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Executive Summary

Natural burial grounds (NBG’s) and Ontario land trusts share the same land stewardship values.
The process of a natural burial differs from conventional practices, and includes no embalming and being
buried directly into the earth in a mindful way to promote land conservation and ecological preservation
(Green Burial Society of Canada, n.d.). Land trusts have similar ideals, as they aim to protect land to
combat biodiversity loss along with other negative climate change impacts. There are three variations of
‘natural burials’, which include hybrid cemeteries, natural burials and conservation burials (Piorkowski,
2009). Currently in Ontario, there are hybrid cemeteries that offer natural burial services, as well as
multiple sites in the works to become dedicated natural burial areas (Natural Burial Association, 2023c).

There is a noticeable demand for natural burial sites from environmentally minded people that
are already aware of the natural burial practice (Coutts et al., 2018). Natural burials hold the potential
for the development of multi-use greenspaces (Coutts et al., 2018) and are settings that promote healing
of mental and physical health (Yi Yang et al., 2021). These benefits also provide a variety of opportunities
for partnerships between NBG’s and land trusts in Ontario to flourish; incorporating NBG’s into the
Ontario landscape has the potential to foster partnerships between land trusts and NBG’s in an effort to
protect the environment.

Natural burials are less resource and financially intensive than conventional burials (Herder,
2016). A partnership would generate revenue for land trusts to support their goals of protecting
Ontario’s ecologically significant landscapes. Many view natural burial as a way to give back to the land,
and this process is closely linked to many cultures and religions including Islam and Indigenous groups
(Holden & McDonald-Madden, 2017). As environmentalists we can respectfully consult with these
groups to understand best practices. Partnerships between land trusts and NBG’s are legal within Ontario
(Bill 209, 2002 & BAO, 2022a); the land trust acts as the land owner allowing the NBG to run their
operations on their land. Land trust lands are generally zoned as open spaces which is ideal and required
for the creation of NBG’s (City of Ottawa, 2008 & Town of Halton Hills, 2010).

Land trusts are stewards of ecologically significant fields, meadows and forests, and these
landscapes are great NBG sites (Natural Burial Association, 2023a), and wetter soils with sufficient
drainage and air flow are optimal (Carter et al., 2010). Graves should be setback from sources of potable
water. At least one metre between the body and the water table is required (Natural Burial Association,
2023a & Formanek, 1997). To promote community interaction, NBGs should be established relatively
close to urban areas (Piorkowski, 2009). Municipal road access is required at burial sites in Ontario (O
Reg. 30/11).

There are international examples of partnerships between NBG’s and land trusts throughout
countries including Canada, the United States and the United Kingdom. In this report there are five
examples of natural burial grounds from around the world, some of which are partnered with land
trusts. As it is the Ontario land trusts’ mission to protect natural heritage sites in perpetuity, partnering
with NBG’s would align with these values and make the process of land stewardship more resilient.
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1.0 Dedicated Natural Burial Grounds

In a 2022 study conducted by the Natural Burial Association (NBA) surveying Ontarians, half of

participants indicated they had never heard of natural/green burial before, but 68% said they would

consider it after learning about its financial, environmental, and social benefits (Natural Burial

Association, 2022). Natural burial (Figure 1) is an eco-friendly alternative to conventional cemeteries and

has seen a dramatic increase in popularity since its inception in the 1990s (Natural Burial Association,

2023a). Prioritising environmental protection and resource conservation, it is often implemented in

meadows or forests (Holden & McDonald-Madden, 2017). The Green Burial Society of Canada lists 5

principles of green burial as: no embalming, direct earth burial, ecological restoration and conservation,

communal memorialization, and optimised land use (Green Burial Society of Canada, n.d.). Similar goals

are shared by land trusts, whose mission is to create landscapes of protected areas to combat

biodiversity loss and other adverse effects of climate change (OLTA, n.d).

Figure 1. Natural burial ground meadow section at Prairie Creek Conservation Cemetery in Florida.

In Ontario, natural burial grounds (NBG’s) can either be dedicated sites or hybrid (Natural Burial

Association, 2023c). Hybrids are green sections connected to conventional cemeteries, while dedicated

sites conduct all operations with values relating to conservation and land stewardship (Natural Burial

Association, 2023c). Natural burial is still a relatively new concept in Canada, and there are very few

dedicated NBG’s in the country, with the exception of Salt Spring Island Natural Cemetery in British

Columbia (Salt Spring Island Natural Cemetery, 2020). In Ontario, there are multiple hybrids as

cemeteries increasingly show interest in adding natural burial sections. In addition, there are multiple

dedicated natural burial sites in the process of establishing themselves (Natural Burial Association,

2023c). It is evident the natural burial movement is spreading quickly throughout the province, and the

number of natural burials is starting to outgrow the space that hybrid cemeteries can accommodate.

Organisations like the NBA have a significant influence in the environmental sphere as trailblazers and

change-makers, with countless online supporters and an expansive network across Canada.
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The top three factors for making after-death arrangements in order of importance are: cost, a

resting site in nature, and a resting spot with family and friends, according to another survey finding

(Natural Burial Association, 2022). The following report will go into further detail about a potential

partnership between NBG’s and Ontario land trusts, considering the social and environmental

advantages, site requirements, legal considerations, landscaping, and memorialization, and grave

renewal of green burials that many Ontarians would appreciate.

2.0 The Significance of Natural Burial Grounds

When asked to picture a burial ground, often the first thing that comes to mind is a neatly

manicured lawn and headstones in perfect rows found in conventional burial grounds or cemeteries.

NBG’s are quite different from conventional burial grounds as they do not follow the same rigid structure

(Clayden et al., 2018). The demand for NBG’s tends to be higher among individuals who are

environmentally minded and who are already aware that natural burial is an option (Coutts et al., 2018).

Currently, in the United States there are approximately 220 NBG’s (US Funerals Online, 2023), and in the

United Kingdom (UK), where registered natural burial was started, there are currently over 270 NBG’s

(Natural Death Centre, 2023). These NBG’s also help to potentially foster positive relationships with land

trusts as a way to protect land through more eco-friendly practices. The sections below further discuss

the environmental, natural heritage, financial, cultural, social and religious importance of NBG’s (Holden

& McDonald-Madden, 2017).

2.1 Environmental and Natural Heritage Protection

In the 1990’s natural burial was introduced in the UK and became widely practised as the public

began to learn more about natural burial and became intrigued by it (Clayden et al., 2018). Some

individuals were opposed to this new practice and saw natural burial as “messy”, wanting to maintain

the organisation and manicured nature of conventional burial sites (Clayden et al., 2018). As natural

burial places a strong emphasis on ecological protection (Figures 2 & 3), others saw the potential for

environmental benefits from incorporating NBG’s into the landscape including preserving and protecting

valuable ecosystem services (Clayden et al., 2018). The protection of these ecosystem services and

unique landscapes align with the goals and aspirations of land trusts. Some landowners are also drawn

to natural burial as a means to protect and ensure the ecological integrity of their lands for the future

(Herder, 2016). The lack of use of embalming fluid, as well as significantly reduced levels of resource

consumption are key components in making natural burials a more environmentally friendly alternative

to afterlife care (Coutts et al., 2018).
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Figure 2. A deer and her fawn at the Greensprings Natural Cemetery Preserve in New York (left).

Figure 3. A sand crane at Prairie Creek Conservation Cemetery in Florida (right).

2.2 Social, Cultural and Religious Elements

The practice of natural burial holds social significance as there is the potential for the creation of

multi-use greenspaces (Coutts et al., 2018). There is also a strong correlation between human health and

exposure to greenspace, especially regarding mental health and wellbeing (Yi Yang et al., 2021). Many

people who have a love for the natural environment see natural burial as an opportunity to give back

and give thanks to nature as their final act, which holds sentimental value for those individuals (Herder,

2016). According to a 2009 study out of the UK, when comparing the pricing of conventional to natural

burial, it was found that natural burial is significantly more affordable for the average person

(Monaghan, 2009). That all being said, a 2010 study out of the UK found that some individuals had

differing views of natural burial and felt that it was lacking proper memorialization of the deceased at

the grave site (Clayden et al., 2010). On the contrary, a 2016 study on natural burials in New York state

found that the lack of headstones helped to create a more peaceful environment as individuals felt they

were not immediately reminded they were standing in a burial ground (Shaik, 2016).

Figure 4. A burial at Salt Spring Island Natural Cemetery in British Columbia, Canada.
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Natural burial also holds cultural significance and is closely linked to many different religions

such as Islam (Coutts et al., 2018). NBG’s can also aid in preserving the cultural identity and character of

a landscape because of the reduction of anthropogenic disturbances (Clayden et al., 2018). However,

natural burial also holds significance for some as it can be viewed as a way to move away from religion

and the confines of conventional burial practices associated with that if that does not resonate with

them (Herder, 2016). In addition, many religions and cultures have sacred sites and after-life rituals, and

it is important that those sites and rituals be respected (Holden & McDonald-Madden, 2017).

2.3 Economic Implications for Families & Land Trusts

A 2016 study in The Netherlands revealed that financial reasons also played a role in why some

individuals are interested in pursuing natural burial versus conventional burial (Herder, 2016). Some

interviewees expressed that they did not want to place the financial burden of having to maintain a

gravesite and gravestone on their loved ones and saw natural burial as an affordable solution in

comparison to conventional burial (Herder, 2016). This partnership also has the potential to help in the

sharing of knowledge regarding best practices. The possibility of land trusts developing a larger audience

and following also stands and this could lead to more support and public involvement with the

conservation efforts of land trusts across Ontario.

There is also a potential for land trusts to benefit financially from partnering with NBG’s. For

example, land trusts have the opportunity to generate additional revenue through donations that can

help enhance land security and aid in funding in restoration projects. These projects could include

invasive species removal or species at risk protection. Some of these financial benefits to land trusts are

further discussed in Section 9.2, a case study of the relationship between the Carolina Memorial

Sanctuary and their local land trust, Conserving Carolina. All operations performed within the land trusts’

property on the natural burial site may provide financial incentives. A partnership between a land trust

and NBG also means a tax exemption for the land trust (MFOA, 2012). In Ontario, cemeteries and burial

sites are exempt from municipal property tax (MFOA, 2012). The sites being chosen for the partnership

would need to be assessed to ensure they meet the criteria for the taxation exemptions and for multi

use lands, exemptions are determined on a site-by-site basis based on the amount of land set aside for

the burial site (MFOA, 2012). There is also potential for an agreement between the NBG and the land

trust of sharing in profits from the burial ground in terms of a payment for the property being used or

money towards the betterment of other portions of the property, this would be negotiated on an

individual level.
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3.0 Legal Structure of a Natural Burial Ground on Land Trust Properties

3.1 Legal Framework of the Partnership

The partnership between a NBG and a land trust would make the NBG the cemetery operator

and the land trust would be designated as the land owner. While the majority of the responsibilities of

the NBG fall on the cemetery operator, the land owner does have some responsibilities within the

process of developing a partnership (Bill 209, 2002 & BAO, 2022a).

3.1.1 Responsibilities of the Landowner

As the landowner there are certain responsibilities during the application process. The land

owner will be required to give written consent within the application to give permission of operation on

their land (Bill 209, 2002). During the establishment of a cemetery there are planning requirements that

require land surveys for the proposed site areas and a certificate from the medical officer stating that the

land is suitable for the proposed purpose (BAO, 2022b). While in terms of this partnership the operator

would be given these financial responsibilities, the information required for these documents would be

needed from the land owner as well as permission to perform any surveys, sampling, or information

required throughout the process. There also may be required meetings that the landowner must attend

when municipal permission is being asked of the planning board as the hired planner may ask for

landowner input for the municipal approval forms process (BAO, 2022b).

Once the partnership and cemetery have been established the legal responsibilities of operation

and adherence to the Cemeteries Act fall on the licensed cemetery operator leaving them legally

responsible for all aspects of the NBG (Bill 209, 2002). However, if the cemetery operator were to leave,

the responsibility of upholding the act falls on the landowner which simply means they need to replace

the cemetery operator as the bill states that a licensed cemetery operator needs to run the operations of

the cemetery (Bill 209, 2002). If this cannot be achieved the responsibility of the cemetery would then

fall to the municipality to uphold the operations that had occurred under the previous cemetery

operator for the remaining life of the site (Bill 209, 2002).

3.2 Legal Considerations when Choosing Land for an NBG

Considerations should be taken when forming a partnership with a NBG. There is a financial

requirement in the application process for the care and maintenance fund that should be discussed

during formation of the partnership, as well as the entirety of the forms and required surveys that must

be completed to ensure the partnership is viable for the land trust. The partnership also gives the land

trust an added level of protection to their land as graves are not to be disturbed, meaning that no

development or alteration of the site can be done after a burial ground has been established (Bill 209,

2002). This protection should be considered when selecting a site as it can add to the protection of a site

that may have significant features that need extra protection in the changing world.
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The land being chosen for the use of the burial ground has some legal considerations. The

number of plots on the land must be pre determined and any changes to this require further planning

and municipal approval; a well thought out area where the desired number of graves could be placed is

important in the land selection process (BAO, 2022b). There are also disturbance laws around what can

and cannot be done on the burial site as graves and grave markers cannot be disturbed, there are also

limitations on recreational activities that can occur within the burial ground due to this reason (Bill 209,

2002). This should be considered as walking tails would be permitted in this area but other uses may be

limited depending on the municipal by-laws in the chosen region (Bill 209, 2002).

There are also physical requirements for grave size and setbacks from water. The grave size

requirements in Ontario for individuals 16 and older is 2.44m long and 0.91m wide and must be 0.61m

below the natural ground surface (O Reg. 30/11). This should be considered in land selection as some

areas may not be suited for this level of initial disturbance based on the land trusts ideals. Another legal

requirement is that all graves must be at least 4.57m away from any buildings which should be

considered when choosing a specific site and planning any infrastructure (washrooms, office, etc.) (O

Reg. 30/11). Graves must also be setback 75m from potable water sources and be 1m above the water

table based on current requirements for medical officer site approval (Formanek, 1997).

3.2.1 Municipal Zoning and By-Laws

A Land Trust that wants to establish a NBG on one of its properties, must consider municipal

zoning and by-laws as well as the requirements above. Municipal by-laws will give requirements for the

zoning of cemeteries and other uses that would be allowed within that space. While this would be done

with the help of the NBG, land trusts should be aware of the considerations to determine if they have

the ideal location in mind.

There are additional considerations that land trusts must know based on the pertinent municipal

by-laws. Generally, in Ontario cemeteries must be on land that is zoned as open space, which is ideal as

this includes land with trail systems, park and natural space which aligns with the uses and zoning of

some land trust lands (City of Ottawa, 2008 & Town of Halton Hills, 2010). Specific setbacks from

property lines and buildings are dependent on the municipal setbacks for open space zones and would

need to be considered on a site by site basis by accessing the municipal zoning by-law (City of Ottawa,

2008 & Town of Halton Hills, 2010).

In Ontario there are two additional documents that are relevant to this partnership for land

trusts that operate within the Oak Ridges Moraine and the Greenbelt. Cemeteries within these two areas

are permitted but have special considerations (Government of Ontario, 2017 & O Reg. 140/02). New

NBG’s within the Greenbelt are treated as protected countryside under the Greenbelt Plan but must not

be in areas of geographical importance, natural heritage importance, waterways, or disrupt the

biodiversity within that area (Government of Ontario, 2017). If any buildings were being proposed they

would need to go through a different set of assessments to ensure minimal disturbances (Government of

Ontario, 2017). Having an NBG within the Greenbelt would give an extra layer of protection to the land
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beyond grave disturbance as protected countryside in the Greenbelt also has a level of protection under

the current regulations (Government of Ontario, 2017). The Oak Ridges Moraine falls within the

greenbelt and has additional considerations for NBG’s establishment. The burial grounds within the Oak

Ridges Moraine must mainly serve the local community and must not have large scale alterations to the

vegetation or terrain, meaning there would be limited infrastructure allowed (O Reg. 140/02). NBG’s

within the Oak Ridges Moraine are allowed but must consider the limitations of mainly serving the local

communities as the number of burials may not make these lands ideal to the NBG operator.

4.0 Optimal Land for a Natural Burial Ground

Ecosystem components such as soil type, geology, hydrology, topography and flora and fauna

communities, must be considered throughout the practice of land conservation (Harker, 2012). During

the process of assessing an area for NBG potential, there are various factors to consider. In the following

sections, 4.1 to 4.4, specific details around location, substrate, water and other environmental features

are discussed. See Appendix A for a Preliminary Site Assessment Checklist, that could be used initially to

determine whether a site has the capability to become an NBG.

