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Abstract

The land application of biosolids can be subject to questions and concerns, suggesting a gap exists with public perception of
biosolids. There is opposition amongst a segment of the population regarding the land application of biosolids in the Southern
Interior of British Columbia in Canada. Kamloops and Merritt communities were assessed through a mailout survey to
understand better public perceptions of biosolids risks and factors that influence attitudes towards biosolids management. Two
thousand surveys were distributed proportionately between the communities. Response rates for Kamloops and Merritt were
22 and 24 percent, respectively. Kamloops and Merritt respondents generally identified differing risk perceptions around
biosolids management. Kamloops respondents relative to Merritt were more accepting of the risks associated with biosolids.
This acceptance is a likely result of Merritt residents’ recent experience with application sites and proximity to biosolids
projects, and the associated negative local media attention. Results from Kamloops highlighted that there is general support to
find a productive use of biosolids. This research supports the notion that the ‘beyond compliance’ approach of conducting
early engagement to obtain community support proactively may be valuable for any potentially controversial natural resource
project, such as with biosolids land application projects.

Keywords Community engagement * Legitimacy + Public opinion * Positive and negative statements -+ Community support
Trust

Introduction

As Canada’s population grows, the amount of sewage sludge
generated annually continues to rise, increasing the nation’s
dependence on effective wastewaler treatment and manage-
ment.' Despite this reliance, the overall public awareness of
biosolids and their applications remains low (Beecher et al.
2004; Robinson et al. 2012; Youngquist et al. 2015;
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! For a literature on biosolids and sludge management see Brisolara
and Qi (2013) and Collivignarelli et al. (2019, 2020).

McCarthy and Loyo-Rosales 2015). There are treatment
processes, strict standards, and quality controls intended to
ensure biosolids application safety. In Canada, the Canadian
Council of Ministers of the Environment (CCME) encoura-
ges the beneficial use of municipal biosolids, including
composting, agricultural land application, and combustion for
energy. However, in some municipalities, biosolids are dis-
posed of in landfills or incinerated (CCME 2012). Biosolids
are often used for soil amendment applications in British
Columbia (BC) and across Canada (CCME 2012; McCarthy
and Loyo-Rosales 2015). Using biosolids as a soil amend-
ment offers advantages such as improving the quality of
degraded soils through enabling increased plant productivity
and improved soil carbon storage capacity (Robinson et al.
2012; Antonelli et al. 2018) as well as reducing the amount of
material otherwise destined for landfilling or incineration and
the greenhouse gas generation associated with these prac-
tices; however, despite the beneficial uses of biosolids,
there is a generally negative perception regarding biosolids
(National Research Council 2002; Beecher et al. 2004;
McCarthy and Loyo-Rosales 2015). These opposing views
include concerns about potential contaminants in biosolids
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such as inorganic and organic contaminants, pathogens, and
complaints regarding odor (Pritchard et al. 2010; Robinson
et al. 2012; Youngquist et al. 2015).

A fruitful approach towards public acceptance of biosolids
use is to avoid presenting these as sewage sludge or human
waste and instead present them as a valuable reusable
resource (Forste 1994). Framing of the topic by the media is
also crucial in shaping public opinion about biosolids.
Goodman and Goodman (2006) found that negative tones
were three times more common than positive tones. Lindsay
et al. (2000) argue that news media need to be accurate and
obtain information from trustworthy sources for public
acceptance to occur. Another recommended approach to
increase communities’ understanding, trust, and judgment of
biosolids is to apply a customized strategic risk commu-
nication process (Eggers and Thorne 2017). The development
of biosolids indicators for management following a stake-
holder approach, the practice that managers formulate and
implement processes that satisfy stakeholders’ needs to
ensure long-term success, is also a potential aid in creating
public trust (Amajirionwu et al. 2008). Hebert (2007) calls
for Canada to create a third-party certification and standar-
dization process for biosolids and their usage. Moya et al.
(2019) recommend certification and assurance schemes for
changing the public’s negative perceptions of biosolids use.

A promising institutional approach is the Australasian &
New Zealand Biosolids Partnership, composed of academics,
government bodies, consultants, utilities, and industry con-
sultants collaborating for finding sustainable biosolids man-
agement practices (Gale 2(.‘»()7).2 Goven and Langer (2009)
argue for the need for “genuine public engagement” in
workshops with the purpose of managers and public autho-
rities not to pursue to gain public acceptance but to accept the
public perception of risk and uncertainty and recognize that
there are uncertainties as well as the importance of commu-
nity values when making decisions.

The practice of the land application of biosolids is subject
to public concerns about risks. Thus, the concept of “percep-
tion is reality” challenges biosolid managers. There are,
however, processes for engaging concerned or impacted
communities and other stakeholders to understand and review
options regarding potentially controversial natural resource
projects. One of these approaches is the “beyond compliance”
approach of seeking proactive community support from sta-
keholders through meaningful early engagement. (Moffat and
Zhang (2014), Lynch-wood and Williamson 2018).

Perception of risk is an essential element for risk com-
munication as individuals exposed to biosolids do not know
the risks involved and can overstate the likelihood of health
and safety impacts (Beecher et al. 2005). Several studies
examine the perceptions of risks and factors influencing

