or strongly
disagreed with the statement, and the rest either expressed no opinion or did not answer the question (RCD 2009).
Growers clearly value food safety and ecological health and are committed to working towards both goals. Co-

management allows growers to manage for both goals while also maintaining economic viability.

Co-management is science-based, adaptive, collaborative, commodity-specific, and site specific. Science-based
means building management practices upon a solid scientific foundation. Adaptive entails staying current with new
scientific findings and incorporating them into management decisions. Collaborative encompasses tapping expertise
held by resource agency staff, scientists, growers, food safety professionals, and others to manage for both
environmental and food safety goals. Commodity-specific involves matching management practices to specific crops
rather than adopting a “one size fits all” approach. Last, site specific implies knowing the conditions under which

a given practice does (or does not) accomplish food safety and conservation goals.

With respect to the last principle (site specific), co-management avoids absolutes. It rejects the notion that a given

practice is categorically good or bad. Instead, co-managers apply practices in ways that maximize their contribution
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to food safety and ecological health. Scientifically grounded “if...then...” statements can be helpful in this regard

by clarifying the conditions under which a practice is most advisable. For example

e [f a field sits directly adjacent to a pasture and downslope from it, then a vegetated buffer is useful for
mechanical filtration of pathogen-containing manure particles before they enter the farm.

e /[ a field sits next to a road traversed by manure-carrying trucks, then planting hedgerows or windbreaks
may help intercept windblown dust particles that might transport pathogens onto the field.

e /[ a field contains Brussels sprouts, artichokes, or other crops that are cooked before eating (which kills

bacteria), then a different set of food safety measures than those for produce that is eaten raw may apply.

While specific recommendations lie beyond the scope of this report, these examples show the kind of co-
management strategies possible. The main point is to provide useful, concrete guidance for accomplishing both food
safety and ecological health, rather than make blanket statements about practices being appropriate or

inappropriate, or prioritizing one goal to the detriment of the other.

Several challenges to co-management exist, and Central Coast stakeholder groups continue to work towards
defining specific co-management strategies. Efforts to achieve co-management began with numerous industry led
meetings, revisions of food safety and conservation guidelines, and a 2007 conference of scientist and stakeholders
(Bianchi et al. 2008). They have continued with creation of a “Farm Food Safety and Conservation Network™ of

diverse stakeholders that meets monthly to facilitate co-management efforts.?

Qualitative interviews revealed several grower attempts to co-manage in their production areas. For example, growers
with diverse operations have temporarily shifted where crops are grown in order to reduce proximity of vegetated
conservation practices to lealy greens.?® Other growers who are subject to private standards from produce firms
negotiated or altered business arrangements in order to continue the use of conservation practices. While these

represent small steps, regional stakeholders continue to refine management guidelines.

C. Key Issues

Stakeholders face many challenges while working toward co-management. This section presents five key issues
related to food safety that are critical to ongoing co-management efforts as well as the development of future
policy. These issues have been identified by multiple sources, including:1) the 2007 co-management conference
mentioned above; 2) the Farm Food Safety and Conservation Network; 3) interviews with regional experts; 4) the
2007 and 2009 grower surveys; and 5) authors” extensive interactions over a 6-month period with this project’s 36-

person Technical Advisory Committee, which served as a de facto co-management focus group.

Key food safety issues that impact co-management include: the use of private corporate food safety program
requirements, liability and litigation risk, concerns about possible effects of national food safety standards, the role
of value-added products, and the lack of scientific information. Understanding and addressing these issues could

greatly aid co-management efforts and will be critical when considering new food safety policies.

25 The mission of the Network is “to facilitate the coordination of related organizations to support the agricultural industry’s
efforts to reduce food safety risks through methods which also minimize or avoid impacts to water quality, wildlife and habitat
through education, training, research, communication and outreach.”
(http://www.awqa.org/networkwiki/index.php?title=Network Wiki:Community_Portal)

20 Growers indicate that even if sufficient acreage e