4.1 Location

Fields, meadows and forested sites are acceptable natural burial conditions, and the landscape

does not have to be flat (Natural Burial Association, 2023a). It is recommended that the location of a

NBG should not exceed 25 kilometres from an urban area, to promote interaction with the burial site

(Piorkowski, 2009). Scenic views are important in encouraging people to visit, and to assist those

grieving. Slope should not exceed 5.0 per cent, especially if it measures more than 10 metres in length

(Piorkowski, 2009). Figure 5 is a map developed by the Ontario Land Trust Alliance (n.d.) that spatially

describes where land trusts are located in Ontario. Further research can be undertaken by land trusts

and NBG’s into specific site characteristics for potential natural burial sites. The Precambrian Shield and

the Mixedwood Plains ecozones are predominantly covered by Ontario land trusts (Ontario Land Trust

Alliance, n.d.). There are a noticeable amount of land trusts located in the following ecoregions: Lake

Nipigon, Lake Temagami, Georgian Bay, Lake Simcoe-Rideau and the Lake Erie-Lake Ontario ecoregions

(Ministry of Natural Resources and Forestry, 2022).

LAND TRUSTS AND NATURAL BURIAL GROUNDS, A POTENTIAL PARTNERSHIP

13



Figure 5. Local Land Trusts in Ontario, Canada (Ontario Land trust Alliance, n.d.).

Knowledge around Ecological Land Classification is useful in determining what abiotic and biotic

characteristics need to be considered when developing a NBG in Ontario; to study specific site data,

general data around the history and formation of the landscape must be reviewed first (Ministry of

Natural Resources and Forestry, 2022). Land trusts and NBG’s that are working together are obligated to

consult with Indigenous peoples around land use on behalf of The Crown (Government of Ontario,

2021), as locations of natural burial sites could have potential impacts on how community members can

interact with the land. Therefore, on-going communication between land trusts, NBG’s, and local

community members should take place throughout the entire life of a project. These physiographic and

community components will collectively influence the location of a NBG.

4.2 Water Setbacks and Abiotic Soil Conditions

At least one metre between the body and the water table are required; natural burials are

required to be 75m from sources of potable water (Natural Burial Association, 2023a & Formanek, 1997).

A 250m distance from wells is a standard protocol that burial grounds must follow (Natural Burial

Association, 2023b). These setbacks are outlined in Appendix A Preliminary Site Assessment Checklist.

Various soil types are acceptable for cemeteries, including clay and sandy loam (Natural Burial

Association, 2023a). Low matric potentials (wetter soil) are optimal for cadaver decomposition, but this

threshold can be exceeded and have the opposite effect (reduce decomposition); wet-sandy soil is better

for decomposition than wet fine-textured soil (Carter et al., 2010). However, completely dry soil is not
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ideal for cadaver decomposition because the organisms that are involved in the process require moisture

to survive (Carter et al., 2010). Soil organisms are discussed in more detail in section 4.4. In extreme dry

and wet conditions, the body could be preserved (Piorkowski, 2009). In sum, the optimal conditions for

soil would include noticeable drainage and an absence of water-logging; there should also be high

porosity for gas exchange, but not enough that the soil stays dry for long periods of time (Piorkowski,

2009). More acidic environments promote the decomposition of skeletons because the conditions can

break down the mineral compounds in bones (Piorkowski, 2009).

4.3 Environmental Features

4.3.1 Temperature & Slope

Decomposition of cadavers is limited at temperatures less than 10 degrees celsius;

decomposition occurs most effectively between temperatures of 20-40 degrees celsius (Pragnell &

McGowan, 2009). Higher temperature levels result in faster decomposition (Pragnell & McGowan, 2009).

South facing slopes promote a quicker decomposition rate as a result of the heat from available sunlight,

compared to north facing slopes (Piorkowski, 2009). Shallow burials promote quicker decomposition

rates, as soil temperature and depth are inversely related (Piorkowski, 2009), and burials that occur less

than one metre from the surface would be the most influenced by surface and atmospheric temperature

changes (Pragnell & McGowan, 2009).

4.3.2 Groundwater Contaminants

Groundwater and soil are susceptible to liquids leaching from decomposing bodies, especially in

the first year of a burial. The following list of site conditions can potentially influence groundwater

contamination: low water table depth, highly permeable substrates (like sand and gravel), and/or

fractured rocks (Mohammed & Abudeif, 2020). During the putrefaction stage of decomposition, porous

soil with a pH below 7 encourages groundwater mixing with bacteria and seepage, thus increasing virus

retention and potentially causing waterborne diseases to spread (Üçisik & Rushbrook, 1998). To

effectively measure the impact of contaminants on the substrate and surrounding environment,

sampling before and after the presence of possible pollutants is suggested. If the burial depth increases,

it would cause an increase in the potential contamination rate of shallow aquifers (Mohammed &

Abudeif, 2020). Clay substrate can take in contaminants and limit leaching (Mohammed & Abudeif,

2020).

4.3.3 Soil Biota

Soil microorganisms are significant in cadaver decomposition, specifically non-enteric

microorganisms (microorganisms not found in the intestines) are significant in the initial decomposition

of cadavers (Carter et al., 2010). A grave depth of 1m is recommended as microorganisms like fungi and

bacteria that break down the body need aerobic conditions to survive, while also being far enough in
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depth that wildlife will not unearth the grave site (Piorkowski, 2009). The legal requirement for grave

depth in Ontario is 0.61m below the natural ground surface (O Reg. 30/11).

5.0 Options for grave digging

As NBG’s emphasise environmental conservation, this philosophy extends across all

management practices. Different management practices exist based on varying beliefs, geography, and

vegetation at each NBG. In natural burials, grave digging is usually performed using methods that

minimise impact on surrounding land (Harker, 2012). It is typically done by hand by loved ones of the

bereaved and the cemetery owner, making it both environmentally friendly and sentimental (Figure 6).

Union Cemetery in Cobourg, Ontario is adamant about hand-digging. Lawn mowers and string trimmers

must be used at times to manage invasive plants (M. Cabardos, personal communication, February 16,

2023).

Figure 6. Loved ones assist with grave digging at Penn Forest Natural Burial Park in Pennsylvania.

Nogies Creek Natural Burial Ground hopes to establish itself as the first dedicated woodlot NBG

in Ontario, which will be discussed in further detail in Section 9.1. Owner Carrie Hoskins states she plans

to dig primarily with a small excavator and is open to digging by hand where possible and if that is an

important ritual for the family; the geography of Bobcaygeon falls within the Precambrian Shield, and

therefore contains significantly large rocks within its soil (personal communication, February 23, 2023).

Seasonal considerations also must be made, given the freezing temperatures seen in Ontario.

Winter grave digging for conventional cemeteries typically uses backhoes and/or jackhammers

(Woodland Memorial Park, 2023). For NBG’s, the use of electric jackhammers would be ideal. If winter

grave digging is not possible or preferred, other options exist. Rylands (2015) notes that many

cemeteries, both conventional and green, have receiving vaults where the deceased are placed securely

until spring arrives and ground thaws so that hand digging is possible. In addition, mortuaries and

funeral homes have existing refrigeration facilities to store the deceased until spring (Rylands, 2015).
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6.0 Landscaping

6.1 Infrastructure

The infrastructure put in place at the NBG would be at the discretion of the associated land trust.

The following section outlines suggested infrastructure to have at the NBG.

The NBG should have a parking lot available for visitors and staff to use. This lot would ideally be

constructed using a more permeable material such as gravel rather than pavement or asphalt. An office

or shed will likely be needed on-site to store records and other paperwork as it is a legal requirement to

store records on site in Ontario (Bill 209, 2002). This office could also act as a reception location and a

shed could be used to store any necessary equipment such as gators and maintenance equipment.

Kiosks, fencing, signage, chairs, and benches may also be desired. It could also be helpful to have

wheelchair accessible washrooms on site. On-site power and water are both necessities to

accommodate an office. Power could come from a variety of sources such as natural gas or hydro, or an

off-grid source such as solar or wind. Water could also be collected via rain barrels to water vegetation.

As per the desire of Ontario land trusts to protect important landscapes, buildings constructed on site

will be minimal, and built to the minimum required storage needs for the NBG. Trails throughout the

NBG will be accessible for those with mobility challenges and gators. More information about trails and

signage is provided in Section 6.3.

6.2 Grave Accessibility Standards

Not all NBG’s can offer the same level of accessibility due to site-specific constraints. For

example, Nogies Creek Natural Burial Ground, covered in Section 9.1, has a rocky and hilly terrain as it is

part of the Precambrian Shield. Accessibility will be a challenge, but owner Carrie Hoskins is conscious

and aware of this; there is limited mobility as most areas will not be amenable to a wheelchair, but she

will create an area specifically for people with limited mobility (personal communication, February 23,

2023). In addition, she would like to use her horses and a wagon to transport those with mobility

limitations to the burial site. The use of an ATV/golf cart or toboggan is also an option during the

wintertime (C. Hoskins, personal communication, February 23, 2023).

In addition, having benches strategically placed throughout the NBG would not only provide

visitors a place to rest, especially those with mobility challenges, but could also provide visitors a place to

sit, reflect and enjoy nature. As stated in the Cemeteries Act, every person must be able to reasonably

access a lot or grave at any time within the means of the laws that govern that facility (Bill 209, 2002). In

addition, every person must be able to access the burial ground via a municipal road or access point (O

Reg. 30/11).

6.3 Trails and Signage
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NBG’s and land trusts have the ability to improve both the quality of life for city dwellers and the

mitigation of climate change. Some cemeteries' restorative capacity for the urban populace offers

advantages quite comparable to those of parks in terms of human interaction with greenspace

(McClymont & Sinnett, 2021). Recent studies done on cemetery visitors found that physical activity,

experiencing nature, social interaction, spirituality and tranquillity were the most common reasons to

visit (Nordh et al., 2022), and the use of cemeteries for educational purposes was highly favoured (Goh

and Ching, 2020). In Scandinavian countries, it is common to see passive recreational activities in burial

grounds, such as walking, having a cup of coffee, or reading. User activity is dependent on personal

beliefs/traditions and the design of the space itself (Nordh et al., 2023). NBG’s would not differ greatly in

terms of usage, but the heightened importance of environmental consciousness and education are at the

forefront of these spaces. So, considerations for zoning should include forbidden and silent zones, as well

as permitted activities in each zone by appropriate signage to manage behaviour, in order to avoid

potential disputes between various user groups (Goh & Ching, 2020). This is mentioned in paragraph two

in Section 3.2: Legal Considerations when Choosing Land for an NBG. An integrated strategy that

combines NBG usage and restoration tactics with effective greenspace planning and policy is required

(McClymont & Sinnett, 2021).

A cumulative review on environmental impacts of different types of trails by Ballantyne and

Pickering (2015) found that weed richness, pH shifts, and the quantity of disturbance-sensitive plants

were frequently more pronounced in the vegetation at the edges of hardened tarmac and gravel trails.

Yet, unhardened trails often had more native flora along their borders and less cumulative damage

(Ballantyne & Pickering, 2015). So, grass or mulch trails would support the biodiversity of the area, and

gravel trails should be limited in use or placed on the outskirts of the area. In addition to having a low

aesthetic value, trails that have an adverse effect on the environment will also be expensive to maintain

(Ontario Trails, 2003). Although tarmac trails would provide the most accessibility, it is ideal to avoid

paving trails in NBG’s for both environmental and economic benefits. Boardwalks, tread surface, or trail

drainage should be offered in places where paths cannot be blazed, and away from delicate soils or

poorly drained locations (Ontario Trails, 2003). Users can be directed away from delicate regions like

wetlands and grasslands through trail routing, signage, and public awareness campaigns; "Adopt-a-Trail''

programs would be beneficial in promoting community stewardship, as it urges neighbourhood

volunteers to maintain a portion of trail as a courtesy to all trail users (Ontario Trails, 2003). This would

be a great opportunity for families and friends of the bereaved to further strengthen their personal

connection to the NBG and land trust, as they would continuously return to visit their loved one and also

maintain the trail.

6.4 Other Considerations

It would likely be easier to establish and maintain a NBG in a meadow setting versus a forest

setting. While a forest could potentially provide more privacy than a meadow site, depending on the

location, it would typically be easier to create a NBG in a meadow due to the lack of large tree roots.
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Additionally, if any equipment was needed, a meadow would likely be far more accessible due to the lack

of large trees that could potentially be close together and inhibit movement.

Land trusts and NBG’s could also collaborate in the planting and establishment of native plant

species at NBG’s, which would be in alignment with the goals of the land trust. Pollinator gardens or rain

gardens could be incorporated into the landscape to help attract pollinator species, enhance species

biodiversity and aid in mitigating the effects of rain events (David Suzuki Foundation, 2023). Some

cemeteries include additional elements like decaying wood, unmowed grass, and "bug hotels'' to

encourage biodiversity. McClymont and Sinnett (2021) propose increased pollination services may result

from simple (and cost effective) approaches such as keeping grass uncut.

To aid in reducing the passage of seepage water and rains, trees and border plants should be

established around graves (Üçisik & Rushbrook, 1998). As discussed in Section 4.3.2 on contaminants,

groundwater, and soil, NBG’s are susceptible to the leaching of decomposition materials (Mohammed &

Abudeif, 2020). The best way to promote the uptake of decomposition materials in burial sites is planting

trees and shrubs, especially around the edges (Green Burial Council, 2016). Heavy metals, bacteria, and

viruses from the soil are absorbed by tree roots and retained in the woody plant tissue without harming

the tree or the surrounding soil (Green Burial Council, 2016). German researchers Säumel et al. (2023)

state that parks and cemeteries alike are recognized as crucial ecosystems for the preservation of old

growth trees, with cemeteries having a larger concentration of champion trees than other green spaces.

Moreover, natural burial areas can double as an arboretum-like setting for educational, restoration, and

plant identification efforts, as seen with Portland Lone Fir Cemetery in Oregon (Säumel, Butenschön, &

Kreibig, 2023). Mount Pleasant Cemetery in Toronto, Ontario is home to hundreds of native and

naturalised tree species, and was first developed in the 19th century. In addition to plaques under trees

listing their scientific and common name, the cemetery also created maps with self-guided tours through

the arboretum (Mount Pleasant Group, 2017).

7.0 Memorialization

7.1 Grave Marking

There are many options that are available for marking graves at a Natural Burial Site. Examples

include rock markers, trees, or creative plaques. Many other NBG’s include the option for grave markers,

including Salt Spring Island Natural Cemetery (Figure 7), Conserving Carolina Cemetery (Conserving

Carolina, 2018) and Duck Run Natural Cemetery (Figure 8). NBG’s offer many different creative options

for grave markers, such as plaques, headstones, or monuments. Many grave markers used at NBG’s are

environmentally sustainable and creative. At Glenwood Cemetery, Picton, graves are marked by a simple

tagged sign that displays the name of the person buried below. Within 2 years of burial, the loved ones

can decide if they want to replace the sign with a marker, or leave the grave bare (M. Cabardos, personal
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communication, February 16, 2023). Other graves have markers such as customised rock placements and

tree saplings (M. Cabardos, personal communication, February 16, 2023). There are different creative

options for grave markings, as seen in Glenwood’s natural burial section which memorialises individuals

with butterfly plaques that are situated on nearby rock surfaces (Figure 9).

Figure 7. Salt Spring Island grave markers (left). Figure 8. Duck Run grave marker (right), 2023.

Figure 9. Communal memorialization using Butterfly plaques at Glenwood, Ontario.

7.2 Grave Locator

Global positioning systems (GPS) have become increasingly accurate. Many forms of tracking

technologies can have an accuracy of 10 cm (Longo, 2019). Due to the rising efficiency and affordability

of GPS technologies, some cemeteries have implemented this technology on their site, such as Arlington

Memorial Garden in Ohio (Webb, 2018). GPS technology was added to the plaques within the cemetery,

which citizens could use to determine where an individual is located using an application created by

Arlington Memorial Garden (Webb, 2018). Barton Glebe Burial Ground, UK, has also included GPS

technology in their cemeteries (Arbory Trust, 2023) by including GPS markers which also help citizens

find buried individuals. This technology has been shown to be accurate enough to locate burials within
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both a cemetery and natural burial site, which further proves that tracking technology could be included

in natural burials within land trusts. More research on the topic is provided in the literature review

(Appendix B).

8.0 Grave Renewal

Grave renewal refers to the removal of older graves so new burials can take place; South

Australia's 2013 Burial and Cremations Act states that once an internment right ends, a grave is subject

to renewal (Gorman et al., 2014). An internment right, in this case, would be revoked after a set period

of time has elapsed and if no family or other party takes on the right (Gorman et al., 2014). In South

Australia, the older burial is removed and reinstalled lower down to make room for the newer burial on

top, and the headstone is typically destroyed and buried with them (Gorman et al., 2014). Spatial issues

are not the sole motivator for grave renewal; economic imperatives play a large role in the decision to

renew graves (Gorman et al., 2014). If a major source of revenue comes from leasing plots, as is the

situation with many cemeteries, it will be difficult to remain financially viable once all available spaces

have been taken (Gorman et al., 2014). While grave renewal is currently not legal within Ontario due to

disturbance regulations, there is potential that grave renewal will become legal after a specified number

of years of decomposition (Bill 209, 2002).

