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Abstract

Since the 2014 wastlisposal ban, Northborough, Massachusetts has experienced an ongoing
land-use conflict. Neighbors are concerned about an agricultural;$asje composting operation at the
Davidian Brothers Farm. In order to help resolve this conflict, we spoke wighbyaais, farm owners,
state agencies and legislators, and other experts to gain an understanding of the situation and knowledge
of its causes and results. Our project culminated in providing the Office of State Senator Harriette
Chandler with two videos arah informational matrix and website to educate food waste recycling
operations on methods to mitigate concerns and create positive relations with their surrounding
communities. We also detailed recommendations for the town and farm to aid in the nesdlther

land-use conflict.
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Executive Summary

Introduction

In 2017, Northborough, Massachusetts is experiereiagduse conflict in the form of a large
scale agricultural composting operation that is upsetting the nearby community. Since 2014, the Davidian
Bros. Farm has been engaged in lesgale composting. This composting operation has partially resulted
from a 2014 Massachusetts Department of Environmental Protection (MassDEP) regulation that promotes
food waste recycling on large scales, the Commercial Food Waste Disposal Ban (Thompson, 2016). The
farm uses large windrow compost heaps that some Northboresiglents find visually imposing. The
community members of Northborough have filed complaints with town officials, state legislators, and
state agencies in regards to the composting operation. Additionally, some have complained of health
problems they bave may be results of compost related pathogens or drinking water contamination. Due
to this conflict, the Office of State Senator Harriette Chandler sponsored a study to better understand this
situation and how stakeholders could work towards a resolthiat could be beneficial for everyone
involved.
Methodology

In order to positively influence this situation, we formulated two related goals to guide our work.
First, weaimedta ppease the communityds concerns by presen
stakeholders could agree to. Second, we hoped to facilitate a lasting relationship between the Davidian
Bros. Farm and its surrounding community in order to provide an example for other food waste recycling
operations to follow.

We were able to make meaniogétrides towards these aims by dividing our project into two
phases.

Phase 1: Develop a Northborough Case Study

1. Investigate the primary concerns of the surrounding community and perspectives on those
i



concerns from experienced individuals outside of ituaton.

2. Investigate the extent to which compost practices and outside forces, such as weather influence
nei ghborsdé compl aints.

3. Explore possible composting legislation and its impact on local communities and farms.

Phase 2: Case Study Analysis and SofuDevelopment

4. Identify cases with similar issues to the case study we have developed and comparatively analyze
them against the Northborough case.

5. Develop and present a creative proposed solution tailored to the situation in Northborough.

We accompbhed these objectives using a variety of methods to gather, analyze, and present data.
Specifically, we distributed surveys, facilitated two focus groups, and conducted interviews with
neighbors, town officials, state legislators, state agents of regulaidies, composters, and others who
have investigated the issue. We chose to speak with these groups in order to gain the perspectives of
different points of view involved in or investigating the situation. We also researched documentation such
as news dicles, reporting documents to state agencies, regulations, and other written information in order
to expand our understanding of the situation and gather as much data as possible.

In order to investigate cases with similar aspects to that of Northbgreegiurveyed over 20
Massachusetts farms and over 100 farms and organizations across the country. We communicated with
three state agencies, as well as key stakeholders such as 31 farm owners in the other situations we studied.
Using all of the data we aamsed, we developed two videos and a vast matrix of information to educate
future food waste recycling sites on best practices.

Findings

As a result of our research we found that there are a number of ways to deal witkdand
conflicts ranging from im@mentation of technical systems to mitigate concerns to community outreach
strategies to facilitate positive relationships between rural operations and their neighbors. Additionally,
the keys to preventing such conflicts lay in inclusive planning, compmrand communication. Food
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waste recycling sites can be the source of many positive benefits for all stakeholders involved if they are
operated with all parties in mind. This positive operation involves comprehensive oversight of variables
within the compsting process, as well as use of strategies to mitigate concerns that can arise.
Additionally, all possible concerns amdriables must be taken into account as individuals have different
tolerances to different impacts of food waste recycling sitesll¥ia#though not a specific aim of our
initial research, we also discovered that regulations governing these sites can vary widely and have a large
effect on whether conflicts may or may not arise.
Recommendations

In an effort to resolve the current lande conflict in Northborough, Massachusetts, we
recommend that the Davidian Bros. Farm acquire several technical systems to mitigate the concerns of the
surrounding neighbors includinge of compost covers and koganic catalysts to reduce odors, health
concerns, and wildlife attraction. We also recommend that both parties take steps to rebuild a positive
relationship that can serve as an example for other communities. For instaneegmmend that
concerned neighbors and the farm hold meetings on a monthly basis to revitalize communication between
the stakeholders so that the situation may be resolved through compromise. Through these
recommendations we hope to aid in the resolutithe Northborough landse conflict.
Condusion

As the need for sustainable practices and the sprawl of urban areas increase, the likelihood of this
type of conflict arising increases as well. Thus, we hope that our educational videos and comprehensive
matrix of strategies to mitigate concernifl Welp to resolve or prevent other lande conflicts in the
future. In terms of the situation in Northborough, we believe that our recommendations can play a
significant role in the resolution of their conflict. We also note that should they resobemsien in their

situation they can serve as an example for other, similar cases in the future.
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1. Introduction

Environmental education and consciousness, ecotourism, a strong sense of community pride, and
local, fresh produce are just a few examples of potential benefits that can bg sesidential
communities which border farms. Over the past 30 years, as more rural communities are becoming
urbanized, an increasing number of small towns have reaped these benefits (Cohen & Reynolds, 2015).