% For further information see: https:/www.biosolids.com.au/

@ Springer

public attitudes towards biosolids. Bordon et al. (2004)
surveyed the Las Vegas Valley, comparing reactions from
two cities. In general, respondents placed more importance
on risks than on economic costs. Krogman et al. (2001)
conducted semi-structured interviews with 50 New Jersey
vegetable and fruit farmers and found that biosolids land
application was not a common practice, but also farmers felt
the risks outweighed the benefits. Framing of the interview
questions on benefits and risks played a role in their answers.
They were more concerned with their crops and land than the
environmental impacts if the framing of the question was not
associated with risks and benefits to the environment.
Mason-Renton and Luginaah (2019) interviewed residents of
a rural town (Southgate, Ontario) regarding their perceptions
of a biosolids processing facility in their community. They
found that perceptions can change from negative pre-survey
to less threatening once the facility started operations and
residents understood its purpose. Oberg and Mason-Renton
(2018) contrast BC and Sweden’s regulatory system with
regards to biosolids and find that Sweden takes a precau-
tionary approach with the presumption of potentially harmful
effects and being cautious in the absence of scientific evi-
dence. They argue that biosolids management is a “wicked”
problem and that framing the issue as a technical problem
without discussing scientific uncertainties, values, and social
aspects will increase conflicts and polarization. Robinson and
Robinson (2006) studied four-county metropolitan areas in
the southeast United States to assess knowledge and attitudes
towards eight biosolids’ land recycling options. Most parti-
cipants responded favorably to all options except the 65+
generation, who were more pessimistic.

This paper assesses community risk-perceptions of bio-
solids management in Kamloops and Merritt—two cities in
the interior of BC where there is vocal opposition amongst a
segment of the population regarding the land application of
biosolids in their communities. The population of Kamloops
(over 90,000 people) is much larger than the population of
Merritt (just over 5000 people). A mailout survey was
distributed to members of these communities® to assess their
general knowledge, attitudes and actions, thoughts and
feelings towards biosolids, and the factors that influence the
public attitudes towards the management of biosolids.

The survey focussed on legitimacy and public trust. The
following definitions were used for community support as
suggested in a conceptual model of social license to operate
(Boutilier et al. 2012). First, legitimacy is associated with the
perception that the company/project benefits the receiver.
Second, trust refers to the willingness to be vulnerable to risk
or loss through others” actions. The survey contained a series
of attitude statements about legitimacy and trust. The sentiment

3 Surveys were also sent to individuals in the small community of
Princeton, but no responses were received.
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of the statement depends on the tone being positively or
negatively framed. An example of a negatively framed trust
sentiment statement is, “My family would be at a higher health
risk if my neighbours applied animal manure to their land.”
Whereas a positive trust statement is: “I trust government
regulatory agencies to monitor the safe use of biosolids.” An
example of a negative legitimacy statement is “The risks to
public health of using biosolids as a fertilizer outweigh the
benefits.” Finally, a positive legitimacy statement is “Using
biosolids as a fertilizer in our community will bring economic
benefits.” The study also examines how twelve positive and
negative statements on legitimacy and trust depend on socio-
economic and other explanatory variables. Finally, the study
presents a framework to examine community support based on
legitimacy and trust. This framework may aid in understanding
how to address the gap between the public perception of
biosolids most effectively and the promotion of the safety and
sustainability of land application practices.

Results indicate that Kamloops and Merritt differ in risk
perceptions around biosolids management practices. Kamloops
was more accepting of biosolids in their overall perceptions.
Merritt residents’ may have been influenced by recent
experiences with biosolids applications sites close to the city
and the substantial local media attention. Results from Kam-
loops indicate that there is general support to find a productive
use of biosolids but a lack in the overall trust necessary for a
biosolids project to receive stable community support.

In more detail, Merritt respondents are significantly more
concerned with waste management in general than Kamloops
respondents and also are more familiar with the term bioso-
lids. Kamloops respondents are on average against biosolids
land application when the frame of the statement is negative.
Perceived health risks from exposure to biosolids are more of
a concern than animal manure for Merritt respondents, while
the attitudes of Kamloops respondents are towards disagree-
ing that biosolids exposure would lead to increased health
risks. Living on rural agricultural land in Kamloops helps in
general to accept biosolids land application practices. Women
perceive significantly higher health and safety risks, especially
in Merritt. There is a lack of knowledge on biosolids in both
cities and trust in government oversight for land application
projects. Kamloops respondents support the general idea of
recycling biosolids, but lack of trust is still an issue. Merritt
respondents reported that biosolids do not pass a benefit-cost
test. Also, in Merritt, respondents generally do not support
land applications such as using biosolids as a fertilizer.

Background information
The study took place in Kamloops and Merritt. The two cities

are in the interior of British Columbia (Appendix Fig. 6).
Some groups have had vocal and steady opposition in this

area since late 2014, as indicated by the grey literature” (see
Appendix Fig. 7). Considering grey literature is of particular
significance when evaluating the opposition against biosolids
present within the Thompson-Nicola interior region of BC
Concerns with biosolids management practices within the
Thompson-Nicola interior region of BC appear to go back to
2008 where the concerns expressed are similar to the ones
currently being communicated today.

In Sunshine Valley Estates just east of Merritt, BC, bio-
solids land application from the central Okanagan was at a
site just uphill from housing development and close to their
drinking water reservoir. As outlined in the local newspaper,
the Merritt Herald, residents expressed concern over harm to
their air quality, contamination of their drinking water source,
and decreased property value (Potestio 2014 Dec 11). Resi-
dents were concerned the biosolids would potentially con-
taminate surface water that would in-turn contaminate the
aquifer that the property development’s shared well accesses;
the well is around 2 km away from the land application site
(Potestio 2014 Dec 11). After expressed local opposition, in
December 2014, the First Nations Chiefs of the Nicola
Valley submitted a letter to the Ministry of Environment
demanding that all current biosolids applications cease and
no new projects proceed until the Crown and ministry reg-
ulators establish a meaningful dialogue. As a result, a mor-
atorium was enacted and stopped biosolids use in the Nicola
Valley on Apr 24, 2015, by the five First Nations chiefs from
Upper Nicola. While the moratorium is still in effect, there
has been much discussion on applicable regulations and
associaled practices. Ultimately, a group of residents of
Sunshine Valley Estates purchased the potential land appli-
cation site that was causing the most concern and prevented it
from being used (Potestio 2015 Dec 15), although there is
still another existing land application site nearby. The pur-
chase is an example of a property rights solution to a per-
ceived negative externality in the spirit of Coase (1960).