8.1 What remains after 50 to 75 years

Assessing all stages of decomposition, specifically with skeletonization/final stages, are key to

gathering research on grave renewal and the long-term outlook of NBG’s. By compiling key forensic data,

researchers found that decomposition of human remains can take between 3 – 12 years; liquefaction

and disintegration occur, which is then followed by skeletonization (Janaway et al., 2009). Skeletonization

refers to the loss of soft tissue, and can take many years where only the teeth, bone, and cartilage will

remain; fungi and bacteria aid this process (Janaway et al., 2009). Burial depth has a significant impact

on preservation of the corpse; deeper burials slow the rate of decomposition due to low temperatures,

distance from floral and faunal decomposers, and poor gas diffusion (Janaway et al., 2009).

Skeletal tissue change is observed in the advanced or final stages of decomposition (Bell, 1995).

Results of a pivotal study show that post mortem alteration to skeletal material can occur from 7 – 70

years; this is a wide range, as there are many global studies on macroscopic changes to teeth which

remain the longest of the other hard tissues associated with the advanced stages of decomposition (Bell,

1995). Values can range due to the body status at the time of or soon after death (Bell, 1995).

Decomposition rates can be incredibly variable among different individuals with varying body

compositions, as well as different ecosystems with varying climatic and nutrient characteristics (Janaway

et al., 2009). Acid was highlighted as the most influential agent of bone destruction (Janaway et al.,

2009). This means that when conducting substrate sampling of NBG’s, soils that are acidic will speed up

the rate of decomposition (Janaway et al., 2009).
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9.0 Natural Burial Ground Examples and Companies

9.1 Nogies Creek Natural Burial Ground

Nogies Creek Natural Burial Ground is a promising start-up owned by Carrie Hoskins, a lifelong

environmentalist. Located by Bobcaygeon within the Kawartha Lakes, Ontario, this site is not yet open to

the public but aims to start burials in the next year or so. This is highly pivotal, as it may be Ontario’s first

dedicated woodlot NBG (C. Hoskins, personal communication, February 23, 2023).

For the last decade, Carrie has been researching and presenting her case for creating an NBG,

with her hope being a partnership with Kawartha Conservation; she presented the idea to them a year

ago and received a mixed response from board members and a positive response from staff (personal

communication, February 23, 2023). Of 184 acres, Hoskins aims to dedicate 60 acres to the NBG while

the rest will be conserved, and would eventually live there while employing staff (personal

communication, February 23, 2023). Carrie intends on asking Fleming College and Trent University to

conduct research as there is interesting geology (Figure 10), flora, and fauna on her property (personal

communication, February 23, 2023). Accessibility will be a challenge, but Carrie is conscious and aware

of this! Each cemetery has by-laws in which it will be very clear on the nature of the burial ground (BAO,

2022b). She will be clear on the nature of the site; there is limited mobility as most areas will not be

amenable to a wheelchair, but she will create an area specifically for those with limited mobility. It will

not be gravel-based, but clear enough for a wheelchair or walker. Hoskins would also like to use her

horses and a wagon to ferry people to the burial site (personal communication, February 23, 2023).

In terms of burial density, Carrie is aiming for 40 plots per acre (personal communication,

February 23, 2023); this pales in comparison to conventional and mausolea cemeteries which have a

combined plot density of 1200 per acre (Black et al., 2016), and is therefore more environmentally

sustainable. Hoskins intends to provide a sliding scale to enable affordability; those with more financial

means will be invited to subsidise prices for others (personal communication, February 23, 2023). Carrie

believes the natural burial movement is growing in trust and popularity, and more people want this

option for their end of life. Hoskins intends to work with the community, thereby promoting ideals of

integrated land use management (personal communication, February 23, 2023).
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Figure 10. The unique geology of Nogies Creek Natural Burial Ground.

For more information, please visit: https://www.nogiesnaturalburial.com/

9.2 Carolina Memorial Sanctuary

The Carolina Memorial Sanctuary, which is located in Mills River, North Carolina is the first

conservation burial ground in the state and has been a key component in forever protecting the unique

landscapes and ecological features in the area (Conserving Carolina, 2023). The Carolina Memorial

Sanctuary recognizes the importance of partnerships with land trusts and other environmentally minded

organisations and is working in association with Conserving Carolina (Carolina Memorial Sanctuary,

2023). The Carolina Memorial Sanctuary is a vastly diverse area and contains wildflower meadows

(Figure 11), woodlands, a wetland and a river system (Conserving Carolina, 2023). In order to protect the

integrity of these natural features the Carolina Memorial Sanctuary and Conserving Carolina work to

ensure their practices at the site are as environmentally friendly as possible (Conserving Carolina, 2023).

Graves are hand dug, without the use of any heavy equipment to reduce the impact on surrounding land

and other graves (Carolina Memorial Sanctuary, 2023). Native plants, trees and shrubs are also used to

mark graves instead of conventional headstones (Carolina Memorial Sanctuary, 2023). As a land trust,

Conserving Carolina is very interested in protecting pristine landscapes and restoring landscapes that

have experienced challenges (Conserving Carolina, 2023). Conserving Carolina is able to fulfil their goals

of environmental protection through habitat restoration projects in association with the Carolina

Memorial Sanctuary, especially invasive species removal initiatives (Conserving Carolina, 2023). In

addition, a portion of the proceeds generated by the Carolina Memorial Sanctuary is donated to

Conserving Carolina (Conserving Carolina, 2018). The public is encouraged to notify the sanctuary if they

became aware of the NBG through Conserving Carolina, and if they did the donation to Conserving

Carolina is tripled in value (Conserving Carolina, 2018).
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Figure 11. Meadow site at the Carolina Memorial Sanctuary.

For more information about the Carolina Memorial Sanctuary and Conserving Carolina please see the

links below:

- https://carolinamemorialsanctuary.org/

- https://conservingcarolina.org/

9.3 The White Eagle Memorial Preserve at Ekone Ranch

White Eagle Memorial Preserve is an example of an NBG that was established by a land trust in

Washington, United States. It is a 20-acre NBG that is a founding member of the Conservation Burial

Alliance (White Eagle Memorial Preserve, 2020). White Eagle is one of the first wilderness cemeteries in

the United States, and was founded by a not-for-profit land trust called the Sacred Earth Foundations

(SEF). White Eagle Memorial Preserve (Figure 12) and Ekone Ranch are part of the 1140 acres of

conserved land by the 501(c)3 non-profit organisation (White Eagle Memorial Preserve, 2020). The three

largest program services offered by the SEF include educational services through Ekone Ranch, White

Eagle’s natural burial services, and land conservation (Sacred Earth Foundations, 2019). The land is part

of the Rock Creek Watershed, and continues to be stewarded by the Yakama Nation (Ekone Ranch,

2021).

In 1972, Ekone Ranch began with 165 acres in Goldendale, Washington, by a group of friends

that were excited about the back-to-the-land movement (Collins, 2021). To acquire on-ranch income, the

group designed a summer camp for kids. To continue the growth of land conservation, Ray Mitchell, one

of the founders of the SEF, purchased properties being sold for timber to conserve intact land to protect

species like garry oak & ponderosa pine (Collins, 2021). However, in 2007, Ray Mitchel had a sudden

heart attack and passed away. This is what led to part of the ranch becoming a cemetery, which was a

challenge as the SEF was not an established 501(c)3 non-profit organisation until 2008 (Ekone Ranch,

2021). Ray was the first burial at the Memorial Preserve (Collins, 2021).
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Figure 12. Edge of a forest at White Eagle Memorial Preserve in Washington, US.

Currently, 80-90 people are buried at White Eagle, and approximately 150-200 have reserved

their spots (Collins, 2021). There are few conservation burials in the states because of barriers including

money, finding land, tending earth, lack of awareness and staff, restrictions from county zoning codes

and death-phobia (Collins, 2021). In winter at White Eagle, graves are prepared in advance and winter

burials are hosted, but are sometimes delayed (Collins, 2021). Teams from Ekone Ranch work together to

monitor and manage forests, gardens and invasive species (White Eagle Memorial Preserve, 2020).

Ekone Ranch runs summer camps, land based programs, and forestry internships, offering all ages the

chance to connect with the land (Collins, 2021). Collectively, SEF’s White Eagle and Ekone Ranch

emphasise the importance of land stewardship.

For more information about the White Eagle Memorial Reserve please see the links below:

- https://www.naturalburialground.org/an-introduction

- https://www.ekone.org/

9.4 Prairie Creek Conservation Cemetery

Prairie Creek Conservation Cemetery (PCCC), located near Gainesville, Florida, is a non-for-profit

organisation that provides natural burials to its community (Prairie Creek Conservation, 2023). PCCC

maintains and creates an amazing natural habitat while providing the community with an ecological

alternative to conventional burials. Graves are marked with discs or GPS technology to mark the graves

of the departed, as well as by planting species such as understory plants, trees, herbaceous species,
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grasses, and more (Prairie Creek Conservation, 2023). The natural burial site consists of meadows and

forests (Figure 13) that create a 93 acre lot, within the 606 acres of protected land owned by the Alachua

Conservation Trust in Gainesville, Florida. Alachua Conservation Trust consists of over 56,000 acres of

protected land all over Florida, and provides environmental conservation, education, and aquifer

protection (Alachua Conservation Trust, 2023).

Figure 13. Forested area in Prairie Creek Conservation Trust, Florida.

For more information about Prairie Creek Conservation Cemetery, and their partnership with the

Alachua Conservation Trust, please visit the sites below that contain details on both the cemetery and

land trust

- https://www.prairiecreekconservationcemetery.org/

- https://www.alachuaconservationtrust.org/

9.5 The Barton Glebe Burial Ground

The Barton Glebe Burial Ground is a 40 acre natural burial site, located to the west of Cambridge,

UK (Figure 14). This site, created in 2000, was established and made by the Arbory Trust (Arbory Trust,

2023). The Arbory trust owns the Barton Glebe site, and continues to preserve the land to this day. This

non-for-profit organisation holds natural burials that contribute to the beautiful meadows or glades of

the property (Arbory Trust, 2023). Wooden markers are available to commemorate the departed, and

families can choose to have a tree or native wildflowers placed on the grave. Ashes are also allowed to

be buried on site in selected areas, but scattering is prohibited (Arbory Trust, 2023). Trails throughout

the main lines of the property are maintained bi-annualy, while the meadows are trimmed annually in

September (Arbory Trust, 2023). The property also has a lodge, which can be used for ceremonies and

celebrations of life (Arbory Trust, 2023).
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Figure 14. Aerial photo of Barton Glebe (Arbory Trust, 2023).

For more information about Barton Glebe or the Arbory Trust, please visit the sites listed below. Access

to these sites while also display further knowledge on the funeral rules and regulations

- https://www.arborytrust.org/about-barton-glebe

- https://www.arborytrust.org/about-arbory-trust

10.0 Conclusion

Both NBG’s and Ontario land trusts value land conservation and stewardship, and work towards

protecting ecological and cultural components of the landscape. The practice of natural burial does not

involve embalming, and prioritises direct earth burial, communal memorialization, optimising land use,

and restoring and conserving ecosystems (Green Burial Society of Canada, n.d.). Natural burial areas

promote healing (Yi Yang et al., 2021) and are integrated into landscapes that have the potential to

become multi-use greenspaces (Coutts et al., 2018). NBG’s and Ontario land trusts have the potential to

partner with each other to collectively protect Ontario’s natural environment. Not only would this

partnership benefit the natural environment, but it would also present an opportunity for Ontario land

trusts to benefit financially though additional revenue generated that could support land trust initiatives.

There are several success stories of land trusts and NBG’s working together to protect the environment,

restore connection to nature, and make a meaningful difference.
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11.0 Relevant Resources

For more information about Ontario Land Trusts, please visit:

https://olta.ca/

For more information about Natural Burial Association, please visit:

https://naturalburialassociation.ca/

https://www.facebook.com/naturalburialassociation/

https://www.instagram.com/naturalburialassociation/?hl=en

For more information about the Bereavement Authority of Ontario, please visit:

https://thebao.ca/
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Appendices

Appendix A. Preliminary Site Assessment Checklist

Preliminary Site Assessment Checklist for Natural Burial Ground Capability in Ontario

_________________________________, _____________________ Ontario, ___________________
(Address) (City/Town) (Postal Code)

UTM: _____T _______________E _______________N Site Name: ____________________________

Surveyor Name: ________________________________ Date (DD/MM/YYYY): _____/_____/________

Section 1: Required Criteria
Note: All criteria in this section must be met before proposing a more detailed Site Assessment.

Criteria: Comments:
Distance to water sources from edge of burial field:
▢ Potable Water Source (min 75 metres)
▢ Streams (Municipal zoning bylaw dependent: min ______ metres)
▢ Rivers (Municipal zoning bylaw dependent: min ______ metres)
▢Wetlands (Municipal zoning bylaw dependent: min ______ metres)
▢ Lakes (Municipal zoning bylaw dependent: min ______ metres)
▢ Drilled & dug wells (min 250 metres)
▢ Other: _________

Abiotic Soil Conditions:
▢ Soil depth (min 2.0 metres)
▢ Soil drainage - Drainage Class: ____________________ Pore Pattern: ____________________

- NOT ‘Very Poor’ based on Figure 17: drainage class (Johnson et al., 2015, p. 43)
- NOT ‘extremely open’ nor ‘moderately restricted’ based on Table 22: pore pattern of mineral

materials (Johnson et al., 2015, p. 44)

Section 2: Recommended Criteria
Note: It is not mandatory to meet all criteria laid out in this section; however, it is recommended that
at least three criterions be met to highlight the potential of a site to become a natural burial ground.

Criteria: Comments:
Describe site: (Circle: Field; Meadow; Woodland; Other)
▢ Appropriate zoning
▢ Scenic views from the site
▢ Recreation trails at or nearby the site

Accessibility:
▢ Near residential community (within 25 kilometres)
▢ Slope (maximum 5%)
▢ Accessible from a municipal road or access point

(if yes, include name): _________
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Section 3: Recommendations
Criteria: Comments:
Select one of the following:
▢ Additional Preliminary Site Assessment
▢ Proceed with Detailed Site Assessment
▢ Not Recommended as a Natural Burial Cemetery

This checklist is directly based on a document designed by Theresa Piorkowski (2009), and adjusted based on regulations set out

in Bill 209, 2002. Please refer to the Cemeteries Act and municipal by-laws for accurate cemetery criteria in Ontario; this

resource should only be used as a tool to conduct an initial sitel assessment of a landscape for natural burial ground potential.

Figures sourced from:

Johnson, J. A., Wester, M., & Uhlig, P. (2015) Field Guide to Substrates of Ontario. Ontario

Ministry of Natural Resources.
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Appendix B. Literature Reviews

A REVIEW OF LITERATURE RELATING TO THE SOCIAL, CULTURAL & EMOTIONAL ASPECTS OF

NATURAL BURIAL

Emily Shaw, 10157543

Thesis Statement:

Natural burial presents many benefits in terms of environmental and natural resource protection, social

and emotional wellbeing, financial benefits and cultural and religious significance.

Introduction

Cemeteries are normally quite distinct and recognizable due to the neatly manicured lawns and

rows upon rows of headstones. Natural burial, which is quite the opposite of traditional burial, is a

practice that was first introduced in the United Kingdom in 1993 (Clayden et al., 2018). Natural burial

places a heavy emphasis on environmental conservation and protection of land which makes it a more

environmentally friendly alternative to traditional burial (Clayden et al., 2018). This is especially due to

the fact that natural burial eliminates the practice of embalming (Coutts et al., 2018) The following is a

literature review outlining the benefits of natural burial as it is practised around the world. Natural

burial presents many benefits in terms of environmental and natural resource protection, social and

emotional wellbeing, financial benefits and cultural and religious significance.

Clayden, A., Hockey, J., & Powell, M. (2010). Natural burial: the de-materialising of death?

Palgrave Macmillan.

https://www.researchgate.net/profile/David-Prendergast-2/publication/257518781_Wandering_

Lines_and_Cul-de-sacs_Trajectories_of_Ashes_in_the_United_Kingdom/links/568bda3e08ae8f6

ec752376b/Wandering-Lines-and-Cul-de-sacs-Trajectories-of-Ashes-in-the-United-Kingdom.pdf

Natural Burial: The De-materialising of Death is a chapter in the book “The Matter of Death

Space, Place and Materiality”. The purpose of this chapter is to explain to the reader how the public

might perceive natural burial from a cultural, social and emotional perspective. This article also points

out some barriers in terms of people opening up to natural burial. For example, natural burial grounds

are often in a forest setting and if that forest is not yet established and will not be for a very long time,

some people may have difficulty with the idea of imaging something that is not yet fully established,

especially as a final resting place for their loved ones. This study was conducted in the United Kingdom

(UK) and data collection involved visiting and interviewing 20 burial ground owners across that

geographic region, as well as interviews with members of the general public. A group of 20 people were

taken to a natural burial ground, rather than just being given photos, and this allowed researchers to

examine how people’s ideas of natural burial grounds are being influenced by social media versus

first-hand experience in a natural burial ground. These 20 people did not have friends or a relative buried

in a natural burial ground, but many reported to have had an emotional connection to the land during
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their visit. People from different age classes were included in this study ranging from young adults,

midlife, and older than 60 as they would likely have different experiences with death based on their age.