One such area that has experiencéitdity attaining these benefits is the town of
Northborough, Massachusetts. Northborough is a small town of about 19 square miles located in central
MA, just northeast of Worcester (Town of Northborough, 2016). The town has a population of just over
14,00 people (Town of Northborough, 2016). There are three farms located in the town, including the
subject of a perurban land conflict, the Davidian Brothers Farm.

Since 2014, the Davidian Bros. Farm has been composting on a large scale witheadlieation.

This composting has partially resulted from a 2014 Massachusetts Department of Environmental
Protection (MassDEP) regulation that promotes food waste composting on large scales, the Commercial
Food Waste Disposal Ban (Thompson, 2016). Whidee are many possible benefits to qpghian
agriculture and composting, the town of Northborough and the Davidian Bros. Farm have not been able to
realize all of these. Instead, Northborough residents have been filing complaints with the town
governmentthe Massachusetts Department of Agricultural Resources (MDAR), MassDEP, and the
Office of Massachusetts State Senator Harriette Chandler about possible negative consequences of the
farmés composting. These i ncl uacton, and posséle healthwi t h st
risks related to the composting.

These concerns are dividing the community from the farm and threatening the relationship
between these two stakeholders. This lack of understanding between the two parties presesidesith
from enjoying the benefits of pewrban agriculture and composting. Thus, alleviating the concerns of the

neighbors without alienating the Davidian Bros. Farm is vital to facilitating the creation of a lasting
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understanding between the farm arsdsiirrounding community. Once these concerns are mitigated, the
town of Northborough will be able to enjoy more benefits from-pdsan agriculture.
We have worked with the Office of Massachusetts State Senator Harriette Chandler to ascertain
the key conerns of the Northborough community and to address these issues, without negatively
affecting the farmdés business. In order to better
this report, we explore relevant background to the issue aodlmesomposting and its challenges in
periurban environments. Following the background, we describe our methodology for working through
the project, data and findings. Finally, in Chapter 4 we share our project findings and in Chapter 5 our

recommendatios f or both the Davidian Brot herés Farm and

2. Background

In order to better understand the tension surrounding the situation in Northborough,
Massachusetts, we expldrthe importance of agriculture, the benefits and challeafypsriurban

agriculture and composting, and finally how these

2.1 Farmingdéds I mportance in the 21st Century

Population growth, the availability of farmable land, scarcity of usable water, and climate change
greatly affect production of food in the modern agricultural environment and will for the years to come.
These factors include population growth, the availability of farmable land, scarcity of usable water, and
change in climate (Cohen & Reynolds, 2018)e population of the planet is increasing at an exponential
rate. Experts predict that the planetds p2aspul ati o
century (Fedoroff et al., 2010). Farmers will need to produce a continuously ingraasinnt of food

and resources in order to account for the rising population. To do so, these farmers will need to increase
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access to available farmland and supplies. Due to deforestation and urban growth, much usable farmland
has been developed into cd#iand urbanized areas (van Veenhuizen, 2005).

An urban ecological footprint, the sum of all the land and water required to meet the material
consumption and waste processes of a specific population, can show how the surrounding rural and
natural areas awdfected by cities (Mougeot, 20DAn analysis of current US ecological footprints
reveals an increasing demand for natural resources and thus competition for natural resources and raises
the issues of both equity and the leegm sustainability of foog@roduction (van Veenhuizen, 2005). The
affected competition for supplies illustrates the need for agriculture today and agricultural expansion for
the future.

Urban agriculture will grow more important as urban sprawl, the continuous expansion of cities
ard suburbs, continues to impact open space and more land becomes urbanized. Expanatvanperi
agricultural practices is one way to ease the impacts of urbanization. As agricultural operations become
more prevalent and farming easier in a more urban@mwient, the concerns around limited resources
and space for farming will lessen while the importance of food production continues to rise (Mougeot,

2000).

2.2 PeriUrban Agriculture

Periurban agriculture is an important part of the economy in the 21trgeAs a result of
increasing population and the sprawl of urbanized areas, agriculture and farms once located in rural areas
are becoming surrounded by more and more people (Cohen & Reynolds, 2015). Thigbamal
transition zone, where these respaetand uses collide and can create controversy, is described as a peri
urban area. This situation puts both new residents and established farm owners in positions that they have
not been in before. Issues may arise that previously had not existeddueto$ 6 i sol ated | oca

However, if agriculture and surrounding residents can be integrated in an effective way, both parties can



benefit. According to Mougeot (2000), the defining characteristic ofysben agriculture is the role it
plays within theurban economic, social, and ecological systems. An example ofarpan area

abutting farmland is shown in Figure 1.

Digital Results ®

Foxholes Farm Shop; o
Butchery & TeaRoom

Figure 1: Perurban area abutting farmland example
(Google Maps imaging: Hertford SG13, UK, 2017)
Even though farms on the intecgaof urban and rural areas produce tHinyee percent of the

value of agricultural output in the United States, theseyreean farms only account for sixteen percent
of the cropland (Heimlich & Anderson, 2001). These farms have access to many ietwairaiow
them to thrive in their communities. Some of these resources include access to a larger labor supply,
opportunities for farmers to be employed while still operating their farms, additional markets for selling
crops, and increased income froomamunity-based activities (Levi & Sperry, 2007). Economically, peri
urban agriculture has the ability to open up new migdustries such as businesses in the community to
supply farms with fodder, compost, worms, etc. (van Veenhuizen, 2005). Additighallg is the
possibility of using urban organic wastes and water for recycling practices. Agricultural practices such as
composting, vermiculture, and wastewater recycling can also reduce the ecological footprint of the nearby

community (van Veenhuize@005), allowing for environmental benefits as well as a sense of pride for
4



the farm in the town or city. Nearby residents have easy access to local, fresh food, landscaping related
businesses, and recreational opportunities. However, these benefits beatkeived alongside possible
disadvantages in order to understand the best type edfifisen agriculture for a community so that the

town or city can enjoy all that pewrban agriculture can offer.

