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Introduction 

 Human beings have a unique capacity in the worldwide spectrum of species to control and 

manage the natural environment to suit our needs and desires.  There are numerous examples of 

how we do this including but not limited to natural resources extraction, altering naturally existing 

landscapes and harnessing and harvesting the natural environment to simplify and enrich our lives.  

We as humans have become so adept at utilizing the natural environment for our benefit that we 

often take for granted the enormous damage we are causing the natural ecosystems, often leaving 

irreparable and irreversible consequences.  These consequences without remediation efforts, are 

not a sustainable practice.  Without efforts to restore our natural resources, we risk significant 

deterioration of the quality of the very resources we require to survive. 

 The negative impacts our practices are having on the natural environment from our 

societies and industries still continually contribute to environmental degradation through 

mismanagement of processes, poor environmental sustainability practices or simply lack of 

concern for the damage that is being imparted upon our natural ecosystems.  Although there have 

been efforts to manage conservation for nearly a century there are still enormous challenges that 

need to be addressed, managed and reconciled to effectively manage our natural resources in a 

sustainable manner.  While western society has generally recognized that environmental and 

sustainable practices are required for the collective good of society and our planet, often this falls 

to the wayside of economics.  Even our primary natural resource water, required for the most basic 

environmental functions of every organism on this planet has faced and continues to face 

incredible challenges in being managed and maintained in an environmentally sustainable, 

responsible way.  This can be seen particularly in the collective management of our watercourses 

and bodies of fresh water where diminished water quality has negatively impacted the natural 
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ecosystems of these areas.  This is seen with the continual presence of algae blooms impacting 

bodies of source water such as the Laurentian Great Lakes system found in North America, with 

Lake Erie being arguably the worst impacted.  These algae blooms are largely a result of nutrient 

loading into these bodies of water.  Of concern is the amount of phosphorus (P) that is being loaded 

into the waterways as it is particularly problematic since it is a primary contributor to poor water 

quality that create eutrophication conditions that cause algae blooms.   

 Agricultural practices are often blamed as being the main contributor to the problem, this 

statement is an overarching generalization.  There are many subsectors of the agricultural sector 

that can negatively impact water quality with such severity that it continues to contribute to 

increased algae blooms, but each subsector category needs to be reviewed separately as agriculture 

is a very dense sector to review.  Looking at a subsection of the agricultural industry, a practice 

that is heavily regulated to avoid environmental impairments is that of the sewage biosolids 

management industry.  An industry that utilizes municipal sewage on agricultural fields for its 

nutrient and organic matter content to reinforce and build up soil health.   This study will look at 

how the management of biosolids is highly regulated industry that operates a considerably 

sustainable practice.  Comparative to other agricultural practices it may be one of the least likely 

culprits in contributing to eutrophication and the regulatory framework that it utilizes could serve 

as a model to better manage nutrients in the environment in the overarching agricultural sector.  

 The agricultural industry is fragmented and it along with other sources of nutrient loading 

needs to be brought under a governance model to begin mitigation efforts to resolve the ongoing 

eutrophication of our waterways.   
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Breakdown of study 

 Understanding the forces that create eutrophication conditions are critical to understanding 

how to properly manage the negative implications of agricultural practices.  Furthermore, it is 

important to understand how the regulations mandated in the biosolids management industry limit 

and minimize these risks.   An examination of what eutrophication is; its history in the Great Lakes, 

the consequences of it and which stakeholders are impacted will illustrate that the eutrophication 

conditions that cause algae blooms are an increasingly important and complex problem to 

understand and manage.  But most importantly this understanding is required to create an effective 

solution.   

 By understanding the problem thoroughly it will allow for the creation of a governance 

model that can have effective problem management tools.  As mentioned earlier, the management 

of biosolids is a heavily regulated industry, and arguably one of the strongest under the agriculture 

umbrella.  As such a review of the regulations with respect to land application of biosolids 

throughout the five jurisdictions that are in the Lake Erie watershed area will illustrate the strength 

of the regulations to establish how the regulatory framework of the industry works.  By 

understanding the regulations an appreciation will be gained for what implications there are from 

the beneficial reuse of biosolids on agricultural lands, its impacts on water quality and climate 

change; as well as what are the implications of biosolids use on public and private stakeholders.  

Ultimately through the regulatory framework in place for biosolids management across numerous 

jurisdictions, the practice when operated under these regulations is a safe and important operation.  

Additionally, a review of other sources of P that contribute to the eutrophication problem will 

illustrate that nutrient management is a complex macro problem and needs an effective governance 

model that transcends agricultural and other sectors that contribute to the problem. 
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 This is important because these other sources of nutrient loading are enabling the 

propagation of conditions that allow for eutrophication.  As mentioned previously, biosolids 

simply fall under the umbrella of agricultural practices.  These other sources of P, are also 

problematic and illustrate that other sources also are negatively impacting the natural environment 

and bodies of water; and as such will be reviewed to assess their contribution to the problem.  To 

add to the complexity of the problem other sources that create increased suitable conditions for the 

exacerbation of eutrophication like eroding or degraded soil quality and climate change weather 

events will also be reviewed.  

 It’s clear that there is no unitary contributor of P that poses a significant challenge to the 

governance of the problem.  The agriculture industry is identified as the primary cause of nutrient 

loading of P into our watersheds leading to eutrophication conditions.  But this is where a 

significant challenge begins as the agricultural industry is generalized into a singular industry.  But 

the reality is there are many differing agricultural operations that occur under its banner.  As such, 

nutrient management under a generalized banner is a wicked problem.1  To overcome these 

challenges a review of the industry integration, policy regimes and governance models is required 

to understand the challenges more thoroughly in order to pave way for an enhanced governance 

model. 

 It is important to identify the various agricultural operations to quantify their contributions 

to the eutrophication problem because better integration of these source polluters is required to 

build a sustainable governance model to manage the problem effectively.  All stakeholders need 

to come together to manage these problems in a governance model that takes all factors into 

                                                           
1 Horst WJ. Rittel and Melvin M. Webber. "Dilemmas in a General Theory of Planning." Policy sciences 4, no. 2 
(1973): 155-169. 
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account.  Without all parties contributing there is a significant challenge in creating effective and 

lasting institutions. 

 Lastly, I will provide an assessment of where we are currently, where we need to be and 

how we can get there.  This will include alternative approaches, policy considerations as well as 

concluding remarks.  This is important since finding a solution is imperative, as this issue is 

causing a host of concern and problems for many stakeholders.    Looking at Lake Erie, the 

complexity is apparent.  The stakeholders are far reaching, they are from two sovereign nations, 

with five subnational governments and numerous local authorities.  The nongovernmental 

stakeholders impacted can include but are not limited to groups like: farmers, residents, business, 

flora and fauna and aquatic ecosystems.  All of which need to be included in the management of 

the challenge. 

 It will be confirmed that there is no unitary actor to blame for the increased nutrient loading 

that is contributing to the conditions that allow for eutrophication.  While agriculture is primarily 

accused of being the major problem it must be clear that this is a generalization that is unfair to 

the many other players that fall under the agricultural sector banner, like biosolids.  

 This is a wicked problem, a series of complex problems that requires complex solutions.  

No single actor can provide an all-encompassing solution, nor should they. The current method of 

blaming specific sectors needs to be re-evaluated and reworked.  Instead of placing the blame on 

industry counterparts, what is required to fix the problem is an alternative method of management.  

A method that utilizes a governance model that takes all stakeholder accounts in consideration.    

An industry governance model will take into account that all stakeholders want the same thing, 

but they need to engage each other to achieve that goal.   
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Eutrophication 

 The Great Lakes system is perhaps the most valuable natural resource in all North America.   

Freshwater is becoming increasingly scarcer throughout the world and protecting our bodies of 

freshwater is of vital importance.  However, despite efforts to manage water more effectively, as 

evidenced with the Canada-US Great Lakes Water Quality Agreement (GLWQA), the protection 

and sustainability of this key natural resource has been difficult to achieve.  Of concern is the 

continued challenges faced by the Great Lakes, particularly Lake Erie with respect to water quality 

being negatively impacted and degraded through increases in nutrient loading of watershed areas 

that ultimately are creating severe consequences due to their contribution to eutrophication.    

 There are a variety of causes and impacts that are contributing to the eutrophication 

conditions that are the leading cause of algae blooms in our bodies of freshwater.  It’s widely-

accepted that is eutrophication is being exacerbated by excessive nutrient runoff into natural 

aquatic ecosystems with a primary source being contributed from agricultural practices.  While 

this may be true there is a challenge with using agricultural practices as an all-encompassing 

statement, as the agriculture industry is a complex entity with many different facets, regulations 

and subsectors of the industry that are included under the agricultural umbrella.  This includes the 

use of biosolids, that as will be shown is of little consequence in the grand scheme of agricultural 

practices, arguably it may be the best regulated practice within the agriculture industry. 

 To get an appreciation of the complications faced by bodies of water with respect to 

eutrophication it is important to first understand what eutrophication is and how it occurs.  

Secondly, what are the consequences of eutrophication, and who does this impact?  And lastly how 

does the land application of biosolids contribute to the eutrophication problem? 
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What is eutrophication and its history in the Great Lakes? 

 Water quality issues have been an acknowledged problem with respect to the Great Lakes 

of North America since the 1950s, and awareness of the issue was significantly heightened through 

the 1960s and 1970s.2  Studies to understand the water quality conditions within the lake revealed 

that eutrophication conditions were the primary cause of the adverse water quality conditions 

found in the Great Lakes.3  Eutrophication is defined as the nutrient enrichment of bodies of water 

leading to exacerbating aquatic plant growth.4  This is primarily caused by excessive phosphorus 

availability in our bodies of water.5  These eutrophication conditions lead to problematic algae 

blooms found in freshwater systems, specifically Lake Erie.  The problem had become so severe 

in the 1960s and early 1970s that in response to the issue in 1972, the Canadian and United States 

(US) federal governments implemented and further revised in 1978 the bilateral agreement the 

GLWQA.  This agreement intended to take urgent action on the environmental conditions in the 

Great Lakes, particularly to reduce amounts of phosphorus loading.6   While there was success 

with the initiative through the 1980s, water quality challenges returned in the 1990s and have 

remained a recurring problem to manage ever since.    

What are the consequences of eutrophication? 

 The consequences of eutrophication are not simply limited to excessive nutrient loading 

into bodies of water resulting in increased growth of algae.  The consequences are very real and 

can have a harmful impact on the propagation of algae blooms.  There are typically two specific 

                                                           
2 James J. Fitzpatrick and Dominic M. di Toro, “A History of Eutrophication Modeling Lake Erie,” 
http://www.ijc.org/php/publications/html/modsum/fitzpatrick.html Accessed May 30, 2017. 
3 Morgan M. Steffen, B. Shafer Belisle, Sue B. Watson, Gregory L. Boyer, and Steven W. Wilhelm. "Status, causes 
and controls of cyanobacterial blooms in Lake Erie." Journal of Great Lakes Research 40, no. 2 (2014): 215-225. 
4 Government of Canada, Ministry of Climate Change, 
https://www.ec.gc.ca/air/default.asp?lang=En&n=64CD2186-1  
5 Steffen et al, “Status, causes and controls of cyanobacterial blooms in Lake Erie”, 216. 
6 Ibid. 

http://www.ijc.org/php/publications/html/modsum/fitzpatrick.html%20Accessed%20May%2030
https://www.ec.gc.ca/air/default.asp?lang=En&n=64CD2186-1
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algae bloom variants that have impacted Lake Erie.  Firstly, there is nuisance algae blooms, usually 

Cladophora algae that first become problematic in the 1960s and 1970s in Lake Erie.7  This was 

caused by excess phosphorus in bodies of water that resulted in poor water quality, specifically in 

terms of water clarity and depleted oxygen levels in the water, or hypoxia.8  With the introduction 

of the GLWQA, the water quality improvement initiatives had a positive impact on the Great Lakes 

system, resulting from the P reduction strategies found in the bi-national accord.   