Some people found the natural burial ground to be a relaxing and freeing environment, but others found

the burial ground to be lacking memorialization of the deceased and felt like the stories of those who

have passed were missing including their names, birth date and death date. Additionally, some of the

participants did not like the idea of unmarked graves as they found the possibility of accidentally

standing or walking on a grave to be unsettling. Clearly, people have differing views of natural burial

grounds as seen in this study and the emotional, cultural and social aspects of natural burial grounds are

quite complex.

Clayden, A. (2015). Natural burial: a landscape of co-production and creative resistance. Defining

Landscape Democracy Conference Reader (p. 136).

https://d1wqtxts1xzle7.cloudfront.net/40302732/defining_landscape_democracy_proceedings-l

ibre.pdf?1448302712=&response-content-disposition=inline%3B+filename%3DFrom_Contention

_to_Creation_Use_of_Publi.pdf&Expires=1676407704&Signature=ZpZb7R1zDea3~cf8yz0y6dWe

HJCNM3WWnWFxgKlst5AqO3uXcTRYSWAH7cWq75O0J8kWOBHF-bmoce6jpcI3HsZRbBvqL~0lym

Ks27Lv05Tqdl81U31TbeqzbbgLr04Hu3it-E2CbLHVyn1-d6Pm6Gmxx4-28cfTJ0ZlkyrCzyemibAweX7

ALCMBzTTYPRE2aN0hzfZJb~l5rb2OG5xXKxwVPx8Nzy-JBNAF1F14W5BA9xHZgDJcq1UNz6TUmhB

V-5wMRxGdyXtvDwhx-QONwFryUa64zo1OEj13ci07E52xA3SFeOmHoZuXvHHhKRs9saTgdRhkNH

Nw60gyHFKwPg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA#page=136

This article talks about the beginning of natural burial in the United Kingdom (UK) in 1993 by Ken

West. The aim of natural burial was to help restore the natural environment (i.e. woodlands) and also

because no headstones are used in natural burial the social status of those buried is not as prominent.

Around the time that West introduced natural burial to the UK, a charitable trust called the Natural

Death Centre was quick to endorse and help promote natural burial, which was a key component in

spreading word around the country. This article also looks at two natural burial sites and discusses the

stakeholders involved at each site, as well as how their roles help to support the natural burial grounds.

The first natural burial ground is managed by the Sustainability Centre, a charitable trust in South Downs,

United Kingdom. The income that this natural burial ground generates is key in their mission of restoring

the area to a woodland environment and the land trust also offers bereaved people a chance to

volunteer and help build an even stronger relationship with that land. The second site, which is the

South Yorkshire Woodland Burial Ground, is also offering bereaved people more opportunities to

contribute to the future of the natural burial ground as these people likely have an emotional connection

to this land. Some site providers are in favour of natural burial grounds in order to promote ecological

integrity or they see economic value in natural burial grounds and want to take advantage of diversifying

their land use and the income generated by their land.

Clayden, A., Green, T., Hockey, J., & Powel, M. (2018). Cutting the Lawn - natural burial and its

contribution to the delivery of ecosystem services in urban cemeteries. Urban Forestry and
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Urban Greening, 33, 99-106.

https://www.sciencedirect.com/science/article/pii/S1618866717303138

This article explores how natural burial impacts the cultural and social environment within urban

cemeteries and also argues that natural burial within the public sector could potentially offer more

environmental and social benefits than those in the private sector, specifically in the United Kingdom

(UK). In 1993, a man named Ken West wanted to explore the idea of using the edges of cemeteries that

were not usable for traditional burial and develop a more natural form of burial where families could

mark graves with trees and nature is the focus of the burial site. Natural burial began to get more

popular in the 1990’s in the UK and people wanted to develop their own interpretation of natural burial.

This of course resulted in a lot of media attention and some backlash from supporters of traditional

burial sites. Some people saw natural burial as “messy” and wanted to maintain the organisation and

manicured nature of traditional burial sites. This then brought up the idea of ecosystem services and the

kinds of services provided by natural burial grounds (NBG’s), specifically regulating services and cultural

services and how these differ in traditional burial grounds. Natural burial grounds typically place a large

emphasis on native vegetation and are hand-maintained in order to preserve regulating services versus

traditional cemeteries where there tends to be less plant diversity and more use of large equipment

which can diminish these regulating services. Natural burial grounds can also help in preserving the

cultural identity and character of a landscape. This article explores 3 case studies outlining the impact of

natural burial sites on urban cemeteries. This study is also linked to a previous study which identified all

known natural burial grounds in the UK and for this study, 20 of the NBG’s were selected based off of

factors like ownership (public/private), age and number of burial plots. Three of the case studies

including Allerton Cemetery (mature forest), Liverpool and Waddington Road Cemetery and Clitheroe

(younger forest) were included in the initial 20 NBG’s and the fourth case study, High Wood Cemetery

(wildflower), in Nottingham was included later. It was found that all four of these natural burial sites

have contributed to the extension of the working life of cemeteries as natural burial enables us to utilise

land that we would otherwise not be able to use. In terms of cultural and social impact, natural burial

can help us move away from perfectly manicured landscapes that can inhibit ecosystem services, but we

must educate the public on the benefits of NBG’s in order for this to become more widely practised.

Coutts, C., Basmajian, C., Sehee, J., Kelty, S., & Williams, P.C. (2018). Natural burial as a land

conservation tool in the US. Landscape and Urban Planning, 178, 130-143.

https://www.sciencedirect.com/science/article/abs/pii/S0169204618304067?casa_token=2fBKD

IUE-fAAAAAA:RSvRqqEJrH05LPnPbKj4Onci8OW0un66LWGJ-1YduxKFtI9N850LvemmOpCAOfISk5

wCaKSy

The purpose of this article is to inform the reader on the importance of natural burial as a means

to conserve land, specifically in the United States and also how natural burial is influential on the social,

cultural and natural environment. Disposal practices of the deceased including traditional burial,

cremation and alternatives such as natural burial are closely linked to the social and cultural values of

communities. Traditional burial, which still remains quite popular in the area of study (USA), is not
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considered to be environmentally friendly as the process of embalming introduces various toxins into the

environment and resource consumption is high. Natural burial however significantly reduces the

ecological footprint and offers social benefits to communities as there is the potential for the creation of

multi-use greenspaces. In many places around the world natural burial is linked closely to religious

practices. For example, in Islam natural burial is a very important component of traditional practices.

Additionally, in countries such as New Zealand and Australia it is not uncommon to re-use graves after a

certain time period. This practice is called grave renewal. This is very contradictory to burial practices in

North America as it is not common to re-use grave sites, and this is leading to the rapid growth of

cemeteries and burial sites. This study involved researching how common natural burial grounds are in

the United States and looked into three specific natural burial sites in Florida, Georgia and Tennessee to

see how they have been beneficial. After comparing the three natural burial sites to traditional burial

sites in their respective states, it was found that the natural burial sites are far more environmentally

conscious and also offer more social benefits such as recreational opportunities and exposure to

greenspace. This article could be of use as it provides insight to how different countries and cultures

around the world view natural burial and how it is closely linked to the social and natural environment of

communities.

Herder, M. (2016). Greening death: issues of choice, control, meaning and ritualization

surrounding natural burial.

https://ggw.studenttheses.ub.rug.nl/35/1/1516-RPD%20%20HERDER%20M%20%20MA-Thesis.p

df

The purpose of this article is to provide the reader with some insight as to why individuals may

choose natural burial as opposed to traditional burial practices and how the memorialization and

ritualization of those who have passed is influenced. This study took place in The Netherlands and

research was conducted through public surveys that were directed at people interested in natural burial.

A total of 41 people responded to this survey, and it was found that a majority of those surveyed, 34 of

the 41 people, had a preference for natural burial in comparison to traditional burial as they felt it

allowed them to be more connected to nature, especially if they have a love for nature and it is

sentimental to them. It was also stated by survey participants that natural burial grounds felt more

personal and intimate than traditional cemeteries which were described as cold and very formal. In

addition, for some individuals there was a religious aspect to natural burial because they saw it as a way

to break away from the confines of traditional burial linked to the church. Some people were found to

prefer natural burial for ecological reasons, especially if they want to be conscious of their ecological

footprint. Other people who may not have a lot of money preferred natural burial as it could lessen

pressure on loved ones to take care of and maintain a gravestone. In terms of why some people offer to

have natural burial grounds on their property, it was discovered through the interviews that it is largely

for financial reasons. Some landowners also expressed a passion for environmental protection and saw

natural burial as a good way to preserve the ecological integrity of their lands.
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Holden, M.H., & McDonald-Madden, E. (2017). Conservation from the grave: human burials to

fund the conservation of threatened species. A Journal of the Society for Conservation Biology.

doi: 10.1111/conl.12421

The purpose of this article is to discuss how natural burial, or conservation burial as it is referred

to in this article, benefits both human health and the natural environment. This 2017 article, out of

Brisbane Australia, also discusses how the conservation of land through natural burial has the potential

to help protect threatened species. On average the funeral industry in the United States generates

approximately $19 billion/year which far outweighs the approximately $3.4-$4.8 billion/year that is

needed to protect every threatened species in the world. However, natural burial is less resource

intensive and with those eliminated costs, extra money could be directed towards environmental

initiatives such as the protection of threatened species and the management of their habitat. Using

natural burial as a way to help build greenspace can also be beneficial to humans, especially because

spending time in nature can help promote physical and mental well-being. Natural burial is a practice

that is occurring across the world and is a component of many religions. Indigenous People across the

globe have been practising natural burial for many centuries, and it is also evident in Islam and Judaism

where higher levels of biodiversity have been observed in those cemeteries in comparison to cemeteries

where natural burial is not practised. That being said, it is important to know that natural burial and

conservation burial must be respectful of sacred after-death rituals, which are a part of many different

cultures, and sacred sites must also be respected.

Monaghan, A. (2009). Conceptual niche management of grassroots innovation for sustainability:

The case of body disposal practices in the UK. Technological Forecasting and Social Change,

76(8), 1026-1043.

https://www.sciencedirect.com/science/article/pii/S0040162509000444?casa_token=-uYXVjwg

HfsAAAAA:83Rus_i7d1-U5y6P9_zU6uRSXQaa97bF4OfAqTwCh7yZOZXHuvcn_3Eyxrg5MKWUwvgs

dvUl

The purpose of this article is to discuss different body disposal practices in the United Kingdom

(UK) and the development of alternative disposal options that may be more sustainable. This article also

discusses the idea of conceptual niche management which is a way to steer the public towards new

innovations with the hope of overcoming challenges and limitations. Innovations such as natural burial,

or green burial as it is referred to in this article, offer a more sustainable approach to dispose of the

deceased, but green burial also comes with social challenges as it is not yet a widely adopted or

mainstream practice. In the 1990’s green burial became quite popular in the UK as the cremation

industry began to face scrutiny regarding non environmentally friendly practices and when this article

was published in 2009 there were over 214 green burial sites across the UK. This article also breaks down

the average cost of a green burial versus a traditional burial and overall, a green burial in the UK as of

2009 was significantly more affordable for the average person vs a traditional burial. In general, parts of

the world such as the UK have more widely adopted natural burial as an option of disposing of the
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deceased and it could be useful to look into practices in the UK and how they could be applied or

translated into burial grounds in Canada, specifically Ontario.

Shaik, B.C. (2016). Natural burial: being green in life, now in death too. Cuny Graduate School of

Journalism. https://academicworks.cuny.edu/cgi/viewcontent.cgi?article=1135&context=gj_etds

This article discusses the birth of the environmental movement and how natural burial plays a

role in that movement. In particular, the story of one New York man and his discovery of natural burial is

discussed as he wanted to be environmentally conscious, even in death. This article also discusses

environmentally focused legislation that was introduced in the United States as people were becoming

increasingly conscious of their impact on the natural world. This included legislation such as the Clean Air

Act of 1962 and the Wilderness Act of 1964. In more recent history, people have become more aware of

their ecological footprint as an individual and are looking for greener alternatives for many things

including burials. One individual who was interviewed for this article reflected on their perspective of

natural burial grounds. They said they found natural burial grounds to be peaceful and that they felt

surrounded in life, not death. They stated that because there are no headstones you are not immediately

reminded that you are standing in a cemetery. Another interviewee stated that she was drawn to natural

burial because of the negative environmental impacts of embalming fluid as it seeps into the ground.

The natural burial ground discussed in this article, Greensprings Natural Cemetery, which is located in

New York state, is also a certified wildlife habitat and nature preserve which many environmentally

conscious and nature-loving individuals are drawn to as a final resting place.

Uslu, A., Bari, E., & Erdoan, E. (2009). Ecological concerns over cemeteries. African Journal of

Agricultural Research 4 (13), 1505-1511.

https://www.researchgate.net/profile/Aysel-Uslu/publication/237653860_Ecological_concerns_

over_cemeteries/links/00b7d533a60137ae86000000/Ecological-concerns-over-cemeteries.pdf

This article discusses cemeteries in terms of common issues, religious and cultural importance as

well as natural burial sites and their link to the environmental movement. Cemeteries and burial sites are

not only the final resting place for the dead, but they also provide meaning to those who are still living.

Cemeteries have connections to many different disciplines including but not limited to theology, art and

anthropology, as well as significance to many different religions across the world, including Islam and

Christianity. Ecologists are now looking at cemeteries as a way of protecting the environment and

creating green spaces which will not only promote a healthy environment, but also social and emotional

health. In terms of religion and its connection to burial practices, the form of burial (i.e. cremation,

embalming, burial in a casket or natural burial in a shroud) is linked to the religious rules and directives.

Things like religion tend to be closely tied to community, and community tends to be closely tied to the

environment. One of the religions this article explores is Islam and it explains how in this religion Islamic

burial sites are kept natural and there is to be no harm or disturbance to any trees or flowers and Islam

also avoids the use of any eye-catching graves. Similar to natural burial, the bodies of the deceased are

directly placed in the ground, not in a coffin or casket. Religions like Christianity often utilise cremation
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or caskets depending on factors like the individual desires of families, their financial status and their

beliefs. However, it is known that cremation is not environmentally friendly and may not align with

certain people’s values so some are now looking towards natural burial as a greener alternative.

Conclusion

In conclusion, natural burial is a practice that has been widely adopted and carried out all

throughout the world across many different cultures and religious beliefs (Uslu et al., 2009). There are

many reasons why an individual could be interested in natural burial ranging from a desire to be

environmentally conscious and give back to the land or to lessen financial pressures on their loved ones

(Herder, 2016). Some people were drawn to natural burial because they found it to be more inviting than

a traditional, manicured cemetery (Herder, 2016). Landowners also had certain motivations to have a

natural burial ground on their property, especially for financial gain (Herder, 2016). Since the beginning

of natural burial in the United Kingdom in 1993 it has become an important practice for many people

across the globe and its potential to help protect vulnerable natural ecosystems is invaluable (Clayden et

al., 2018).
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It is not the substrate, but the temperature and moisture levels that are observed to date:

Research into the optimal abiotic characteristics of landscapes that are influential at natural

burial sites

Ashley Krahn, 10241443

Thesis Statement:

To develop effective and realistic natural burial grounds in Ontario, substrate type, soil chemistry,

topography and vegetative communities need to be considered by looking into the ecozone and

ecoregion characteristics that are populated by land trusts, but with an emphasis on assessing annual

temperature, substrate moisture levels and drainage of these areas, as temperature and moisture have a

key influential role in the decomposition of human cadavers.

Introduction

Natural burials are considered a practice that minimally impacts the surrounding landscape

through the use of a biodegradable casket (eg. bamboo, paper, cardboard, wool, banana leaf, or willow),

no vault nor embalming fluids, and low intensity grave digging (Harker, 2012). When assessing an area

for natural burial ground potential, there are various factors that should be properly considered to

confidently determine the effectiveness of a landscape to be a burial ground. Although water-logged

conditions are not ideal for risk of contamination and reduced decomposition rates, wetter soils are

optimal, but this threshold can be exceeded and have the opposite effect of reducing decomposition

(Carter et al., 2010). There is evidence that wet-sandy soil is better for decomposition than wet

fine-textured soil (Carter et al., 2010). Ecozones are defined by bedrock, whereas ecoregion boundaries

are determined based on climatic characteristics related to weather, temperature, substrate, and biota

communities (Ministry of Natural Resources and Forestry, 2022); this baseline data is key in determining

whether a location should even undergo a site assessment for its natural burial ground potential. To

develop effective and realistic natural burial grounds in Ontario, substrate type, soil chemistry,

topography and vegetative communities need to be considered by looking into the ecozone and

ecoregion characteristics that are populated by land trusts, but with an emphasis on assessing annual

temperature, substrate moisture levels and drainage of these areas, as temperature and moisture have

a key influential role in the decomposition of human cadavers. There are limitations to putrefaction at

temperatures less than 10 degrees celsius, as decomposition occurs most effectively between

temperatures of 20-40 degrees celsius (Pragnell & McGowan, 2009). Therefore, shallow burials that are

less than one metre in depth would be the most influenced by surface and atmospheric temperature

changes (Pragnell & McGowan, 2009). This should be considered as the province of Ontario has

fluctuating seasonal conditions (Ministry of Natural Resources and Forestry, 2022).
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Carter, D. O., Yellowlees, D., & Tibett M. (2010). Moisture can be the dominant environmental

parameter governing cadaver decomposition in soil. Forensic Science International, 200(1-3),

60-66. https://doi.org/10.1016/j.forsciint.2010.03.031

This study conducted research into how grave soil moisture relates to the loss of mass in

cadavers during decomposition by measuring levels of ninhydrin-reactive nitrogen (NRN), pH, carbon

dioxide-carbon, microbial biomass carbon (MBC), and protease and phosphodiesterase enzyme activity.