2.3 Challenges and Mitigations to PerUrban Agricultur e Issues

Due to the effects of urban sprawl, farmers may have to adapt to rising land values and an
increasing number of neighbors. Farmers can adapt by emphasizing higher value products, focusing on
urban marketing, and using practices that better fitrban setting (Heimlich & Anderson, 2001).

One significant challenge to pariban agriculture is possible health issues arising from
agricultural practicedduman ilinesses can result from parban agriculture due to heavy metals from
industries andraffic emissions near the farm which can contaminate soil and crops (van Veenhuizen,
2005). In addition, many diseases can be spread from agricultural practices such as the transmission of
il l nesses from | ivest ock deighbots.dorexampletpospmbisa cl os e
bacterial disease which can lead teltke symptoms and kidney or liver failure, can spread from infected
cows, pigs, sheep, or other livestock to community members (van Veenhuizen, 2005). Other diseases
spread byivestock includeBrucellosis Campylobacteriosisandinfluenza(Ministerradet, 2009).

In 2000, a Wall Street Journal article described an issue relating to urbanization and agriculture in
Whidbey Island, Washington. Following a population inseecaf 20percent between 1990 ahé99,
recent studies found that a type of fecal bacteria that may have originated from the surrounding farms,
was measured at unsafe concentrations in nearby w
Growth Management Actafms are not required to protect wetlands (Jung, 2000). The Growth
Management Act requires the statebs fastest growi
wetlands and accommodation of growth but does not establish a method to monitptahe$éung,

2000). Thus, the farms and town in Whidbey Island, must regulate themselves on such matters. However,
5



the main problem is the level of difficulty town officials had in identifying the exact sources of the fecal
contamination and therefore thare unable to decide the specific regulations needed to appropriately
resolve this contamination issue (Jung, 2000). Consequently, both the farmers and town are now working
together to develop solutions that take into account both economic impacts/aadreantal concerns.
This compromise and collaborative work is the goal for any land conflict situation. In this example both
parties understand the benefits possible if they
practices.

Another examp of a perurban agricultural challenge is the conflict resulting from-pdoan
land use and rigktb-farm laws. The purpose of these laws is to protect existing investments of farms by
enabling farmers to continue farming even if their operationsextestime sort of nuisance for nearby
landowners. In the late 20th century, the loss of farmland and increase in nonagricultural uses of land in
the countryside justified rigkib-farm legislation (Centner, 2006). The existence of these laws and their
use ilustrate the conflict between agricultural farms and residential neighbors who have nuisance
complaints with the farms.

Rightto-farm laws have been put in place to protect agricultural operations, but place many
burdens on neighboring residents. One probfor farmers of livestock involves increased resistance
from neighbors concerning odors, health, and prop
health regulations, and nuisance lawsuits are being used to confront objectionable agiacaltural vi t i e s 0
(Centner, 2006). Residents who neighbor farms are having difficulty finding ways to come to terms with
the impacts of righto-farm legislation. Another defense for farmers is the cormrgnuisance doctrine.
The doctrine states that peoplbavmove near agricultural areas, cannot use nuisance laws to end the
farmer6s activities and practices. The states of
trying to limit nuisance actions by adopting statutes of limitation (Centne)2B0r example, according
to the statutes, neighbors who fail to file their nuisance claim after a certain time period cannot maintain

their claim.



Some states have tried to encourage better agricultural management processes by requiring farms
to qualify for nuisance protection. The rigtd-farm laws in these states have provisions that restrict
nuisance protection to operations with sound agricultural practices, generally accepted practices, and the
best practices, depending on the state. These lawas actincentive for agricultural operations to refrain
from negative practices (Centner, 2006). Rigiatarm laws exemplify some difficulties and solutions to
periurban land conflicts between farmers and neighbors with nuisance complaints. For imstance,
Massachusetts, no nuisance claim may be maintained against an agricultural operation that has been
present for over a year, unless negligent conduct or actions inconsistent with generally accepted
agricultural practices exist. Additional state laws|uding those in California, Pennsylvania, and lowa,

are described in the Righd-Farm Statutes Chart in Appendix A.

2.4 Composting and PerUrban Agriculture

One practice of petirban agriculture that can be both a challenge and a benefit tarpani
communities is composting. Composting is a natural biological process that biodegrades organic waste
(i.e. food waste, manure, leaves, grass, wood, etc.) and transforms it into organic fertilizer (Composting,
2014). Composting is a great way to recycle mgpgs of waste but there are a multitude of challenges
to composting safely and successfully. Additionally, if the composting is maintained and carried out with
the community in mind, it can be a great method for a community and farm to build a relptamsh

support each other.

Importance of Composting

Quality compost has many benefits but, is only generated within limited desired temperature,
moisture, and ingredient ranges. Compost is used in gardens, greenhouses, and on farmland as a natural
fertilizer and soil enhance¥i(ller, 1997). Certain composting processes, such as maintaining relatively

high temperatures while not high enough to harm beneficial microbes, have been proven to reduce
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pathogens from biological wadfi€éim, Shepherd, & Jiang, 20DHowever, composting alone is not the
solution to attaining healthy crops, but it is an integral part of the process and essential for organic farms
(Miller, 1997). Many plants that are grown using organic methods show an increase in crop height, width,
and yield(Norton & Johnson, 2008). A 2010 study performed by the University of Maine Cooperative
Extension and Woods End Laboratories using sweet corn found that seeds planted with compost produced
significantly longer ears of corn and taller plant stalksr multiple seasongdckson, Briton, Handley,
Hutchinson, & Hutton, 2013Y his increase in crop yield and quality from composting only adds to the
existing benefits of pefirban agriculture.

