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ABSTRACT 
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!

Improving Watershed Quality and Increasing the Capacity of Community-Based 
Monitoring in Nova Scotia 
by Ashley Murphy Shelton 

  

!
!
The purpose of this research is to document the developments in the field of water quality 
monitoring in Nova Scotia focusing on the importance of Community-Based Monitoring. 
This project relates primarily to monitoring activities of fresh, non-drinking water. An 
additional research goal was to pilot a new monitoring system in Nova Scotia and 
evaluate a standardized water monitoring tool-kit prototype developed by the 
Community-Based Environmental Monitoring Network (CBEMN) in collaboration with 
Saint Mary’s University (SMU), Nova Scotia College of Art and Design (NSCAD) and 
Nova Scotia Environment (NSE).  
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Chapter One 

Introduction and Literature Review 

!
1.0 Introduction  

Natural resources have a great amount of ecological importance to Nova Scotia 

and are a source of pride for many residents. Environmental monitoring of these natural 

resources is critical, but due to budget restraints, a gap has opened up among conservation 

authorities and government ecological monitoring activities. This gap has paved the way 

for a recent growth in Community-Based Monitoring (CBM) in the province of Nova 

Scotia and other regions of the country. In this study the term CBM will be used to 

describe the form of monitoring “where concerned citizens, government agencies, 

industry, academia, community groups and local institutions collaborate to monitor, track 

and respond to issues of common community concern” (Conrad & Sharpe, 2006, pp. 

395-396).  

 Environmental stewardship groups have been gathering watershed quality data 

and providing meaningful knowledge to the state of the environment; however they are 

currently facing several challenges in their monitoring efforts. The access to scientific 

expertise, financial and material resources and dealing with criticism aimed at the 

credibility of the data being gathered, are a few examples of what these groups are facing 

(Conrad & Sharpe, 2006). In order to combat these challenges the Community-Based 
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Environmental Monitoring Network (CBEMN)   has been working in partnership with 1

Nova Scotia Environment (NSE) to create a sustainable community-government 

partnership for improving and maintaining non-drinking water quality in Nova Scotia. 

This included a proposal for effective water monitoring tools and training for community 

groups developed by the CBEMN.  

Research has been conducted to oversee the development of a water quality 

testing tool-kit, standardized protocols, a water quality monitoring certification course 

and a centralized database for water quality data. The hypothesis of this study is that this 

program is capable of increasing the capacity for community-based monitoring and the 

standard of water quality monitoring data in Nova Scotia, enabling monitoring data to be 

used in informed decision-making. This study also seeks to evaluate the water quality 

monitoring tool-kit prototype developed by the CBEMN and Saint Mary’s University.   

  

1. Citizen Science and Community-Based Monitoring  

There has been an increase in the popularity of citizen science as a source for 

environmental monitoring data, although this form of volunteer-based monitoring is not a 

new concept. There are examples of citizen science programs that have been providing 

data for a number of years. Australia’s Bureau of Meteorology is one such case, utilizing 

volunteer monitoring for the past century (Sullivan, 2009). Advantages of such programs 
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have been observed and documented to influence community groups, non-governmental 

organizations (NGOs) and government agencies.  

One such observation introduces citizen science as a tool to have the public collect 

scientific data. This information gathering was noted by Bonney (2009) to have the 

potential of spanning across many locations, habitats and time. Citizen science projects 

also provide the participants with an increased knowledge of the scientific investigation 

process and the subject in which they are studying. This form of monitoring can include 

large-scale projects spanning continents and global data-gathering networks (Bonney et 

al., 2009; Pollock & Whitelaw, 2005). This form of data gathering is essential for tracking 

ecological trends worldwide, which would otherwise be impossible due to incomplete 

data or monitoring activities by professional scientists and government agencies (Conrad 

& Hilchey, 2010).  

The use of citizen science as a source for data gathering can lead to an increase in 

environmental democracy, scientific literacy, and public participation with local issues, 

while advancing scientific knowledge (Bonney et al., 2009; Conrad & Hilchey, 2010). 

The term environmental democracy refers to having environmental science and expertise 

more available and accessible to the public while promoting the local knowledge and 

expertise to scientists. This can be accomplished through the sharing of information 

between scientists and non-scientists (Conrad & Hilchey, 2010).  

In recent years, public participation in environmental monitoring and stewardship 

initiatives has experienced rapid growth, along with an increase in the public 
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environmental consciousness (Conrad & Daoust, 2007). There is now citizen science 

participation with various project topics ranging from climate change to water quality 

monitoring (Silvertown, 2009). Though there is progress and support for such programs 

in Nova Scotia and across the country, there has been a decrease in the government’s 

capacity to properly monitor the environment over recent decades. This is a result of both 

the increasing complexity of environmental issues and significant funding cuts to 

environmental programs (Conrad & Daoust, 2007). With environmental monitoring 

playing an important role in sustainable development, community groups have been 

attempting to fill the gaps caused by government budget cuts with monitoring activities 

(Conrad & Sharpe, 2006).  

By taking an active role in local environmental monitoring, a community group 

can directly benefit by having an input in natural resource management, while also seeing 

an increase in social capital and addressing an environmental issue or concern. Social 

capital refers to the strength of links between individuals and groups of individuals within 

a community. This is important for the development of environmental consciousness 

among a community and a communities’ ability to monitor, communicate, and share 

information in an environmental context (Conrad & Sharpe, 2006).  

 The advantages of utilizing CBM are not limited to the community level. It offers 

an alternative to scientists and government agencies that require monitoring data but do 

not possess the resources to collect them (Conrad & Daoust, 2007). Governments benefit 

with extensive monitoring networks, a cost-effective method to increase the capacity of 

� 	  iv!



environmental monitoring while encouraging collaboration between stakeholders. This 

method also provides an early warning detection system for ecological change or damage 

(Conrad & Sharpe, 2006).  

Despite the advantages of citizens as researchers, high standards are needed for 

any source of scientific investigation. Protocols are important for the development of a 

citizen science project, which must include answers to “when”, “where” and “how” data 

will be collected. This also includes a formal action plan that will allow for data 

collection to be made by multiple participants in numerous locations and combined for 

analysis (Bonney et al., 2009). Literature has stressed the importance for such standards 

and protocols, with Lefler (2010) noting the correlation between monitoring protocols and 

the successful transference of information to decision makers. Despite the advantages and 

benefits of CBM, there are also challenges for community groups and their monitoring 

activities. Such challenges include: access to scientific expertise, volunteer burnout, 

financial and material resources, and accuracy of the data collected (Conrad & Sharpe, 

2006).  

The lack of consistent and adequate funding available is one of the major concerns 

for environmental stewardship groups, with CBM projects relying solely on grant 

opportunities. Currently there is no core funding provided to CBM on the provincial or 

federal level. While it is possible to obtain funding for new projects, it is far more 

difficult to secure resources for on-going projects such as ecological monitoring, which is 

necessary for analysis of long-term ecological trends (Conrad & Sharpe, 2006). 
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Inconsistency in funding can lead to data fragmentation and despite the shift that 

has occurred from governmental-run monitoring activities to community-based programs, 

the funding required to maintain these projects has not been equally allocated (Conrad & 

Sharpe, 2006). Providing resources to these groups to lower the costs of monitoring 

programs will be critical in enabling environmental monitoring at the community level. 

For the community groups who secure funding and are able to collect 

scientifically valid monitoring data, they are still unable to use this data in informed 

decision-making. Regardless of the abundant environmental stewardship group 

monitoring activities, there is still very limited involvement in watershed management at 

the community level (Conrad & Sharpe, 2006). There are further challenges to utilizing 

CBM data in watershed management as a result of the criticisms directed at the accuracy 

of the data being collected.   

Criticisms are being directed towards community based watershed groups and the 

credibility of the water quality data gathered as it is the responsibility of the natural 

resource administrators who use the data for decisions on resource management to 

critique the quality of data gathered. Comparatively, literature indicates that the data 

collected by community groups can match the quality gathered by professionals, for both 

biological and chemical water monitoring parameters (Conrad & Sharpe, 2006).   

There are opportunities to address these concerns and aid in increasing the 

credibility of data collected by CBM programs, by incorporating well-designed data 

collection methods and standardizing procedures (Silvertown, 2009). The accuracy of the 
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data collected can also be secured with vigorous sampling protocols, regular training for 

volunteers and staff, as well as access to adequate equipment (Conrad & Sharpe, 2006).  