 Despite the initial improvements and success of P reduction that minimized algae blooms, 

the improvements did not last, as in the past few decades there has been a return of annual algae 

blooms in Lake Erie.  Recently however, this has been identified as the result of a second type of 

algae.  The recent recurrence of algae blooms has had a notable increase in the cyanobacteria 

strains of Microcystis sp. and Anabaena sp.  Both of which have potentially toxic characteristics.9  

While all eutrophication is similar with respect to excessive nutrient loading of bodies of water, 

not all consequences are the same, as there are toxic blooms and nontoxic Cladophora algae blooms 

as mentioned above.  Despite their different biology they are both stressors of the aquatic 

ecosystem, however with differing consequences.10  These consequences and stressors create 

negative impacts for the numerous stakeholders that are impacted as a result of being within the 

Lake Erie watershed area. 

                                                           
7 Fitzpatrick and Toro, “A History of Eutrophication Modeling Lake Erie.”  
8 Anna M. Michalak, Eric J. Anderson, Dmitry Beletsky, Steven Boland, Nathan S. Bosch, Thomas B. Bridgeman, 
Justin D. Chaffin et al. "Record-setting algal bloom in Lake Erie caused by agricultural and meteorological trends 
consistent with expected future conditions." Proceedings of the National Academy of Sciences 110, no. 16 (2013): 
6448-6452. 
9 Ibid. 
10 Anna Michalak et al, "Record-setting algal bloom in Lake Erie caused by agricultural and meteorological trends 
consistent with expected future conditions," 1. 
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Who is impacted by eutrophication? 

 Eutrophication impacts a variety of different stakeholders in a negative manner.  Looking 

specifically at Lake Erie it is easy to quantify how many people could be affected by water quality 

challenges as the Lake provides drinking water for more than 11 million consumers.11  The area 

provides habitat for flora and fauna, and supports various industrial activity such as tourism, 

boating, shipping and fishing amongst other economic drivers that account for billions of dollars 

of business.12   Below are examples of public and private interests that are negatively impacted by 

eutrophication of the Lake Erie, but similar eutrophication effects could also have adverse effects 

on other areas that are experiencing water quality and algae bloom challenges. 

Biosolids Land Application Impacts on Eutrophication  

 The brief look above of eutrophication, its consequences and the stakeholders impacted is 

looking at the large scale association of how agriculture is the primary source contributing to 

eutrophication.  However as previously mentioned, agriculture is a large complex industry sector.  

There are numerous sources of nutrients, notably P, that are contributing factors in eutrophication.  

But this needs to be reevaluated.  A thorough understanding of the subsector sources are important 

for not only understanding where the sources are coming from, but to better manage the problem 

since not all sources are contributing to eutrophication at the same intensity.   

 For example, the land application of municipal sewage biosolids is an agricultural practice 

that falls under the all-encompassing “agriculture” source of nutrient loading.  But this is not a fair 

assessment as biosolids are in no way a significant contributor to the problem for numerous reasons 

                                                           
11 Susan B. Watson, Carol Miller, George Arhonditsis, Gregory L. Boyer, Wayne Carmichael, Murray N. Charlton, 
Remegio Confesor et al. "The re-eutrophication of Lake Erie: harmful algal blooms and hypoxia." Harmful algae 56 
(2016): 44-66. 
12 Ibid. 
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particularly its regulatory framework under Ontario Regulation 267/03 and the Nutrient 

Management Act, 2002.  But also that the agriculture industry as a whole is enormous compared 

to the biosolids industry when considering the impacts of nutrients from other agricultural sources.  

For example, in Canada it is estimated that 50% of biosolids are land applied for their beneficial 

use qualities, but this in turn only represents about 1% of use on agricultural land in Canada.13  In 

the US, it is even lower with the United States Environmental Protection Agency (USEPA), 

estimating biosolids are applied to approximately only 0.1% of the agricultural available land 

annually.14  Furthermore, studies have indicated that the P in biosolids may not be as mobile as it 

is in other sources.15  This is based on what method of treatment it receives such as, but not limited 

to: digestion with iron, aluminum or lime additions.16  Taking into account this previous 

information it is unlikely that biosolids utilization on agricultural land is a significant source of P 

leading to eutrophication.   

 Additionally, the regulatory regimes in place for the management of biosolids make it even 

less likely that it is a significant source of P in waterways.  These regulations make biosolids a 

minimal concern with respect to agricultural practices compared to the large contributors to 

eutrophication.  The below regulations will indicate their minimal effects to environmental 

degradation. 

                                                           
13 Canadian Water and Wastewater Association, “FAQ – Biosolids,” http://www.cwwa.ca/faqbiosolids_e.asp 
Accessed July 15, 2017. 
14 Qin Lu, Zhenli L. He, and Peter J. Stoffella, "Land application of biosolids in the USA: a review," Applied and 
Environmental Soil Science (2012), 4.  
15 Rory O. Maguire, J. Thomas Sims, Steven K. Dentel, Frank J. Coale, and Joshua T. Mah, "Relationships between 
biosolids treatment process and soil phosphorus availability," Journal of Environmental Quality 30, no. 3 (2001): 
1023-1033.  
16 Ibid, 1023. 

http://www.cwwa.ca/faqbiosolids_e.asp
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Biosolids Regulatory Framework Surrounding Lake Erie 

History 

 Utilizing the valuable nutrients found in sewage waste has long been a practice throughout 

world history, however often without the digestion process that created a host of additional 

problems, such as sanitation related illnesses.17  Nonetheless, the beneficial use of human wastes 

has continued with one of the first modern examples being documented in Edinburgh, Scotland; 

where a sewage farm was utilized for human waste management.  However effective this method 

in managing waste was, it was ineffective in controlling associated health risks; leading to health 

epidemics and the push to improve and control sewage through legislative measures.18  As 

scientific knowledge and technology developed in the late 1800s, the management methods of 

wastewater changed and by 1890 discharge of partially treated wastewater effluents by new 

technological standards replaced land treatment of raw sewage as the primary management 

method.19  Comparatively in the US between 1890 and 1905, land treatment in areas with sewage 

treatment was the most popular management method.  The last major study of wastewater 

management occurred in 1930, where land disposal was considered only viable in the southwestern 

portion of the country. 20   

 By the 1950s issues with source water started to become a concern and it became clear that 

current wastewater management protocols were no longer acceptable, as nutrient pollutants were 

an increasingly contributing factor to eutrophication conditions.21  Initially efforts of management 

                                                           
17 United States Environmental Protection Agency, “A History of Land Application as a Treatment Alternative,” 
1979. 
18 Ibid, iii. 
19 Ibid. 
20 Ibid, iv 
21 USEPA, “A History of Land Application as a Treatment Alternative,” Iv. 
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focused on water pollution controls until the early 1970s, when the focus of pollution control 

shifted to the availability of agriculture as being a suitable pollution control management system.  

This was due to studies showing that agriculture could beneficially use the nutrients that were 

found to be polluting the surface waters.  Initially this resulted in a solution for decreased nutrient 

pollutants in waterways, by means of utilizing the nutrients in a land treatment capacity from the 

sewage waste.22  Land application of biosolids along with legislative changes providing for a 

regulatory framework to better protect bodies of water as implemented through the GLWQA 

allowed for a number of decades of success, however challenges began to arise again in the mid-

1990s and early 2000s as a result of the reoccurrence of algae blooms caused by eutrophication.23   

 Although the recurrence cannot be solely attributed to the use of biosolids on agricultural 

land.  The regulations with respect to the use of biosolids on agricultural land has like its history 

has indicated, been continually reviewed, revised and updated with increasingly more strict 

regulations.  Evidence of this is listed below in the review of the regulations of the jurisdictions 

surrounding Lake Erie.   

Canada 

 There has been a clear pattern of implementing a solution, problems arise, then 

implementing further regulations.  This can be seen in today’s regulations.  Various regulations 

have been in place to manage sewage biosolids for more than 30 years in North America.  The 

most current example of this in Canada is through the Canadian Council of Ministers of the 

Environment (CCME).  The CCME is an intergovernmental forum whose primary interest is on 

collective action for environmental issues of national and international concern, it has 

                                                           
22 USEPA, “A History of Land Application as a Treatment Alternative,” Iv. 
23 Michalak et al. “Record-setting algal bloom in Lake Erie caused by agricultural and meteorological trends 
consistent with expected future conditions,” 1. 
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acknowledged the concern of wastewater pollution on the natural environment.   In 2009 the 

CCME endorsed the Canada-wide Strategy for the Management of Municipal Wastewater 

Effluent.  The purpose of this strategy was to implement a wastewater discharge management 

framework throughout Canada so that there was a regulatory clarity and consistency throughout 

the country to allow for increased human health and environmental protections.  Interestingly 

enough because of this strategy it was expected that that the quantity of biosolids was expected to 

increase.24  As a result of the anticipated increase in biosolids, the CCME further developed the 

Canada-wide Approach for the Management of Wastewater Biosolids.  The CCME recognized the 

intrinsic beneficial use characteristics of sewage biosolids, and recognized that through effective 

management principles it could be utilized in several ways, while minimizing environmental and 

human health risks, in addition to minimizing greenhouse gas (GHG) emissions.25   

 Although this document is not a federally binding piece of legislation, it does outline the 

beneficial use and sound management of municipal biosolids to assist subnational regulators and 

generators to manage the material in sustainable manner.26  The key piece of importance of this is 

that the highest levels of each governing jurisdiction across Canada has indicated through the 

CCME that the beneficial use of biosolids, when managed appropriately is an effective 

management system that allows of nutrient recycling and protection of source waters while 

assisting in limiting the effects of climate change.  And as a national strategy recognized by each 

province’s Minister of Environment it encourages each province to manage biosolids in a 

beneficial way, and provides criteria to achieve this. 

                                                           
24 Canadian Council of Ministers of the Environment, “Canada-wide Approach for the Management of Wastewater 
Biosolids,” 2012, 1. 
25 CCME, “Canada-wide Approach for the Management of Wastewater Biosolids, 2 
26 Canadian Council of Ministers of the Environment, “Guidance Document for the Beneficial Use of Municipal 
Biosolids, Municipal Sludge and Treated Septage,” 2012, vi. 
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 While the CCME recognizes the inherent value of the resources in biosolids material they 

also realize that mismanagement of the material can have negative effects on the natural 

environment.  As such, the CCME Guidance Document for the Beneficial Use of Municipal 

Biosolids, Municipal Sludge and Treated Septage discusses the potential for biosolids to have high 

levels of nutrients and organic matter and makes recommendations on how to manage this in a 

sustainable manner.  Similar to managing farm manure, the CCME states that biosolids should be 

applied to land consistent to the nutrient requirements of the crop and to avoid excess supply of 

nutrients.27  The CCME recognizes that typically the application rate is based on the nitrogen (N) 

requirement and that other required nutrients be inputted as needed.  Understanding the nutrient 

value of biosolids the CCME smartly included a suggestion that when soil site conditions indicate 

high levels of P, that land application adjustments be made to account for this and base the 

application rate on P, rather than N, with additional N inputs additionally added.28  Furthermore, 

the CCME states that all land application must be completed in manner that protects surface and 

groundwater sources.  Additional methods of management have also been recommended by the 

CCME to reduce the risk of nutrient loading into water courses.  This includes considerations with 

respect to depth of groundwater, proximity to wells, tile drainage, primary direction of surface 

drainage and flood potential.29 Furthermore monitoring application sites to ensure soil nutrients, 

and ensuring biosolids quality to further protect human and environmental health.30   These 

strategies are suggested to provincial regulators to ensure safe and effective biosolids management, 

especially with respect to our sources of water.   