The hypothesis was that an increase in moisture content would inversely impact cadaver decomposition.

The authors also looked into the impacts of soil type on decomposition, but once the different soil

samples were adjusted to the same matric potential. The study was conducted by burying juvenile rat

(Rattus rattus) cadavers at 2.5 centimetres in depth in three different soil types from various locations

(loamy sand, sand and medium clay textures). The three soil types were modified to set matric potentials

(classified generally as wet, moist and dry), and the cadavers were removed at specific incubation

intervals to assess the decomposition. The measurable data was analysed by applying a univariate

analysis of variance (ANOVA). This experiment was then replicated three times. It was concluded that

cadaver decomposition is positively related to carbon dioxide-carbon evolution, MBC and enzyme

activity. There was also a positive relationship observed between temperature and cadaver

decomposition as well, but evidence that moisture can modify this relationship. Fast decomposition

occurred in grave soil with a high level of moisture content, but at a certain point hindered

decomposition. The authors discussed that grave soil moisture is a dominant variable that dictates the

decomposition of buried cadavers. There were no recommendations directly stated by the authors,

however they implied that more research is necessary to better understand cadaver decomposition.

Harker, A. (2012). Landscapes of the dead: An argument for conservation burial. Berkeley Planning

Journal, 25, 150-159. https://doi.org/10.5070/BP325111923

The purpose of this paper is to provide evidence for why conservation burials should take place.

The authors argue that contemporary burials are resource intensive and have negative consequences on

public and ecological well being, while natural burials reduce these adverse impacts but are limited

economically at preserving open space, compared to conservation burials. Through conservation burials,

ecosystems, wildlife habitat and open space can be protected, as they are capable of financially

supporting land conservation. Information regarding ecosystem components (soil type, geology,

hydrology, topography and flora and fauna communities) must be considered throughout the practice of

land conservation. The authors compare the practices of natural burials with conservation burials, and

provide a definition of natural burials: a practice that minimally impacts the surrounding landscape

through the use of a biodegradable casket, no vault nor embalming fluids, and low intensity grave

digging. The article lists various case studies related to natural and conservation burial grounds, and also

recommends management structures that align with the values of conservation burials, like land trusts,

not-for-profit organisations, private property owners with conservation easements and conservation

organisations.
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Ministry of Natural Resources and Forestry. (2022). The ecosystems of Ontario – Part 1: ecozones and

ecoregions. https://www.ontario.ca/page/ecosystems-ontario-part-1-ecozones-and-ecoregions

This website that was developed by the Ministry of Natural Resources and Forestry discusses the

Ecological Land Classification (ELC) of Ontario, Canada. The hierarchical levels of ELC are broken down,

into ecozones, and then again into ecoregions. Out of the 15 terrestrial ecozones in Canada, three are

present in Ontario, and two of them, the Ontario Shield and the Mixedwood Plains ecozones are

predominantly covered by Ontario land trusts (Ontario Land Trust Alliance, n.d.). Ecozones are defined by

key abiotic, continental characteristics, specifically around bedrock. Ecoregions are then further defined

based on climatic characteristics related to weather and temperature, while also considering substrate,

as well as flora and fauna. There are numerous land trusts spaced throughout Ontario (Ontario Land

Trust Alliance, n.d.), however, the dense communities of land trusts are located in the following

ecoregions: Lake Nipigon, Lake Temagami, Georgian Bay, Lake Simcoe-Rideau and the Lake Erie-Lake

Ontario ecoregions. This is crucial information in determining what abiotic and biotic characteristics

need to be considered when developing a natural burial ground in Ontario, as the substrate, climate,

water table and biota communities are influenced greatly by the defined attributes of ecozones and

ecoregions; to study specific site data, general data around the history and formation of the landscape

must be reviewed first.

Mohammed, M. A., & Abudeif, A. M. (2020). Use of the geophysical approaches for studying the

environmental impact assessment of the human burying techniques to the soil and

groundwater: A case study of Geheina cemeteries, Sohag, Egypt. Journal of African Earth

Sciences, 172. https://doi.org/10.1016/j.jafrearsci.2020.104010

The study was undertaken in Geheina, Egypt at two different burial sites; one for those that were

Christian and were buried in chipboard coffins between 0.7-1.3 metres in depth, and one for those that

were Muslim and were buried directly in the soil between 1.5-1.8 metres in depth. The water table was

between 15-30 metres and the substrate consisted of a mixture of sand and gravel, with little clay

content. Geophysical surveys were conducted as they are a non-invasive method to study graves (hidden

or undiscovered). The electrical resistivity was measured at all three sites (one control site, a

representative of a Christian burial site, a representative of a Muslim burial site), through the use of

electrical resistivity tomography (ERT) and vertical electrical sounding (VES). The natural electrical

potential at all three sites were measured by applying the passive technique of self-potential (Sp)

method. It was discussed that resistivity changes throughout the substrate were as a result of either the

change in composition of the soil horizons themselves, and/ or the presence of contaminants as a result

of the decomposition at the cemeteries. The findings from analysing the resistivity of the substrate

determined that as the depth increased the electrical resistivity decreased (however not necessarily in a

linear fashion). There were noticeably more pollutants present at the Muslim cemeteries site than at the

Christian cemeteries; it was discussed that this was as a result of faster decomposition from being buried

without a coffin. However, it should be noted that there were less people buried at the Christian

cemeteries compared to the Muslim cemeteries due to the demographic of Geheina. The authors

recommend that there should be planning around the location of cemeteries relative to residential and
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farming areas, coating the grave with clay to reduce leaching of contaminants, consider adding ‘harmless

oxidizers’ to speed up decomposition to prevent leaching, and conducting geochemical studies alongside

geophysical ones.

Natural Burial Association (2023a). Launching a natural burial ground in your community. Retrieved

February 12, 2023, from

https://naturalburialassociation.ca/about-natural-burial/resources/want-to-create-one/

Natural Burial Association (2023b). Natural, or green burial. What's a body to do?. Retrieved

February 12, 2023, from https://naturalburialassociation.ca/about-natural-burial/faq/

Natural Burial Association (2023c). Two possibilities for Ontario: hybrids and dedicated sites.

Retrieved February 12, 2023, from https://naturalburialassociation.ca/natural-burial-in-ontario/

The Natural Burial Association is an not-for-profit organisation, and has laid out their website to

help provide residents of Ontario with information surrounding natural burial grounds. The first webpage

(Natural Burial Association 2023a) dives deep into details around the process and barriers that will be

met when developing a natural burial ground. The optimal soil conditions for a natural burial ground are

discussed as well, including water table restrictions, preferred soil type, landscape topography and

location; various soil types are acceptable for cemeteries (including clay and sandy loam). The second

webpage (Natural Burial Association 2023b) provides concise answers to questions that are often asked

by those interested in natural burials. Specifically, the webpage provides relevant information about

water contamination. The third webpage (Natural Burial Association 2023c) further discusses locations of

preference for natural burials, and provides examples of hybrid cemeteries in Ontario and natural burial

sites that are in development in the province as well. Collectively, these web pages provide a general

overview for the recommended and required site characteristics of natural burial grounds.

Ontario Land Trust Alliance. (n.d.). Local land trusts. Retrieved February 19, 2023 from

https://olta.ca/land-trust-members/local-land-trusts/

This website developed by the Ontario Land Trust Alliance was referenced to observe the general

locations of where land trusts are established in Ontario. There is limited text on the page, however,

visually the map describes where each Ontario Land Trust is located, and has hyperlinks to further

information regarding each land trust. This is significant information in determining what ecoregions,

ecozones, ecodistricts, and Indigenous territories are most populated by land trusts in Ontario. By

determining the location of land trusts, further research can be undertaken into the communities,

climate, substrate, land cover, water and biota present, so that specific site characteristics for natural

burials can be tailored to the study area/ province in question. Below is a map of the land trusts present

in Ontario, and was retrieved on February 19, 2023:
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Piorkowski, T. (2009). Natural burials in HRM: A sustainable alternative to the modern cemetery.

Dalhousie University.

https://cdn.dal.ca/content/dam/dalhousie/pdf/faculty/architecture-planning/school-of-planning

/pdfs/TP-Independent_Project.pdf

This report was written around the natural burial practices present in Halifax Regional

Municipality (HRM), and discusses modern cemetery practices, natural burials, potential natural burial

sites in the HRM, political context of cemeteries in the HRM and conclusions and recommendations

around this research. Specifically, the report discusses the criteria for siting natural burial cemeteries,

and looks at temperature, soil moisture, microorganisms, soil depth, soil pH, burial practices,

accessibility, and distance to water. It was stated that higher temperature levels result in faster

decomposition, and that south facing slopes are preferred. There also needs to be a balance between

moderate moisture levels and effective drainage to prevent waterlogging. The author then provides a

phase one assessment to preliminarily screen whether a location meets safe standards for a natural

burial ground. To follow up on the initial screening, a detailed soil analysis and depth to water table tests

will be performed to confirm that all standards are met. This source was straightforward to read, and

detailed where necessary. The resources in the Appendices related to classifying types of natural burials

and assessing the quality of a potential site are unique ways at discussing natural burial characteristics.

Pragnell, J., & McGowan, G. (2009). Soil temperature calculation for burial site analysis. Forensic Science

International, 191(1-3), 104-109. https://doi.org/10.1016/j.forsciint.2009.07.002

This study was undertaken in Queensland, Australia at the North Brisbane Burial Ground, and

discussed research into how soil temperature relates to cadaver decomposition. The authors use the

Baggs formula to calculate soil temperature based on the ambient air temperature at a known site, in

this case a cemetery. The burial ground in question was operational from 1843 to 1875, where 5000

burials took place; bodies were buried less than 1 metre in depth as a result of surfacing bedrock and a

shallow water table restrictions, and all deceased were buried in wooden coffins with various materials.

This site became a landfill and a stadium, and was unearthed once the development of a new stadium

had begun. The formula listed below this annotation (Baggs formula) was used to determine the ground

temperature in the case of the burial site having minimum vegetation versus having full vegetative cover.

The soil temperature at specific depths were calculated and graphically compared through Microsoft
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excel. The authors discuss that the formula does not consider heat emitted from the body during

decomposition, from the presence of maggot populations, nor the possible (and site specific) landfill

fires that could have changed the burial conditions.

White Eagle Memorial Preserve. (2020). Natural burial: An introduction.

https://www.naturalburialground.org/an-introduction

This website was developed by the White Eagle Memorial Preserve, which is a natural burial

ground at Ekone ranch that is certified by the Green Burial Council (US) as a Conservation Burial Ground.

This webpage gives a concise overview of the burial process, and discusses how family members can

participate during the service. The bottom half of the webpage has linked photos with descriptions that

discuss specific components of the before, during and after process of the burials. Grave density at the

preserve is listed on the webpage, which is an important measurement to note, as it differs from

standards laid out by previously reviewed sources. The grave sites at White Eagle are measured to be 20

feet by 20 feet in area, so that tree roots can be avoided during the grave digging process. Overall this

source provides a simple introduction to conservation burials, and unlike other sources, uses visual aids

that assist in understanding the concepts surrounding the environmental characteristics of natural

burials.

Conclusion

Below are the following pertinent conclusions regarding abiotic and biotic environmental characteristics

of natural burial grounds:

1. Grave soil moisture is a dominant variable that dictates the decomposition of buried cadavers

(Carter et al., 2010).

2. Information regarding ecosystem components (soil type, geology, hydrology, topography and

flora and fauna communities) must be considered throughout the practice of land conservation

(Harker, 2012).

3. As the substrate, climate, water table and biota communities are influenced greatly by the

defined attributes of ecozones and ecoregions, to study specific site data (in the context of

developing an effective natural burial), general data around the history and formation of the

landscape must be reviewed first (Ministry of Natural Resources and Forestry, 2022).

4. Contaminants from the decomposition at cemeteries, and substrate type can impact the

electrical resistivity throughout soil horizons; these variables can be measured to study sources

of pollution near burial grounds (Mohammed & Abudeif, 2020).

5. Various soil types are acceptable for cemeteries (including clay and sandy loam) (Natural Burial

Association, 2023a)
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6. Maps are significant sources of visual information. In the case of the local land trust map, it is

useful in determining what ecoregions, ecozones, ecodistricts, and Indigenous territories that are

most populated by land trusts in Ontario (Ontario Land Trust Alliance, n.d.).

7. It was stated that higher temperature levels result in faster decomposition, and that south facing

slopes are preferred. There also needs to be a balance between moderate moisture levels and

effective drainage to prevent waterlogging (Piorkowski, 2009).

8. As temperature is a key factor related to decomposition, using an equation like the Baggs

formula is effective at determining the temperature below the surface in the substrate (Pragnell

& McGowan, 2009).

9. Conservation burials that are not limited on acreage, are able to conduct low density burials; this

should be considered to possibly establish protected land at a faster rate (White Eagle Memorial

Preserve, 2020).

From these resources, it was determined that although substrate is influential in the decomposition of

cadavers, moisture levels, drainage and temperature are dominant abiotic conditions that have a greater

influence on putrefaction. As a result, although all the characteristics listed above should be analysed

during each site assessment when planning to develop a natural burial ground, factors around

temperature and water should be prioritised. Baseline data around these abiotic characteristics should

be compiled prior to a site assessment; ecological land classification can assist in this process.
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A Review of Literature on Tracking Technology and its Relevance to Natural Burial Sites

Ian Cyr 10209222

Thesis Statement:

Bluetooth and GPS technology should be implemented into Natural Burial Sites for public and company

use.

Introduction

It is illegal for a body, buried in a cemetery, to be lost or undocumented. Each cemetery in

Ontario has a record of where everyone is buried. For the general public, there is some form of visual

documentation that can be placed. This documentation can be seen in cemeteries as a headstone,

plaque, or other creative expression. The documentation for natural burials can be seen in the form of

rocks, trees, signs, or some other creative expression. There is a natural burial in Ontario that even uses

metallic butterflies to immortalise the departed. But if you want to know exactly where the body is,

there could be a better solution. Bluetooth devices, and Global Positioning Systems (GPS) have

revolutionised tracking, locating, and documentation. This technology can be used in natural burials to

help track, document, and record a person's resting place for both the public and institution for years to

come. That is why Bluetooth and GPS technology should be implemented into Natural Burial Sites for

public and company use.

Ahmed, F., Phillips, M., Phillips, S., et al. (2020). Comparative study of seamless asset location and

Tracking Technologies. Procedia Manufacturing, 51, 1138–1145.

https://doi.org/10.1016/j.promfg.2020.10.160

This article aims to discover just how well tracking technology can be used to track for industrial,

recreational, and scientific use. By using technology that has been developed by HERE technologies,

these researchers were determined to discover 8 types of tracking tech, including GPS, Wifi-based, and

Bluetooth. All systems worked both indoors and outdoors to varying capabilities. By creating an

evaluation model called the technology enablers evaluation matrix, they were able to test how seamless

the tracking technologies were. Each system performed differently. The test went over suitability, range,

accuracy, battery life, smartphone compatibility, installation, cost, and power consumption. This test was

performed to determine the accuracy of tracking movement of goods and workers through a warehouse.

Results showed seamless real-time tracking from most of the technologies tested. They determined that

GPS, Wifi-based, and Bluetooth were the most effective and efficient for both indoor and outdoor use.

These three technologies showed longer than two years battery life, accuracy of less than 2 m, and

smartphone compatibility. This research and technologies show that there is a record of successful use of
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various tracking technologies that can be used outdoors. That demonstrates that various tracking

technologies, such as GPS and Bluetooth, can be used for marking graves at Natural Burial Sites.

Bisio, I., Sciarrone, A., & Zappatore, S. (2016). A new asset tracking architecture integrating RFID,

bluetooth low energy tags and ad hoc smartphone applications. Pervasive and Mobile

Computing, 31, 79–93. https://doi.org/10.1016/j.pmcj.2016.01.002

This research goes over how tracking technologies can be used inside architecture to provide

real-time accurate data on location and movement within buildings and how they can be paired with

smartphone use. The technologies tested are Radio Frequency Identification (RFID), Bluetooth, tags,

smartphones, and etc The testing done is through an evaluation function called asset tracking. The

categories of testing researched were energy consumption, performance trade-off, user

interaction/interface, and cost-benefit analysis. Through this, the researchers were able to determine

how well each technology performed. RFID did not perform well, as they require readers to be

accessible. Active RFIDs are more accessible, but require expensive antennas to be placed around the

area for accurate tracking. Bluetooth systems are accessible through smartphone technologies, as they

can act as readers. Bluetooth systems also showed low energy consumption, high accuracy, and low cost.