Methodology
Survey Design

A mailout survey was distributed to Kamloops, Merritt, and
Princeton, BC, to determine the factors that influence public
attitudes and risk perception towards the use of biosolids.”

* Grey literature is material that is made public but not subject to the
traditional academic peer-review processes (i.e. newspaper articles); this
material is considered a valuable resource for understanding public
perceptions and concerns for controversial matters (Beecher et al. 2004).
3 Permission from the TRU Human Ethics Committee was required prior
to making contact with potential survey respondents. Survey distribution
and data handling was managed in a fashion approved by TRU’s Research
Ethics Board. Approval was received March 2016, File #: 101107.

@ Springer



182

Environmental Management (2022) 69:179-195

The survey followed a standard methodology (Dillman
1991; Sanchez 1992; Dillman et al. 2014). The survey (see
Supplementary File) starts with an introductory statement
about the study and a brief explanation of biosolids.® Section
1 of the survey asked for sociodemographic information and
questions related to their dwelling. Section 2 of the survey
begins with a question to gauge respondents’ level of con-
cern with general issues, such as climate change, the state of
the economy, and waste management. The remainder of the
questions in this section pertain to respondents’ general
knowledge, attitudes, and actions with respect to biosolids
management in their community. Finally, the survey inclu-
ded a series of attitude statements to assess attitude and risk
perception towards biosolids management. The attitude
statements capture individual perceptions about biosolids
and can determine the influence of emotions by familiarity
with biosolids risks and management. At the end of the
survey, respondents could provide comments and feedback.’
Responses for general knowledge, attitudes, and actions
were on a Likert scale of 1-5. Some questions had a scale
from strongly disagree (1) to strongly agree (5) with neu-
trality (3) in the middle of the scale. Other questions have a
continuous scale from not concerned (1) to very or extre-
mely concerned (5); from not familiar (1) to extremely
familiar (5); from not trustworthy (1) to very trustworthy
(5); from very uncomfortable (1) to very comfortable (1);
and not appropriate (1) to extremely appropriate (5).
Although online surveys may be advantageous given that
they pose savings in both time and cost, they present challenges
due to limiling access, difficulties in assuring anonymity and
confidentiality, potential technical problems, and reportedly
low response rates (Sax, Gilmartin, and Bryant 2003; Dillman
et al. 2014). A mailout survey is the best approach for survey
delivery based on several factors. First, it maintains the anon-
ymity of respondents, given the controversial nature of the
topic. Second, sample selection will represent a broader com-
munity (i.e., not limited to having internet access). Thus, this
approach reduces voluntary response bias and eliminates the
potential bias presented by an interviewer in phone surveys. It
is worth noting that mailout surveys have demonstrated chal-
lenges in obtaining adequate response rates for certain groups,
particularly of interest to the younger population who may not
use the mail system readily (Dillman et al. 2014).
MailWorks, a third-party mailing service, was employed
for random sample selection and survey distribution.

® The survey was constructed to not lead the respondents to a specific
response; did not provide too much information up front, which could
potentially bias the respondents’ attitudes; and used language suitable
for the general public.

7 The survey was piloted to a selected group of individuals aimed to
cover a range of those in favor of and against the recycling of bio-
solids, as well as both experts and non-experts. The final survey was
re-designed based on feedback from the pilot.
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Canadian consumer lists, available at https://infogroup.infoca
nada.ca/, were utilized for Kamloops, Merritt, and Princeton to
select random samples within each community. MailWorks
used the lists, ensuring the most up-to-date lists available,
increasing the sample’s representativeness. MailWorks deliv-
ered the survey entitled ‘Biosolids: Community Engagement
and Risk Perception’ administered by TRU on May 20, 2016,
to 2000 randomly selected households in three municipalities:
Kamloops, Merritt, and Princeton. A proportional distribution
for survey mailouts was used based on the Statistics Canada
2011 census data for population, resulting in Kamloops
receiving 1761, Merritt 173, and Princeton 66 surveys. In
order to reduce nonresponse bias, the surveys and cover letters
were in envelopes containing a postage-paid return envelope
stamped with postage and return address. The cover letter
described the study’s social usefulness, highlighting that bio-
solids are of high public interest locally, aiming to increase
response further. In addition, a reminder postcard was mailed
14 days after the initial distribution of the survey.

Statistical Methods

Kamloops or Merritt sample was assumed to be from
independent populations. Concerns with waste management
and familiarity with biosolids use descriptive statistics for
analysis and sample r-tests to compare two population
means. The analysis of the attitude statements uses f-tests
and examines if statements are different from neutral (3).
Furthermore, Satterthwaite—Welch r-tests assess the mean
responses between Kamloops and Merritt for all twelve
attitude statements to determine if the communities
demonstrated significantly different attitudes. In order to
assess how emotions depend on a respondent’s familiarity
with biosolids risks and management, ordered logistic
regression analysis on the twelve attitude statements exam-
ined their association with sociodemographic information,
respondents’ self-ranked familiarity with biosolids, and level
of concern regarding waste management.

Results

The number of surveys mailed to Kamloops was 1761,
while Merritt received 173. Surveys returned were 423 for a
229 return rate. The final analysis used a total of 421 sur-
veys. Response rates for Kamloops and Merritt were 22 and
24 percent, respectively. The small community of Princeton
did not respond to the survey.

General Knowledge

When asked, “What comes to mind when you think of
biosolids?” respondents demonstrated general familiarity
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with the term.* This familiarity demonstration aligns with
the individual community responses reporting average
familiarity within the range of “Somewhat Familiar” to
“Moderately Familiar,” as demonstrated in Table 1.