  In addition to considering the basic components of developing an effective 

monitoring program, further research is needed to explore how citizen science processes 

differ through different cultures and languages (Bonney et al., 2009). Although the 

community-based approach to environmental issues has been strongly supported both 

internationally and within Canada (Conrad & Daoust, 2007). Considering these required 

standards and potential research questions, citizen science and CBM programs are 

capable of being implemented at a local level with the potential of integrating into an 

international model.  

The Community-Based Environmental Monitoring Network has supported the 

theory of citizen science and community-based monitoring as effective tools for 

environmental monitoring. With the advantages of citizen science-based environmental 

monitoring activities and the success of such projects in many cities and countries around 

the world, this form of volunteer-based monitoring can be used in the province of Nova 

Scotia to further the development of watershed monitoring. By addressing the challenges 

of the CBM model and having supportive legislation and policy, Nova Scotia has the 

potential to become a leader in CBM water monitoring.  

 With these challenges in mind, the Community-Based Environmental Monitoring 

Network has been working in collaboration with Saint Mary`s University, NSCAD and 

Nova Scotia Environment in developing a comprehensive and effective water monitoring 
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tool-kit and training for community groups. This initiative aims to ensure the vigorous 

protocols needed to secure data credibility and standardized equipment will be cost-

effective and allow for comparability of water quality data between community groups.  

!
1.2 Water Monitoring 

A lack of sufficient monitoring data can hold back proper assessments of water 

bodies and appropriate resource management; therefore, community monitoring is 

essential to adequately monitor all watersheds (Conrad & Sharpe, 2006). Efforts in CBM 

have experienced a rapid increase in the province of Nova Scotia and throughout Canada. 

Much of the growth of CBM in Nova Scotia is attributed to the previous absence of a 

comprehensive policy framework for the management of natural resources within the 

province. Many groups have attempted to fill the void created through the lack of 

supportive government policy (Conrad & Daoust, 2007). With over 84 community 

environmental stewardship and CBM groups in the province of Nova Scotia linked with 

the Community-Based Environmental Monitoring Network, many of these CBM groups 

engage in some form of watershed monitoring (Community-Based Environmental 

Monitoring Network, 2011).  

This participation in watershed monitoring by environmental stewardship groups 

often incorporates water quality monitoring programs in Nova Scotia’s watersheds, lakes, 

streams, rivers, estuaries and near-shore marine areas. In these monitoring programs, 

water quality is judged objectively with the use of water quality guidelines, which are 
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scientific and technical information that provide a means for evaluating the water quality 

needed in maintaining a certain environmental value (Conrad & Sharpe, 2006; Hart, 

2004). Water quality monitoring activities include collecting data for several water quality 

parameters: biological (e.g. fecal coliform bacteria, benthic invertebrates), physical (e.g. 

temperature, total suspended solids) and chemical (e.g. dissolved oxygen, pH). Within 

Nova Scotia, watershed groups have been utilizing a number of parameters including: 

suspended solids, nutrients, fish abundance and diversity, invasive species, native plants, 

stream morphology, and riparian habitat assessment. Unfortunately, due to slight 

methodology discrepancies among groups, this data is not comparable (Conrad & Sharpe, 

2006).  

Table 1.1 provides a reference for the basic water quality monitoring parameters 

of fresh non-drinking water in the province of Nova Scotia. These parameters include: 

temperature, Dissolved Oxygen (DO), pH, conductivity, salinity, turbidity, and nutrients 

such as nitrates and phosphates and are based on PASCO and CCME guidelines. 

Some of the most critical indicators of freshwater ecosystem health, DO, 

temperature and pH, often influence the habitat quality for fish species and the CCME 

(2007) guidelines for the lowest acceptable DO concentrations are based on the protection 

of aquatic life. The pH guidelines are recommendations based on marine and estuarine 

systems, unless the pH is a result of natural conditions. In these natural conditions pH 

values should not vary more than 0.2 units from the natural pH levels (CCME, 2007). 
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There are no CCME guidelines for conductivity however the PASCO field guide (2007) 

provides recommendations based on desirable levels for freshwater aquatic life.  

Turbidity is another important water quality parameter, as it is an easy and reliable 

form of monitoring. The cloudiness of the water can provide an indication of presence of 

suspended solids and sediment, with high turbidity leading to many potential negative 

impacts to fish and other aquatic organism habitat. High turbidity blocks sunlight 

penetration through the water, which leads to reduced plant and algae growth. This results 

in a loss of food source for fish and aquatic organisms, and can also reduce DO 

concentration. Other impacts to fish populations include sediment clogging or damaging 

fish gills (PASCO, 2007).   

Nitrate is a useful monitoring parameter as it provides a good indication of nitrite 

levels in the water, which is more difficult to measure and is toxic to humans. The CCME 

(2007) guidelines are based on the protection from the direct toxic effects of nitrate levels 

and do not consider the indirect effects of eutrophication. Water polluted with high nitrate 

levels is often a result of agricultural runoff. This can result in eutrophication, where 

water becomes enriched in dissolved nutrients causing algae blooms leading to anoxic 

conditions and fish and aquatic organism deaths.  

Phosphates are another major nutrient for plant growth and are a rate-limiting 

reagent for eutrophication, and its presence in high levels can indicate a point source of 

pollution (PASCO, 2007).   

Parameter Definition Importance Guidelines
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Temperature The measure of 
average energy 
resulting from 
movement of 
microscopic particles 
in a substance (°C).

Impacts life functions in 
aquatics organisms and 
human use of the water. 

• Human activities 
should not change 
water temperature by 
more than +/- 1 ̊C  

• Maximum human 
induced temperature 
change should not 
exceed 0.5 ̊C per hour. 

Dissolved 
Oxygen (DO)

The measure oxygen 
gas dissolved in the 
water (mg/L). Varies 
by water temperature 
and air pressure. 

DO concentration is 
critical for determining 
water quality and greatly 
influences aquatic 
ecosystems health.

• Warm Water:  
5.5 mg/L - 6 mg/L  

• Cold Water:  
6.5 mg/L - 9.5 mg/L 

pH The measure of 
hydrogen ion 
concentration in water. 
Determines how acidic 
or basic the solution is 
(0-14). 0=most acidic, 
14=most basic

pH is important for 
overall water quality and 
affects solubility of 
metals and nutrients. 
Aquatic life cannot 
handle extremely low or 
high pH values. 

• pH range of 7.0-8.7  

Conductivity The measure of ability 
for water to conduct an 
electrical charge (µs/
cm). Is dependent on 
the concentration of 
dissolved ions in the 
water.

Can be used to quickly 
estimate the amount of 
total dissolved solids 
(TDS) in the water by 
multiplying conductivity 
measurement by 0.5 for 
natural waters at 25°C.

• Freshwater aquatic life 
desirable levels 
150-500 !

Turbidity The measure of 
cloudiness of water by 
observing the amount 
of light reflected by 
suspended particles.  

Increased turbidity 
increases water 
temperature, reduces 
plant growth, DO and 
food sources of fish/
aquatic organisms. 

• Secchi Disk:  
< 1 meter indicates 
high amounts of 
suspended materials  

Nitrate The measurement of 
the ion formed by the 
oxidation of 
ammonium ions by 
microorganisms in soil 
or water (mg/L). 

Nitrate can lead to 
eutrophication and also 
provides an indicator for 
further testing of nitrite, 
or presence of 
pathogenic bacteria.

• Nitrate levels based on 
protection of toxic 
effects should be less 
than 13 mg/L.

Phosphate The measurement of 
the water-soluble form 
of phosphorous (mg/
L).  

Phosphate is a major 
nutrient for plant growth 
and is critical for life. 
Can also lead to 
eutrophication.  

• Criteria for evaluation 
of nutrient over 
enrichment  
Low: <0.01   
Medium: >0.01 - <0.1  
High: ≥0.1 
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Table	  2.1-‐	  Basic	  Water	  Quality	  Monitoring	  Parameters	  (CCME,	  2007;	  PASCO,	  2007)	  

 	  

Further challenges faced by CBM in Nova Scotia are primarily concerned with 

accuracy and quality of the water data gathered by staff and volunteers. Although 

scientific literature indicates that community groups have the capacity to produce high 

quality data; community groups must use validated protocols, and regular training of 

volunteers and staff through the use of Quality Assurance/Quality Control (QA/QC) 

procedures to avoid such criticisms (Conrad & Sharpe, 2006). Quality Assurance refers to 

the overall management system procedures, including: organization; planning; evaluation; 

and reporting activities. Quality Control aids in minimizing error through the use of 

routine technical activities. The use of QA/QC provides an increase in the credibility of 

the data gathered while saving time and resources (Minnesota Pollution Control Agency, 

2003). 