Through the testing and evaluation formulas, bluetooth technologies were shown to last the duration of

the test and accurately track all the employees and goods within the architecture. This determined the

results of the test, that bluetooth technology would be the best fit for tracking activity and goods inside

architecture. This further proves that bluetooth technology would provide an accurate and cost friendly

option for keeping track of graves at Natural Burial Sites.

Blanco-Gómez, P., Luis Jiménez-García, J., & Cecilia, J. M. (2023). Low-cost automated GPS,

electrical conductivity and temperature sensing device (EC + T track) and Android

platform for water quality monitoring campaigns. HardwareX, 13.

https://doi.org/10.1016/j.ohx.2022.e00381

This study goes over the study of the Mar Minor lagoon watershed in Spain. The study was

performed as an environmental assessment to determine the water quality of the site, which could help

to provide proof that would prohibit/limit development from occurring within the watershed. Time and

money were considered tight, so the research was done through citizen science. The researchers gave

tracking buoys to the tenants that lived in and around Mar Minor. These tracking buoys used GPS

technology and could be connected to and used through smartphones via an app designed by a member

of the team. For the purpose of this study, they reviewed the budget of creating a tracking buoy, the

building instructions, and operation details. The study then tested the buoys by deploying them in Mar

Minor Lagoon. The GPS boots were tested for their user interface, batter duration, and ability to collect

date. It was determined that with a cheap price to assemble each unit at 192.56 euros (277.46 CAN), 56

hour battery time, and accurate tracking and readings throughout the study. The study then concluded

that with cheap cost to buy materials and build, effective and efficient data analysis, and accurate

tracking data, and easy user capabilities that the GPS buoys were effective as a tool to be used in the
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research of water quality in Mar Minor Lagoon. This helps prove that GPS technologies and the like can

be used by both Natural Burial Sites and citizens as a cheap, effective, and accurate way of keeping track

of graves.

Deshpande, M., Deshpande, S., Chavan, S., et al. (2020). Bicanoid- smart tag for

Object Tracking. International Journal of Engineering Research And, V9(02).

https://doi.org/10.17577/ijertv9is020027

This article goes over the complexities of losing household objects. Items like keys, wallets, and

sunglasses are prevalent in every household. This study goes over multiple literatures that study and

describe technologies used for indoor tracking. The first article describes an indoor tracking system

called Frequently Lost Objects (FLO). This system uses radio waves that bounce off of placed sensors to

locate the specific tag that is attached to the object. This technology is smartphone capable, and is also

capable of contacting directly to the tag, which can be turned on to create a pinging noise to help better

locate the object. The second article quickly goes over GPS Bluetooth hybrids that can also be used to

track indoor objects. The third article briefly describes a tracking technology that can be activated by

visuals using eye tracking technology and by estimating gaze points. After discussing the various articles

that talk about different theories and forms of indoor tracking, the proposed system was to use

Bluetooth low energy (BLE). This system uses bluetooth to track tags placed on the object. It does this by

connecting to the tag, and calculating its position relative to the other tags/beacons placed beforehand.

This technology requires low energy to use, works without internet, has a long device battery life, and

can be used indoors. This concludes that while this technology would be amazing for indoor application,

it can be married to GPS to be used outdoors. Furthermore, BLE can be used for Natural Burials, provided

all the other graves have the tags, and beacons are placed in the area. Through this, we can determine

that Bluetooth and GPS should be implemented into Natural Burial Sites.

Kathpalia, N., & Gulati, T. (2022). 3 Axis Gyro Accelerometer & artificial intelligence based enhancement

of GPS accuracy. Measurement: Sensors, 100618.

https://doi.org/10.1016/j.measen.2022.100618

This research performs a literature review on advanced GPS’s. The technology proposed can

accurately determine where a car is, how fast it is travelling, where it’s destination is, and therefore

determine the time it will take to get from point A to point B. This study goes on to test various different

systems that make up this technology. The systems tested are the Neo 6m GPS module, which is high

performing all in one GPS. The next system observed is the MPU-6050. This system uses a three-axis

accelerometer and a three-axis gyroscope that is used to accurately locate its position. The MPU-6050 is

primarily used as a GPS for tablets, phones, and wearable sensors. It is considered cheap, highly

accurate, and battery efficient. The last system used was the Artuino Development Board (ADB). This

processing chip was used to collect and receive the data created by the GPS. After going over various

articles that describe the pros and cons of each system, the article discusses the methodology of using all

three systems in tandem to create an artificial intelligence used for GPS tracking. The researchers discuss
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adding a boost converter to create longer battery life, an improved system schematic to increase

performance and connection to the satellites and antenna. With this system in place, the team proposes

a flow chart that acts as the code to be placed in the GPS system. The flow chart describes the series of

commands the GPS would follow to create the most accurate tracking data. The testing of the code was

then received by the ADB. It was discovered that the number of errors lowered on the GPS, creating a

more accurate real time tracking of the vehicle. Therefore, it was concluded that the proposed GPS

system that integrated AI code and grounded antenna could create a highly effective and reliable

tracking system. A system this advanced proves that technology like GPS can be augmented to provide

more accurate tracking. This level of accurate tracking is why systems like GPS should be implemented

into Natural Burial Sites.

Korpilo, S., Virtanen, T., & Lehvävirta, S. (2017). Smartphone GPS tracking—inexpensive and efficient data

collection on recreational movement. Landscape and Urban Planning, 157, 608–617.

https://doi.org/10.1016/j.landurbplan.2016.08.005

This article goes over the practical uses of Smartphone GPS Tracking (SGT). They review this

technology by tracking various bike and walk trails throughout Central Park, Finland. Their goal is to

achieve accurate readings of the trails using SGT. SGT uses sports tracking technology, such as calculating

heart rate and pace. This technology can also be used to physically track where the smartphone is. Using

participation, the study conducts research on how accurate the data can be when tracking bikers and

hikers. After determining the study area of Central Park, the evaluation of SGT was tested by its

positioning accuracy, buffer analysis, density analysis, and small scale mapping. The data was then

uploaded to ArcGIS for final results. 55 tracks were recorded and uploaded, and data provided were able

to determine the type of recreational activity that was occurring (biking or hiking). It was concluded that

the data approach was cost-effective, user friendly, and accurate reading. This technology can further be

used than by researchers for citizen science in their studies and can help offload the need for expensive

equipment. This way, SGT can be used by both researcher and active participants to geographically map

large areas with little cost or issue. This further proves that Smartphone GPS tracking that is accurate,

cheap, reliable, and can be uploaded and managed through ArcGIS should be used to keep track of

graves at Natural Burial Sites.

Longo, E., Redondi, Alessandro E.C., & Cesana, M. (2019). Accurate occupancy estimation with

WiFi and bluetooth/BLE packet capture. Computer Networks (Amsterdam, Netherlands :
1999), 163, 106876–. https://doi.org/10.1016/j.comnet.2019.106876

This article researches how Bluetooth Low Energy (BLE) can be used to count the number of

people present in a certain area. They study wants to find out how accurate BLE can be, and aims to

solve problems around indoor heating, cooling, and other aspects pertaining to how many people are in

a room. Multiple estimations are created, to determine the different variables that affect this study. The

study conducts an environmental sensing based occupancy estimate, which tracks the level of CO2 in the

space, which is then calculated to measure how many people are in an area. Video-based occupancy
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estimation is based on using cameras and other videography to capture and estimate the amount of

people in a room. The last estimate is radio-based occupancy, which tracks the radio waves that bounce

off servers in a space. This estimate is the primary focus of the review. This approach can be used

indoors and outdoors, and is very cheap compared to the other estimates. The proposed system is using

BLE Broadcom which combines wifi-based servers with BLE for a total of 10$ a unit. The experiment is

then tested on 4 indoor spaces and 1 outdoor space. The outdoor test is a common eating space for

students that is calculated to be 50 sqm, and lasts for 3 hours. The variables of the test were errors

produced to the number of people tracked. The test concluded that while wifi-base only and bluetooth

based only lead to more errors as the amount of people grew in the test area, the complete dataset

showed little to no change over the amount of people. It was concluded then that the combination of

wifi based servers with BLE can lead to accurate readings of the amount of people in a space. This proves

that BLE and other tracking technologies can be accurate enough to be used at Natural Burial Sites

Mallik, M., Panja, A. K., & Chowdhury, C. (2023). Paving the way with machine learning for seamless

indoor–outdoor positioning: A survey. Information Fusion, 94, 126–151.

https://doi.org/10.1016/j.inffus.2023.01.023

This article discusses the possibility of seamless indoor-outdoor tracking (IO) that can be used

from GPS, Bluetooth low energy (BLE), and wifi-based scanners, and how effective they can be. The

objectives of the survey were to provide in-depth discussions about the aptitude of these tracking

technologies in relation to IO, as well as future scopes of where the technology is heading. There are

different perspectives the study would like to observe from. These perspectives are automotive

navigation, safe foot navigation, robot navigation, and pedestrian tracking. These perspectives highlight a

framework in which IO can be built upon. The study then researched the various different tracking

applications that are applied to and are effective (accurate) to each perspective. The different tracking

applications were then modelled on if they were singular or multiple sensors. The categorization and

further discussion of each technology discovered created the framework for an optimised IO system. This

system was built on feature selection, learning capabilities, data collection, data pre-processing, and

feature extraction. Feature selection focused on the filter and wrapper methods, which were tests the IO

would run to determine the highest value cell of an image. Learning capabilities focused on the IO ability

to adapt and provide different solutions to different problems through the Global Information System.

Data collection focuses on IO ability to retrieve data, either crowd based, user based, or robot based.

Data pre-processing relates to Its feature to eliminate errors and filter out unwanted values. Finally,

feature excitation provides IO to produce the image relating to time domain, landmark, and signal

produced. This model was then tested alongside BLE and other tracking technologies at four different

sites. Two indoor, and two outdoor. What was recorded was the accuracy of the tracking sensors from

each sensor. It was concluded that the marrying of GPS, and other unsupervised/supervised tracking

technologies holds a future for seamless, real-time tracking. This level of advancement in terms of

tracking and positioning data shows that using tracking technologies such as GPS, BLE, or RFID are

commonly used in asset tracking, navigation and more. Therefore, determining the technology to be

accurate enough to be used in Natural Burial Sites
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Webb, J. (2018, July 10). Cemetery uses GPS to help people find loved ones' graves. WKRC. Retrieved

February 20, 2023, from

https://local12.com/news/local/cemetery-uses-gps-to-help-people-find-loved-ones-graves#

In this news article, A cemetery in Cincinnati has developed a way for the public to find their

loved ones. Arlington Memorial Gardens (AMG) is a cemetery located in Springfield Township, Ohio.

They have developed a website that uses GPS to help locate the departed in the cemetery. The “Locate a

love one” website uses google maps to direct you to where the loved one is. This was implemented

nearly 5 years ago, and has seen much use and success within the community. The website, accessible

through smartphones, shows great merit for other cemeteries. While the exact methodology of the

system is unknown, there is no denying the results that are produced. This also proves that tracking

technology like GPS can be used legally at Cemeteries and the such. Therefore, tracking systems such as

GPS should be used in Natural Burial sites

Conclusion

The majority of articles displayed here prove the same message. GPS, bluetooth, and other

technologies have had increasing levels of success over the years. Most of these technologies are so

advanced that they can work to 10 cm accuracy indoors. This level of tracking is also shown when

combined with AI, showing real world tracking at any moment. In the case of Arlington Memorial

Gardens (AMG), this technology is already being used to great effect. While the type of tracking

technology will depend on the location, being able to locate and keep records on where a person is

placed is important. It is important to the person wanting to see a loved one. It is important to the

business to keep managed records of the lots. This technology has been proven to be legal within a

cemetery, as shown by AMG. Therefore, Tracking technologies such as GPS, Bluetooth, RFID, and others

should be used at Natural Burial Sites by the general public and staff.
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Legal Consideration of Natural Burial Grounds

Paige Smith 10196990

Thesis Statement:

With current legislation and regulations in Ontario the establishment of natural burial grounds is legal

and manageable within Ontario on land trust lands.

Introduction

The interest of natural burial grounds and land trust partnerships in Ontario raise questions on

the legal considerations of natural burial grounds and partnerships between land trusts. Cemeteries in

Ontario are regulated in the Funeral, Burial and Cremation Services Act and overseen by the governing

body of the Bereavement Authority of Ontario (BAO) (Bill 209, 2002). Considerations on licensing,

application requirements, municipal zoning, setbacks from water and other properties are all important

factors of an agreement of a natural burial ground on land trust lands. This literature review aims to

assess various types of legislation and regulations to determine the legal considerations and information

required for natural burial grounds in Ontario. With current legislation and regulations in Ontario the

establishment of natural burial grounds is legal and manageable within Ontario on land trust lands.

BAO. (2022a, January 13). Licensing. Bereavement Authority of Ontario. Retrieved February 14,

2023, from https://thebao.ca/for-professionals/cemeteries-crematoriums/licensing/

The Bereavement Authority of Ontario (BAO) covers the licensing regulations for cemeteries

within Ontario as well as many other resources and regulations around cemetery operations. The main

point of interest from this website is the definitions and licensing approval processes for cemetery

operators. A cemetery operator is required to operate a cemetery and must be licensed through the BAO

(BAO, 2022a). The cemetery operator must provide consent of the landowner and information regarding

storage of records and site managers (BAO, 2022a). The other licence of interest is the sales

representative. To provide sales that support a cemetery you must be licensed and have completed the

proper training to qualify for the licence and can then only sell items that the owner is authorised to sell

(BAO, 2022a). This licensing information suggests that both licences would be required for the operation

of a natural burial ground.
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BAO. (2022b, January 13). Application for Consent to Establish, Alter or Increase the Capacity of a

cemetery and to Establish a Crematorium on Cemetery Land. Bereavement Authority of Ontario.

Retrieved February 14, 2023, from

https://thebao.ca/wp-content/uploads/2022/01/007_2022_Apln-for-Consent-to-Est-Increase

-the-Cap-of-a-Cem-Jan2022.pdf

This is a form required to be submitted in an application for the establishment of a cemetery. The form

requires information on the cemetery operator, primary contact and the cemetery details which includes

the landowner information (BAO, 2022b). This form also established that a care and maintenance fund of

$165 000 must be deposited with a trustee and a letter of proof has to be provided unless this amount is

exempt by the municipality (BAO, 2022b). This form also includes the list of additional documentation

required for the application which include; proof of municipal (if on municipal land) or MNRF approval (if

on crown land), a copy of the municipal approval notice, two copies of a legal description of the general

plan that has been approved by the municipality, two copies of a site plan agreement made under the

Planning Act, two copies of any proposed cemetery by-laws, a copy of a designation under the Ontario

Heritage Act (if applicable), a certificate from the Medical Officer of Health stating that the land is

suitable, two copies of a layout plan of the portion of the cemetery being for sale, and a completed

licence application (BAO, 2022b). This form is essential in understanding the information and other

documentation required to apply for a natural burial ground in Ontario.

Bill 209, Funeral, Burial and Cremation Services Act, c. 33, 3rd Session, 37th Parliament, Ontario, 2002.

Retrieved from: https://www.ontario.ca/laws/statute/02f33

The funeral, burial and cremation services act is the legislation surrounding cemeteries within Ontario.

The act provides pertinent information to this project including information on licensing requirements

and responsibilities and duties to uphold of the licence holders and landowner (Bill 209, 2002). The act

also covers marketing and the level of transparency required as well as the regulations around trust

accounts (Bill 209, 2002). The trust accounts related to natural burial grounds are related to maintenance

funds and marker installations in which funding for both of these activities must be placed in an account

for the intended purpose (Bill 209, 2002). Under the special provision of the act pertinent information on

cemetery capacity size is given in the restriction of altering size and capacity after a cemetery is

approved and the proses to apply for an expansion (Bill 209, 2002). This section also covers the

regulation stating that graves are not be disturbed (including grave renewal) as well as the rules around

disturbances to infrastructure from any person within a cemetery (Bill 209, 2002). The other information

presented within the act is not as relevant to this project or is the responsibility of the cemetery

operator to uphold.

City of Ottawa, By-Law No. 2008-250. (2008). City of Ottawa Zoning By-Law. Retrieved from:

https://ottawa.ca/en/living-ottawa/laws-licences-and-permits/laws/laws-z/zoning-

law-no-2008-250
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The zoning by laws in the city of Ottawa allow for cemeteries within parks and open spaces in O1F

subzone with no required setbacks (City of Ottawa, 2008). Cemeteries are also allowed with subzone

O1K with minimum setbacks for the front yard, rear yard, interior side yard, and corner yard of 7.5m

along with a maximum building height of 11m and maximum lot coverage of 20% (City of Ottawa, 2008).

For any building or structure built there is a minimum setback from the normal high water mark of 30m

of any watercourse or waterbody and a 15m setback from the top of the bank of any watercourse or

waterbody (City of Ottawa, 2008). Cemeteries are also not permitted within a flood plain overlay (City of

Ottawa, 2008).