                                                           
27 CCME, “Guidance Document for the Beneficial Use of Municipal Biosolids, Municipal Sludge and Treated 
Septage,” 36. 
28 Ibid. 
29 Ibid, 42. 
30 Ibid, 74 
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 With respect to Lake Erie, this body of water has had significant historical and recent 

challenges with recurring algae blooms.  This is largely a result of nutrient loading from non-point 

sources from rural and urban sources that cause eutrophication in the lake.  While not to be blamed 

as the sole contributor of nutrient loading, the biosolids regulatory framework in Ontario must be 

reviewed to understand and gain an appreciation of the provinces biosolids management regulation 

within the context of the eutrophication risk and how through the regulations the risks of any 

negative consequences of land application can be mitigated. 

Ontario 

 As mentioned previously there is no federal legislation for the management of biosolids 

throughout Canada, the CCME guidance document simply provides an outline and management 

practices that should be heeded in subnational regulations.  As such, the regulations associated 

with application of biosolids to agricultural land is a subnational, provincial mandate.  The 

Province of Ontario is regulated by two governing agencies through two pieces of legislation, the 

Environmental Protection Act (EPA) is administered through the Ministry of Environment and 

Climate Change (MOECC); and the Nutrient Management Act – 2002 (NMA), administered 

through the Ontario Ministry for Agriculture, Food and Rural Affairs (OMAFRA).31  Each play 

an important role in the safe management of biosolids, the EPA governs any biosolids management 

activity post sewage treatment plant, this includes haulage, storage, landfill disposal and 

application on non-agricultural land.32  The NMA comes into force when the biosolids 

management method includes land application to agricultural field and includes management 

protocols such as prohibitions like separation distances and crop waiting periods.  Furthermore, a 

                                                           
31 Ontario Ministry of Agriculture, Food and Rural Affairs, “Non-Agricultural Source Materials (NASM),” 
http://www.omafra.gov.on.ca/english/nm/nasm.html.  Accessed June 15, 2017. 
32 Ontario Ministry of Agricultural, Food and Rural Affairs, Best Management Practices: Application of Municipal 
Sewage Biosolids to Cropland, Queen’s Printer for Ontario, 96.   

http://www.omafra.gov.on.ca/english/nm/nasm.html
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subsequent regulation under the NMA, Ontario Regulation 267/03, only allows biosolids 

application to agricultural land to occur if a provincially certified non-agricultural source material 

(NASM) plan developer has developed a NASM plan for the site in question, which must also be 

approved by OMAFRA.   

 Additionally, other regulations are in effect in the province to ensure biosolids quality 

before they are land applied.  This includes the Ontario Water Resources Act (OWRA) that governs 

sewage treatment plants or wastewater treatment plants (WWTP) throughout the province, it also 

ensures that all WWTPs meet strict requirements for design, construction, maintenance and 

operations; and that all of the WWTP operators are fully trained and certified competent 

operators.33  Sewer use bylaws are also an important component to the application of biosolids on 

agricultural land.  Municipalities that own WWTPs are responsible for ensuring operating 

compliance in their wastewater collection.  By having strict sewer use bylaws, municipalities are 

playing an important part in generating high quality biosolids that are capable of land application.34   

 This demonstrates the strict regulatory framework in producing and managing biosolids on 

agricultural land in Ontario.  It is not as simple has taking sewage and spreading the material on a 

field; there are many complex regulations and approvals that must be maintained and achieved 

before any biosolids are spread.  In addition to the province’s strict regulatory framework, the 

province has identified best management practices (BMPs) that aims to reduce the health and 

environmental risks of land applying biosolids.  These BMPs include: storage options at treatment 

plants and fields; during haulage and handling; contingency planning; application methods and 

equipment; and finally, site criteria that includes slope, soil types, drainage and distance to water 

                                                           
33 OMAFRA, “Best Management Practices: Application of Municipal Sewage Biosolids to Cropland,” 95. 
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bodies.35  The importance of this is that all of pieces work together to ensure minimal human and 

environmental risk.  This framework could be utilized to build the framework and agricultural 

industry-wide governance model.   

USA  

 Biosolids are also beneficially utilized on agricultural fields in the United States.  The 

federal United States Environmental Protection Agency (USEPA) echoes the sentiment of the 

CCME with respect to the beneficial use of biosolids.    This is seen in the Clean Water Act 

Amendment of 187, with the USEPA developing The Standards for the Use or Disposal of Sewage 

Sludge (Title 40 of the Code of Federal Regulations [CFR, Part 503], in 1993.  The intent of this 

regulation colloquially known as “the Part 503 rule,” or simply “Part 503” is to protect public and 

environmental health from “reasonably anticipated” adverse effects from pollutants that may be 

present in biosolids.36  Importantly it maintains that biosolids are a resource and should be used 

for agricultural purposes, as well as other beneficial uses, so long as it is managed in a safe 

manner.37  

 The regulations of Part 503 are further broken down into sections that examine various 

areas of management rules for biosolids.  These include: General Provisions, Requirements for 

Land Application, Surface Disposal, Pathogen and Vector Attraction Reduction, and 

Incineration.38  Particularly important to this study are the regulations regarding the land 

application of biosolids.  They are further broken down into the following regulations, which are: 

                                                           
35 OMAFRA, “Best Management Practices: Application of Municipal Sewage Biosolids to Cropland,” 45. 
36 United States Environmental Protection Agency, “A Plain English Guide to the EPA Part 503 Biosolids Rule,” 1. 
1994.  
37 Ibid, Foreword. 
38 USEPA, “A Plain English Guide,” 5. 



18 
 

 General Requirements (503.12) 

 Pollutants Limits (503.13) 

 Management Practices (503.14) 

 Operations Standards (503.15) 

 Frequency of Monitoring, Recording, and Reporting (503.16, 503.17, 503.18) 

 Part 503 is a good introductory document to federally regulate the land application of 

biosolids but it does miss some of the most important criteria required for the protection of the 

natural environment.  While it does regulate a variety of pollutants that can contaminate soils and 

waters, it fails to take it far enough.  For example, Part 503 regulates chemical pollutants as well 

as nutrient nitrogen, but it fails to directly provide a regulation or rule for the management of 

phosphorus.39  How Part 503 tries to manage this is through adopting an approach used by 

agricultural management of animal manures, which is to apply biosolids consistent with the N 

needs of the crop.  This is problematic due to accumulation of P in soils based on the N requirement 

of the crop.40  The challenge with this is that as applicators apply material in conjunction with the 

nitrogen needs of the crops, it fails to account for the P inputs that are being applied as well, a 

significant challenge as P is a leading contributor to eutrophication.  

 Further to this federal regulatory framework, subnational state governments are also able 

to implement their own biosolids legislation.  The federal Part 503 is the minimum basic 

requirements of beneficial use of biosolids, whereas state governments and local governments can 

                                                           
39 J. L. Schroder, H. Zhang, D. Zhou, N. Basta, W. R. Raun, M. E. Payton, and A. Zazulak. "The effect of long-term 
annual application of biosolids on soil properties, phosphorus, and metals." Soil Science Society of America Journal 
72, no. 1 (2008): 73-82. 
40 Ibid, 74. 
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implement regulations that are consistent with the federal regulations or stronger.41  Often the state 

regulations are stricter than Part 503 and can be seen in the examples below.  The states identified 

are important because the biosolids management practices in these jurisdictions directly impact 

Lake Erie, the area of concern with respect to the reoccurrence of algae blooms in recent years as 

it is the final receiving water of the surrounding tributaries.  

Michigan 

 In the State of Michigan, the land application of biosolids as an agricultural practice has 

been an effective management technique since the early 1990s.  Initially starting with 61,800 dry 

tons of material being utilized.42 The state peaked at a high of 91,000 tons in 2012.43 Michigan 

also has regulatory success and has implemented stronger minimum requirements than the USEPA 

Part 503.  Michigan’s own state regulation is the, “Land Application of Biosolids Rules” (Part 24).  

This state legislation deals specifically with only land application of biosolids and no other 

management practice such as incineration or disposal.44  Recognizing the complexity and the 

challenges associated with land application, particularly with respect to nutrients, Part 24 exceeds 

the minimum standards set forth by the federal Part 503.  This can be seen where the USEPAs Part 

503 stipulates the “biosolids application should occur at the agronomic rate and be equal to or less 

than the amount nitrogen (N) required by crops”, to provide plant available N and to minimize 

nutrient leaching.45  Michigan’s Part 24 strengthens and improves upon the federal legislation by 

requiring a stricter regulation that takes into consideration the amounts of phosphates and potash 

                                                           
41 Lee W. Jacobs and Deliana S. McCreary, “Utilizing Biosolids on Agricultural Land,” in Extension Bulletin E-2781, 
Department of Crop and Soil Sciences, Michigan State University,  2001, 12. 
42 Ibid, 3 
43 Michigan Department of Agriculture & Rural Development, “FY15_Biosolids_Annual_Report_517573_7,” 
Environmental Stewardship Division, 2016. 
44 Jacobs and Deliana, “Utilizing Biosolids on Agricultural Land,” 12. 
45 Ibid, 17 
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added by biosolids.  It also addresses P management; implementing limitations on agricultural 

application if soil testing proves elevated levels of P already exist in soils.46  Part 24 further 

mitigates application risks by implementing specific setback distances.  These are more stringent 

than the federal counterpart as Part 503 only looks at waters, whereas Part 24 requires setbacks 

from wells, surface waters, homes and commercial buildings, as well as soil depth to 

groundwater.47   

 Reviewing Part 24, it’s clear that Michigan exceeds the federal minimums with respect to 

the application of biosolids on agricultural lands and through these stringent regulations the 

application of biosolids should have minimal risk of negative impacts compared to that of regular 

fertilizer or manure agriculture operations.48  This is another example of how the biosolids industry 

is a risk mitigated subsector under the agricultural umbrella. 

Ohio 

 Ohio is likewise consistent with respect to regulations for the land application of biosolids.  

They are obliged to meet the minimum standard set forth in the USEPA Part 503 regulations, but 

Ohio has implemented more stringent rules to enhance the protection of human and environmental 

health from any risks associated with beneficial use on agricultural land.  Looking specifically at 

the environmental risk and impairments that could cause decreased water quality, Ohio has 

strengthened certain regulatory protocol to minimize risks associated with nutrient loading of 

waters, particularly P that would ultimately end up in Lake Erie; further contributing to the 

eutrophication of the water and in turn the reoccurrence of algae blooms.  This enhancement to the 

regulation became effective July 1, 2013 and is similar to Michigan’s regulations as it makes it a 
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requirement to evaluate both N and P loadings for beneficial use of Class B biosolids.  

Additionally, the updated regulation set forth a limit of P application based on soil tests from the 

application site.49  The revised regulations also included that land application sites must be 

authorized by the Ohio EPA which reviews site conditions such as; soil depths to bedrock; vicinity 

to public water supply wells and vicinity to residential areas (for odour management) before 

operations occur.  Not seen in other state regulations, the Ohio EPA also places restrictions on 

beneficial use when the weather forecasts predict .5 inch of rain within 24 hours of application on 

unincorporated or surface spread material.50  Furthermore, there are several other restrictions in 

place that look at criteria for winter spreading, flood sites and slope amongst other things.  

 These regulations that are stricter than the federal regulations indicate the concern Ohio 

has for potentially damaging agricultural practices leading to nutrient loading.  These regulations 

show that the management of biosolids for beneficial use is highly regulated by numerous agencies 

to minimize human and environmental impairment.   

Pennsylvania 

 Pennsylvania has a notable history of managing biosolids, their regulations of the 

management of biosolids even predate that of the USEPA’s Part 503 that came into effect in 1993.  