 These QA/QC procedures must be incorporated into the study design of every 

monitoring program. Community watershed groups require guidance and support to put in 

place these proper procedures (Conrad & Sharpe, 2006). With assuring data credibility as 

one of the primary challenges for data collection, the purpose of the data should be kept 

in mind. Building QA/QC in a monitoring project will ensure that the data gathered in 

usable (Minnesota Pollution Control Agency, 2003). Due to the importance of these QA/

QC procedures with respect to the credibility of the water quality data being carried by 

community based watershed groups, the CBEMN incorporated these standards in the 

development of a new Training and Certification course.  
� 	  xii!
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!
!
1.3 Community-Based Monitoring Programs 

1.3.1 International Programs 

 There are countless examples of community based watershed programs that have 

been successful at providing credible water quality data, while promoting public 

participation and increasing public awareness of environmental issues. These programs 

offer potential models for similar projects, while also demonstrating credibility to citizen 

science and CBM programs. These citizen science and CBM programs can be observed in 

a multi-national scale such as Reef Check and Earthwatch programs. There are also 

examples of local scales programs such as the community wetland monitoring programs 

in Namibia, bird watching in the UK and pollution monitoring in India. The capacity for 

data collection on all scales and regions is growing worldwide (Sullivan, 2009).   

 Direct applications of CBM water quality data can be observed in current 

watershed groups such as the WaterWatch volunteer based programs, which incorporates 

volunteers and community members with monitoring activities and has spread throughout 

the world. These programs are coordinated to ensure proper monitoring application and 

data credibility (Sullivan, 2009). WaterWatch Victoria connects and supports local 

communities who share river health and watershed management issues. The coordinators 
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of this program also provide water quality and biological monitoring training to 

volunteers, community groups and schools (WaterWatch Victoria). 

Further regional efforts can be observed spanning from Australia’s WaterWatch 

Community Environmental Monitoring program, to the United States’ Alabama 

WaterWatch program (AWW) (Sullivan, 2009). Global Water Watch is the AWW 

community-based water monitoring program extending around the globe. The AWW 

program works toward protecting water resources that require strong community-based 

knowledge and action, and utilizes the data collected by volunteers in the development of 

watershed management plans (Alabama Water Watch Program). 

 These international models demonstrate the growth and popularity of this form of 

watershed monitoring while also reinforcing the importance of training and QA/QC 

standards. The Volunteer River Assessment Program (VRAP) incorporates training and 

vigorous protocols for volunteers and staff, and provides a great example for modeling 

purposes of future training programs. Established in 1998, this branch of the New 

Hampshire Department of Environmental Services is mandated to educate the public on 

watershed ecology and river and stream water quality while improving capacity to protect 

water resources in the state of New Hampshire. This program loans out monitoring 

equipment, is available for technical support and aids in training and education of 

volunteers (Volunteer River Assessment Program). 

 VRAP also incorporates a collaborative approach with Department of 

Environmental Services (DES). Volunteers monitor water quality, which in turn increases 
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the knowledge of local river water quality. Local and federal government can then use 

this information for better watershed management and planning. The data collected by 

VRAP volunteers directly contributes to New Hampshire’s obligations under the Clean 

Water Act and are included in reporting to the US Environment Protection Act (EPA). 

VRAP personnel train volunteers in the use of water monitoring equipment during an 

annual training workshop and each group works directly with VRAP in establishing and 

developing a monitoring plan. The data retrieved by volunteers are sent to VRAP during 

the summer, which is then reviewed for Quality Assurance and entered into an 

environmental monitoring database (EMD) at the Department of Environmental Services. 

The data is then interpreted during the off-season by VRAP and compiled into an annual 

report for each river. This information can be used both by volunteers as a resource for 

understanding water quality and determining future monitoring efforts, as well as 

governmental use in surface water quality assessments (Volunteer River Assessment 

Program). This program has a successful application of Quality Control/ Quality 

Assurance protocols ensuring high standards of data collection. For this reason, this 

program has been used as a model for the pilot water monitoring training and certification 

course developed for the CBEMN proposal.  

!
1.3.2 Provincial Programs: Nova Scotia Perspective  

  Within the scope of Nova Scotia, there are a number of community groups that 

demonstrate successful long-term monitoring records. An example of one of these groups 
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is the Sackville Rivers Association (SRA), established in 1988, which is a volunteer NGO 

(Conrad & Sharpe, 2006). SRA’s mandate includes: restoration of the Sackville River 

watershed, and to increase the public’s awareness of concerns for urban and rural 

watersheds (Sackville Rivers Association). Clean Annapolis River Project (CARP) is yet 

another form of volunteer based water quality program active along Nova Scotia’s 

Annapolis River, in place since 1990 (Clean Annapolis River Project). CARP’s mission 

statement is “To restore and protect the ecological health of the Annapolis River 

watershed through science, leadership and community engagement” and they have been 

developing their own QA/QC project plan, still currently in draft form (Clean Annapolis 

River Project; Conrad & Sharpe, 2006).   

 There are examples in Canada where provincial watershed policies have provided 

the framework for sustainable water management planning and incorporated community-

based environmental stewardship groups to take part in watershed planning. One such 

example includes Alberta’s Water Act and a provincial water strategy aimed at protecting 

aquatic environment. Alberta’s Water Council is made up of partnerships between 

governments and stakeholders including provincial monitoring, agencies, NGOs and 

industry. There is also encouragement for community-based watershed stewardship 

groups to take in watershed planning (Environment Canada, 2009).  

There are examples of resources available which ensure high data quality to 

accompany a developing policy framework for CBM data. Environment Canada’s 

Ecological Monitoring and Assessment Network (EMAN) was the first to introduce 
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standardized benthic invertebrate monitoring protocols to Atlantic Canada. Although 

EMAN is no longer active, their protocols are still available electronically and provide a 

foundation for future resources and networks. The Canadian Aquatic Bio-monitoring 

Network (CABIN) is an example of a current resource, which introduces high scientific 

standards and vigorous protocols. CABIN is accessible for community watershed groups 

to monitor the abundance and diversity of benthic invertebrate communities. The data 

collected is held in a central database; therefore allowing the results from different 

watersheds to be compared (Conrad & Sharpe, 2006). Utilizing a similar model, the 

CBEMN’s proposed centralized database for water quality monitoring data will be 

available for communities utilizing established sampling protocols, equipment and 

training to upload data and increase information sharing among communities and 

government agencies.  

In Nova Scotia, a provincial water resources management strategy was released in 

December of 2010. The strategy was to be developed with the purpose to determine how 

watersheds, as a natural resource, will be managed in the province of Nova Scotia 

(Government of Nova Scotia, 2009c). In collaboration with the provincial strategy, it was 

determined that effective methods and equipment for field water quality analysis should 

be developed (Government of Nova Scotia, 2009a). There is hope that this water strategy 

will provide the framework to incorporate CBM water quality data in sustainable 

decision-making.  

!
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1.4 Policy Framework 

There has been a potential link with some unsuccessful CBM programs and a lack 

of comprehensive environmental law or policy to remediate the problem (Conrad and 

Daoust, 2008). Some approaches to CBM have the capacity of being more successful than 

other, as Lefler (2010) noted the potential success of community-based initiatives 

utilizing a multi-party approach.  This incorporates the involvement of all interested 

stakeholders, which can include concerned citizens, governments, and businesses. 

Research indicates that this form of CBM fosters positive relationships early on in a 

monitoring program and has the potential to successfully link collected data and decision-

making. With the many approaches to water management emerging, there is a new focus 

of considering the watershed and its sources of pollutants as a whole rather than confining 

to types of sources or political boundaries. This utilizes the concept of a ‘Collaborative 

Approach to Watershed Management’ for decision-making (Focht et al, 2005).  

There are many groups involved in watershed management. For river restoration 

projects the “actors” involved include: stakeholders, scientists, advocates managers and 

practitioners (Darby et al., 2006). During the development of Nova Scotia’s Water 

Resource Management Strategy, many stakeholders were involved in the consultation 

phases in 2008 (Nova Scotia Environment, 2011a).  