Composting also has numerous advantages that can impeosertbunding environment.
Compost is a natural fertilizer, and can be used as a natural pesticide as well. This natural pesticide
primarily targets weeds, fungi, and nematodes (Cayuela & Millner, 2008). The compost retains moisture,
reducing the requiremmet f or water during the productds growth
natural and thus is much better for the soil as its use does not degrade the soil over time as other fertilizers
do because of their toxic ingredients. Compost is an effectiziegy for waste disposal reduction as
well. This decrease in the disposal of organic materials means that landfills do not have as much material,
thus reducing the amount of carbon monoxide, methane, and nitrous oxide released into the atmosphere
(Epstein 1997). Nitrous oxide is a greenhouse gas 310 times more harmful than carbon dioxide, so its
removal from the atmosphere is essential (Eureka Recycling, 2008).

The economic advantages of using compost over synthetic fertilizers and pesticides target costs
The cost of buying either fertilizers or pesticides is eliminated when compost can be created from leftover
waste and used for those purposes. Additionally, compost reduces transportation costs as some of waste
can go into compost piles instead of beiragnsported to a landfill. Finally, there is the option to sell the
compost to the community and surrounding businesses for an added profit (Eureka Recycling, 2008).

Composting can be a method for pearban farms and their communities to develop pasitiv

relationships and benefit faroommunity interactions (Epstein, 1997). This beneficial relationship can
8



take many forms including the farm composting waste for the town and providing education opportunities
for the community. Agricultural composting is affective strategy for teaching visitors to a farm the
importance of sustainability and the environmental benefits of composting (van Veenhuizen, 2005).

The multitude of positive impacts that agricultural composting can have is what signifies the
practce as integral to modern recycling operations. Thus, while composting without an understanding of
the negative externalities on neighboring persons can have detrimental effects on communities, it is

possible to address neitgdelihe beselits.concerns in order

Composting Practices and Reqgulations

There are a multitude of ways to implement composting. These different approaches for setting
up a compost system and maintaining different levels of aeration, moisture content, and temperature
include windrow or heap/pile composting, bin onvi@essel composting, trench or pit composting,
vermiculture, and more (Types of composting, 2016). These categories represent the most common types
of composting.

Windrow composting the most basic but alsleet most common for larggcale facilities, as it
involves piling up material in elongated heaps called windrows (van Veenhuizen, PO&&windrows
can be over 8 feet high, over 11 feet wide, and over 100 feetBangompostings similar to windrow
composting except that the piles are contained by a structure on at least three sides to create a more
efficient use of space (Domingo & Nadal, 200Rench compostingas a lot of different variants
including: long operair trenches in the ground filledith organic material, covered trenches, and even
completely buried trenches to support a planting bed on the covering soil (van Veenhuizen, 2005).
Vermicultureis another viable option for smaller composting practices and, giverexigting source
for the worms used to break down organic material, larger facilities as well (Types of composting, 2016).
Thus, with all of these different types of composting and the differentiation in temperature, oxygen levels,

and moisture changes, the real difficultylexiding which type of composting will work best for a given
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situation.

For each type of composting there are different advantages and drawbacks. Bin composting can
require an external energy supply and is usually an intensive investment for largeoecati®ns
(Sherman, 2005). Additionally, once Biomposting systems are set up, they are more expensive to
operate and maintain than other options. However, the advantage of using bin composting is that less
space is required since the compost is coathiRor trench composting, it is difficult to control leaching
but the composting material can be buried in the trench and serve as a bed for planting (Miller, 1997). In
the end, the most common type of composting used by developing countries and dgwgleftions is
windrow composting (van Veenhuizen, 2005). Each of these composting methods has various pros and
cons but it comes down to the balance between the ease of operation and cost. Table 1 summarizes the

benefits and drawbacks of these compostjpes.
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Overview of Four Basic Composting Types
» Large, # Suitable for large scale » Open to wind and weather

elongated heaps operations and extensive » More odor propagation
of compost amounts of compost » Expensive machines for

#» Simple upkeep methods large scale heap-upkeep

» Space needed

Compost is #» Contained pile » Size limitations
contained by #» Simple compost style » Can be difficult to
structure onat > Little space required access/turn with containment
least 3 sides of > Less seasonal limitations structure
pile » More expensive to maintain
Long, open air  # Less susceptible to wind » Difficult to control leaching
trenches patterns or runoff
Covered # Provides nutrient-rich base > A lot of space necessary
trenches for soil put on top of trench > Initial setup costs and
Completely installation processes
buried trenches » Difficult pile maintenance
Worms #» Ease of operation » Worms sensitive to changes
breaking down » Low initial investment in climate
biodegradable = » Canuse in a bin or #» Pests attracted can consume
material windrow style pile (simple) WOorms

» Little space needed » Bin opened can produced

smelly odor

Table 1:Overview of Four Basic Composting Types

This table shows the comparative benefits and disadvantages of each of the above basic types of
composting.