Land application was first regulated in 1977, but operations were conducted on a site-specific 

basis.  These sites were selected based on site assessments conducted by research scientists 

working under several northeastern US universities.51  As the research data grew, the scientists 

                                                           
49 Betsy VanWormer, Ohio Environmental Protection Agency, “Biosolids Rules, Ohio Administrative Code 3745-40,” 
2013. 15. 
50 Ibid, 17. 
51 Penn State College of Agricultural Sciences, Land Application of Sewage Sludge in Pennsylvania – A Plain English 
Tour of the Regulations, 2017, 1. 
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from these universities came to publish a bulletin in 1985 called, Criteria and Recommendations 

for Land Application of Sludges in the Northeast.   

 The importance of this is that these recommendations laid the foundation for the regulation 

of biosolids land application on agricultural land.52 A revision to the original 1977 regulation was 

completed in 1988 and had notable revisions that allowed for individual permits to be issued for 

land application, additionally the revision called for regular analysis of the sewage sludge and soils 

to be conducted.  These analyses looked at both pollutants and plant nutrients out of concern to 

better manage the material through utilizing better quality biosolids.53  In 1993, as the federal 

USEPA rolled out their Part 503 regulatory framework for the management of biosolids, 

Pennsylvania adopted the majority of the technical aspects found in this legislation but also added 

several of its own requirements that are still in effect today.  These include regulations that protect 

a number features that could be at risk with respect to application.  They are application prohibition 

in areas that are likely to adversely affect endangered species, or their habitat; application setbacks 

from perennial surface waters; source waters; and occupied dwellings.  Other restrictions factor in 

seasonal water tables and slope of land to limit potential run-off risk.   

 Pennsylvania like its state counterparts has implemented stricter regulations than its federal 

counterpart.  The regulations listed above indicate that the Pennsylvania state EPA understands 

the importance of protecting its waters and provides a suitable framework to avoid nutrient loading.  

Its history indicates that it has taken considerable action into limiting risk factors associated with 

biosolids application. 
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New York 

 The State of New York also lays adjacent to Lake Erie and any biosolids could have 

negative repercussions should mismanagement of the material contaminate its watershed.  

However, this ought not to be a major concern as currently New York State does not actively 

participate in the land application of biosolids.  Only 30% is land applied, the remainder is either 

incinerated, or landfilled.54  For the biosolids that are reused, the New York State regulations fall 

under New York State Regulation (6 NYCRR Part 360).  Like its state counterparts, New York goes 

further than the minimum regulations found in the federal regulations for biosolids land utilization.  

Subparts 360 4.3 and 4.4 account for a variety of information pertaining to application sites.  

Approval for permits are contingent on factors such as ‘site geologic and soil information, 

operational plan, biosolids quality, pathogen and vector reduction details, and application rates.’55  

Although these regulations are not as stringent as its state counterparts it still goes further than the 

federal minimums, indicating a regulatory framework that attempts to limit any risk to the natural 

environment and waterways. 

Summary of Regulations 

 The regulations noted above are dense in their original format but have been simplified to 

understand that in Canada and the United States the biosolids industry is a highly regulated 

industry that takes great care in minimizing risk to the natural environment.   These regulations 

show that the management of biosolids for land application purposes is not taken lightly by federal 

and subnational governments.  The dense regulations indicate that governments understand their 
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responsibility to human and environmental health, but also their obligation that resources need to 

be beneficially used in a responsible and safe manner.   

 As shown the regulatory frameworks for the beneficial use of biosolids in land applications 

is strong.  In the US, a minimum regulatory framework is codified federally through the USEPA 

Part 503.  This regulation is adequate; with various checks on the material and its management to 

minimize any risk to human and natural environmental health.  Of key importance with Part 503 

is that because it is federal legislation it sets the minimal standard for the management of biosolids 

on agricultural lands nationwide amongst states.  This ensures that no state can manage the material 

in a manner that could negatively impact human and environmental health and have its neighbour 

or other jurisdictions to deal with the consequences.  Furthermore, if states pursue the use of 

biosolids as beneficial resource for agriculture they are not only subject to the minimal federal 

regulations, but often they enact and abide by specific state regulations too, which are often stricter 

than the federally mandated laws.  This not only ensures a basic protection for human and 

environmental health, but further illustrates that states are better prepared to legislate laws and 

regulations specific to their geography and their states unique realities along with residents’ 

concerns.   

 Comparatively, in Canada there is no federal regulatory framework for the beneficial use 

of biosolids.  Although the CCME has endorsed the beneficial use of biosolids in the Guidance 

Document for the Beneficial Use of Municipal Biosolids, Municipal Sludges and Treated Septage, 

this document is not a legally binding regulation, it is a suggested biosolids management strategy 

endorsed by the Environmental Ministers of each province.  This pushes the management of 

biosolids down to each respective province.  As the largest province by population and whose 

watershed directly impacts four Great Lakes, Ontario has significant checks and balances on not 
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only the beneficial use and management of biosolids but also on sewers and wastewater treatment 

facilities.  This provides for consistent quality throughout the province prior to application.  

Furthermore, compared to its US counterpart subnational state governments, Ontario is better 

adapted to manage realities in its own province while adhering to a nationwide strategy for 

managing biosolids.  By pushing power down to the provinces the federal government allows 

provinces like Ontario to be the highest regulatory authority in the use of biosolids to ensure the 

protection of human and environmental health and minimize risk.   

 It stands to reason that the regulatory framework placed on the management of biosolids 

in the referenced examples typically exceed any minimum legislation.  The land application of 

biosolids is highly regulated by numerous agencies to minimize human and environmental 

impairment.  It is reasonable to assume that by following the regulations that many of the risks are 

minimized and the chance of nutrients negatively impacting the environment is mitigated.   

 There is a clear consensus amongst governments that when managed in an appropriate 

manner the land application of biosolids is an effective and sustainable practice.  Furthermore it is 

clear that the beneficial use of biosolids on agricultural fields is a highly regulated industry and it 

is arguably in the forefront of managing nutrients in a way that minimizes the environmental risks 

associated with practice.  As such, the strict biosolids regulations should serve as a governance 

model for nutrient management in other sectors under the agricultural industry as well as other 

sources of nutrients that are impacting the natural environment. 

Implications of Land Application of Biosolids 

 The review of the regulations identified above illustrate that the management of biosolids 

is highly regulated.  But for transparency, here it will be shown what implications land applying 

biosolids can have on agriculture, water sources, and climate change.   
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 A major implication of land application of biosolids rests with the risk associated with 

nutrient management.  Without proper protocols and regulations on the agricultural side of 

management there would be negative implications on the water side.   While the potential for 

nutrient runoff leading to environmental and subsequent human harm is a reality without 

regulation, mitigating factors like government regulations help to manage this risk to an acceptable 

level.  This can be seen in the agricultural and water quality implications when applied within the 

regulatory parameters. 

Agricultural Implication of Biosolids Use 

 Increasingly the world’s resources are being stressed to unmanageable levels.  This 

includes the valuable nutrients required by plants for healthy crop growth.   The land application 

of biosolids cannot solve the challenge of scarce nutrient resources, but it can limit it as biosolids 

contain many nutrients, particularly P and other micronutrients required for healthy plant growth. 

 By utilizing biosolids in a beneficial use capacity industry stakeholders are alleviating the 

pressure on P, which is a finite natural resource.  Typically harvested in mining applications from 

phosphate rock; which is the world’s primary source of commercial P, the world’s finite reserves 

are expected to be depleted within the next 50 to 100 years.56  This fact indicates that since P is 

required for plant growth and is becoming scarce, other sources such as biosolids must be 

increasingly used to sustainably manage the resource in a more efficient manner.   Generally, 

biosolids are rich in nutrients such as N and P; but the actual amounts do vary between sources 

due to differing treatment processes, origins and types of sewage.57  A comparison from the 

Province of Ontario of the nutrient value found in a tonne of biosolids suggests that one tonne of 
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57 OMAFRA, “Best Management Practices: Application of Municipal Sewage Biosolids to Cropland,” 32.  
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dewatered biosolids is equivalent in nutrient value to 35 kg’s of mono-ammonium phosphate.58  

Which compared to commercial fertilizers the levels of N and P found in biosolids are lower.  

Ontario estimates that in one tonne of dewatered biosolids, total N and P ranges are between 3.1-

7.0% and 2.2-4.5% respectively.  Which equates to approximately one-quarter to one-fifth the 

nutrient levels found in fertilizer mixes.59  It is estimated that up to 50% of the P found in biosolids 

is plant available in the first year of application,60 with another 40% becoming available in 

subsequent years.61  These figures are by no means a staggering amount of nutrients, but as P is a 

finite resource any means to harvest the nutrient is extremely valuable.   

 The agricultural concern however is that excess nutrient build up can occur with P, and can 

be problematic if nutrients are not managed in a sustainable manner through sufficient nutrient 

management planning.62  Compared to commercial and synthetic fertilizers, the use of biosolids 

as a nutrient source is arguably a safer resource due to the regulatory framework for management.  

Additionally, the use of biosolids as a soil amendment recycles the nutrients, which in the case of 

P as a finite resource nearing depletion worldwide, is only common sense that it be utilized as it 

would otherwise end up in a landfill and the nutrient value lost.  Although there is still concern for 

nutrient runoff, these concerns can be mitigated by effective nutrient management planning.  A 

common concern with respect to biosolids use is what impact it has on adjacent real estate values.  

But studies have found that real estate values have not been depressed due to the practice, but gives 

farmers better economical options.  Additionally, reclamation sites using biosolids have even seen 
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increases in real estate value in areas surrounding reclaimed areas.63    Indicating minimal 

economic impacts to property owners. 

 The implication of land applying biosolids to agricultural land also represents a significant 

societal cost reduction.  Land application of biosolids is a productive use of the material that 

beneficially reuses its nutrients and organic matter in an agricultural context.  Other management 

methods like landfill disposal are societal costs for taxpayers.  This is because landfilling is 

becoming cost prohibitive due to diminishing landfill capacity which has increased the cost of 

landfill tipping fees for materials.64  Not only does landfilling cost society more, but it wastes the 

valuable resources found in biosolids. 

 The implications addressed above indicate that biosolids are an economical and 

environmentally conscience resource.  The land application of biosolids is a positive agricultural 

practice so long as the material is utilized in a manner that minimizes environmental and human 

health risks.  By beneficially reusing biosolids on agricultural fields valuable nutrient resources 

are being harvested from the byproduct of the wastewater treatment process.  When managed under 

the regulatory frameworks set in place the evidence indicates that the risk of environmental 

impairment caused by the use of biosolids is minimal. 

Water Quality Implications of Biosolids 

 Similar to the use of biosolids on agriculture, there is also concern with how it impacts 

water quality.  If not managed carefully there is a risk to the natural environment through nutrient 

runoff contributing to the eutrophication of waters.  As indicated earlier, frequently biosolids 
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application is based on agricultural application rates for the N requirement by crops, not P.  Due 

to the N/P ratio of biosolids this often leads to meeting the N required for crops, but over 

application of P.65  While not harmful to plants, the over application of P can lead to soil saturation 

of the nutrient that can be problematic since soils with high levels of P have an increased risk of 

nutrient runoff or leaching.66  However, compared to commercial fertilizers the level of P is low.  

As indicated above, the amount of nutrients in a tonne of biosolids compared to commercial 

fertilizer is much lower, about one-quarter to one-fifth the nutrient levels.  The P is estimated to 

be up to 50% plant available in the first year and 40% in subsequent years.  Furthermore, studies 

indicate that the dissolution of P from soils amended with biosolids is four times slower compared 

to other fertilizers.67  Additionally, in studies that looked at soils amended with biosolids with 

higher aluminum and iron levels, these soils had a higher P retention than amended soils, 

suggesting that biosolids application can mitigate P runoff or leaching into waters.68   

 Although all sources reviewed indicated that more studies need to be completed to further 

verify the findings.  The indication is that solids amended with biosolids can typically retain more 

P nutrients than those that are unamended.  This suggests that by using biosolids as regulated; there 

should be little to no negative implications for water quality, and may actually serve as a source 

of nutrient retention. 