Table | shows the respondents’ level of concern regarding
waste management in general. Because concern for waste
management goes beyond the management of wastewater
residuals, the communities” views are essential to investigate.
Second, respondents identified their level of familiarity with
the term biosolids. Respondents from both communities, on
average, reported being somewhat to moderately concerned
with waste management and somewhat to moderately
familiar with biosolids. However, in general, Merritt
respondents reported statistically different mean responses
relative to Kamloops in both questions. 7-tests identified
Merritt respondents as significantly more concerned with
waste management than Kamloops respondents (p = 0.0058).
Merritt respondents also reported being significantly more
familiar with the term biosolids (p =0.0201). This response
is a likely result of Merritt residents’ recent experience with
biosolids application. In general, Kamloops and Merritt
identified differing risk perceptions around the management
of biosolids. Kamloops respondents demonstrated more
neutral-accepting perceptions relative to Merritt respondents.

Attitude Statements

Table 2 shows results from the twelve attitude statements in
the order in the survey. The sentiment of the statement is also
listed, in addition to the assigned community support factor.
There were four legitimacy and eight trust statements. Of the
four legitimacy statements, two have a positive framing, and
two have a negative. Of the eight trust statements, six were
negative, and two were positive.

For the positive and negative legitimacy statements, Kam-
loops respondents perceived a greater value in the land
application of biosolids relative to Merritt respondents. Kam-
loops respondents were more likely to agree with the posi-
tively framed statements than with the negatively framed ones.
This response is the reverse for responses from Merritt resi-
dents. Kamloops respondents generally agreed with the state-
ment, “Biosolids are a valuable resource that should be used as
a fertilizer,” in contrast to Merritt respondents who reported a
general disagreement with the statement. These responses
were similar for the statements “Using biosolids as a fertilizer
is better than incineration or landfilling” and “Using biosolids
as a fertilizer in our community will bring economic benefits.”

% As a method to understand the most predominant thoughts sur-
rounding biosolids, a visual depiction of responses to the questions
“What comes to mind when you think of biosolids?” was created using
the online tool, WordleTM. This tool generates word clouds where
greater prominence is given to words that appear more frequently in
the text provided.

Table 1 Before receiving this survey, how familiar were you with the
term biosolids?

Kamloops Merritt

How do you feel about waste management? (I = Not Concerned;
5 = Very Concerned)

Not concerned 4.7% 0.0%
Slightly concerned 11.9% 5.0%
Somewhat concerned 41.1% 27.5%
Moderately concerned 27.2% 30.0%
Very concerned 15.1% 37.5%
average 35 4.0

Before receiving this survey, how familiar were you with the term
“biosolids”? (1 = Not Familiar; 5 = Very Familiar)

Not familiar 8.8% 2.5%
Slightly familiar 16.0% 10.0%
Somewhat familiar 27.4% 17.5%
Moderately familiar 39.1% 60.0%
Extremely familiar 8.8% 10.0%
Average 3.2 3.7

Conversely, Kamloops respondents were less likely to agree
with the statement, “The risks to public health of using bio-
solids as a fertilizer outweigh the benefits,” where Merritt
respondents were more likely to agree with it. Of the twelve
attitude statements, Kamloops respondents most strongly
agreed with the statement, “Using biosolids as a fertilizer is
better than incineration or landfilling,” suggesting the com-
munity supports productive uses of biosolids.

In terms of eight positive and negative trust statements,
Kamloops respondents displayed a higher level of trust
regarding the land application of biosolids when compared to
Merritt respondents. Kamloops respondents were generally
more likely to agree with the positively framed statements and
disagree with the negatively framed statements than Merritt
respondents. Both communities reported to disagree with the
statement equally, “My family would be at a higher health risk
if my neighbours applied animal manure to their land.” When
assessing these responses against responses to the statement,
“My family would be at a higher health risk if my neighbours
applied biosolids to their land,” Merritt respondents’ agree-
ment with this statement indicates that residents perceive a
higher health risk from exposure to biosolids compared to
exposure to manure. This response was not the same for
Kamloops respondents. Although responses were generally in
disagreement with the manure statement, weak disagreement
with the biosolids exposure statement supports that the com-
munity may not distinguish between the health and safety risks
from biosolids and manure exposure.

Surprisingly, responses to the statements, “Not enough is
known about biosolids” and “Even if used properly, biosolids
can still lead to land or water contamination,” were not sta-
tistically different between the communities. “Not enough is
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Table 2 Overview of thoughts and feelings statement variables and assigned sentiment and social capital indicator

Statement Sentiment Community

Deviation from
support factor Neutral-Kamloops

Deviation from
Neutral-Merritt

t-Test Comparison of
Means—Kamloops and

Response Response Merritt responses
(p value)

S1: Biosolids are a valuable resource that Positive  Legitimacy 0.62 (0.0000) —0.51 (0.0276) 0.0000
should be used as a fertilizer
S2: Not enough is known about biosolids Negative Trust 0.81 (0.0000) 0.85 (0.0000) 0.8138
S3: Using biosolids as a fertilizer is better Positive  Legitimacy 0.83 (0.0000) —0.32 (0.1760) 0.0000
than incineration or landfilling
S4: The use of biosolids as a fertilizer Negative Trust 0.25 (0.0000) 0.95 (0.0000) 0.0005
makes me concerned about my
surrounding environment
S5: Biosolids receive adequate treatment Positive  Trust 0.25 (0.0000) —0.49 (0.0292) 0.0017
at the wastewater treatment plant to
protect public health
S6: My family would be at a higher health Negative Trust —0.15 (0.0101) 0.56 (0.0056) 0.0008
risk if my neighbours applied biosolids to
their land
S7: My family would be at a higher health Negative Trust —0.66 (0.0000) —0.75 (0.0000) 0.5909
risk if my neighbours applied animal
manure to their land
S8: 1 trust government regulatory agencies Positive  Trust —0.12 (0.0556) —0.41 (0.0000) 0.0395
to monitor the safe use of biosolids
S9: The odor emitted by biosolids is Negative Trust —0.05 (0.3569) 0.46 (0.0183) 0.0117
harmful to my health when breathed
S10: The risks to public health of using Negative Legitimacy  —0.38 (0.0000) 0.56 (0.0088) 0.0001
biosolids as a fertilizer outweigh the
benefits
S11: Using biosolids as a fertilizer in our Positive  Legitimacy 0.14 (0.0046) —0.63 (0.0004) 0.0000
community will bring economic benefits
S12: Even if used properly, biosolids can Negative Trust 0.19 (0.0013) 0.49 (0.0234) 0.1718