According to Massachusetts state laws, there are various regulations that ownensost com
operations must follow. Both MassDEP and MDAR are responsible for composting registration oversight
(Agricultural Composting Program, 2014). For agricultural composting operations, MassDEP has granted
conditional exemptions under the Solid Waste raijuhs (310 CMR 16.00) (Martinson, S., van de
Kamp, M., & Tso, S, 2010). This exemption allows for composting operations on agricultural land
specifically to fall under MDAR instead of MassDEP. Agricultural composting operations only have to

register withMDAR if they are planning to compost waste materials on their property (Martinson, S., van
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de Kamp, M., & Tso, S, 2010). Once a farm is registered with MDAR it attains the status of an
agricultural operation conditionally exempted from site assignmensalglavaste facility. This status

means that the agricultural composting operation is legitimized, has exemption from related permitting
requirements and that MassDEP has minimal regulatory control over the farm (Martinson, van de Kamp,
& Tso, 2010). Thushe farm has a wide range of control over its own composting operation as long as it
follows base guidelines set by MDAR, which is important as the MassDEP has stricter regulations. For
instance, MassDEP requires an odor control plan, toxic controlgatingency plans, and more for
composting operations, while MDAR simply states that the operation must attempt to limit odor.
However, practices under MDAR regulations do not need to follow these MassDEP guidelines at all, as
they are exempt.

Some statesncluding Oregon and Washington, are developing laws requiring businesses to
compost all of their food and organic waste (Risse & Faucette, 2009). Other states already require
counties to compost. Massachusetts however, does not require composting,ditat @roducing over a
ton of organic waste per week needs to send it to a more sustainable type of site than a landfill. For
instance, a compost site or anaerobic digester (Solid Waste Management, 2014). While these regulations
are beneficial, the effezto the surrounding community present many challenges that need to be

considered.

Composting Challenges and Methods to Mitigate them in auPleain Environment

The main challenges of composting in a pgbian area include: health hazards, odors, and
wildlife attraction. While these effects are common, there are ways to minimize these negative effects in
order to take advantage of positive ones brought by composting.

The health hazards associated with composting can affect workers of composting facilities
nearby residents, and the consumers of products treated with compost fertilizers (Pichtel, 2014). These

health effects stem from many sources throughout the composting lifecycle. Shown in Figure 2 is a chart
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illustrating these sources and how their ae¢mtal effects can be spread.

Pathways for Organic Compost to affect Health

Organic Fraction
of MSW

Volatile Organic JROIEIE T Inhalation - .
compou = Skin Ahsmpﬁon

Inhalation
Ingestion
Skin Contact

Dust Dispersion Storage Handling Dust

Agricultural
Application

e S0li Pollution

Plant Pollution

ammmn @ Animal Pollution

Inhalation / Ingestion

Ingestion

General
Population

Figure 2: Pathways for Organic Compost to affect Health
(Domingo & Nadal, 2009)
To start, the organic fraction of municipal solid waste (MSW) can produce volatile organic compounds or
bacteria/fungi that can be inhaled orsdrbed by the skin. Following the chart downwards, emissions
from the organic MSW in composting can also be inhaled, absorbed, or ingested by humans and animals
throughout the different stages of composting.

The many adverse health effects that can résutt compost include, but are not limited to,
pulmonary inflammation, asthma, bronchitis, fevers, infections of eyes, ears, and skin, as well as other
diseases (Domingo & Nadal, 2009).

Maintaining a moderate temperature and proper aeration of a compasrpiminimize or

prevent these adverse health effects. There are two main types of composting aeration: passive aeration
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systems, which require little attention, and active aeration systems, which are controlled through
mechanical processes (Sherman,3)0Q is important to maintain the correct temperature in both of these
composting methods because when there is an excessive amount of heat, the compost will dry out and kill
the beneficial microbes in the pile (Miller, 1993). Horizonteltical aeratio technology is one way of
controlling the temperature passively. Invertegshiped pipes are perforated and placed into the
compost pile (Kutsanedzie, Rockson, & Achio 2012). This practice allows fresh air to enter the piles and
waste gasses to exit. Ather way of controlling air intake is through forced aeration technology. This
idea uses an electric blower controlled by timers that blows air through perforated pipes (Kutsanedzie &
Rockson, 2012). While these methods were found to improve the quatliy cdmpost, they cannot
prevent all of the negative health effects associated with composting.

Another main disadvantage of composting is the potential resultant odor. This is especially an
issue when food waste is involved, as in the case of David@s Barm in Northborough,
Massachusetts. Similar to minimizing the health effects, odor can be minimized by ventilation. Increasing
the pH level can also decrease odor as this promotes cooling and oxygen supply and is carried out by
adding materials higmipH such as woedsh (Ministerradet, 2009). This practice will treat the odors
before they are released into the surrounding environment. Adding water to the compost may be
necessary since food waste is high in energy and matured compost has low eetsdiliaisterradet,
2009). In terms of oxygen levels in the pile, the goal is to keep these levels above 10% to prevent the pile
from becoming aerobidjchard & Trautmann, 1996J.able 2 below, is a chart that summarizes the

sources of various odors proged from composting.
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Associated Gasses Possible Odors

i J{Bﬁ:‘:f‘{ﬁ ’ *» Pungent (Acetic Acid)

T ¥ Rancid, sour, sweaty (Butryic Acid
¥ Propionic Acid B i )
> Heptanal Pe eptana

» Merkaptans * Putrid (Merkapians)
* Sulphidas # Rotten eggs (Sulphides)
» Allvl Mercaptan » Garlic, skunk (Al Mercapran)

# Indole

T Skatore > Fecal odor (Indole, Skatole)