Climate Change Implications of Biosolids Use 

 Despite land application of biosolids being a terrestrial operation with obvious implications 

for agricultural and water quality, the use of biosolids in an agricultural land application capacity 
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also has the ability to influence atmospheric conditions.  This occurs through various soil 

management practices such as tilling, cropping patterns, pesticide and fertilizer use.  These effects 

have the ability to impact and influence atmospheric quality by enhancing soil ability to produce 

or consume gases such as carbon dioxide, nitrous oxide and methane.69  Studies on the land 

application of biosolids in an agricultural capacity have indicated that not only does its utilization 

offer soils a valuable source of nutrients like nitrogen and phosphorus, but it’s also a source of 

organic matter, typically 40-70% and organic carbon ranging from 20-50%.  The importance of 

this is that it has been hypothesized that the agricultural use of biosolids also assists in carbon 

sequestration from the atmosphere.  In a three decade long reclamation experiment, it was indicated 

that soil C sequestration capacity was increased, and this was correlated with the biosolids 

application rate.70  

 Furthermore, biosolids application can represent carbon retention.    In a study completed 

in the Pacific Northwest the use of biosolids showed significant C storage capacities in the soil as 

well as the biomass grown within the material, resulting in greenhouse gas emission reductions.71  

These are considered when the alternative method of biosolids management wastes the material 

by sending it to landfill.72  Indicating that through the organic matter addition biosolids can serve 

as a C sequester and storage when reused in agricultural soils.  Although these examples require 

more investigation there is the indication that biosolids when used in an agricultural capacity can 
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serve to store more C, compared to depleted soil resulting from past land use.  Ultimately helping 

to fight the ongoing climate change battle.   

Comparative Review of Biosolids as Sources of P vs the Agriculture Industry 

 The regulations associated with managing biosolids in the Lake Erie watershed limit the 

risk of application causing significant environmental and health implications.  However, when 

biosolids are placed under the entire agricultural sector and the entire sector is viewed as the 

primary source of nutrient loading of waters; the regulations for the industry that allow for the low 

risk application of biosolids are lost to the scale of the agriculture industry as a whole.  It is no 

fallacy that the agricultural industry is a significant source of nutrient pollutants of waters, but the 

subsector of biosolids utilization on agricultural lands only represents a tiny portion of this industry 

as previously indicated.  There are numerous examples that illustrate how the agricultural industry 

as a whole is impacting public and private stakeholders.  Below will illustrate the impacts of poor 

industry nutrient management, regulation and lack of governance models and how it has impacted 

public and private stakeholders alike.   

 Agriculture is arguably the largest contributor to increased P in the natural environment.  

This leads to negative environmental impairments that include diminished water quality leading 

to eutrophication conditions and the reoccurrence of algae blooms.  Previously reviewed was the 

biosolids subsection of the agricultural industry; which could have a potential P risk with respect 

to water quality, but through risk management its impacts are minimized.   As this practice is 

highly regulated to reduce the risk of nutrient loading, it should arguably be a model in the 

management of P and other nutrient management concerns.  While it may be a contributor it is not 

the primary culprit for the reoccurrence of algae blooms and increased eutrophication.  As such it 
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shouldn’t bear the sole burden of changing its practices or becoming even more regulated to make 

up for P concerns; as there are certainly other contributors to the problem.   

 The public and private impacts associated with nutrient loading needs to be addressed as a 

whole in order to gain a perspective of the enormity of the challenge that is encountered by the 

lack of a regulatory framework and the lack of governance to effectively manage the problem of 

nutrient loading of waterways.   

What is the public interest of biosolids compared to other sources? 

 The public interest to the use of biosolids on land agriculture fields typically comes from a 

variety of concerns with respect to the material.  This includes concerns but is not limited to 

pathogens, the attraction of vector and odour worries.  However, these concerns can be explained 

or mediated.  Wastewater treatment plants often have in their processes pathogen reduction 

treatments, this includes utilizing pH and temperature for reduction, as well as chemical 

disinfectants.  Additionally, natural processes also aid in the further reduction of pathogens, this 

includes sun, heat, drying and soil processes.73  To avoid vector attraction; the residual stabilization 

process during the wastewater treatment process works to minimize odours to ensure that the 

material is less attractive to vector.  While it minimizes odours it doesn’t not eliminate it.  But this 

can be managed by using odour suppressants and through agricultural practices such as direct 

injection, or quickly incorporating material into soil.74 

 There is public concern for the nutrients involved in the management of biosolids as 

discussed previously.  The regulations that cover the biosolids land application industry, 

                                                           
73 CCME, “Guidance Document for the Beneficial Use of Municipal Biosolids, Municipal Sludge and Treated 
Septage,” 36-37. 
74 Ibid, 37. 



33 
 

throughout a variety of jurisdictions illustrate that there is a strong regulatory framework that 

minimizes risk for nutrient loading.   As discussed earlier, biosolids application only represent a 

tiny portion of the agricultural industry less than 1% in Canada and even lesser in the USA at 

approximately 0.1%.  With this in mind it is clear that the regulations implemented to safely 

manage biosolids minimize the risk of environmental impairment.  

 Comparatively, looking at the generalized agricultural industry there is an enormous 

problem with managing nutrients, as indicated it is the primary source of nutrient loading.  Without 

an effective governance model that covers all contributing sources of P and strives to achieve a 

consistent regulatory framework, continued environmental impairments will occur.  However, 

managed in a way that respects regulatory measures and best management practices, the risks for 

environmental impairment greatly decrease.  If managed in an unsustainable manner, without 

following regulations and established practices, nutrient management problems from agricultural 

will continue to negatively impact numerous stakeholders.  With respect to the public interest there 

are a number of issues that poor nutrient management and the lack of a governance model in the 

agricultural sector exacerbates.   

 Without an effective governance model that regulates nutrient management in the 

agricultural industry, there is increased potential for environmental impairments such as nutrient 

loading of bodies of water.  These environmental impairments can have further negative impacts 

on numerous public interests.  For example, in Ontario people can utilize public areas for their 

own personal enjoyment, this includes public beaches and waterways that people can boat on and 

fish in.  However, the public use of these natural features can be greatly diminished by nutrient 

loading of waters that cause eutrophication.  Without following the regulatory frameworks and 

good practices identified above, the beneficial reuse of biosolids while not the sole source, can be 
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a contributor to eutrophication conditions.  But as argued, it is the strong regulations in the 

biosolids industry that minimize risk in utilizing it in an agricultural setting.  Comparatively, in 

the United States, generally speaking, agriculture operations has been found to be the source of 

more than half of the pollutants that enter waterways.75  As the primary source of nutrients it is 

easy to make the connection that diminished environmental quality from agricultural practices 

contribute to the degradation of waterbodies through eutrophication leading to recurrences of 

cyanobacterial algae blooms.  These recurrences have significant public interest implications. Such 

algae blooms can ultimately contribute to negatively impacting public health and the personal 

enjoyment of these natural resources.  These negative impacts can be quantified in terms of 

economic activity and personal enjoyment.  Looking at beach trips in 2011, the Ohio Department 

of Health estimated that the economic losses associated with beach closures at the Maumee Bay 

State Park was $1.3 million dollars. 76 A significant deficit in tax revenue; as well as the loss of 

personal enjoyment.   

 If agricultural practices are not managed in a responsible and sustainable manner such as 

the regulations identified above, important ecosystems like the Great Lakes will continue to 

struggle and perhaps cease to exist.  The impacts of our negligence as seen in toxic and nontoxic 

algae blooms can lead to devastating problems within the lakes ecosystem leading to low oxygen 

levels in water that result in increased mortality rates for animal, invertebrate and plant life.77   This 

is important because freshwater shorelines are areas of significant importance in natural 

ecosystems and have a large level of biodiversity.  They provide for natural ecosystem preservation 
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and survival.  Numerous species and living creatures require shoreline as natural habitat.  For 

example, shore birds use shorelines as feeding grounds and fish utilize the shallow water as 

spawning and nurseries areas.78  Shoreline areas are so diverse that the Province of Ontario states 

that ninety percent of all lake life is born, raised and fed in shoreline areas.79  As the advanced 

society with the ability to affect change in natural ecosystems it is our responsibility to manage 

our agricultural practices on behalf of the natural world and its inhabitants.  Since the issues 

originate with us it is our responsibility to protect these natural ecosystems.   

 Humans can disregard the natural environmental and perhaps even ignore environmental 

quality conditions so long as they are not directly affected.   But there is a significant concern that 

ought to gain the attention of the public with respect to diminished environmental quality from 

nutrient loading of source waters.  This concern is the significant public health implications 

associated with ongoing eutrophication of bodies of water.  As mentioned previously, 

eutrophication causes algae blooms, while unsightly and the cause of diminished personal 

enjoyment of public areas, they can also cause critical impairments to human health.  This is due 

to cyanobacteria that is found specifically in blue-green algae as cyanobacterial algae produce 

toxins that can cause adverse health effects.80  Exposure can occur orally, by ingesting 

contaminated fish, drinking affected water, inhalation of water spray or simply by skin contact.  

Furthermore, exposure through agriculturally produced food consumption is possible since toxins 
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can enter the food chain through agricultural practices.81  Understanding the public health risk that 

cyanobacterial blooms can cause to the human population is important as it creates awareness of 

the issue and creates a public interest that everyone can relate to, a critical health concern that 

requires attention from stakeholders.   

 It is understood that biosolids application falls under the agricultural umbrella, but as 

indicated previously it is a small percentage of the agricultural sector.  If not for the biosolids 

industry’s strict regulatory framework that is in place, the risk of nutrient loading could be greatly 

increased.  If all of the subsectors found under agriculture had such a strong regulatory framework 

and a more effective governance model, perhaps there wouldn’t be a need to address how nutrient 

loading of waters is impacting the public interest. 

What is the private interest of biosolids compared to other sources? 

 The private sector too has been negatively impacted by the lack of an industry wide 

regulatory framework and governance model.  These lack of regulations has led to environmental 

degradation through nutrient loading of waterways and can be seen in the economic implications 

caused to the private interest with respect to inland and coastal property values and commercial 

fisheries. 

 The issue of nutrient loading is not necessarily felt by the first-hand stakeholders, it is often 

those with private interests downstream from where runoff occurs.  Where nutrient runoff from 

mismanaged agricultural operations sites has led to nutrient loading that has contributed to algae 

blooms in bodies of water.  A 2015 report submitted to the International Joint Commission looked 
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at the economic benefits that a reduction in harmful algae blooms, such as cyanobacterial algae, 

would have on a number of topics, including property values.  The report found that there is a 

correlation between water quality and the long-term impacts on property values.  To quantify it, 

the report suggests that harmful algae blooms can have a 5% impact on property values near shore, 

and up to a 10% impact on shoreline properties.  This is equivalent to upwards of $242 million in 

property value impacts.82  While the nutrient runoff often occurs inland near agricultural areas, the 

effects are being felt in distant geographical areas where diminished property values are impacting 

owners and leaving them with little to no recourse to act due to the lack of an effective governance 

model.  

 Real estate and property owners are not the only private interests that have taken losses due 

to impacts of nutrient loadings of our sources of water.  Commercial fisheries have also faced 

economic hardship with respect to the impacts caused by eutrophication conditions.  The losses 

faced by private interests can be significant.  An example of this is can be found in a report by the 

International Joint Commission (IJC) that estimated that in 2011 algae blooms significantly 

impacted recreational fishing charters western Lake Erie, amounting to $2.4 million worth of 

economic losses for private fishing charter companies.83 There are significant challenges being 

placed upon the private interest by mismanagement of nutrients that is impacting the livelihoods 

of many rural and fringe economies and local ways of life.  These pressures need to be contained 

to allow for continued economic prosperity and enjoyment of life. 