still lead to land or water contamination

Community responses on a Likert scale of 1—5 (1 = Strongly Disagree, 5 = Strongly Agree). Reported as mean response deviation from neutral
(neutral response = 3). The P value of the test for neutrality (mu = 3.0) is in parenthesis

known about biosolids” was also found to be the statement
both Kamloops and Merritt reported the second strongest
response. This result suggests that there is a perceived lack of
information on the topic. Merritt respondents most strongly
responded to the statement, “The use of biosolids as a ferti-
lizer makes me concerned about my surrounding environ-
ment,” and although Merritt respondents were significantly
more likely to agree, Kamloops respondents also generally
agreed with this statement. Similarly, both communities
disagreed with the statement, “I trust government regulatory
agencies to monitor the safe use of biosolids,” however,
Merritt respondents had a stronger negative response than
Kamloops respondents (p =0.0192). Conversely, Kamloops
was generally more trusting regarding biosolids’ perceptions.
However, both communities agreed with the statements “Not
enough is known about biosolids” and “Even if used prop-
erly, biosolids can still lead to land or water contamination”
and disagree with “I trust government regulatory agencies to
monitor the safe use of biosolids” demonstrating a general
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lack of trust in the current regulatory structure and scientific
knowledge base.

The Determinants of Thoughts and Feelings

Table 3 describes the independent variables used for the
regressions to examine the factors influencing biosolids’
thoughts and feelings.

Legitimacy—positive statements

Figure 1 displays the coefficient estimates from the
logistic regressions using the responses to the positive
statements focused on legitimacy (Appendix Table 4).
Results from the logistic regression for the Kamloops
dataset indicate that the level of familiarity with the term
biosolids significantly influences the responses to, “Bio-
solids are a valuable resource that should be used as a
fertilizer,” were those who were more familiar with the
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Table 3 Independent variable for logistic regression of influencing factors of thoughts and feelings on biosolids

Variable Name Description
Gender Gender Gender of the Respondent (1 = Male, ) = Female)
Age (base case: Age 18-50) Age5064 Respondents who are of the age of 50-64 years old (1 = Yes, 0 = No)
Age 65+ Respondents who are of the age of 65 years or older (1 = Yes, 0 = No)
Children Child Respondents who have children currently living at home (1 = Yes, 0 = No)
Education (base case: highest level of EduPTC Respondents whose highest level of education is some college or trade school
education some college or trade school (1 =Yes, 0=No)
graduate) EduGTC Respondents whose highest level of education is college or trade school
graduate (1 = Yes, 0 =No)
EduUni Respondents whose highest level of education is university graduate
(bachelors degree) (1 = Yes, 0 =No)
Environmentalist Enviro Respondents opinion of how applicable the term “Environmentalist” applies
to them (1 = Strongly Disagree, 5 = Strongly Disagree)
Location (base case: residents live in Merritt Respondents whose residence was located in Merritt (1 = Yes, 0 = No)
Kamloops)
Rural Residence (base case: Urban/Suburban) RuralNF Respondents who live in non-farm rural area (1 = Yes, 0 = No)
RuralAg Respondents who live in rural agriculture area (1 = Yes, 0 = No)
Home sewage system (base case: septic tank MuniSewer Respondents whose home is connected to a municipal sewer system
or other/don’t know) (1 = Yes, 0=No)
Community Biosolids Management BioMngt Respondents who know how biosolids are managed in their community
(1 =Yes, 0=No)
Income (base case: respondents for whom Inc50100 Respondents for whom annual household income was in the range $50,000 to
annual household income was less than $100,000 (1 = Yes, 0 = No)
$50.000) Inc100+ Respondents for whom annual household income was $100,001 or more
(1 =Yes, 0=No)
Aboriginal Aboriginal Respondents who identify as Aboriginal (1 = Yes, 0 =No)
Waste Management WasteMngt Respondents level of concern regarding waste management (1 = Not
Concerned, 5 = Very Concerned)
Biosolids Familiarity BioEd Respondents opinion of how familiar they were with the term “biosolids”

prior to receiving the survey (1 = Not Familiar, 5 = Extremely Familiar)

term biosolids were more likely to agree that biosolids are
a valuable resource (p = 0.0005). Interestingly, although
Merritt respondents reported being more familiar with the
term biosolids, familiarity was insignificant for the
Merritt dataset. For the Kamloops respondents, additional
significant variables included those who identified as
living on rural agricultural land (p =0.025) and those
whose wastewater is part of a municipal sewer system
(p =0.0362) to be more likely to agree with the state-
ment. Households with a municipal sewer system may
understand that they are personally generating some of
the biosolids used for land application, whereas people
with septic systems may feel more independent and do
not want the “big bad city” to place biosolids near their
land. This conjecture assumes that those of the “general
population™ live in the urban/suburban center and that
those on the septic system are in rural areas, where land
application projects are more likely to occur.

Female Merritt respondents were significantly less
likely to agree with the statement, “Using biosolids as a
fertilizer is better than incineration or landfilling,” than

males (p=0.0308). This result is consistent with the
findings of Robinson et al. (2012), where women perceived
higher health and safety risks regarding biosolids projects.
Those concerned with waste management (p = 0.0267) or
who have completed a college diploma or trades school
(p =0.0360) were also less likely to agree with the state-
ment. Alternatively, for Kamloops respondents, neither
gender nor familiarity was a significant factor. Those who
were university graduates (p = 0.0154) or earned an annual
household income over $100,000 (p = 0.0183) were more
likely to agree with the statement.