» Limonene
#  Menthol
» a-pinene
» b-pinene

# Orange, pine (Limonene)

= Minty (Menthol)
* Pine odor (a-pinene, b-pineneg)

» Eyrans ¥ Burning wood, smoky (Pyrans, Furans)

# Furans .
> Cis-hexen-I-ol ¥ Tobacco, woody, grassy (Cis-hexen-I-ol)

e ¥* Hay, burnt (b-cyclocitral)

> Acet
< ME;‘E, : > Sweet (dcetaldehyde)

> I-dodecanol ¥ Soapy, fruity ({-dodecanol)

> Ammonia

= Amines

* Dimethylamine
= Methyviamine

¥ Medicinal odor (Ammonia)
¥ Fishy (Trimethylamine, Dimethylamine,
Methvlamine)

¥ Volatile Fatty Acids

> Vinegar, body odor (VFAs
(VFAs) gar, body odor (FFAs)

» Isovaleric Acid # Rancid, moldy cheese, fecal ([sovaleric)
¥» Prapionic Acid ¥ Sour, pungent, rancid (Propoinic)

¥» Benzaldehyde ¥ Bitter. possibly pleasant (Benzaldefyde)
¥ Decanal * Citrus, soapy (Decanol)

Table 2: Odors Adapted from Composting with Food Waste
(Rosenfeld et al. 2007; Campbell & Gage; Goldstein, 2002; McGee, 2005)
A chart showing what types of odors common materials used in composting generate and their associated
gasses.
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Electronic noses, or odor sensors, represent one recent technological development that may help
target the sources of odors so that they may be reduced. They have been used in the food industry, but
also have the potential to identify specific odiwat come from composting (Sironi, et al., 2007). Many
companies rent, lease, sell, or perform testing using these electronic noses or similar air quality sensors.
These odors can then be minimized aft asrThedthée er mi ni
odors can be contained, treated or diluted, or even masked (Ministerradet, 2009). For instance, knowing
the material origin of an odor allows one to make sure that material no longer makes its way into the
compost or to make sure that it istably preprocessed to neutralize its smell. Knowing the specific
compound that the smell comes from enables one to deal with the specifics of chemically treating that
compound to counteract its odor. Figure 3 is a summarized chart of what the idedlgeape

composting piles should be in order to improve the overall quality and reduce odors.
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Some Important Properties of Compost

1. Measure bulk Is bulk density
density of between 400-600

incoming material kg/m*3
structure
rial

2. Measure pH
during process

*|ncrease air upphy
s *add recycled compaost,
structured material, ash
ar lime

Good air flow
. Is tha air flow at keast 10 1{%"‘3"
3. Measure air mah per ton of waste [
flow during and notal sir supply st o A
least 5000 mA3 perton of [yl
process i 2

*Increase air supply

*qf;;,, Good Dry Matter
4. Measure Dry P
Matter during Is Dry Matter < 70%
process

*Add water

Figure 3: Some Important Properties of Compost
(Ministerradet, 2009)
A chart detailing some optimal properties of composting with food waste.



An initial method used to prevent odor problems is to start by determining a suitable site location
to begin composting, which minimizes the potential for odor issues in the future. Some factors for
determining site location include distance to needed suppliers,ex haoffe between the compost and
residents, soil topography and characteristics, as well as the amount of land needed for the operation
(Pichtel, 2014). These factors can be very important to avoid safety and nuisance concerns. One way to
limit concerns iy having an extensive natural buffer zone in the form of trees and shrubs around the
compost. Specific buffer zones sizes are determined by state and local regulations (Pichtel, 2014). A firm
base for soil is also preferred so that any runoff is conttalfel groundwater contamination prevented.
Sufficient land is necessary for the m@cessing, processing, and ppeicessing stages of composting
(Epstein, 1997). Other factors to consider are existing infrastructure, zoning issues, and nearby residents
(Pichtel, 2014). These safe management practices are necessary to the success of any composting
operation.

A further drawback is the activation of pathogens as a result of certain composting methods and
practices. Pathogens are harmful microbes thatadésithe compost and can cause illness in humans. The
most common pathogens seen in composting are harmful fungi, bacteria; though, there are also volatile
organic compounds (VOCSs) that can be harmful to humans when ingested (Vaddella et al., 2016). Many
of these are ingested or inhaled with organic dust and can cause a multitude of illnesses ranging from
gastrointestinal disturbances, fevers, and infections and irritations of eyes, ear and skin (van Tongeren et
al., 1997). Some fungi, such Aspergillus fimigatuscan travel on the organic dust from unmonitored
compost piles more than 800 ft. downwind and affect those who inhale it (Pandey et al., 2016). Thus, in a
perirurban area where residences are located close to the farm, it is imperative to akesrtea
neutralize these pathogens.

Some steps to minimize dust production include keeping compost piles moist, having proper

ventilation, and providing gas masks for those working with the compost (Pichtel, 2014). Moisture
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content needs to be monitorgebugh, as an over moisturized compost pile can promote pathogen
activation rates to raise exponentially. However, a very dry compost pile can kill microbes that
decompose organic matter and lead to compost fires (Pandey, 2016). The optimal range wbstingomp
yard waste is between a 40% and 60% moisture content (Cochran, 1996). While this factor is important in
minimizing pathogen activation, the aspect with the largest impact is that of temperature. Temperature
range can be the determining factor betwseaccessful compost and a pathegdasted compost. A

2016 study (Pandey et al.) showed that the optimum temperature for composting with a spexsielin
system was 60°C. This temperature, in an aerobic compost pile, was extremely effective #gnpathog
inactivation. E. coli populations were undetectable afte23 6ours and Salmonella counts reached the
same in only 80 minutes (Pandey et al., 2016). Thus, while many pathogens can come from composting,
there are effective ways to make composting safies benefits may be enjoyed.