 There is a clear correlation between the lack of a regulatory regime and governance model 

for the entire agricultural industry and its impacts on the environmental quality and stakeholders.  
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It is not even a localized problem; it is a widespread issue that needs to be addressed.  It doesn’t 

just impact the direct locality; it has adverse consequences that have far reaching implications for 

public and private interests alike.  These challenges have negative impacts on public interests such 

as recreation, natural ecosystem destruction and human health implications.  As well as private 

interests, such as land value, real estate and private business.  They involve a large number 

stakeholders each with their own, often conflicting interests indicating the complexity of the 

problem.  What is clear is that these challenges are increasingly complex and need complex 

solutions.  Currently there is a lack of an effective governance model that would serve all interested 

parties in achieving amicable solutions.   

 While mismanagement of any material with the potential to cause nutrient runoff can cause 

environmental impairments; following regulatory frameworks can diminish these risks.  The 

regulations currently in place for biosolids management in agricultural minimize this risk.  

However, it is the agricultural industry as a whole that’s needs enhanced regulations to bring its 

nutrient management protocols under control and up to date to protect the natural environmental 

and waterways from nutrient loading. 

 In the review of the agricultural and water quality implications there tends to be minimal 

environmental degradation risk associated with the beneficial use of biosolids on agricultural land.  

But the challenge is that utilizing biosolids on agricultural land makes it fall underneath the 

overarching agricultural practices umbrella.  This is problematic, as indicated earlier the 

characteristics, regulations and best management practice of managing biosolids are relatively 

strong and this allows minimal environmental and health risks.  However when biosolids practices 

are lumped into the overarching agricultural sector, the strong regulations and managing practices 
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that make its beneficial reuse so effective is lost.  Being lumped under agricultural impedes the 

recognition the biosolids regulations deserve as forming an effective model.  

Other Sources that Increase the Likelihood of Eutrophication  

 Eutrophication is the result of nutrient loading into bodies of water, but this effect is not 

the result of a singular contributor.  There are numerous other contributing factors that are causing 

the reoccurrence of algae blooms.  Below, there are further examples of sources of nutrient loading 

of waters that contribute to eutrophication conditions.  This illustrates why there must be a new 

governance model in place to better manage the nutrients that are entering our waterways. 

Erosion or Degraded Soil Organic Matter 

 Another area of consideration that must be reviewed when discussing sources that increase 

the likelihood of eutrophication is soil quality.  Although it is not considered a primary source of 

nutrients the importance of soil quality is integral to the maintenance of water quality, as a function 

of its natural characteristics it maintains and enhances water quality.84   However anthropogenic 

forces have caused severe degradation of soil and its natural processes; this is due to the 

intensification of agriculture to meet the demands of increased populations but without 

remediation measures, which has depleted soil quality.85  Of particular concern is the use of 

mechanical cultivation and row crops adversely impacting the physical characteristics of soil by 

increasing erosion and decreasing soil organic matter.86  Additionally, the importance of soil 

organic matter is not to be understated in the context of enhancing water quality because it plays a 
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85 Ibid, 121. 
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vital role in storing nutrients and water.87  Soil organic matter stores much of soil phosphorus and 

nearly all of the nitrogen.88  It also increases the water holding capacity in certain soils that allows 

for further prevention of nutrient runoff to bodies of water.89   The importance of this is that healthy 

soil, with an abundance of soil organic matter are able to sequester nutrients before they make their 

way to bodies of water and cause adverse harmful effects.   

 However, soil quality is not a constant and slight decreases in organic matter have been 

identified in Ontario in the past 15 years.  From 2002 to 2016 there has been an average soil organic 

matter content of 4.16%, which is a slight decline from 4.3% in 2002.  Areas such as Essex, 

Lambton and Kent counties have seen even larger decreases, an approximate 0.8% decrease has 

been identified in the same time frame, amounting to 16,000 lbs. less of organic matter per acre.  

This has resulted in significant decreases in water holding capacities and nutrient retention.90  This 

illustrates that the diminished quality of soils in agricultural areas are further contributing to the 

problem.  While nutrient loading is a problem, it is exacerbated by lower quality soils that are 

required to retain water and nutrients before they reach the watershed and further on to bodies of 

water where eutrophication and algae blooms can occur.  Soil structure improvement is a 

characteristic of utilizing biosolids on agricultural fields according to the CCME and the organic 

matter that is added during biosolids application serves to: aggregate soil particles, increase 

aeration and soil penetration and mitigate erosion.91  A clear indication of how biosolids 

regulations serve to improve the environment. 
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Development  

 Another source of nutrient loading causing eutrophication is ongoing development.  By 

developing areas that contain wetlands which naturally provide P sequestration, the increase of 

eutrophication greatly increases.  This can be seen in a 2011 study completed in partnership 

between Ducks Unlimited Canada and the University of Guelph.  The study found that wetlands 

naturally remove phosphorus from bodies of water and this natural feature can save municipalities 

about $300,000 a year for the removal of the nutrient.92  The evidence supports that the natural 

properties and process of the sensitive features are important to maintaining environmental 

standards.  Indicating that the natural features are not only green initiatives for preservation but 

they play an important role in the governance model to allow infrastructure to naturally remediate 

environmental challenges.  As such it is important to provide these protection to areas for the 

benefit of P sequestration.  Despite this wetlands are increasingly threatened by development. 

 Ongoing development is contributing to the eutrophication challenge as it creates another 

source of nutrient loading that is not taken as seriously as it needs to be.  This is despite the great 

economic and environmental value generated by natural ecological features like wetlands.  For 

example, the Black River subwatershed of the Lake Simcoe basin, has lost 3,647 hectares of its 

original wetlands and it’s estimated that if it were to lose all of these areas, the impacts would 

equal an expected 260% increase in nutrient loading.  The result of this would likely result in 

further environmental problems such as algae blooms as well as reducing the public’s enjoyment 

of natural features like bodies of water.93  
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 Although a small example of the significant challenge faced by nutrient management, the 

development and wetland destruction example indicates that protection of waters is not solely a 

problem that needs to be addressed by the biosolids, or agricultural industry alone.  But that all 

sources of nutrient pollutants need to be addressed through a governance model that would clearly 

delineate how to manage the problem and take stakeholders into account and also to hold them to 

task. 

Climate Change Weather Events 

 Climate change is a significant challenge to numerous industries and sectors, and many of 

them are struggling to cope with the challenges associated with its impacts.  Examining the 

agriculture sector, there are many facets and subsectors of the overarching industry that are being 

negatively impacted by conditions set forth by climate change.  Arguably the most significant 

challenge that the agricultural industry faces by the climate change challenge is erratic weather 

conditions as it has negative impacts on agriculture variables including soils, water, terrain and 

climate.  The unpredictable nature of weather has impeded farmer’s abilities to appropriately plan 

agricultural practices and cropping in accordance to the traditional weather patterns that many have 

been accustomed to over their lifetime.94 Furthermore, the shift from predictable weather cycles to 

erratic weather cycles has created the conditions that allow for increased nutrient loading of bodies 

of water.  A study of anthropogenic and climatic influences on eutrophication in the Eastern USA 

estuaries and coastal ecosystem indicated that “episodic”, or irregular weather events like floods, 

tropical storms and hurricanes are causing problematic soil erosion and nutrient loading to 
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receiving waters.95  Looking at several significant rainfall and flooding events related to hurricane 

events in the areas of the Chesapeake Bay and Pamlico Sound in North Carolina, these events 

caused severe ecological damage to the ecosystems including adversely affecting water quality, 

fisheries and notably transported floodwaters with sediment and nutrients into the receiving 

waters.96  Most importantly the subsequent negative effects illustrate what erratic weather patterns 

pertaining to severe rainfall and flood can have on a body of water, as these events caused a 

threefold increase in algae blooms and bottom water hypoxic conditions.97   

 Taking a local perspective, unpredictable and increasingly severe weather events have had 

negative impacts on infrastructure to the point that current sewer and wastewater systems cannot 

keep up with the erratic weather.  This in turn has negative consequences on the source waters as 

untreated and partially treated sewage is bypassed to watercourses when the infrastructure cannot 

keep up with the demand.  This can be seen in the Regional Municipality of Niagara, where in the 

month of May 2017 over one billion litres of diluted sewage was bypassed into waterways in 35 

separate events.  Sewage bypasses occur when infrastructure cannot keep with rainfall, 

overwhelming the combined sanitary and storm sewer infrastructure.98  This was a result of 

excessive rain in the spring season that had been in excess of 10 times the amount of rain typical 

for that time of year.99  Of the 35 events, 14 of those were sewage bypasses with no treatment at 

all, and 21 of them received primary treatment.  The importance of this is that nutrient removal 

occurs in secondary treatment.  Of additional concern is that 35 bypass events occurred in one 

                                                           
95 Hans W. Paerl, Lexia M. Valdes, Benjamin L. Peierls, Jason E. Adolf, and Lawrence Harding Jr. "Anthropogenic and 
climatic influences on the eutrophication of large estuarine ecosystems," Limnology and Oceanography 51, no. 1 
part 2 (2006): 448-462, 449. 
96 Ibid. 
97 Paerl et all, "Anthropogenic and climatic influences on the eutrophication of large estuarine ecosystems," 49. 
98 Allan Benner, “Sewage Floods Niagara Waterways” St. Catharines Standard, June 1, 2017. 
99 Ibid. 



44 
 

month, whereas in a typical year only 14 bypass events are expected.  This is problematic as this 

additional nutrient loading further exacerbates the eutrophication problem by adding even more 

than the usual amounts of P.  This example illustrates the challenges faced by municipalities and 

their infrastructure to manage problems that they were prepared for.  Erratic weather patterns 

associated with climate change is creating a challenging problem for managing P in watercourses. 

 In addition to untreated sewage bypasses that contribute to nutrient loading of bodies of 

water.  Even some wastewater treatment plants are having difficulties in managing P before 

effluent is passed onto the natural environment.  In the spring of 2017 the Regional Municipality 

of Durham was ordered by Minister of Environment Glen Murray to find a means to reduce 

phosphorus from the Duffin Creek Pollution Control Plant to the “lowest achievable level.”  The 

reason for this order was that concerns have been raised that P from the treatment facility is 

negatively impacting the use of local waterfrontage as a result of Cladophora algae growth which 

is suspected to originate from P discharge from the outflow pipes of the treatment plant.100  The 

Town of Ajax, one of the municipalities impacted by the algae blooms have gone so far as to hire 

an expert in water resource science to review the treatment plants impact on P loadings into the 

lake.  Dr. Martin T. Auer, of Michigan Technological University found that despite the engineering 

report to the contrary, the Duffin Creek WPCP is contributing to increased P levels in the lake that 

are further exacerbating algae blooms of the lake and shoreline.  Furthermore, upon his review of 

the engineering report he found there was no evidence to support that the model used was 

calibrated to analyze P data, and that their subsequent conclusion that “nutrients other than P 
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contribute to the growth of Cladophora in the Lake Ontario shoreline”,101  was not sufficiently 

proven. 

 This indicates that the nutrient loading of waters is not a problem strictly related to 

agricultural practices.  These are just two examples of out of Ontario’s over 400 municipalities.  

This clearly indicates that there is a challenge with managing nutrients throughout the province, 

and in order to get a handle on this problem a new governance regime is required that will integrate 

all sources of nutrient polluters into a regulatory system so that our waters can be effectively 

protected. 