Legitimacy—negative statements

For Kamloops respondents, income was the most significant
variable (p = 0.0544) regarding the statement, “The risks to
public health of using biosolids as a fertilizer outweigh the
benefits.” Those who earned an annual household income that
ranged from $50,000-$100,000 were less likely to agree with
this statement. Age (p = 0.0547), gender (p = 0.0544), and
education (p=0.0711) were also marginally significant
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Fig. 1 Legitimacy: Positively
Framed Statements—Ordered
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variables, where Kamloops respondents who are 65+ years
old, female, or whose highest level of education is the com-
pletion of some college or trades school, were more likely to
agree with the statement. Similarly, for Merritt respondents,
gender (p = 0.0108), level of education (0.0285), and level of
concern about waste management (p = 0.0082) were found to
be significant. Those from Merritt and are female, have
completed college or trade school, or are concerned about
waste management were more likely to agree with this
statement. The significance of gender continues to support the
notion that women perceive higher health and safety risks for
biosolids projects. See Fig. 2 (Appendix Table 5)

Trust—positive statements
For Kamloops respondents, there is only one significant
variable for the statement, “Biosolids receive adequate

treatment at the wastewater treatment plant to protect
public health.” Those who identified as living on rural
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The risks to public health of using
biosolids as a fertilizer outweigh
the benefits
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Fig. 2 Legitimacy: Negatively Framed Statements—Ordered Logit
regressions. Logistic regression coefficients in log-odds units
with 95% confidence intervals. See Appendix Table 5 for more
details
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agricultural land were significantly more likely to agree
with the statement (p = 0.0029). In contrast to this, Merritt
respondents who were female (p = 0.0241), had completed
college, trade school (p =0.0081), or a university degree
(p =0.0386), or were concerned about waste management
(p =0.0074) were less likely to agree to the statement.
Interestingly, responses to “I trust government regulatory
agencies to monitor the safe use of biosolids” reported
conflicting results between the communities despite the
aligned distrust in government oversight. Kamloops
respondents who identified as living on rural agricultural
land (p =0.0269) or who had completed a university
degree or higher (p=0.0023) were significantly more
likely to agree with the statement. This response is in stark
contrast with Merritt respondents, where those who com-
pleted a university degree or higher were more likely to
disagree (p =10.0407) with the statement. Respondents
concerned about waste management were also sig-
nificantly more likely to disagree with Kamloops (p=
0.0536) and Merritt (p =0.0041). Kamloops responses
from those who identified as living on the rural agricultural
land remain consistent, supporting the assumption that
people with agricultural experience are more likely to
understand and accept the practice of land application of
biosolids as reported in the 2002 survey completed by
Beecher et al. (2004). See Fig. 3 (Appendix Table 6).

Trust—negative statements

Interestingly, for all statements identified as negative and
informing trust, Kamloops respondents concerned about
waste management were significantly more likely to agree.
For Kamloops respondents, this trend is only observed with
these negative statements and potentially is consistent with
the concept of loss aversion, where people tend to experience
loss twice as painful as they experience gains and thus try to
avoid a loss more than trying to pursue a similar gain

Coef

(Samson et al. 2014). As described above, trust requires
being vulnerable to risk or loss through actions of another,
and framing statements in a way that poses potential harm to
human health or contamination of the environment may
warrant a more robust emotional response than a reciprocal
positive statement. See Fig. 4 (Appendix Tables 7 and 8).

Consistent with both positively and negatively framed
statements, Merritt respondents who identified as concerned
about waste management were also significantly more likely
to agree with the majority of the attitude statements iden-
tified as negative and informing trust.

Further to that, in alignment with the above results,
Kamloops respondents who identified as living on rural
agricultural land are significantly more likely to disagree with
these negatively framed statements. The statement, “My
family would be at a higher health risk if my neighbours
applied animal manure to their land,” is the one exception
where the responses of Kamloops respondents on rural
agricultural land were not significant. This statement, how-
ever, was included as a control to assess how respondents
perceive animal manure compared to biosolids. Consistent
with the above, Merritt female respondents were significantly
more likely to agree with the statement. Gender was a sig-
nificant variable for Kamloops respondents regarding the
statement “Not enough is known about biosolids,” where
females were significantly more likely to agree with the
statement than males (p <0.0000). Additionally, those whose
wastewater is part of the municipal sewer system and are
from Kamloops are significantly more likely to disagree with
the majority of the negative trust-related statements (Fig. 4).

Discussion
To assess these results in the context of community approval,

we use the community support conceptual framework dis-
played in Fig. 5. This framework highlights that not only
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Fig. 4 Trust: Negatively Framed
Statements—Ordered Logit

WasteMngt "_

Even if used properly, biosolids can still
lead to land or water contamination

Not enough is known about biosolids

regressions. Logistic regression Sewer ——— —=T——

coefficients in log-odds units
with 95% confidence intervals.
See Appendix Tables 7 and § for
more details

RuralAg —®

Inc50100
Inc100+ -

Gender

Enviro

EduUni ==
EduPTC -
EduGTC =l

Child r
BioMngt
BioEd
Agebo+
Age5064

Aboriginal —

The use of biosolids as a fertilizer makes
me concerned about my surrounding
environment

WasteMngt

RuralNF
RuralAg
Inc50100
Inc100+
Gender
Enviro
EduUni
EduPTC
EduGTC
Child
BioMngt
BioEd
Age65+
Age5064
Aboriginal =

—&
—e—}
_.:e
-

Variable

My family would be at a higher health risk
if my neighbours applied animal manure
to their land