A final, more modern method for mitigating many of the negative side effects associated with
compost is anaerobic digestion (AD). AD is the process through which biodegradable material is broken
down in the absence of oxygéHarvest Power, 2017). While this process is similar to composting and
does occur in nature, it can be performed on a large scale through controlledadeprocesses. These
occur within anaerobic digesters, or large, enclosed structures where temgpanat other variables can
be controlled and monitored (Fitzgerald, 2015). An example of an anaerobic digester from the Jordan

Dairy Farm in Rutland, Massachusetts can be seen in Figure 4 below.
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Figure 4: Photo I mage of ebterrdan Dairy
This figure shows an example of an anaerobic digester situated on a dairy farm.

Much of AD in the United States is performed in water treatment plants to separate and degrade
the wastes within the water those operations receive. However, thespiatso a viable option for
waste management similar to composting, as it is widely used in Europe (Fitzgerald, 2015). For instance,
it can even be compounded with traditional composting in order to achieve the same results while limiting

compostrelatedissues. This setup can be seen in Figure 5 below.
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Inputs and Outputs for Integrated Anaerobic
Digestion and Composting System

Biogas m
y Utilization

Energy

(Blower Power)
Food Waste
Feedstock
Energy N .

Digester CO: & Air R
Water N
r

Effluent
Digestate | Com postar Compost

v

LeafiYard Residuals
Feedstock

Air

Figure 5: Inputs and Outputs for Integrated Anaerobic Digestion and Composting System
(Kraemer & Gamble, 2014)

This figure shows an example setup for an anaerobic digestion system integrated witlost comp

system. It illustrates both the inputs and outputs of each part of the system and how the two practices are
integrated into a single process.

In a composting role, AD is used to break down wastes including food waste, yard trimmings,
and other biode@dable materials into biogas. This resultant gas is primarily made up of methane and
carbon dioxide, generally making up at least 90% of the mixture (Kraemer & Gamble, 2014). As a natural
gas this byproduct can then be used to power the anaerobic digeisterequires less power than
natural gas is produced; meaning that the operator of the anaerobic digester usually has excess power that

can either be diverted to other operationssib@ or given back to the grid for a monetary gain (Kraemer

& Gamble, 204).
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Along with this biogas, AD produces resultants in the form of solid and liquid digestates. This
result is the material that cannot be digested by the microbes in the AD process. The solid portion is
mainly comprised of lignin and cellulose, stable anghnic material that can be used as a cordji@st
fertilizer (Mutnuri & Bhavnagar, 2014). The liquid portion of the digestate, also referred to as effluent, is
rich in nutrients and can be used as a fertilizer as well (Akhiar, Battimelli, Torrijos i@€aR017).

However, depending on the materials being digested, the effluent may have some level of potentially
toxic compounds. Thus, it may need to be preprocessed or processed further following digestion to
remove these toxins (Xu, Wang, Lin, & Li, 281

AD is a viable option for many composting operations and due to the confinement and
controllability of anaerobic digesters, many composting related issues such as odor and health risks can be
minimized or eliminated.

Below, in Table 3, the major chahges associated with composting can be viewed with their

composting causes, resultant issues, as well as different methods that can be used to mitigate those issues.
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Overview of Challenges of Food Waste Composting on a Large Scale in Peri-urban Areas

7 Contents of the 7 Illnesses 7 Anaerobic digester 7 Anaerobic digester may still
compost * Limited use of outside yards * Breathable, tarp-like cause odors if performed
¥ Inadequate ¥ Wildlife attraction covers designed for incorrectly
aeration; moisture  » Stress compost 7 Composting covers may
level * Decrease in property value * Legislation only reduce odor levels
» Other properties of regulating odor/gas ~ * Legislation may negatively
compost concentration levels impact the composting
farm
¥ Costs to farm_ neighbors
and/or government
# Commercial # Semi-trailer trucks using # Moving composting ~ » Moving the compost
Trucking narrow residential roads to location location may be difficult
deliver food waste for » Legislation limiting for the farm
composting road use for large # Legislation may negatively
* Contents leaking from trucks trucks impact the composting
»# Loud disrupting noises » Limiting the hours of farm
¥ Stress operation # Costs to farm_neighbors
* Decrease in property value and/or government
> Contents of the » Flies/crows/mice/rodents/larger » Anaerobic digester » Composting covers may
compost (food wildlife affecting neighboring > Breathable, tarp-like only reduce the amount of
waste) properties covers designed for wildlife
» Location of the » Increase in the amount of compost » Costs to farm_ neighbors
composting wildlife in the area and/or government
operation > Stress
» Decrease in property value
# Contents of the J# Children/neighbors being # Anaerobic digester # Anaerobic digester may still
compost affected by the health hazards > Breathable, tarp-like cause health
> Wind such as head migraines, covers designed for effects/contamination from
# Emissions from the vomiting; asthma_ etc. compost the effluents and digestate
compost # Well contamination » Moving composting ~ » The compost covers and
> Water body contamination location moving the location may
Stress not resolve all the health
# Decrease in property value effects Costs to farm,
neighbors and/or
government

Table 3: Overview of Challenges of Food Waste Composting on a Large ScaleurbBerAreas
The far left hand column lists various challenges associated with food waste composting-uarbgveri
area. The rows detail common causes, issues, methods to address the issues, and drawbacks of those
methods for each challenge.