In December of 2010, Nova Scotia Environment announced the release of the 

final strategy (Nova Scotia Environment, 2011b).  This strategy indicated the relevance of 

an Integrated Water Management approach with one of five goals including Water 
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Monitoring and Knowledge, to “strengthen our understanding of provincial water 

resources” (Nova Scotia Environment, 2010, p.14). The Nova Scotia Water Resource 

Management Strategy also aims to “build the capacity for community water monitoring in 

watersheds across the province” (Nova Scotia Environment, 2010, p.22). There is a direct 

correlation with this goal and the purpose of the proposed WET Pro Project.  Having the 

support from a provincial policy will be crucial to the life and development of this 

project.   

!
1.5 Project WET-Pro 

1.5.1 Introduction to the CBEMN 

With the number of challenges presented to new stewardship groups and 

monitoring activities explored in this research, the CBEMN has employed several 

methods to address these issues. The CBEMN was established by the faculty of Saint 

Mary’s University, under the direction of Dr. Cathy Conrad, to further support the 

administration of community organizations; while providing guidance in the design of 

new groups and monitoring programs. Varied expertise has been offered to community 

members regarding the monitoring and measuring of environmental quality of a 

community’s ecosystem (Conrad & Sharpe, 2006).  

As addressed earlier, access to resources, both knowledge and equipment, can be 

limited for many environmental stewardship groups. The CBEMN increases the 
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accessibility of scientific data by providing advice on how to access this information and 

how a community may use this data and available technology to further their 

understanding of the local environment. The Network has supported CBM development 

in Nova Scotia and also encourages sharing of information between community groups. 

To facilitate in this communication, a forum is offered through a web site 

(www.envnetwork.smu.ca), newsletters and workshops (Conrad & Sharpe, 2006). An 

Environmental Stewardship Equipment Bank was also founded to loan environmental 

monitoring equipment to all community members who otherwise could not gain it 

elsewhere, lowering the cost of monitoring programs and enabling further CBM activities 

(Community-Based Environmental Monitoring Network, 2010).     

!
1.5.2 Project Proposal 

The CBEMN’s project is composed of a three-stage proposal to develop a 

comprehensive system to address water quality monitoring concerns in Nova Scotia. The 

first stage involves the development of a standardized monitoring tool-kit, designed as a 

cost-effective option for community members. The second stage incorporates the need for 

standardized protocols by developing a water quality monitoring training and certification 

course. This course addresses the barriers of water quality monitoring information for 

community organizations while ensuring appropriate quality from the data gathered. The 

final stage involves the development of a centralized and coordinated data repository for 

water quality data (Cathy Conrad, personal communication, January 14th 2009). This 
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project incorporated the collaboration between the CBEMN, Saint Mary’s University 

(SMU), the Nova Scotia College of Art and Design (NSCAD) and Nova Scotia 

Environment (NSE).  

!
!
!
!

!
!
!
!
!
!
!
!
!
!
!
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Chapter Two 

Study Area 

!
2.0 Physical Environment 

 Nova Scotia is a province of diverse fresh water systems and the study area of this 

project encompasses all of Nova Scotia’s watersheds. Approximately 5 percent of Nova 

Scotia’s land is covered by fresh water, including lakes, rivers and wetlands, and over 44 

watersheds throughout the province (NS Museum of Natural History, 1996; NS Water 

Strategy, 2010). This environment provides habitat for many species of fish, insects and 

vegetation. When creating a water quality monitoring program, the natural characteristics 

of the sampling site need to be taken into consideration, as well as the purpose of the 

project. 

 Surface water quality can be influenced by many natural factors including: 

bedrock composition, watershed size, precipitation, land topography, vegetation and 

location relative to the ocean. Subsurface geology and soil characteristics of a local 

watershed play an important role in determining the natural conditions of a region’s water 

quality. Nutrient levels and water chemistry can vary due to the soil type, as the natural 
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acidity of an area may be a result of the buffering capacity of the soil or the local bedrock 

(NS Museum of Natural History, 1996).  

An estimated 78 percent of the lakes and streams in the province are found in 

areas with underlying granite and metamorphic bedrock. This can result in low 

conductivity values in local watersheds and therefore implies a low concentration of 

dissolved solids. This also results in low buffering capacity of the water and leaves it 

subject to low pH values. In other regions of the province higher conductivity values can 

be found in areas underlain with sedimentary rocks consisting of limestone and gypsum 

(NS Museum of Natural History, 1996).  

Literature indicates a tendency for southwestern Nova Scotia’s water systems to 

have strong mineral acid concentrations, leading to further acidification in systems that 

have natural acidic conditions (Howell & El-Shaarawi, 1990). Whether the purpose of a 

monitoring program includes evaluating a potential site for restoration of fish habitat or 

gathering basic water quality data, these natural and historic local characteristics must be 

considered in the design of the project.   

!
2.1 Environmental Impacts to Nova Scotia Watersheds 

As a result of human encroachment, Nova Scotia’s fresh water systems are 

susceptible to negative impacts due to numerous sources of pollution. Water quality 

testing and analysis is very important for Nova Scotia, as many of the watersheds in the 
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province are located in urbanized areas. Sediment and other pollutants are major concerns 

for the province and effective monitoring provides accurate and reliable data for scientists 

and decision makers (Government of Nova Scotia, 2009b). CBM data can be used to 

provide an early warning of ecological change, or may also aid in identifying the source 

of water pollution. Surface water pollution can be emitted from either a point or nonpoint 

source.  

A point source is a distinct and confined site and generally originates from an 

industrial or municipal source, discharging into a lake or stream. Non-point sources can 

include runoff and can be influenced by topography, hydrology, climate, geology and 

vegetation. Rural runoff is generally associated with agriculture, mining or forestry 

practices; whereas urban environments with less permeable surfaces have an increase of 

runoff from streets or fields. Water quality monitoring and regulation is most difficult 

with respect to pollutants from a non-point source (Botkin et al., 2006). With the 

importance of effective and continual monitoring being emphasized by the provincial 

government, and the numerous opportunities for anthropogenic and natural conditions to 

negatively affect water systems, many community groups have taken up the call to 

provide this water quality data.  

!
2.2 Nova Scotia’s Community-Based Monitoring Groups 
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According to the CBEMN, Nova Scotia has currently eighty-four environmental 

stewardship groups undergoing some form of CBM, with many involved in water quality 

monitoring of their local watersheds. See Figure 2.1 for the distribution and number of 

CBM groups in Nova Scotia who are actively conducting watershed and water quality 

monitoring. This map displays over sixty environmental stewardship groups spread 

throughout the province, with a concentration along the coastline. Basic CBM water 

quality and data collection involves a number of water quality parameters and stream 

health indicators. This can range from monthly monitoring, full-scale restoration projects 

and year long monitoring programs. The Eastern Shore Forest Watch is one example of a 

local Nova Scotia community group who undergoes water quality monitoring throughout 

the year.  

� 	  xxv!



!  

Figure	  2.1-‐	  DistribuHon	  of	  Community-‐Based	  Water	  IniHaHves	  in	  Nova	  ScoHa	  (Modified	  
from	  Don	  Bonner)  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Often these groups are made up of a small but dedicated group of local volunteers, 

many of whom are retired. The CBEMN is involved with some of these monitoring 

activities by providing training and loaning equipment through the use of the 

Environmental Stewardship Bank.   

Unfortunately these groups are faced with limited and fragmented funding 

(Conrad & Sharpe, 2007). This provides a challenge for continued and persistent data 

collection on a reliable basis. There are also high turnover rates for volunteers that may 

lead to a limited number of long-term trained volunteers. Overall there is a strong 

volunteer base for CBM in Nova Scotia; however, the limitations of funding, training and 

credibility of data collected must be addressed in order to increase the capacity of CBM 

in the province. 

!
!
!
!
!
!
!
!
!
!
!
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Chapter Three 

Methodology 

!
3.0 Adventus Report  

 During February and March of 2009, research was conducted on behalf of Dr. 

Cathy Conrad of Saint Mary's University, by an external Ontario company, Adventus 

Research Incorporated. The purpose of this research was to determine the potential 

support and need for a project directed towards increasing the capacity for community-

based water quality monitoring in Nova Scotia. In March 2009, a report was published for 
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Gina Funicelli, Industry Liaison Officer at Saint Mary’s University. This report included 

the results of research obtained through stakeholder interviews and focus groups. 

Secondary research was also conducted relating to programs focusing on water quality 

monitoring training products and services, the methods of delivery for such programs and 

their success rates (Adventus, 2009).  