Formanek, P. (1997). An Assessment of Groundwater Contamination at Cemetery Sites. National Library

of Canada. Retrieved from:

https://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/tape17/PQDD_0007/MQ28197.pdf

This source is an assessment of groundwater contamination at cemetery sites but the main takeaway

related to this project is the literature review completed which refers to a document that is not

accessible. The guidelines for the Medical Health officers states that minimal environmental precautions

are necessary for proposed cemeteries that are within an area served by a communal water source or

soil that has low permeability (Formanek, 1997). Other areas of proposed cemeteries that have high

permeability or where groundwater is the main water source must be 30m from a well used for drinking

water or any surface water and be 0.5 metres above the highest seasonal water table (Formanek, 1997).

Information from Karie Draper at the BAO states that graves must be 75m from potable water sources

and 1m about the water table in the current regulations. This article does however go over all of the

potential contaminants from a cemetery which may be of interest to land trusts as well as potential ways

of monitoring the water to ensure there is no unwanted contamination (Formanek, 1997).

Funeral, Burial and Cremation Services Act. O Reg. 30/11: General. Retrieved from:

https://www.ontario.ca/laws/regulation/110030

This is the Ontario regulation of general business from Bill 209. This bill goes over general information on

the requirements of the applicant and the licence application process (O Reg. 30/11). The regulation also

states that the cemetery operator must ensure that the entrance to the cemetery is accessible to the

public (O Reg. 30/11). The sale and display of caskets and markers is also covered under this regulation

stating the types of caskets that must be present if the operation will be offering the sale of caskets (O

Reg. 30/11). Information on the caskets also must be available to the consumer including price, colour,

and material (O Reg. 30/11). If there is a sale of markers information on the price, colour, size,

geographical origin of any natural stones, and brands if applicable (O Reg. 30/11). There are also

payment requirements for the installation of markers set out in this regulation based on marker size

ranging from $0-$400 (O Reg. 30/11). The last piece of pertinent information from this regulation is the

grave size requirements for a person 16 years of age or older (2.44m long and 0.91m wide) and that

remains must be buried at a minimum 0.61m below the natural ground surface and be 4.57m away from

any buildings (O Reg. 30/11). The information in this regulation compliments that of Bill 209 and is
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essential for natural burial grounds.

Government of Ontario. (2017). Greenbelt Plan (2017). Municipalities and communities. Retrieved from:

https://www.ontario.ca/document/greenbelt-plan-2017

The greenbelt plan is important to the development of natural burial grounds as many land trusts fall

within this area. The greenbelt plan places cemeteries as a part of rural lands as an institutional use of

the area and are accepted as existing uses and allowed to expand following the regulations for expansion

(Government of Ontario, 2017). New cemeteries within the greenbelt are also treated as protected

countryside under the non-agricultural uses and must follow the general policies which state that they

cannot occur in specialty crop regions, be appropriate for rural lands, that any water or sewer services be

appropriate for the land use, no negative effects on natural heritage features or hydrological features will

occur, no negative impacts on biodiversity or the connectivity of the natural heritage system, that the

agricultural impact assessment should be considered (Government of Ontario, 2017). Any buildings or

altering of the land needs to go through the regulations outlined in the plan and have the proper

assessments done (Government of Ontario, 2017).

Oak Ridges Moraine Conservation Act. (2002) O. Reg. 140/02: Oak Ridges Moraine Conservation Plan.

Retrieved from: https://www.ontario.ca/laws/regulation/020140

The Oak Ridges Moraine contains a land trust which could have the potential of being interested in

natural burial grounds due to the proximity to urban areas. The regulation for the oak ridges moraine

conservation plan covers cemetery use in the specific land use policy section in the sub section on

small-scale commercial, industrial, and institutional uses (O. Reg. 140/02). The regulation states that

cemeteries intended mainly to serve the nearby rural settlements within the plan area are allowed in

this land use (O. Reg. 140/02). The cemetery must also be supportive, complementary, or essential to

the countryside areas and not require any large-scale modifications to the terrain and vegetation (O. Reg.

140/02). Under these regulations natural burial grounds could be possible within the oak ridges moraine

area is promoted for mainly local use across the moraine.

Town of Halton Hills, By-Law No. 2010-0050. (July 2010). Town of Halton Hills Zoning By-Law.

Retrieved from:

https://www.haltonhills.ca/Modules/Bylaws/Bylaw/Download/f3c95ad5-296b-439a-9f4c-521f2a

ba5029

The town of Halton hills is within close proximity to large city centres and within the escarpment

biosphere conservancy land trust making it a potential interest for a natural burial ground area. The

zoning by laws permits cemeteries within open space designations OS1 and OS4 but cemeteries on OS4

must have legally existed prior to the new by-laws making the only area applicable to natural burial

grounds OS1 (Town of Halton Hills, 2010). The zone standards for building within this area are a

minimum required front yard, rear yard, interior side yard and exterior side yard of 7.5m with maximum
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building height of 11m (Town of Halton Hills, 2010). Cemeteries are also permitted within institutional

zones with building requirements of a 15m lot frontage, 7.5m front yard, rear yard and exterior side yard,

3.0m interior side yard, and a maximum building height of 11m (Town of Halton Hills, 2010).

Conclusion

Based on the research presented, natural burial grounds are legal in Ontario with following

specific regulations, restrictions, practices, and municipal by laws. The proper licensing for a natural

burial ground is found on the BAO’s website and specific to natural burial grounds would require a

cemetery operators’ licence and a sales representative licence if the sale of caskets was being made

through the cemetery (BAO, 2022a).

The requirements for the approval of a natural burial ground can all be found within the funeral,

burial and cremation services act as well as the application for consent to establish, alter or increase the

capacity of cemetery and to establish a crematorium on cemetery land form. One of the requirements of

the application process is to be approved by the medical officer which through the ministry of the

environment and information from a BAO source means that there needs to be a 75m setback from

potable water sources and graves must be 1m above the water table but minimal precautions need to be

taken in terrain with low permeability (Formanek, 1997). Additional regulations on marker pricing, grave

sizes, casket sales and information, and access to the site can be found in O Reg. 30/11 (O Reg. 30/11).

Specific regions and municipalities in Ontario have regulations regarding the zoning of

cemeteries, specific infrastructure setbacks and intent of land use. These municipal and regional

regulations are important to natural burial grounds as they must be followed as all land trusts in Ontario

fall within a municipality. The greenbelt plan, oak ridges moraine conservation act, city of Ottawa zoning

by-laws, and the town of Halton hills zoning by-laws were used as examples of regulations and specific

zoning requirements in areas that may be of interest for the establishment of a natural burial ground on

land rust property. The general zoning was found to be open space for a cemetery in Halton hills and the

city of Ottawa (Town of Halton Hills, 2010 & City of Ottawa, 2008).

This information all helps in understanding the basics of what needs to be accomplished for an

application of a natural burial ground and gives insight on what municipal and regional regulations will

require of the cemetery’s infrastructure and intent of land use.
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The process of decomposition relating to: Canadian geography, surrounding biotic communities, and

skeletonization rates

Molina Danh 10285442

Thesis Statement:

The decomposition process is incredibly variable around the world, particularly in regards to rates of

skeletonization. Surrounding biotic communities can be supported by this process, and in Canada, there

are common themes seen within decomposition that exemplify regional differences.

Introduction

This review seeks to analyse how the decomposition process occurs in a Canadian context. In

addition, it seeks to assess factors that impact rates of skeletonization. Lastly, research will be aimed

towards potential positive and/or negative impacts on surrounding biotic communities. By examining

what remains after death, how natural burials versus unnatural burials can impact local plant and

arthropod communities, and elements related to decomposition in Canada, the burgeoning field of

natural burials in Canada could be advanced.

Bell, L. (1995). POST MORTEM MICROSTRUCTURAL CHANGE TO THE SKELETON [PhD

Dissertation]. University of London. https://discovery.ucl.ac.uk/id/eprint/1317796/1/285099.pdf

Skeletal tissue change is observed in the advanced or final stages of decomposition. These

stages, however, show a wide array in terms of time post mortem or after death. This incredibly

thorough dissertation by Lynne Bell in 1995 contains much relevant information nearly 30 years after

original publication. She aimed to determine, if possible, an identifiable range of microstructural skeletal

change in humans after death. Bell examined samples from marine and terrestrial environments from

archaeological material, and assessed them using microscopical analysis. In addition, the change in

mitochondrial DNA was investigated. Results show that post mortem alteration to skeletal material can

occur as early as 3 months post mortem. Other findings were estimated to occur from 7 – 70 years; this

is a very big range, as there are many global studies on macroscopic changes to teeth which remain the

longest of the other hard tissues associated with the advanced stages of decomposition. Values can

range due to the body status at the time of or soon after death, Bell proposed. Comparing marine and

terrestrial data on mitochondrial DNA data, it was found that marine environments contained higher

levels of mineral densities and DNA data; interestingly, this points to why marine fossils vastly

outnumber terrestrial fossils.

Benninger, L. (2009). Biochemical Alteration of Gravesoils between Season and Soil Type [MA

thesis]. University of Ontario Institute of Technology.

https://www.collectionscanada.gc.ca/obj/thesescanada/vol2/002/MR52979.PDF?is_thesis=1&o

clc_number=728824634
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Many biochemical degradation processes occur in soft tissue during decomposition, which leach into

surrounding soil. Masters student Laura Ann Benninger chose to examine the impact of the processes as

their thesis in the field of applied biosciences. Two pig carcass decomposition trials were used to

examine if seasonal and soil variation could have an impact on soil chemistry affected by decomposition.

Pig carcasses are commonly used in decomposition studies as it has been chosen as an acceptable

decomposition model due to similarities in fat distribution, internal organs, lack of heavy fur, and chest

cavity size. In addition, human cadavers are difficult to obtain due to ethical restrictions in Canada. In the

context of natural burials, this may actually be more effective seeing as human cadavers contain many

chemicals that are not characteristic of natural burials, and the pigs decomposed naturally. The first of

two trials contained soil from a wooded area in Oshawa, Ontario. This study area is characterised by

heavy shade, loamy soil, and a gradient of 5 degrees. Soil sampling took place over a period of 98 days

from June to October 2007 with a sampling rate of daily to monthly as decomposition furthered. The

second trial was also conducted in Oshawa, this time in an open field with similar loamy characteristics

although more sandy, with no shade or gradient. Here, there were two periods of sampling; the first

failed due to extensive avian scavenging, and the second lasted 77 days from August to November 2008,

which had to conclude nearly a month early due to extensive snowfall. The sampling rate for the second

trial ranged from daily to weekly as decomposition furthered. Samples were collected from the head,

torso, and rear, but after analysis they found no significant difference in soil chemistry between each of

the three control plots. Sampling took place at a depth ranging from 0-2 cm from the surface. Significant

differences from control samples taken before the pigs were placed were determined by assessing

available phosphorus, pH, moisture, fatty acid content, and extractable lipid-phosphate. Results show

that there were no significant differences in the aforementioned factors between either site, possibly

due to the similarity in soil texture. Benninger also notes the increase in relative concentration of soil

available phosphorus, extractable lipid phosphate, and fatty acid content. This points to other research

on decomposing organic matter, which shows similar results. In relation to human decomposition, the

researcher suggests that specific fatty acids can be used to estimate the presence of a decomposing

carcass- stearic and heptadecanoic acid. An interesting finding was that the pH and moisture levels in the

soil from either site did not show significant changes. Benninger touches on this by citing various articles

that show that pH increases in soil from decomposition are significant only in soils that are initially acidic

and are basified by decomposition processes. They mention that all collected soil samples could not be

examined due to time constraints; this could very well have skewed the data and provided a different

conclusion. Another critique of the study is the period of sampling only took place in summer-fall

months, which is obviously not representative of the four seasons that Canada experiences. This article

was still very useful as it cites relevant Canadian literature and sourced soil from Southern Ontario.

Brabazon, H., DeBruyn, J. M., Lenaghan, S. C., Li, F., Mundorff, A. Z., Steadman, D. W., & Stewart,

C. N. (2020). Plants to Remotely Detect Human Decomposition? Trends in Plant Science, 25(10),

947–949. https://doi.org/10.1016/j.tplants.2020.07.013

As many chemical changes in surrounding soil have been noted in forensic research, a natural

research progression pertains to the impact that this altered soil chemistry has on surrounding
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vegetation. As this is still a relatively new topic in research, not much concrete data has been

ascertained, but forensic scientists have shown interest in how changes in plant communities from

decomposition can assist search teams tasked with locating human remains. Typically, search efforts are

done on-foot and therefore can be an incredibly arduous and slow process depending on the

geomorphology and vegetation present at search locations. The University of Tennessee has one of the

six research facilities in which human decomposition is studied, which is where this article originates

from. This study did not include any experimentation, but serves as a review of current literature in order

to propose the idea of using remote sensing of plant communities to identify locations of bodies. Mainly

focusing on tree and shrub canopies, it examines how different spectral responses can guide search and

recovery efforts. It is hypothesised that changes in plant biochemistry due to influxes of nitrogen would

thus create different reflectance values when examined with unmanned aerial vehicle (UAV)-based

remote sensing methods. Stress responses have been well-documented in geographic information

systems (GIS) research, and are widely used in environmental monitoring and consulting. From analysing

current research on the topic relating to cadaver decomposition islands and plant foliar compositional

changes, they hypothesise that exotic invasive and weedy plants may thrive in these nitrogen-rich

environments. A specific change detectable to the human eye and remote sensing equipment would be

changes in leaf colour, as nitrogen is correlated with increased chlorophyll production. Senior author

Neal Stewart Jr notes a key obstacle in these findings; other large mammals such as deer can also pass

away in the same search areas that are being canvassed for missing people. So, it is not possible at the

moment to differentiate various spectral reflectances and plant responses based on different animal

decomposition processes. The key here is to isolate metabolites specific to human decomposition, and

direct research from there. At the moment, Stewart mentions the facility’s creation of a plant imager

that can examine individual leaves for evidence of reflectance changes over time when the plant has

been in contact with human remains. This is interesting, but unfortunately not applicable to large-scale

search efforts yet. Although this study was more explorative and did not provide incredibly concise data,

it still points to the fact that plant communities are significantly impacted by human decomposition, and

that the impacts last much longer and can apply to various disciplines.

Cholewa, M., Bonar, M., & Kadej, M. (2022). Can plants indicate where a corpse is buried? Effects

of buried animal tissues on plant chemistry: Preliminary study. Forensic Science International,

333, 111208. https://tinyurl.com/yp6ymvn2

A preliminary study published in the Forensic Science International journal just last year

examined the potential impacts decomposition can have on plant communities. Researchers sought to

prove that the chemical composition of vegetation can be altered through this process by placing pig

carcasses in an open field in southern Poland. Four test plots were created: control, control + urine,

20cm depth, and 10cm depth. There was one control plot with urine to isolate if the presence of

nitrogen had an impact. Begonia seedlings were planted in each of the four plots. After one growing

season, soil and plant samples were taken, as well as plant measurements. Soil and plant samples were

analysed for various elements: nitrogen, phosphorus, copper, iron, zinc, magnesium, manganese, and

potassium. Measurements of the plants in each plot included overall height and width, as well as
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individual leaf and stem sizes. The results show that elemental contents in soil and plants varied in each

plot; lower levels were observed in the experimental plots compared to the control plots. In addition,

the experimental plots contained much more intense vegetation. Researchers hypothesise that variation

in experimental plots are from different phases of decomposition during sampling as a result of varying

burial depths. This growth followed an interesting timeline which consisted of an initial period of growth

similar to control plots, but after 80 days following decay, there was a lush regrowth of vegetation over

the experiment plots. As the control plots were just a few metres apart, researchers concluded that the

presence of animal tissues regardless of depth had a positive impact on plant growth. At the end of the

experiment which ran just over 200 days, it was noted that all buried limbs were almost at or in the

skeletonization stage of decomposition. In addition, local extinction of vegetation was not observed

during any stage of the study. This study was a great starting point for research in this field, but as

researchers state, the topic is still in its early stages of research. Despite this, it provided excellent

evidence pointing to the benefits of natural burial to the surrounding environment, particularly to

nearby vegetation. More research is needed to determine the exact mechanisms behind the correlation

between plant growth and decomposition, as well as the potential variability between plant types.

Cobaugh, K. L., Schaeffer, S. M., & DeBruyn, J. M. (2015). Functional and Structural Succession of

Soil Microbial Communities below Decomposing Human Cadavers. PLOS ONE, 10(6).

https://doi.org/10.1371/journal.pone.0130201

Pulses of nutrients in soils from decomposition have been extensively examined in leaf litter, but

there is a lack of research on animal tissue decomposition. Cobaugh and colleagues examined the impact

of human decomposition on ecosystem health in relation to biogeochemical cycling. They hypothesise

that increased microbial activity during decomposition is associated with community composition

changes. When a carcass decomposes, there is an observed succession in invertebrates, insects, and

other biota, which are used to estimate post-mortem interval. General scientific belief is that microbes

(and other decomposers) recycle animal tissue, but not much is known about specific bacterial

communities responsible. This study was conducted at The University of Tennessee Anthropology

Research Facility, which is a temperate deciduous site characterised by fine well-drained clayey soil.