2.5 Davidian Bros. Farm in Northborough, MA

The town of Northborough, Massachusetts is one example of-arpan area that is currently
experiencing conflict resulting from a composting operation. Northborough can be seen as a textbook
example of a peniirban town. Vith a population of just over 14,000, and a limited area of about 19
square miles the town boasts a population density of 756 persons per square mile (Town of

Nort hborough, 2017). This is well below a | arge
23



persons per square mile, but stildl much higher th
53 persons per square mile (Census Viewer, 2010). These factors give the town its mixed rural and urban
feel.

Northborough has had farms within its ders since its founding in 1775 (Town of
Northborough, 2017). Currently, the town boasts three large agricultural farms, one of which is engaging
in largescalewindrowc omposti ng. The Davidian Brotherdéds Farm
since AugusP014 (Thompson, 2016). Largeale composting refers to an operation that is bringing in
metric tons of outside food waste each week for composting. With at leastrorteailer truckload of
compostable material being delivered to the farm each dayléar that this operation is extensive
(Harriette Chandler, personal communication, February 23, 2017). The Davidian Bros. Farm has been
composting on a large scale as a result of new waste management laws, which govern the disposal of
solid wastes. Th&arm uses large windrows to compost their incoming materials which is shown in Figure

6.

Figure 6: Satelliterhage ofthdavi di an Br os. Farméds Compos

(Google Maps imaging, Green Street, Northborough, MA, 2017)
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Due to increased traffic, odors, anddiife attracted by the food waste, community members of
Northborough are upset. Additionally, some farm neighbors have complained about health problems that
may be a result of compost related pathogens or drinking water contamination (Julianne Hwsl) pers
communication, March 22, 2017). Individuals have filed complaints to the town, the farm, and the state.
Owners of the Davidian Bros. Farm disagree with the complaints and feel they are not responsible, stating
that they have addressed the concerasingt within an MDAR certification form that complaints were
unsubstantiated. This baekdforth has created a tense situation in the area.

The tense atmosphere permeating through the town has prevented the situation from being
resolved since it appeared2014 and continues to hamper efforts to do so. This disagreement and
distrust prevents the farm and community from enjoying the benefits of their geographically close
relationship and represents a perfect example of augeain land conflict. Due to ihconflict, the Office
of Massachusetts State Senator Harriette Chandler reached out to the Worcester Polytechnic Institute
Worcester Community Project Center in hopes that together we could work collaboratively with the town
residents and farm to come wjith a mutually acceptable solution to not only this specific issue but also
provide potential solutions to other areas with similar situations. In our next chapter, we discuss our

methodological approach to the project.
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3. Methodology

In order to positely influence the situation in Northborough we formulated two related goals to
guide our work. First, we aimedtoppease the communityds concerns by
that all stakeholders could agree to. Second, we hoped to facilitate g taktonship between the
Davidian Bros. Farm and its surrounding community in order to provide an example for other agricultural
operations to follow.

We were able to make meaningful strides towards these aims by dividing our project into two
phases.

Phase 1: Develop a Northborough Case Study

1. Investigate the primary concerns of the surrounding community and perspectives on those
concerns from experienced individuals outside of the situation.

2. Investigate the extent to which compost practices and odtsicks, such as weather, influence
nei ghborsdé compl aints.

3. Explore possible composting legislation and its impact on local communities and farms.

Phase 2: Case Study Analysis and Solution Development

4. ldentify cases with similar issues to the case studiiavedeveloped andomparatively analyze
them against the Northborough case.

5. Develop and present a creative proposed solution tailored to the situation in Northborough.

These objectives allowed us to compile data and observations from a varietycegawrder
to develop a solution that is appealing to both the farm and the surrounding community. We worked
collaboratively with both the farmers and their surrounding community so that we were able to carry out a
project that can have a lasting andifies effect on the community. Throughout this chapter we discuss

each objective in detalil.
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3.1 Ethical Considerations and Institutional Review Board

This project, prior to any interviews, focus ¢
Review Board (IRB) approval process. As part of this approval, all participants were informed of
potential risks that could possibly occur with participating in the study and then asked to give their

consent to participate.

3.2 Phase 1Develop a NorthboroughCase Study

A case study is defined as an fAempirical i nqui
within its real life context, especially when the boundaries between phenomenon and context are not
clearly evident o ( Yi nesaldwd &deep urtlerdgaading of anlincigentorc as e s
happening by gathering as much information as possible, describing its factors and results, placing the
incident in an understandable context. Phase one of our project includes the first three oltferctirgs,
which we created a case study of Northborough in order to organize all of the information we gathered.

This strategy of looking at a situation allowed us to place the issue and its stakeholders within its key
causes and products. The chart belowigure 7 outlines how we went about accomplishing Phase 1 of

this project (rising up the pyramid).
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Figure 7: Phases and Objectives of Methodology (1)

Objective 1:investigate the primary concerns of the surrounding community and perspectives on those
concerns from experienced individuals outside of the situation.

We investigated these concerns by interviewing or surveying groups of abutting neighbors, other
residents, town officials, and similar individuals from other situations. Examples of thede jpetude
John Coderre, Northborough Town Administrator, and Julianne Hirsh, a member of the community living
near the farm. The best strategy for validating this data was to triangulate the information between the
sources we found. Triangulation aimgéweal complementarity, convergence, and dissonance among
findings in order to filter out extraneous data and highlight the most relevant information (Erzerberger &
Prein, 1997). Data can vary based on when it was collected, the specific people iramudvigr setting
where the data was collected (Hussein, 2009). Triangulation was helpful in the corroboration of the data

we gathered. Additionally, we used other sources to triangulate the interview data, such as documentation
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