!
3.0.1 Stakeholder Interviews 

 Industry and technology stakeholders were assigned into 13 key groups, ranging 

from private to public sectors. The 13 stakeholders were broken down into three groups: 

1) Government (seven interviews) 

2) Academia (three interviews) 

3) Private Sector (three interviews) 

The overall purpose of the interviews was “to develop an understanding of the key 

issues around water quality monitoring training from a stakeholder/expert 

perspective” (Adventus, 2009, pp. 3). Each participant was identified through the 

suggestions offered by Dr. Cathy Conrad and stakeholders, and was questioned using a 

10-15 minute telephone interview format. 

The interview questions were designed by Adventus to be open-ended and to 

determine the relevancy of a project designed to increase community-based water quality 
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monitoring. The first open-ended question related directly to the validity of CBM and 

asked “What is your general reaction to the concept of community-based environmental 

monitoring? Do you believe that volunteers for community-based environmental NGOs 

can gather credible data?” (Adventus, 2009, pp. 21). This question provided an idea of 

the support for such programs and identified areas of concern that would need to be 

addressed.  

 The second open-ended question was used to determine the range of interaction 

with community-based programs and stakeholders, asking if they have had any first 

hand experience with community groups and to comment further. The purpose of this 

question was to determine the first hand relationship of stakeholders with community 

groups and also could identify the potential value of a program designed to increase 

community involvement (Adventus 2009).   

 The third, fourth and fifth questions were designed as situational questions, where 

participants were asked to comment on the following scenario: “ In a situation where 

community based volunteers are trained using a standardized toolkit to undertake 

physical water quality monitoring (including such parameters as pH, temperature, 

conductivity, dissolved oxygen, and turbidity) using standard monitoring equipment (i.e. 

a multi-probe that has been fully calibrated), what would the training and content of a 

certification course have to include?” (Adventus, 2009, pp. 29).  

Questions were further broken down for participants to expand on the theoretical 

background, practical content, in-field training and lastly certification required to ensure 
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confidence in the data collected. Details on certification and training also included who 

would be suitable to perform credible training and further questions were asked to 

identify course delivery/packaging requirements and possible cost of such a course 

(Adventus 2009).  

!
 3.0.2 Focus Group 

 The focus group had nine participants who represented community group 

volunteers between the ages of 12-65 who conducted local water quality monitoring and 

encompassed a range of demographics. The focus group was recorded and held on-

campus on March 7th, 2009. The event was moderated by Gary Svoboda from Adventus 

Research Inc. and facilitated by Gina Funicelli of Saint Mary’s University. Participants 

were chosen by Adventus based on a larger group of potential volunteers, which were 

supplied by Dr. Cathy Conrad (Adventus, 2009).  

The purpose of the focus group was to determine what the perceptions and 

expectations of the intended “target market” (i.e. community groups) to the proposed 

project. This was then compared to the results from the stakeholders’ interviews 

(Adventus, 2009). The results of the Adventus report including the interviews, focus 

group session and secondary research will be examined in Chapter four of this study.  

!
3.1 Development of WET-Pro Project 
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 Once the Adventus report was compiled, Project WET-Pro continued with further 

research, product testing and technology design. The project was composed of a three-

stage process; involving the development of a standardized monitoring tool-kit, 

standardized protocols, a water quality monitoring training and certification course and 

the development a centralized and coordinated data repository for water quality data 

(Cathy Conrad, personal communication, January 14th 2010). The overall purpose of this 

project was to be used as to be an early warning detection system rather than taking away 

from the data gathered by certified water quality professionals. 

!
3.1.1 WET-Pro Water Quality Tool-kit 

The components of this water quality monitoring tool-kit were assembled to 

measure most chemical or physical parameters collected by watershed monitoring 

programs. Water analysis tools were tested in the field to determine which models were 

most effective for average fieldwork of a community group volunteer. This included 

rating water quality testing technology based on specific criteria including: 

• Reliability; 

• Accuracy;  

• How easily the testing process could be replicated; 

• How easily the unit could be transported in the field; and 

• Affordability 
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The goal was to have a kit that could be taken out in the field and would have all 

the necessary testing equipment readily available for basic water monitoring (Cathy 

Conrad, personal communication, January 14th 2010). 

The initial research for potential equipment began in the summer of 2009, 

conducted by Jake Parker, a Saint Mary's University undergraduate student who was 

employed by the CBEMN. Mr. Parker conducted market research to determine what 

equipment was available for monitoring the basic water quality parameters previously 

indicated in literature review. Research also focused on determining if there was 

equipment currently available that was marketed as all-in-one tool-kit, and how 

economically feasible this equipment would be for a community-based group. The 

demographics of the average volunteer in environmental stewardship group was also 

taken into consideration. Many volunteers are either retired or fall within an older age 

demographic, which stressed the importance of equipment that is easy to handle and of a 

reduced weight (Cathy Conrad, personal communication, January 14th 2010).   

Methods of transport to and from sampling sites were also considered and it was 

recognized that many volunteer based community groups have limited resources and 

therefore this had to include all equipment needed to perform basic water quality analysis 

and stream health. Equipment was purchased and they were rated on these criteria (Emma 

Garden, personal communication, February 17th, 2011).  

Comparative studies on various equipment were conducted throughout the 

summer of 2009 with community groups including the Sackville Rivers Association, Cole 
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Harbour Trails Association and an employee from Nova Scotia Environment and 

Environment Canada (Emma Garden, personal communication, February 17th, 2011).  

Once the initial equipment testing was conducted, a final list of components was 

compiled and the tool-kit was designed to contain the following equipment: 

▪ YSI 85 Multiprobe: conductivity, dissolved oxygen water temperature and salinity 

▪ YSI pH Meter: pH 

▪ Garmin GPS: GPS coordinates 

▪ Waterproof Paper and Pencils: in-field notes 

▪ Secchi Disk: turbidity  

▪ Presence or Absence Tablets: coliform, nitrate, phosphates 

▪ Handheld Weather Station: air temperature and barometric pressure 

▪ Digital Camera: in-field photographs 

▪ First Aid Kit: emergency preparedness  

▪ Ice Packs: maintain water sample temperature  

▪ QEII Sample Bottles/ Instructions: additional samples for a testing facility 

▪ Waterproof Tape Measure: in-field measurements 

▪ Collapsible Bucket: additional water sample 

▪ Gloves: for use with contaminated water 

!
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The design of the tool-kit was the next step in the development of this project. 

Through collaboration with the Nova Scotia College of Art and Design (NSCAD), a class 

project and competition in a senior product design course was developed in the fall of 

2009. During this competition, existing kits were researched and identified by the 

students including the issues with their designs. Four groups were to design a prototype 

toolkit, logo, labeling, and also be in charge of including relevant information on how to 

use the tool kit. Dr. Conrad highlighted areas of interests for the tool-kit design, including 

but not limited to: size, weight, utilizing locally made material, economically feasible, 

durable design, and general appearance (Cathy Conrad, personal communication, January 

14th 2010).   

In September 2009, these four groups of students were taken out by Dr. Conrad 

and the Sackville Rivers Association to observe in-field water quality testing with the 

equipment chosen for the tool-kit to aid in the preliminary product concept development. 

Preliminary and intermediate concepts were developed and evaluated by the Community-

Based Environmental Monitoring Network (Cathy Conrad, personal communication, 

January 14th 2010).   

The final concept included a prototype monitoring kit, a branding strategy and 

instruction manual for the use of the kit. The final designs were presented in December 

2009 and the winning design and prototype were chosen (Cathy Conrad, personal 

communication, January 14th 2010). The winning design included a large waterproof and 

durable white outer case. Concerns brought up regarding the colour choice of the outer 
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case, particularly that it would not hold up well against the stains that can result from 

conducting water quality testing. The NSCAD designers conducted product testing of the 

outer case to determine if the case was durable and to determine if it could be easily 

wiped clean. The outer case did not stain and held up quite well during product testing. 

The inner casing comprised of foam cutouts designed for each instrument, to 

ensure equipment was secure and tool-kit users would be able to return equipment to their 

proper place. The inner messenger bag was designed with an accordion style opening to 

allow for increased accessibility to the equipment. The tool-kit was designed carry all the 

equipment however the outer case would be left at the vehicle, while the instruments 

required for the sampling site can be placed in the inner messenger bag for easier 

transportation. In May of 2010 a prototype was manufactured and ready for preliminary 

evaluations. The methodology for the prototype tool-kit evaluations will be covered in 

detail in Section 3.2 of this chapter.    