WasteMngt _‘h

f—
o —
-

o ®

Sewer ¢_._
——
-

RuralNF == L=

+
‘_
My family would be at a higher health risk

if my neighbours applied biosolids
to their land

Region
* Kamloops
* Merritt

The odor emitted by biosolids is harmful
to my health when breathed

Sewer ——

RuralNF Y

RuralAg
Inc50100
Inc100+
Gender
Enviro
EduUni
EduPTC
EduGTC
Child
BioMngt
BioEd

Agebs+ —o— e
Age5064 —IFr—

Aboriginal

does the community provide the necessary ongoing support
as typically seen in social license models (Boutilier and
Thomson 2011; Hall et al. 2015; Thomson 2016; Gehman
et al. 2017), but also that the company/project seeks to obtain
this support. Public risk perception and lack of transparency
on risk management introduce challenges in establishing
ongoing community support. Further to this challenge, pro-
ponents face social media, where a potential vocal minority
uses it as a platform to publicly voice their differing expec-
tations to a broad audience (Gehman et al. 2017).

When considering the roles of legitimacy and trust,
legitimacy is necessary for acceptance, but trust is a
requirement for approval (Boutilier and Thomson 2011;
Goven et al. 2012; Lincoln 2015). Boutilier and Thomson
(2011) propose that legitimacy is a necessary but not
sufficient condition for trust and that weak community
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support needs legitimacy, but this introduces the potential
for a project to fall through.

Hall et al. (2015) suggest a social gap between public
support for the general goal of more “sustainable” prac-
tices and the level of local support for specific projects.
While the general public remains favorable to the idea of
new technologies, host communities are not as supportive.
Kamloops and Merritt’s responses to this survey support
this proposed social gap. Kamloops is more supportive of
biosolids projects than Merritt. It is in Merritt where the
topic of biosolids had already become a somewhat con-
troversial issue. Additionally, it is essential to consider the
legal license (the legal permission to conduct the activity
granted by the regulatory agency) as an input into the
“Social Capital” required to obtain ongoing community
support and the social license to operate. If community
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Fig. 5 Community support
conceptual framework

Firm
(Social Capital)
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9 Obtain Community
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members lose faith in the regulatory structure, increased
pressure is placed on the project proponent to make up for
this gap in their Social Capital.

Kamloops respondents provide a good example of
what Boutilier and Thomson (2011) refer to as the basic
level of community acceptance. Kamloops respondents
prove to support productive uses of biosolids. However,
response means for trust statements do not stray too far
from “Neutral,” suggesting that these views can change as
new information is received. Kamloops residents’
responses demonstrate this to the statement, “The odor
emitted by biosolids is harmful to my health when
breathed” (p =0.3569) and “l trust government reg-
ulatory agencies to monitor the safe use of biosolids”
(p = 0.0556), where responses were not different from
neutral or where they were only marginally significantly
different. This result is further evidence of the perceived
lack of knowledge about biosolids.

The opposition exhibited by Merritt residents demon-
strates an apparent lack of acceptance for biosolids land
application projects. Merritt respondents generally per-
ceived the land application of biosolids to offer unac-
ceptable risk and a low level of value. As proposed
above, the project will not even make it to the basic level
of community acceptance without legitimacy.

In the case of Kamloops, where there is the potential
for establishing legitimacy, projects are more acceptable.
Trust, however, cannot be discounted. Without trust,
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to Operate

— Free Prior and
Informed Consent:
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o Community ’

Ongoing
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there is a high probability of opposition within the host
community.

Host community power, interest, and pressure are of
particular interest concerning this region. Within Kam-
loops and the broader Thompson Nicola Regional Dis-
trict (TNRD), workshops and working groups have
evolved to assess biosolids management options
(Rothenburger 2018 a,b). While the TNRD has com-
mitted to assessing options to eliminate land application
within the region, the Kamloops working group members
have committed to considering the economic, environ-
mental, and social impacts of different management
options and establishing a long-term plan for the city’s
biosolids. This approach does not exclude the possibility
of continued land application. These approaches are
consistent generally by the outcomes of this research,
where the Lower Nicola Region of the TNRD has placed
increasing pressure on all levels of government to move
away from the practice of biosolids land application.
Although pressure is growing in Kamloops, the oppor-
tunity to conduct more proactive engagement on different
management practices still exists.

Conclusions

This research supports the notion that the “beyond
compliance” approach of conducting early engagement to
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obtain community support may be valuable for any
potentially controversial natural resource project, such as
with biosolids land application projects. Thus, the find-
ings of this survey can assist with designing stakeholder-
centric engagement around potentially controversial
natural resource projects. Although expectations of each
community will differ, several general conclusions to
support addressing risk perceptions associated with
management and regulation follow next.

Merritt residents reported to be more familiar with bio-
solids, and subsequent related issues within their commu-
nity, demonstrated significantly stronger attitudes opposing
land application practices than the reportedly less familiar
Kamloops residents. Kamloops respondents who were
generally more familiar with the term biosolids demon-
strated significantly stronger attitudes towards supporting
the value biosolids offer as a fertilizer. Given the contrasting
results between the two communities, this result suggests
that familiarity with biosolids is not necessarily an indicator
of support for the land application of biosolids; the context
of the familiarity matters.

Kamloops residents who reported to be more con-
cerned with waste management demonstrated sig-
nificantly stronger attitudes against biosolids land
application when attitude statements are in a negative
frame. While Merritt respondents reported significantly
more significant perceived health risks from biosolids
than animal manure, Kamloops respondents generally
disagreed that biosolids exposure would lead to increased
health risks. Kamloops residents who lived on rural
agricultural land had significantly stronger attitudes
towards accepting biosolids’ land application practices.
Women generally perceived significantly higher health
and safety risks; this was more prominent within the
Merritt community where emotions influence attitudes.
Neither community perceives there to be a strong enough
body of knowledge on biosolids. There is a general lack
of trust in government oversight for land application
projects to ensure the safety of human health and the
environment. Kamloops respondents support the general
idea of recycling biosolids but lack the necessary overall
trust for a biosolids project to receive stable social
acceptance. Merritt respondents reported that the per-
ceived benefits of biosolids do not outweigh the per-
ceived health and safety risks and that biosolids do not
offer value as a fertilizer highlighting a lack of overall
community acceptance.