 It must be acknowledged that no unity solution will alter the state of the current poor 

environmental quality because there are numerous contributing factors that are responsible for the 

reoccurrence and ongoing eutrophication of bodies of freshwater like Lake Erie.  What needs to 

be addressed is the issue of the lack governance of the problem and how all the contributing factors 

combined are creating negative conditions that allow for eutrophication to occur.  To manage this 

what is required is a complex governance system, one that will take into account all of the 

stakeholders and all of the industries responsible and manage the solution together in a governance 

body that takes and holds responsibility to all of its stakeholders. 

Challenges  

 It is clearly identifiable that there is a considerable challenge with respect to nutrient 

management involving numerous sources.  An initial review of land application of municipal 

biosolids to agricultural land illustrates that there is a larger more complex challenge problem that 

needs to be addressed.  The review of the regulatory framework for the management of biosolids 
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in several different jurisdictions indicate that the recycling of this material is highly regulated, and 

when managed within those parameters it significantly reduces the exposure of nutrients to the 

natural environment.  But other sources of nutrients including P are causing significant challenges 

to the management or nutrients. 

 What has been indicated is that the largest challenge is with nutrient management and the 

lack of a governance model to manage the problem.  As shown throughout this study is that 

subsectors of agriculture, like biosolids, are identified as problematic with respect to managing the 

problem; without considering the problem as a macro issue.  Additionally, there many different 

sources that complicate the issue.  Sources of nutrients come from a variety of different sources, 

even outside of the agricultural realm, and singling out specific stakeholders to be held solely 

accountable for the problem is not effective in managing the complex problem.   

 This characterizes a challenge faced by regulators; that the agricultural industry along with 

other source industries are fragmented.  There are numerous subsectors that fall under its purview 

such as but not limited to: traditional agriculture, factory farming, and beneficial use of biosolids.  

These subsectors impact the natural environment in their own unique way, some are worse 

polluters than others, and some are highly regulated compared to others.  While it may be easy to 

state that ‘agriculture is the primary source of nutrient loading of waters;’ and that the solution is 

setting higher regulation for the industry will fix the issue, but it’s not that simple.  Implementing 

agricultural industry wide regulations will not solve the problem and it may make the industry 

impractical to manage.  Also, higher regulations across the board without stakeholder involvement 

is problematic as it suggests that there is a one solution to fit all challenges approach.  What is 

required is to look at subsectors and other contributing industries, engage them, and build a 

regulatory framework that is acceptable to all.  Arguably there is already the framework and model 
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in place in the biosolids industry that other subsectors could copy to make their practices more 

environmentally safe and sounds.    

 A significant challenge to managing the agricultural industry’s impact on eutrophication 

conditions is that it is viewed from a generalized industry wide perspective that suggests that all 

agricultural practices are the same.  This assumption is simply incorrect.  There are vast differences 

in nutrient management practices between subsectors.  It needs to be broken down by subsector, 

evaluated on the impairments that each subsector is capable of because of mismanagement or poor 

management and build it back up with a regulatory framework that addresses nutrient management 

based their subsector characteristics.  While this will start to get agricultural practices that 

contribute to eutrophication under control it will not solve the problem entirely.  While the 

regulations will provide for a framework for nutrient management for all industry stakeholders, 

there will need to be better integration of subsectors that provide nutrient management.  This can 

only be done through improved governance models.  Specifically an overarching model will need 

to have better integration and adaptation protocols in order to quickly respond to challenges 

promptly with results that can quickly be adapted by stakeholders that contribute to nutrient 

loading.  

Weak Governance of the Issue 

 Weak governance models negatively impact the agricultural management of nutrients.  

While nutrients from commercial fertilizers and factory farming can cause significant impairment 

to water quality.  Biosolids use, arguably agricultures highest regulated practices is often 

challenged and hampered by local government pressure overriding provincial regulations.  This is 

seen in smaller communities where citizens can pressure local governments to compel them to not 

allow biosolids land application, despite its meeting local land use criteria and provincial 
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regulations.  It has gone so far as to even banning storage of biosolids in areas that had previously 

held other agricultural wastes. The elected officials of the local government would prefer to push 

governance off to another entity than to allow usage as it is regulated under the NMA.  This 

inevitably results in the planning issues to be pushed up to the Ontario Municipal Board.  This was 

seen in the cases where biosolids management firms have had considerable challenges in amending 

local planning by-laws despite its compliance with provincial regulations.102 103 

 Another challenge seen within the weak governance associated with agricultural and its 

subsectors is differing provincial ministries.  The biosolids industry is an example of this, where 

the different provincial regulators have differing opinions on the acceptable use of biosolids.  This 

can be seen with the Ontario Provincial Policy Statement (PPS) that provides the planning 

justification for the beneficial use of biosolids.  The PPS provides for, “Healthy, liveable and safe 

communities sustained by promoting cost-effective development patterns and standards to 

minimize land consumptions and servicing costs, 1.1.13.”  Furthermore, Section 1.1.5.8 of the PPS 

states, “Agricultural uses, agriculture-related uses, on-farm diversified uses and normal farm 

practices should be promoted and protected in accordance with provincial standards”.   The land 

application of biosolids is consistent with the above PPS statement, and is fully supported as a 

normal farm practice so long as operations are consistent with the Nutrient Management Act, 2002 

and its regulations.  However, under the Guidelines on Permitted Uses in Ontario’s Prime 

Agricultural Areas, the use of NASMs are not considered agriculture-related uses.104  These 

contradictory statements complicate the current governance associated with nutrient management. 
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 To further illustrate inconsistencies within the weak governance regime currently in place, 

the Guidelines on Permitted Uses in Ontario’s Prime Agricultural Areas are at odds with Resource 

Recovery and Circular Economy Act (RRCEA), 2016.  This is seen in the acknowledgement by the 

CCME that the characteristics of biosolids have an inherent value due to their composition 

containing nutrients and organic matter that are useful additives to soil.   Due to the beneficial use 

characteristics of biosolids, the land application of the material seems to be further fully supported 

under the RRCEA.   Furthermore, this claim is supported by the Province of Ontario in its final 

draft of the Strategy for a Waste-Free Ontario, Building the Circular Economy that states that 

“landfilling valuable resources poses significant risks to human and environmental health.”105   

This statement is consistent with the CCME’s opinion on the value found in biosolids.  The 

regulatory framework calls for the resource recovery and identifies it as, “the extraction of useful 

materials or other resources from things that might otherwise be waste, including through reuse, 

recycling, reintegration, regeneration or other activities.”106  The commentary on resource 

recovery from the Province of Ontario could not be any clearer, nutrient and organic resources 

found in biosolids must be utilized in a beneficial manner, consistent with the regulatory 

framework.  As seen through contrary government regulations the weak governance models 

currently in place are causing implementation problems for effective results. 

 Additionally, another weak governance issue is the reasonable assessment of the use of 

biosolids and P management.  As indicated earlier, when used appropriately under the regulations 

in place, biosolids use on agricultural land is a relatively low risk practice.  However what needs 

to be addressed in the agricultural industry in its entirety is P management as it is often omitted 
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from regulations, due to nitrogen being used as primary nutrient in agricultural nutrient 

management.  Like N, P needs to be used as regulatory tool.  This is important as applicators need 

to assess the amount of P currently in soils as well as in the residuals they are applying.107  This 

needs to be addressed in a stronger governance model.  

 These examples illustrate the weak governance models in Ontario.  There is no regulatory 

framework and integration network between authorities.  Municipalities, Provincial Ministries, 

Tribunals all have differing governance opinions over the issue and it challenges not only the 

biosolids industry but also agricultural as a whole.  While biosolids may lack integration, so does 

the entire agriculture industry.  But the biosolids industry has the regulatory framework and this is 

important because the rest of the agriculture industry can build a strong governance model for 

nutrient management based on the biosolids model.     

Differing Policy Regimes 

 Instead of fixing the problem by creating an overarching governance model to mediate 

nutrient management challenge, the Ontario government is complicating the implementation of 

stronger and effective governance models by amending regulations that may act as a catalyst for 

creating new conflicts between municipalities and conservations authorities.  This can be seen in 

the provincial omnibus Bill 139 that would serve to amend the existing Ontario: Planning Act, 

Conservation Authorities Act and ‘various other Acts,’ as well and enacting new legislation: the 

Local Planning Appeal Tribunal Act, 2017 and the Local Planning Appeal Support Centre Act, 

2017.  Section 2.1 of this bill intends to amend the Planning Act so that it limits the, “application 

to specified planning matters relating to official plans, zoning by-laws, interim control by-laws, 

                                                           
107 Laura Rodley, “The Presence of Phosphorus,” Country Folks.com, November 23, 2016, Quote from Amy Shober, 
http://countryfolks.com/the-presence-of-phosphorus/,  Accessed July  22, 2017.  

http://countryfolks.com/the-presence-of-phosphorus/
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site plan control, plans of subdivision and consents.”  This takes away the requirement to “have 

regard to” the decisions of municipal councils with respect to overarching planning matters and 

limits it the “specific planning matter” identified above.108  This amendment could lead to 

challenges amongst differing regulatory regimes particularly between municipalities and 

conservation authorities (CA).  Whereas if a municipal council wants to spread its municipal 

biosolids strictly within its jurisdiction in accordance with the NMA, but fields happen to fall 

geographically under the purview of a CA, the CA could challenge the operations and practices 

under Part VI – Regulations of Areas Over Which Authorities Have Jurisdiction.   

 Protecting of water resources in the province need not have more complications but rather, 

better cohesion between regulatory authorities.  New legislation such as Bill 139 is creating new 

barriers to contend with while what is necessary is a governance model that all stakeholders can 

achieve success in. 

Integration Challenges 

 Another challenge that is negatively impacting the safe management of nutrients is the lack 

of integration amongst regulators, ministries, corporate actors, and other stakeholders.  While 

regulations are a necessity they are also useless if stakeholders like farmers do not put them into 

their own practice due to the minimal consequences on offending farmers.  For example, it is 

possible for a farmer revoke his own NASM plan without any regulatory oversight.  An example 

for this would be that a farmer wants to install a poultry operation on his property.  But in order to 

obtain the approvals he would have to have his NASM plan revoked by OMAFRA.  Said farmer 

is not compelled to inform biosolids spreading staff and the company could still spread on his field 

                                                           
108 Legislative Assembly of Ontario, “Bill 139, An Act to enact the Local Planning Appeal Tribunal Act, 2017 and the 
Local Planning Appeal Support Centre Act, 2017 and to amend the Planning Act, the Conservation Authorities Act 
and various other Acts, i.  1st Reading, May 30, 2017. 
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unknowingly.  Should this be investigated, the MOECC would find that the company was out of 

compliance and the company would need to halt all spreading activities until the issue could be 

rectified.   

 The farmer could knowingly cancel his own NASM plan in order to be able to erect the 

poultry operation.  But the onus is on him to inform the biosolids operator of any changes to his 

NASM plan, and should he omit that information nutrient management problems could occur.  

This is an example of the need for a better governance model that would allow for better integration 

between ministry’s, industry and other stakeholders.   

 Another example is in the NMA where there is little connection between cropping practices 

to reduce P and the best management practices found in the regulation to mitigate any problematic 

concerns.  While the NMA includes in its best management practices what crops should be 

replaced post application, there is no consequence if the farmer does not follow these BMP’s 

except that it could create problematic nutrient issues. 

 Looking comparatively at different ministries it is also evident that there is an integration 

challenge between these regulators.  Although sources of P come from a range of practices and 

processes there is a lack of an integrated governance system to address the P problem as an 

overarching problem and not industry specific.  This is evidenced by looking at the scope of 

provincial regulators.  As previously illustrated sewage bypasses are a contributing source to the 

P problem in the province, as are agricultural nutrients.  However sewage bypasses protocol is 

regulated by the MOECC.  Whereas biosolids and agricultural nutrients are partially governed by 

OMAFRA and the MOECC under different branches.  These differing regulatory branches create 

a challenge for the management of P, as there is no integration or governance system between 



53 
 

regulators of sources of P that allow them to monitor, quantify and better manage the amounts of 

nutrients that are being loaded into bodies of water. 