!
3.1.2 WET-Pro Training and Certification Course 

 In May of 2009, the development of the training and certification course began. 

Emma Garden, a Saint Mary’s University undergraduate student, headed the process of 

developing a pilot training and certification course. Ms. Garden was hired by the CBEMN 

to develop a program that would compliment the WET-Pro tool-kit. The initial steps for 

the development of this course included mining the Adventus report to take out 
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suggestions regarding what content needed to be included to ensure that volunteers could 

conduct credible water quality monitoring (Emma Garden, personal communication 

February 17, 2011). This information was critical in structuring several of the modules 

included in the pilot course.  

Criteria in the report called for the incorporation of the following elements into 

the course: a theoretical section; a laboratory section; and a field section. The theoretical 

component would emphasize the basics of water quality monitoring and the background 

science, while the laboratory component focused on equipment, tools, methodology, and 

the concepts of QA/QC. A final field component of the course would provide the 

technical knowledge of sampling and basic field operations (Adventus, 2009). 

In order to design the module for “Water Monitoring Program Design”, training 

was obtained through the “Fresh Water Sampling and Design” course offered in the 

Natural Resource Extension Program at Vancouver Island University. This included 

training on sampling techniques, “why” and “when” to sample and the basics of designing 

a comprehensive and effective monitoring program. The goal of this module was to 

provide volunteers with the independence to create a program rather than a community 

group relying on an external party to design their program. The aim was to have groups 

understand the interactions within watersheds, and the importance of sampling site 

selection (Emma Garden, personal communication February 17, 2011).  
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The on-line resources of this pilot course also incorporated further training and 

research on successful training courses to use as a model. The CABIN training was 

analyzed to determine how this nationally recognized program operates and methods of 

using citizen science and on-line resources (Emma Garden, personal communication 

February 17, 2011). 

A rough draft of Modules one through five was completed in August 2010 and 

was finalized in April 2010. By incorporating the Adventus report recommendations and 

CBEMN researcher, a pilot Water Quality Training and Certification Course will be 

offered on-line, and will be coordinated by the CBEMN. Theoretical understanding will 

be taught through an on-line component, consisting of web-based training. This training 

will then be applied in practical field certification. Topics to be explored will include the 

basic ecology of freshwater systems, water quality monitoring parameters, sampling 

methods and techniques and QA/QC procedures. This Water Quality Certification Course 

will be piloted and evaluated in the Spring 2011.  

3.1.3 WET-Pro Database 

Through literature review and previous research, a gap was noted between the 

community-based water quality data collected and the use of that data in decision-making 

(Conrad & Sharpe, 2006). It was determined that by providing a database for credible 

data that has been collected using consistent monitoring protocols, this information could 

then be used by decision makers and government agencies in sustainable and informed 

watershed management planning (Cathy Conrad, personal communication, January 14th 
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2010). The database will include data files uploaded from community-groups, for 

potential data sharing. Additional tabs were also in the program design to include a 

location for community groups to indicate what resources they have available, such as 

electro-fishing trained members and chest waders, and a similar tab with resource needs. 

The hope is that will increase all forms of resource sharing between community groups 

(Cathy Conrad, personal communication, June 17th 2010). 

The development of a pilot database was designed to utilize a system program 

called Ruby and SMU’s department of Information Technology Services and Support 

(ITSS) oversaw the initial development of the pilot database. The pilot program was 

designed and incorporated as a link from the CBEMN central website, where groups 

could upload data; however the process was halted due to changes in personnel in the 

ITSS department, and resumed in the Spring of 2010. With a sample link set up, the next 

steps will include uploading a sample data from one or two community groups to test the 

link (Dave Crawford & Cathy Conrad, personal communication, June 17th 2010). The 

pilot database has yet to be tested with sample data from community groups.  

!
3.2 WET Pro Tool-kit prototype surveys 

3.2.1 Survey Design 

A survey was designed to obtain feedback and evaluation of the prototype WET-

Pro tool-kit. Two separate surveys were designed; one for community group volunteers, 
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and another for certified water professionals. The detail of the questions between the 

surveys varied based on the relevant water quality experience and training of the 

participants. The community groups were chosen based on their experience with 

community-based water quality monitoring programs. The certified water professionals 

were chosen based on their expertise in this field.  

The surveys were drafted in the form of a questionnaire and delivered through 

personal interviews with the participants following approval by the Research Ethics 

Board (REB). The REB file number for this project was 10-129. According to Fanning 

(2005), the order by which you chose to ask your question is important to maximize a 

respondent’s motivation with your survey. The format of questionnaire was designed to be 

most effective at evaluating three broad categories including: 

• Layout of the tool-kit itself; 

• Components and equipment within the tool-kit; and 

• Overall effectiveness of the project WET-Pro tool-kit. 

As research indicated that surveys are most effective when grouped based on 

content, (Fanning, 2005), the survey was broken down into four sections, “General 

Information”, “Tool-kit Appearance/Layout",  “Tool-kit Components” and “Overall”. 

The initial section was designed to determine the demographic of the participant by 

requesting information regarding their organization, education and experience with 
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related environmental monitoring. The second, third and fourth sections used open-ended 

questions to evaluate the related categories of the prototype.  

The survey questions were open-ended, which has been noted as a method which 

can provide a greater range of responses (Kur & Maher, 1983). The choice of wording in 

a question is also important, as sensitivity or bias must be avoided (Fanning, 2005). All 

open-ended questions in the surveys were asked in a manner to deliberately avoid leading 

a particular response. The final surveys used in this project can be found in Figure 3.1 and 

Figure 3.2 in the Appendix A. Responses to all questions are discussed in detail in 

Chapter Four of this study. 

!
3.2.2 Survey Application  

The tool-kit prototype evaluations were conducted between August 2010 and 

September 2010. The participants were chosen using a selective sampling method, based 

on their role in water quality monitoring.  This was necessary due to the context of the 

survey and the limited range of available subjects. Survey sample size was small as a 

result of limited size of the study area and the nature of the expertise needed for the 

evaluations.  

Nine community-groups were chosen based on recommendations provided by Dr. 

Cathy Conrad, Emma Garden and Sarah Weston; employees of the CBEMN. Research 

indicates that people who will be compensated or benefit from their participation in the 
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survey have an increased motivation, therefore a project designed to meet the needs of the 

designated subjects of a study will likely have a higher response rate (Fanning 2005). 

Response rates were expected to be high, as the project was designed to benefit both 

community-groups and certified water professionals. Due to the relatively small network 

of environmental stewardship groups and certified professionals, there was a chance of 

pre-existing relationships of a professional capacity. This could be as a result of past 

volunteer work with environmental stewardship groups and professional contact through 

the CBEMN. 

Potential participants were recruited to this study through the use of emails. Figure 

3.3 in the Appendix A provides details on recruitment emails. Personal contact was made 

to each participant requesting his or her participation in the evaluation of the monitoring 

tool-kit. An introduction letter of the project was included to each participant describing 

the water monitoring tool-kit, expectations of the feedback sessions and information on 

how participants can get in contact with the CBEMN regarding the outcome of the study. 

Please see Figure 3.4 and Figure 3.5 in the Appendix A to view the introduction letters. 

Out of the nine community groups contacted, five groups were able to take part in the study, 

and community volunteers completed a total of nine surveys.  

A demonstration and evaluation session of the tool-kit was conducted for each 

community group. Each demonstration had two investigators; one note taker and one 

observer.  The co-investigator, Melissa Healey, took notes of non-verbal observations and 

secondary comments made by the participants of the survey. As main investigator I led 
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the demonstrations, provided participants with instructions, responded to inquiries on the 

project and recorded responses to survey questions. Demonstrations would begin by 

requesting the participants to carry equipment to each demonstration/sample location. 

This provided an opportunity for non-verbal observations to be made regarding the level 

of difficulty of carrying the tool-kit to a sampling site.  

Respondents were then encouraged to open the tool-kit and become familiar with 

the equipment. This also allowed for further non-verbal observations including the level 

of effort in opening the tool-kit and the ability to locate the proper place for each piece of 

equipment. Any verbal communications between investigators and respondents were 

recorded and once the demonstrations were completed the respondents were asked the 

survey questions.  The responses were recorded in a field notebook and details of the 

survey results are discussed in detail in Chapter Four. 
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Chapter Four 

Results 

!
4.0 Preliminary Stakeholder and Market Research  

  The prototype WET-Pro tool-kit was designed based on the results of a 

consultant's report, market research on water quality monitoring instruments, and 

equipment field testing. This section provides an overview of the WET-Pro Project, over 

its entire duration, as it is important to understand how the preliminary results have been 

taken into consideration.    