In general, Merritt respondents were polarized in this
issue as some segment of their population was very
vocal and had strong feelings against biosolids, while
others were not as disturbed with biosolids for land
applications. In Kamloops, while the media reported that
a segment of the population had expressed strong
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opposition to the land application of biosolids, these
concerns had not attracted the same level of community
response. In turn, the same level of variability was not
observed with Kamloops respondents. The relative size
of the two cities may have played a role. This fact may
also be a statistical artifact. The sample size of Kam-
loops was an order of magnitude greater than Merritt,
and with greater sample size, the standard deviation will
likely be smaller.

The survey results suggest the need for public educa-
tion programs that clearly outline the potential risks and
benefits of biosolids land application. In addition, there is
a need for studies to be undertaken by trusted sources that
consider the concerns of stakeholders. The proactive
approaches are best with the formation of solid relation-
ships amongst the parties. These proactive measures will
provide community members the tools to assess the
relative benefits and risks and comfort with their level of
knowledge to decide on their position regarding biosolids
management practices. Furthermore, proactive engage-
ment by biosolids managers and regulators will likely
reduce the impact of potentially negative media attention
by enabling stakeholder support that is more resistant to
ideas projected by critics.

The study’s limitations were that some groups might
not be evenly distributed within the survey region, thus
not being equally represented in these results. In parti-
cular, survey respondents did not reflect the demographics
in the region., Indigenous community members are
underrepresented in this dataset. It is also worth noting
that this study focused on the general public perceptions
of biosolids management and not on the particular
impacted community groups. Although this provides a
good baseline for understanding the current state of
knowledge, it may be of too broad focus to identify the
key factors that resulted in the strong opposition experi-
enced within the Lower Nicola Valley. In addition,
Kamloops had a significantly larger dataset than Merritt,
which may affect the conclusions due to Merritt’s small
sample size. Further limitations of the study were that it
was conducted in one region and may not apply to areas
outside the survey area.

Future work will use the contingent valuation section of
our survey to measure the benefits of alternative uses of
biosolids in dollar values at the individual level and then
aggregated to the community level.
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Appendix

(Figures 6 and 7; Tables 4-8)
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Fig. 6 Map of British Columbia, with the populations of the cities of
Kamloops, Merritt and Princeton, within the respective Provincial
regions of the Thompson-Nicola and the Okanagan-Similkameen
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Fig. 7 Timeline of events during survey distribution. Survey distributed—May 2016 (response due June 15, 2016)
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—0.2319
(0.456)
0.421

1.5067**
(0.5116)

NA

—2,552kk
(0.944)

1.622%
(0.859)

2.585

NA

3,402
(1.433)
1.303
(1.334)

0.773

—1.861%%*
(0.570)
—0.803
(0.501)

—2.93280%
(1.024)

2.508%*  NA® NA NA 0.052
(0.982)

0.569
(1.324)

0.864

0.419

S2

(1.788)
1.168

(1.852)
—0.885
(1.710)

(0.994)
1.576

(0.738)

147208
(0.500)

—0.854 NA

(0.837)

—0.203
(0.870)

NA

0.109 (1.052)

NA NA

1.209
(1.802)

0.513

—1.482
(0.927)

sS4

(0.436)

(1.115)
1.882%
(0.974)
1.107

—0.541
(0.415)
0.517

0.929%*
(0.416)

—0.493 NA NA

(0.726)

~0.017
(0.770)

NA

(1.198)

—0.879%
2.063

(0.463)

0.722 (0.876)

NA NA

(1.670)

(1.309)
1.673
(1.460)

—0.951
(0.802)

S6

—0.393
(0.507)

0.454 (0.804) NA NA

—0.644
(0.875)
0410

6,778
(2.479)
~1.667
(1.967)
1.669
(2.025)

NA

—0.266
(0.566)
—0.359
(0.484)

0.739 (0.849)

NA

NA

6287
(2.138)

—2,053%*
(1.005)

S7

(0.462)
-0.076
(0.417)
0.044

(1.640)

(1.145)

1.376%#*
(0.484)
0.334

NA NA

—0.391
(0.718)

(0.879)

NA

~0.552
(1.552)

2.513

—0.189
(0.921)

—1.256
(1.068)
1.393

NA NA

—0.143
(1.805)
2.398

(1.631)

~1.103
(1.317)

1.350
(1.156)

—2.036%*
(0.932)

S9

—0.738* NA NA

(0.694)

—0.374
(0.785)

NA

—0.459
(0.462)

NA

NA

—1.400
(0.863)

S12

0.767 (0.834)

(0.414)

(0.393)

(1.437)

(0.953)

Logistic regression coefficients in log-odds units. Standard errors are given in parenthesis

w4 < 0.01; 4 <0.05; *p<0.10

#Variables did not cover enough respondents in the Merritt dataset. The dependent variables are Likert scale responses by Merritt participants to the S2, $4, S6, $7, S9, and S10 statements listed in

Table 1; S2 refers to the statement “Not enough is known about biosolids™; S4 refers to the statement “The use of biosolids as a fertilizer makes me concerned about my surrounding environment”;

S6 refers to the statement “My family would be at a higher health risk if my neighbours applied biosolids to their land™. S7 refers to the statement “My family would be at a higher health risk if my

neighbours applied animal manure to their land”. S9 refers to the statement “The odor emitted by biosolids is harmful to my health when breathed”. S12 refers to the statement “Even if used

properly, biosolids can still lead to land or water contamination”
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