 To provide for enhanced integration between corporate actors following the regulations 

and the governing authority, regulatory frameworks must be made to be more adaptable.  A 

challenge faced by corporate actors is that governing authorities are reluctant to change regulations 

as they exist, which is problematic for business as they move and adapt much more quickly than 

their regulators.  An example of this can be seen with Ontario’s NMA, where any alterations or 

requests by the nutrient management firm to the regulator must be made by direct mail, or facsimile 

as was the preferred communication in 2002 when the regulation came into effect. 109  However, 

this is not the most practical method of communication and tracking currently available, creating 

challenges to planning that requires immediate alternation. 

A New Age of Governance 

Alternative approaches 

 The current approach to managing the problem is evidently not working effectively.  What 

is required is a new alternative approach; that instead of simply implementing a policy that will be 

pushed down from higher levels of government onto stakeholders to implement will be an 

approach that is complex much like the problem that it proposes to fix.  For this, a variety of policy 

considerations need to be addressed but just as important the problem needs to theorized.  This 

should include implementing a strategy that takes into account Ostrum’s three components of 

planning: Framework, theory, model.110  This will allow for an enhanced governance model for 

the agriculture industry that will have effective results on the entire sector.  From the regulatory 
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perspective the biosolids model could work but an overarching governance body needs to be 

implemented to oversee the entire industry.  Additionally you need to include a mechanism for 

adaptability.  Regulatory frameworks need to be quickly adaptable to current realities.  This is 

particularly important with respect to technological advances.  If updates to nutrient management 

techniques and practices are changing as quickly as technology does than so too is it required for 

the regulations, in order to not impede progress in management.   Also required will be the 

involvement of stakeholders that could help implement regulations for their own benefit.  

Policy Considerations 

 Being a wicked problem, there many different policy options that could be applied to the 

current challenges.  To create an effective solution it must be through the implementation of an 

agricultural industry governance model for the reasonable management of nutrients.  The first 

option would be to take a do-nothing approach, although this option is arguably currently in place, 

as evidenced through the current state of managing the problem.  The current frameworks, aside 

from the biosolids subsector have not been very effective in solving the associated challenges of 

nutrient management.  The rational approach option is arguably a strong option to address the 

governance as it treats the process as a problem solving approach.111  The use of it is necessary for 

the development of a governance model for such a complex problem.  Also, the participatory/ 

deliberative process for the development of a comprehensive governance model would be an 

inclusive method, but it would be time consuming and very costly due to the amount of stakeholder 

input required to provide an effective analysis.112  But a problem of this magnitude requires its use.   

                                                           
111 John Fitzgibbon, The Rational Process of Policy Analysis, Lecture 2, Guelph, 2016. 
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Governance Model Planning Concepts and Strategies 

 The above referenced options illustrate the complexity in creating a governance model.  

The wide range of subsectors within the agricultural industry cause a fragmented industry that has 

quite variable regulations.  Lack of integration methods and governance models has led to 

mismanagement of nutrients leading to eutrophication conditions within our Canadian and 

internationally shared waters.  Despite being an agricultural practice, the use of biosolids on 

agricultural land is arguably one of the highest regulated nutrient management practices within the 

agricultural industry, and although it lacks strong integration across its subsector and the 

agricultural industry as a whole, it has a strong regulatory framework that could serve as a model 

for other nutrient producers.  But in order to get the nutrient loading of waterways under control 

there needs to be more governance of the issue.  This is particularly important as nutrient 

management is such a complex challenge to manage that it needs significant governance oversight 

for all players and stakeholders.   

 To address the planning of such a governance model to address the issue, Ostrum’s three 

theoretical concepts of planning could be used to formulate how to achieve the task.  Firstly, a 

framework is required to create the overarching structure in which that planning process will 

operate within.  Secondly, a theoretical assessment of the planning process needs to occur to 

diagnose and explain the assumptions.  Thirdly, a model must be created to define the problem 

and structure that can be used to predict and forecast results.113  However, this will not complete 

the process, it needs to further incorporate strategies that provide for an inclusive process where 

stakeholders have the opportunity to influence decision making.   
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 There are several strategies that could be implemented to create a more effective 

governance model with respect to nutrient management.  Examples of this include: inclusive 

stakeholder discussions, multilevel government efforts to avoid only top-down or bottom-up 

approaches, and consideration of implementing internationally acceptable governance principles 

like the Agenda 21 principles. The most important aspect of any governance model is that it take 

into account the views, experiences and expertise of stakeholders for the best solution that is 

amicable to all. 

 A good starting strategy is to understand that there ought to be inclusive stakeholder 

discussions with respect to nutrient management.   This is particularly important when dealing 

with increasingly complex issues related to environmental management and sustainability.  As 

explained earlier because the agricultural industry is so vast, with different operations and practices 

the sustainable environmental quality issues should not be the sole responsibility of any particular 

subsector.  It is the responsibility of the industry as a whole.  Without an inclusive engagement 

process, success in achieving an effective governance model becomes at risk.  This is because the 

engagement process will allow stakeholders to understand the challenges faced by their colleagues 

and perhaps enable constructive thinking of better methods of management.    

 Another impactful strategy that ought to be included for a higher potential for success 

would be a collaborative multi-level governance strategy.   This strategy requires all levels of 

government to create tangible regulations that all stakeholders must abide by.  But a top-down 

only approach ought to be discouraged unless there is considerable engagement and acceptance by 

the agricultural industry, as any regulation without their expertise may be viewed as the 

government interfering in an industry it doesn’t understand.  As such all stakeholders need to work 

together to create an amicable regulation framework that fits into the social and economic realities 
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of the industries and the communities they will impact.  Ideally, a regulatory framework that will 

not force change, but will steer change into an actionable approach.114   This strategy is important 

because a state’s role is to set regulation and adjust it as required.  Corporate actor’s roles are to 

follow regulation and adjust their business appropriately, but engagement between both sides is 

required for success.  Currently, agricultural operates within the regulatory framework within their 

specific agricultural sector, but an enhanced governance model will regulate nutrient management 

in an overarching manner that allow for enhanced nutrient management across the entire 

agricultural industry.   

 Another strategy could be to incorporate strategies that are accepted throughout the world.  

For example, utilizing the United Nations (UN) Five Good Governance Principles could also be 

an effective implementation strategy.  The UN is generally recognized internationally, and so too 

are many of its institutions suggesting that the five principles below have a universal 

recognition.115   If these principles were to be enshrined in the mandate of a governance model the 

possibility of a more effective solution could be achieved.  This is due to the empowering qualities 

of each principle.  They are:  

 

1. legitimacy and voice, where participation is to be fully inclusive for members of society 

and  oriented by consensus  

2. direction, formulating a strategic vision based on good governance and human 

development 

3. performance, striving to achieve amicable solutions for all stakeholders, while being 

effective and  efficient 

4. accountability, those in powerful roles are accountable to the public and there is 

transparency  based on the free flow of information 

                                                           
114 Anthony Giddens, The Politics of Climate Change, (Cambridge: Polity), 8. 
115 John Graham, Bruce Amos, and Tim Plumptre, "Principles for good governance in the 21st century." Policy 
brief 15, no. 6 (2003), 3. 
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5. Fairness, built on equity of all men and woman and the rule of law116  

 

Utilizing these principles are empowering to stakeholders and it is clear to see how they could 

have a positive impact on any complex situation that needs a resolution.  However, the key to 

success is having stakeholders who will be involved in the process and utilize these principles.  

They will need to put forth the effort in the governance model for it to be successful. 

 Collaborative governance models can be achieved.  The International Joint Commission 

(IJC) is arguably the best example of an effective governance model.  Signed in 1909, the IJC 

serves the interests of both Canada and the United States with a particularly complex governance 

model.  Its mandate is to prevent and resolve disputes between both nations.117  It also approves 

projects that affect boundary or transboundary waters and serves to protect and improve the 

environmental quality of water and air of both nations.   The IJC has guiding principles for its 

governance model, where it seeks to be an inclusive body, affording the opportunity for all 

interested parties to be heard, as well as engaging with state, provincial and local governments.  

Further to that, it seeks to achieve consensus in their deliberations, an important protocol for 

achieving successful governance. 

Recommendations 

 The recommendation is for a new governance model to be implemented.  This model would 

take into account the regulatory management of biosolids and P sources in Ontario, the rest of 

Canada, as well as the United States.  It would also review other P sources such as but not limited 

to sewage treatment bypasses.  Analyzing what works and what doesn’t from these regulations 
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will optimistically allow for better nutrient management throughout Ontario.  This would serve as 

model for other jurisdictions, particularly in the US as their nutrient management regulations 

directly impacts areas of concern like our shared Lake Erie.  Combine the alternative approaches, 

policy considerations and the governance planning model and strategies into a framework that 

holds industry nutrient source contributors accountable for the environmental impairment they 

cause.  Perhaps even a crown corporation that operates as its own business or nonprofit 

organization that can alter management methods more quickly than government. 

 Furthermore, include in the adaptation a governance model that implements a shared 

responsibly. Where all members of the governance model adhere to accepting responsibility for 

the damage they can potentially or do cause to the natural environment.  This could be in the form 

of accepting an understanding that if their practices cause for example, a 5% contribution to 

environmental damage they need to perform 5% remediation work to the natural environment or 

pay a 5% remediation fee to the governing authority or governance model. Or have a model where 

they can implement their own remediation work that is accepted by the governing body and will 

be proof of their commitment to protection of naturally occurring features. 

 To quickly implement this a temporary solution to reign in the challenges with nutrient 

management could be to create a subcommittee to an existing association such as the Ontario 

Waste Management Association and include a number of P contributors to start to build the 

foundation for a future governance model.  Under this subcommittee stakeholders could be 

governed appropriately and a cost management tool could be implemented that would include 

remediation work for the percentage of estimated P they contribute.  
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Conclusion 

 What is clear is that anthropogenic practices and management schemes are having adverse 

consequences on the natural environment, particularly with respect to managing water quality 

issues.  These adverse consequences can lead to such water quality issues as eutrophication of 

source waters that lead to nuisance and harmful algae blooms.  This impacts stakeholders from the 

smallest organism through hypoxic conditions in water, to human health, as well as social and 

economic interests.   

 The human species have the unique ability to manage the natural environment to our 

benefit, however this often comes at a cost to the natural environment.  Through various practices 

humans are able to alter the landscape surrounding them to benefit them socially and economically, 

however it has always been difficult to link the connection that what we do to the natural 

environment needs to managed in a sustainable manner, otherwise we risk creating unmanageable, 

sometimes irreversible problems with respect to the natural environment. 

 Agriculture has sustained our species for thousands of years, and while it may seem like 

an organic and natural process to utilize the land to provide for our existence, the processes and 

practices used to get the highest yields possible, year after year is an unsustainable practice.  As 

agricultural land use occurs, the soil continually becomes degraded to the point where human 

intervention is required to continue productive harvests.  The land management practices to 

regenerate poorly performing soil include cropping patterns as well as utilizing fertilizers to 

enhance the production capabilities of the soil.  This has led to agricultural being the largest 

contributor of nutrient loading into surface waters, leading to eutrophication and ultimately algae 

blooms.   
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 This is a complex problem.  Agricultural is a broad term with many different aspects, 

subsectors and nutrient source contributors.  All of which have varying degrees of complicity in 

the problem.  A challenge with managing the problem is that you can’t blame the single largest 

contributor, identified as agriculture because the industry is such a complex sector.  Furthermore, 

you can’t single out one unitary contributor and expect them to solve the problem.  There are many 

different parties that are responsible and only a complex governance model consisting of many 

working parties with a shared responsibility in addressing P and other nutrient loading challenges 

can truly tackle the problem and achieve impactful results.  
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