!
4.0.1 Adventus Report 

Adventus Research Inc. conducted interviews with stakeholders, a focus group, 

and secondary research in order to evaluate the need for Project WET-Pro. The list of all 

of the stakeholders interviewed by Adventus researchers can be found in Table 4.1 in 

Appendix B. Industry and technology stakeholders were separated into 13 main groups, 

varying from private to the public sectors. The interviews consisted of a number of 

questions. While the responses to the questions varied, the overall preliminary results 

from all of the interviews provided a clear direction for project WET-Pro. 
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Overall, Adventus noted a “fairly strong consensus in support of the concept of 

citizen-based environmental monitoring (CBM)”, with 70 percent of stakeholders 

strongly supporting the concept and no stakeholders overtly against the concept 

(Adventus, 2009, p. 25). All of the stakeholders had some experience with community-

based environmental monitoring. As a result of many stakeholders' previous experiences 

with such groups, the potential value of project WET-Pro was reinforced. Specific 

examples of CBM programs were provided by the stakeholders, which then led to further 

research by Adventus Research Inc; which will be discussed in more detail later in this 

section. Criticisms of CBM during the interviews included: comments regarding the 

perceptions of data credibility, volunteer turnover, volunteer training, Quality Assurance/ 

Quality Control (QA/ QC), and funding shortages (Adventus, 2009).  

 The stakeholders provided suggestions regarding the proposed certification and 

training course and identified the importance of having theoretical content that reviews 

the fundamentals of science, basic chemistry concepts, and the foundations of water 

quality monitoring. The respondents of these suggestions believed that this background 

should include less emphasis on the theoretical concepts and more of a weight on the 

practical portion of the training. Areas suggested for the practical content included 

equipment operation, methodology, tools, trouble shooting, QA/ QC, and safety 

(Adventus, 2009). 

 The stakeholders all agreed that prior to certification there should be a final test 

and suggestions for this test included: field testing, lab testing under controlled 
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conditions, a written test, testing after each module, sign-off from a guarantor, and varied 

testing based on training as a volunteer or as a trainer. There was agreement between 12 

of the 13 stakeholders that academics and/or professionals should be responsible for the 

water quality monitoring training and certification course. The opinions on the cost of this 

potential course varied, with suggested costs ranging from free to two hundred dollars 

(Adventus, 2009). 

 The responses for the method of the delivery of this training were varied and 

suggestions included: online resources; classroom component; a field component; the use 

of reference guides and texts; and the incorporation of the Nova Scotian and Atlantic 

Canadian perspective (Adventus, 2009, pp.49). 

Based on the recommendations obtained by the stakeholder interviews, further 

research was conducted to identify the most relevant CBM water monitoring programs. It 

was determined that the most relevant programs included the Ontario Ministry of the 

Environment (MOE), the United States Environmental Protection Agency (EPA), and the 

North American Lake Management Society (NALMS).  

The Ontario MOE is an example of a Canadian provincial-wide water quality 

monitoring program that successfully utilizes volunteers in the taking of water samples 

and water clarity measurements. This program also employs the concept of providing 

each volunteer with a Lake Partner Kit, composed of the required materials:  Secchi disk, 
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sample bottle, a filter, and phosphorus sample tubes. Instructions are provided and water 

samples are then returned for analysis (Adventus, 2009).  

Research also identified the United States EPA as a strong supporter of 

community-based water monitoring programs. There was however, a noticeable gap in 

the literature regarding their training programs and certification processes for such 

programs.  

The final program identified through the stakeholder interviews is NALMS. This 

program conducts a professional certification program that provides individuals with 

qualifications in lake management and lake management support. As well, it acts as a 

medium for continuing education in that field. This group is dedicated to increasing 

education in lake management and stresses the importance in creating partnerships among 

citizens, scientists, and professionals. The results of Adventus research indicated that 

despite the effort in bridging these partnerships, the focus of these groups still emphasized 

the professional side of monitoring programs rather than volunteer monitoring (Adventus, 

2009). 

The focus group held on March 7th, 2009 produced a number of responses from 

the participants representing the “target market” for a training and certification course. 

Table 4.2, in Appendix B, provides the detailed responses to the focus group questions. 

Overall, the feedback towards the participants' interests in receiving formal training and 

having a centralized database for water monitoring data was positive. It was shown that 
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the price of the course was important in the consideration of a potential training course 

and most participants responded that their respective organizations could afford between 

$200 and $500 for a 3-4 day course (Adventus, 2009).  

 The results of the Adventus Report were analysed and this study has led to market 

research, field testing for which equipment is to be used in the WET-Pro tool-kit, as well 

as the development of a pilot training and certification course. The results of the market 

research and field testing will be explored in further detail in Section 4.0.2. 

!
4.0.2 Equipment Market Research 

The market research examined and compared over a hundred different pieces of 

equipment that are currently on the market in order to measure the previously-discussed 

water quality parameters. Through the market research and field-testing, the top three 

models of multi-parameter instruments were determined. These models are compared in 

Table 4.3. 

All three models measured dissolved oxygen, conductivity, and temperature. 

While the YSI 85 does not offer pH measurements or Total Dissolved Solids (TDS), with 

a conductivity reading, a TDS estimate can be calculated. The YSI 85 has a variety of 

cable lengths available for purchase, which may aid in water column readings at a lake 

test site. Additional benefits of this unit include its compact size and that it is waterproof. 

The calibration procedures were also considered for each unit. The YSI model requires 
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local elevation to be known during DO calibration, and fortunately the local elevation can 

be easily determined through the use of a GPS unit. An additional comment on this model 

was that the testing unit broke after only one week of testing; however the circumstances 

surrounding this event were not recorded. 

The PASCO Xplorer GLX unit was the second unit identified to measure most of 

the water quality parameters, including chemical parameters. Similar to the YSI 85, this 

model also did not include TDS readings. This unit was coined “Medusa” by the 

researchers due to its appearance and various sensors and wires. Field notes include 

concerns that the unit held the potential of appearing overwhelming to a new user. This 

unit required the DO to be calibrated prior to each use, preferably at the sampling. While 

the calibration for the pH and conductivity are not required for every use; the unit did not 

have an automatic temperature compensation for the conductivity calibration, which must 

be taken into account when the temperatures diverge from the recommended 25°C. 

Benefits of this model included a rechargeable battery, a colorimeter for chemical testing, 

and a GPS sensor that could be added to the unit. A disadvantage of this model was that 

the overall unit was not waterproof. 

The final unit that was considered was the EXSTIK 610, which measured the 

highest number of water quality parameters including: pH; conductivity; TDS; DO; 

salinity; and temperature. The unit is small, waterproof, and is considered easy to 

transport. Calibration is relatively easy and daily DO calibrations are recommended. 

Similar to the YSI unit, there are extension cables available for this unit.  
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 Overall, the three units were considered based on their cost, weight, reliability, 

and how user-friendly each unit is. Once all of these characteristics were weighted, the 

final model chosen was the YSI 85 due to its compact size and other features. 

!
!
!
!
!
!
!
!
!

Model Measurements Field Notes Calibration Additional 
Comments

YSI 85 Dissolved Oxygen 

Conductivity  

Salinity  

Temperature

Cable lengths: 10, 
25, 50, or 100 ft.  

Waterproof case                                                 

All sensors are 
contained in one 
case       

DO calibration: 
local elevation 
must be known  

Each time the 
Model 85 is turned 
off, necessary to re-
calibrate DO prior 
to measurements.     

Designed to retain 
its last conductivity 
calibration 
permanently.

50 sets of 
readings can be 
stored    

Conductivity 
range is from 0 to 
200 mScm

Unit broke after 
one week of 
testing
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Table 4.3. Comparison of Top Three Water Quality Monitoring Models (Modified from Jake Parker, 2009) 

!
4.0.3 Equipment Field Testing 

 On October 31st, 2009, equipment testing took place on Pockwock Lake by 

CBEMN researcher, Emma Garden, and Nova Scotia Environment (NSE) water quality 

specialist, Alan Tattrie. Mr. Tattrie’s previous experience with NSE involved testing the 

province’s Hydrolab equipment, a multi-parameter water quality instrument, was working 

properly. NSE’s evaluation of equipment performance includes taking side-by-side 

PASCO Xplorer 
GLX

pH 

Dissolved Oxygen 
Conductivity 

Temperature.                    