There were four cadavers used in this study, which were two males and females each, with all being of

Caucasian descent and ranging from 60 – 90 years old. This was interesting for them to include, as

previous research I’ve read has rarely stated the race or sex of the cadavers; it calls into question if there

are demographic differences within decomposition. As the ethics of obtaining cadavers for

decomposition research is typically very difficult, this may be why any sort of identifying features are not

publicised in these studies. Researchers state that the cadavers were randomly selected, and the only

protocol was that they did not have any communicable diseases. A key feature of this study is that the

bodies were not autopsied or embalmed, just refrigerated after death. This is important to the topic at

hand since natural burials would experience the same characteristics of chemical-free processes. The

cadavers’ gastrointestinal tracts were sampled by swabbing through a small incision before placement in

on the soil. Samples were collected for soil under the cadavers up to 114 days after placement. Results

found that soil chemistry changed mostly in the bloat-active decay stage, particularly in the increase of
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extractable total organic carbon (TOC) and total nitrogen. Most of this was found to be ammonia. There

was also an increase in phosphate with three cadavers. In addition, pH did not significantly change

between the control and experimental plots. Microbial respiration rates peaked during advanced stages

of decomposition, and are concurrent with the lowest rates of biomass production. This was surprising,

as it was expected that high biomass production would be aligned with high respiration rates. It was

discovered that during active decay biomass production was highest. Respiration rates remained high

during the advanced stages of decomposition, while biomass production rates eventually returned to

their starting values. Regarding bacterial community structure and composition, little variability was

observed among the four cadavers. During active decomposition, Proteobacteria and Firmicutes were

most abundant, while the advanced stage showed a majority of Firmicutes only. Researchers mention

that limited oxygen levels in these soils at this stage contributed to this, as well as anaerobic

metabolisms. Overall, the study concludes that decomposition effects are seen in soils for months after

decay, but biomass production rates recover over time. In addition, human-associated microbes persist

in soil for long periods of time and can thus serve as biomarkers for PMI estimates. An interesting note is

how one of the four cadavers experienced very different decomposition community structure despite

having similar gut flora. This could point to the importance of environmental differences such as slope

and temperature on decomposition. A critique I have on this study is how the facility has been used since

1980 for many studies, some of which were also decomposition studies. Researchers state that they

made every effort to obtain plots that were not previously used for decomposition studies, but I am

doubtful of this as 40 years of studies are difficult to trace, and decomposition effects can spread out

over time.

Cockle, D. L., & Bell, L. S. (2015). Human decomposition and the reliability of a ‘Universal’ model

for post mortem interval estimations. Forensic Science International, 253, 136.e1-136.e9.

https://doi.org/10.1016/j.forsciint.2015.05.018

Conducted by distinguished researchers within Canadian archaeology and criminology from

Simon Fraser University, this study sought to examine the validity of formulae proposed by Vass in 2011

that attempts to further delineate the sometimes vague post-mortem interval (PMI) formula. Of the two

formulae critiqued in the study, the first (Formula I) is based on humidity and temperature, and regards

above ground decomposition. The second formula (Formula II) was examined only for its use of a value

of 4.6, which is said to represent the standard ratio of time that burial decelerates decomposition rates.

The study was conducted solely using Canadian cases; 96 on surface decomposition, and 22 on buried

decomposition. These cases were randomly selected from over 7000 death investigations using the

Violent Crimes Linkage System (ViCLAS) and the Ottawa Police Service (OPS) sudden death databases,

and include solved homicides and suspicious deaths. Of the 22 burial cases, 17 were in shallow graves

such that parts of the body were visible prior to digging, and 5 were not visible. The cases range from

Saskatchewan, British Columbia, Alberta, New Brunswick, and Ontario, however 81% of the outdoor

cases are from Ontario and British Columbia. To assess the validity of the Formula I, average temperature

and humidity conditions from the Canadian National Climate Data and Information Archive were

cross-referenced with case photographs taken on the day of discovery of the body and then later
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classified into 1 of 8 stages of decomposition. Only 36 of the 96 above ground cases were selected, as

they had no evidence of scavenging, were not exposed to freezing temperatures, and had a PMI of one

or more days. To connect to the Canadian context, six cases that had been exposed to freezing

temperatures with longer PMI’s were selected to determine the impact of cold temperatures on the

formula’s accuracy. To match metrics in Formula I by Vass (2011), the numerical stages of decomposition

were converted into percentages. To assess Formula II, soil moisture and temperature on the day of

discovery were key factors that could not be ascertained by researchers. Cockle and Bell examined the

value of 4.6 in a Canadian context, which Vass (2011) proposed as the average rate of buried

decomposition. Comparing the actual PMI with the PMI derived from Formula I, researchers found that

Vass (2011) consistently underestimated the PMI for cases with freezing and/or cold temperatures, and

overestimated the PMI of bodies found on the surface in warm temperatures. The error rate for colder

climates was as much as 3 times underestimated, while warmer climates was nearly 30 times

overestimated compared to the actual PMI. They conclude that the constant of 4.6 in Formula II could

not be validated. From this, it can be seen that the rate of decomposition is highly variable, and the need

for Canadian PMI’s are necessary. I would argue that PMI’s based on ecozone or province are much

needed, as the researchers mostly examined cases from British Columbia and Ontario, which can have

very different humidity and temperature levels. Overall, I agree with the researchers emphasis on

freezing/cold climates having a significant impact on decomposition, as well as the lack of province or

ecozone-specific research in Canada relating to the topic.

Cockle, D. L., & Bell, L. S. (2016). The environmental variables that impact human decomposition

in terrestrially exposed contexts within Canada. Science & Justice, 57(2), 107–117.

https://doi.org/10.1016/j.scijus.2016.11.001

This study examined environmental variables that impact outdoor decomposition in Canada in

order to further delineate the post-mortem interval (PMI) measure in a local context; this is a measure

derived from time passed since the date of death to the date of discovery, and is commonly used by

death investigators. Published in the journal of Science and Justice, this article contains over 100 police

death investigation cases, which were classified based on stage of decomposition, and then assessed for

their PMI and temperature accumulated-degree-days (ADD). This being said, Cockle and Bell aimed to

determine if time or temperature is more useful to predict decomposition levels in Canada. There were

originally 358 cases, which were selected using the Violent Crime Linkage Analysis System (ViCLAS) and

sudden death investigations from the Ottawa Police Service. These cases were selected for the

completeness of data and accessibility to the physical files, and from this only 121 cases were used in the

study as these related to outdoor exposure. Researchers note that from the final 121 relevant cases, 25

were removed as outliers due to PMI’s that extended multiple years. The researchers assessed the cases

by creating a classification system of decomposition stages ranging from 1-8, citing Canadian literature as

the basis for their system, and using crime scene and autopsy photographs. PMI was derived from this

classification and measured in days. ADD followed by adding all positive mean daily temperatures during

the duration of the PMI in which the body was exposed to outdoor elements. Simple least square

regression analysis was used to observe variability between either measure; strength of correlation is
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assessed here. Linear regression was used assuming the regression model was linear in the coefficients,

and curve straightening using log10 in order to replicate a keystone study of similar nature by Dr. Mary

Megyesi in 2005. Factors that were also included in the study are: cold and freezing temperatures, sun

exposure, and precipitation. These were recorded by again examining crime scene photographs and

nearby weather stations, and analysed using general and stepwise regression. The results state that PMI

and ADD scores are not significantly dependent variables for decomposition; 43.1% ADD and 44.8% PMI

correlation is not considered high. In addition, the amount of precipitation and clothing were not

significantly impactful on the speed of decomposition; combined, they had a P value of 0.851. Another

interesting finding is how temperatures at 4 degrees Celsius or below showed a delayed onset of

putrefaction. Lastly, decomposition occurred slightly faster in fully shaded environments. This research

concludes by suggesting that there is a gap in researchers’ understanding of variables that impact

decomposition in Canada, in contrast to the extensive work done in the United States. It also calls into

question the methods used to establish the PMI, which has been evidently ineffective in determining

rates of putrefaction and skeletonization. I highly commend the researchers for publishing work that may

go against current research standards in forensic science, particularly PMI rates, and it is the first study of

its time to establish that the onset of putrefaction is delayed in Canada.

Janaway, R. C., Percival, S. L., & Wilson, A. S. (2009). Decomposition of Human Remains.

Microbiology and Aging, 313–334. https://doi.org/10.1007/978-1-59745-327-1_14

In Microbiology and Aging, chapter 14 outlines the decomposition of human remains. Here,

assessing all stages of decomposition, specifically with skeletonization/final stages are key to gathering

research on grave renewal and the long-term outlook of natural burial grounds. By compiling key forensic

science data at the time (2009) writers state that decomposition of human remains can take between 3 –

12 years; liquefaction and disintegration occur, which is then followed by skeletonization. Skeletonization

refers to the loss of soft tissue, and can take many years where only the teeth, bone, and cartilage will

remain. Fungi and bacteria aid this process. The chapter also highlights how burial depth has a significant

impact on preservation of the corpse; deeper burials slow the rate of decomposition due to low

temperatures, distance from floral and faunal decomposers, and poor gas diffusion. They also note that

in more damp and oxygenated soils that are sandy and/or loamy, the bone surface may warp and crack

while moistening and drying through climatic changes. Bone from acidic peat deposits are broken and

melded together again through weathering and moisture changes, creating hard interwoven fibres of

bone that break down much more quickly than bone in non-acidic environments. Overall, the chapter

summarised in great detail the physical and chemical changes to both the body and surrounding

environment during all stages of decomposition, as well as providing a structure for stages of

decomposition. It is highlighted how decomposition rates can be incredibly variable among different

individuals with varying body compositions, as well as different ecosystems with varying climatic and

nutrient characteristics. Acid was highlighted as the most influential agent of bone destruction. This

means that when conducting substrate sampling of natural burial grounds, soils that are acidic will speed

up the rate of decomposition.
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Singh, B., Minick, K. J., Strickland, M. S., Wickings, K. G., Crippen, T. L., Tarone, A. M., Benbow, M.

E., Sufrin, N., Tomberlin, J. K., & Pechal, J. L. (2018). Temporal and Spatial Impact of Human

Cadaver Decomposition on Soil Bacterial and Arthropod Community Structure and Function.

Frontiers in Microbiology, 8. https://doi.org/10.3389/fmicb.2017.02616

In addition to plant communities, decomposition can support arthropods in surrounding soil.

This US study, published in the journal of Frontiers in Microbiology, studied long-term effects of human

cadaver decomposition on arthropod microbial structure and community structure. 11 cadavers were

studied at the Forensic Anthropology Research Facility in San Marcos, Texas for a range of 3-732 days, at

distances of 0, 1, 5m from the cadavers. The area is classified as a grasslands/savanna ecosystem, with

clayey soils underlain with limestone. The soil around each cadaver was sampled from one to three times

over the course of the study period, and air temperature and precipitation data were collected from the

National Oceanic and Atmospheric Administration. From the soil samples, DNA extraction and pH

analysis were conducted to assess bacterial community composition. Soil arthropods were extracted

from these samples as well, and were identified using taxonomic keys for collembola, prostigmata,

mesostigmatid, and oribatid mite families. Data collected was analysed to see the effect of distance from

cadaver on arthropod community and soil bacterial composition and function; this was achieved through

permutation (PERMANOVA), and visualised with principal coordinates analysis. Further analysis to test

for the effect of various taxa on community or soil function between the three sampling depths were

determined using the SIMPER test. Lastly, Mantel tests were used to examine relationships between

bacterial community function and arthropod community composition. A combination of linear and

nonlinear regression models were used to assess the relationships between spatial and temporal study

elements, which were conducted in R. The results show that the largest bacterial responses were

observed directly beneath the cadaver, with most bacteria found being naturally abundant in the human

gut. Researchers conclude that arthropod community composition was unrelated to bacterial community

composition. In terms of soil chemistry, they did find that mineralizable-C was 6.8 – 7.4 times greater at

0m compared to 1 and 5m. This study is key in studying the environmental implications of decomposing

human remains in relation to long-term invertebrate community structure and function. This is key to

the study of natural burials in Canada, as there are not many long-term studies done on human

decomposition that extend beyond simple soil chemistry and further into ecosystem linkages. Although

the article was interesting, it did not necessarily provide a definitive answer on human decomposition’s

impact on specific arthropods, and it did not provide enough preliminary information on the differences

between various arthropods found. Another issue is how some ecosystems experience more mass die

offs than others, which would thus have an effect on the data collected from this same type of study

done in a different area. So, to relate it to a specific burial ground in Canada would require specific

testing for the particular site. In addition, it would be beneficial to have research on cadavers that have

not been embalmed.

Conclusion

This review found that the decomposition process is incredibly variable around the world,

particularly in regards to rates of skeletonization. Surrounding biotic communities can be supported by
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this process, and in Canada, there are common themes seen within decomposition. In work by Bell

(1995) and Janaway et al (2009), skeletonization and other features of advanced decay are incredibly

variable and are aided by nearby floral and faunal agents of decay, such as fungi and acidic soils. In

connection to this, work by Cobaugh, Schaeffer, & DeBruyn (2015) and Singh et al (2018) exemplify the

rapid changes seen in microbial and arthropod communities post mortem, most notably in the active

stages of decomposition. Their research highlights how these changes eventually return to normal levels

after the advanced stages of decomposition have taken place. Brabazon et al (2020) and Cholewa, Bonar,

& Kadej (2022) highlight how plant communities can also be affected by decomposition; they found that

plants show biochemical changes just as the soil does during decomposition. Notably, they found that

plants thrived off of the excess nutrients from decay. Lastly, Benninger (2009) and Cockle & Bell (2015

and 2016) demonstrated the variables related to decomposition in Canada, specifically how the PMI is

not a universal standard for regions that experience freezing temperatures. Although the research was

extensive on all fronts, there are some missing gaps; I would’ve liked to see more long-term, Canadian

studies seeing as all did not extend past a few seasons. To truly understand the effect of our climate on

decomposition will take many decades of continuous research, which I am sure is occurring presently. It

would be very interesting to see further research done on identifying where bodies may be buried based

on spectral reflectance.
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Appendix C: Consent Forms

CONSENT FORM
PROGRAM ACTIVITY: EMX/EMD Credit for Product I and II Courses Fall 2022 and Winter
2023

NAME: Carrie Hoskins______________________________________________________

ADDRESS: 937 Ralphson Crescent, Peterborough On____________________________

TELEPHONE: 705 931 2391_ E-MAIL ADDRESS: carrie.godiva@gmail.com___________

Pursuant to section 39(2) of the Freedom of Information and Protection of Privacy Act,

I, Carrie Hoskins hereby consent to:

a) the use of personal information obtained during interviews, and
b) the use of any photographs, digital images or files, audio or videotape taken by
College personnel or by individuals contracted by the College for such purpose.

I understand that my personal information will be used for promotional purposes which includes
College publications, broadcasts, website, blogs, and / or use by the public media when that
media requires my information in connection with the printing / broadcasting / web posting of
College related publicity.

Date: March 31,2023 Signed: Carrie Hoskins

Your personal information is collected under the authority of Fleming College and s.2 of the
Ontario Colleges of Applied Arts and Technology Act, 2002. It is collected for the purposes of
recruitment, and other activities related to communicating about the College's programs and
services and may be shared with our authorized service providers for these purposes. At all
times, it will be protected in accordance with the Freedom of Information and Protection of
Privacy Act. Inquiries may be directed to Heather Kerrigan, Fleming College Marketing
Consultant, at 599 Brealey Drive, Peterborough ON K9J 7B1 or telephone 705 749 5530 ext.
1286
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Appendix D: Report Research Methods: Overview and Reflection

To complete the case studies, several NBG’s and land trusts were contacted via email in order to learn

more about their practices and the benefits of forming relationships between NBG’s and land trusts.

The following is a list of NBG’s and land trusts that were contacted, along with their contact information.

● Nogies Creek Natural Burial Ground, ON, https://www.nogiesnaturalburial.com/

● Carolina Memorial Sanctuary (NBG), NC, https://carolinamemorialsanctuary.org/

● Conserving Carolina (land trust), NC, https://conservingcarolina.org/

● The White Eagle Memorial Preserve (NBG), WA,

https://www.naturalburialground.org/an-introduction

● Prairie Creek Conservation Cemetery (NBG), FL,

https://www.prairiecreekconservationcemetery.org/

● Alachua Conservation Trust (land trust), FL, https://www.alachuaconservationtrust.org/

● The Barton Glebe Burial Ground (NBG), UK, https://www.arborytrust.org/about-barton-glebe

● The Arbory Trust (land trust), UK, https://www.arborytrust.org/about-arbory-trust

As the majority of the NBG’s and land trusts listed above were unresponsive to inquiries regarding their

practices and working relationships, most research presented in this report has been conducted via their

websites.
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