Straightforward 
navigation despite 
numerous buttons 
and attachments 

Explanation to new 
users may be 
difficult without 
equipment 
demonstration 

Not waterproof 

All sensors are 
separate and may 
appear slightly 
overwhelming 

                                                 

When calibrating 
for conductivity, 
must compensate 
for temperatures 
varying from 25° C  

DO must be 
calibrated each 
time the meter is 
turned on, 
preferably at the 
location where 
sampling is taking 
place 

Conductivity and 
pH do not need to 
be calibrated often                                                                               

Internal 
rechargeable 
battery should be 
plugged in after 
each use 

 Automatically 
turns off when it's 
done charging                                                      

Has the 10x 
conductivity 
electrode that can 
measure up to 
100,000 uScm

GPS sensor  !
Can conduct 
chemical testing 

Contains 
Colorimeter                                        

EXSTIK 610 pH  

Conductivity 

TDS 

Salinity 

Temperature 

DO

Waterproof                                                                     

If unit has not been 
used for more than 
7 days it must be 
left on for 3 
minutes prior to 
calibration and 
measurements  

Small and easy to 
transport

Calibration for DO 
should be done on 
a daily basis  

Easy calibration

Extension cables 
available
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measurements with the recently calibrated Hydrolab and its ‘in-place’ equipment. Data 

must be adjusted if the in-place equipment is not within 2 units of the parameter in 

question.  

Field-testing of the YSI 85 model included side-by-side readings with a recently 

calibrated Hydrolab MS 5. Table 4.4 provides a comparison between these devices and 

the corresponding accuracy of their data during the field-testing.  The YSI readings 

maintained the recommended ±2 units for most of the parameters, excluding the DO % 

saturation reading. 

!

Table 4.4- Comparison Data: YSI 85 and Hydrolab (Emma Garden, 2009)  

  

!
!
Additional observations on the YSI 85 during the equipment testing include: 

▪ The length of the cord for YSI 85 is good for streams (10 feet). 

▪ It is suggested that a mechanism for the proper storage of the cord be either 

purchased or developed.  

Equipment Temperature pH Conductivity Dissolved Oxygen

Hydrolab MS5 (NSE) 9.58 °C 5.29 38.5 µS cm 10.18 mg L

YSI 85 (CBEMN) 9.7 °C 5.28 39.8 µS cm 9.8 mg L

YSI 85 Accuracy +0.12 °C -0.01 +1.3 µS cm -0.38 mg L
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▪ Sufficient time is needed to allow the probe to stabilize in the water (10 

minutes was used in this case). 

▪ A weight may need to be attached to the cord. 

▪ Marking the cord in meters would help to determine depth, especially in 

deeper rivers. 

On November 6th, 2009, Emma Garden and Denis Parent, an Environment Canada 

water quality specialist, conducted further field-testing of various water quality 

monitoring probes. Sampling was conducted in the Little Sackville River and Main 

Sackville River with the goal of comparing three different water quality probes (YSI 6600 

V2, PCS Testr 35 pH Pen, and YSI 85). Weather conditions during the field-testing 

included wet snow and rain. Field notes also showed that neither the PCS Testr 35 nor the 

YSI 85 had been calibrated for approximately four weeks prior to this field experiment. 

The results of the comparisons between the different equipment can be found in Tables 

4.5, 4.6, and 4.7 below. 

Additional observations on the YSI 85 during the field-testing include: 

• DO needs to be calibrated every day. 

• Conductivity should be done at the least weekly. 

• The pH probe may be able to go 2-3 days without calibration. 

• The normal variability of the YSI 85 and pH meter need to be determined. 

• Keeping the cord wrapped is important because the cord becomes ‘cork-

screwed’, which results in short-circuiting and possibly permanent 

malfunctioning of the cord. 
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• Barometric pressure is important to record. 

• There is a difference between 'conductivity' and 'specific conductance'- this is 

important during calibrations. 

• It is suggested that the equipment be labeled or referred to by their serial 

numbers and that this information be included on the field sheet. It is also 

suggested that the calibration sheets for the individual equipment be filed 

together. 

• In streams or rivers where turbidity is high or where there is an abundance of 

algae, the probe should be rinsed with water (it is not necessary for the water 

to be distilled or de-ionized). 

• Information on how often and how expensive it will be to calibrate the YSI and 

pH pen to satisfy QA/QC expectations is needed. 

Table 4.5- Sample Site 1: Equipment Field Testing Comparison in Little Sackville River (Emma Garden, 2009) 

!

Parameter YSI 6600 V2 (4) PCS Testr 35 pH Pen YSI 85

pH 6.62 7.04 --

Temperature (°C) 4.84 5.2 4.9

Dissolved Oxygen 12.26 -- --

Specific Conductance 266 292 265.2

DO Saturation 95.8 -- 11.82

Parameter YSI 6600 V2 (4) PCS Testr 35 pH Pen YSI 85

pH 6.57 6.93 --

Temperature (°C) 5.79 6.11 5.8

Dissolved Oxygen 12.2 -- 10.58

Specific Conductance 183 193.4 --

DO Saturation 97.6 -- 87.5
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Table 4.6- Sample Site 2: Equipment Field Testing Comparison in Sackville River (Emma Garden, 2009)  

Table 4.7- Sample Site 3: Water Quality Probe Field Testing in Sackville River/ Bedford (Emma Garden, 2009)  

!
4.1 WET Pro Prototype Tool-kit Surveys 

 The final prototype tool-kit designed for preliminary feedback was manufactured 

and ready for demonstrations in May, 2010. Please see Figure 4.1 and Figure 4.2 in 

Appendix B to note the final design of the WET-Pro tool-kit prototype.  

!
4.1.1 Community Users 

 Nine surveys were conducted from five community groups throughout Nova 

Scotia. The community groups included: Sackville Rivers Association (SRA), Oathill 

Lake Conservation Society, Portland Estates Hills Residence Association, Eastern Shore 

Forest Watch and the Shubenacadie Watershed Environmental Protection Society 

(SWEPS). Table 4.8 displays responses to general questions asked during the community 

user surveys. All respondents had post secondary education and experience with either 

watershed or water quality monitoring. In some cases community volunteers’ work 

  Parameter YSI 6600 V2 (4) PCS Testr 35 pH Pen YSI 85

pH 5.02 5.63 --

Temperature (°C) 3.48 3.8 3.5

Dissolved Oxygen 11.9 -- 11.23

Specific Conductance 50 53.5 31.6

DO Saturation 89.6 -- 84.7
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experience related directly to environmental monitoring, with one participant’s 

background including water technologist diploma. 

!
!

Table 4.8- General Information: Community Users 

!

Category Survey Question Responses

General 
information

Name of 
Organization  
(if applicable)

• Sackville Rivers Association         
• Oathill Lake Conservation Society       
• Portland Estates Hills Residence Association   
• Eastern Shore Forest Watch  
• Shubenacadie Watershed Environmental 

Protection Society

Highest Level of 
Education

• University  
• BSc    
• Two participants indicated MSc.  
• Masters  
• Diploma NSCC Water Technologist       
• PhD Physics     
• Some University and Professional Designations   
• MASc. Civil

Please name the type 
of experience you 
have had with 
environmental 
monitoring programs.

• 4yrs sampling and managing NGO water quality 
monitoring program  

• Mixed experience 40+ yrs.  
• 6yrs Environmental Technologist/ 1yr. 

Environmental Project Coordinator/ Water 
Resources Technologist   

• 3yrs. of seasonal monitoring program on a lake  
• 16yrs. of participation in water sampling/ owns 

a company specializing in drinking water testing 
• Coordinated Adopt-A-Watershed program in 

2009 where CBEMN loaned equipment 
• Dartmouth Lakes Advisory Forest Assessments   
• 15yrs. working in environmental monitoring and 

ecological (aquatic) studies in consulting and 
Municipal Engineering settings 
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Table 4.9 displays the feedback regarding the overall aesthetics of the tool-kit and 

layout. All participants responded that the tool-kit components were accessible; with 

further comments indicating the tool-kit was considered neat, intuitive and organized. 

There were no suggestions or feedback relating to improving accessibility.  

Table 4.9 also displays the suggestions provided by participants regarding the 

layout and appearance of the toolkit, with one survey indicating the possible need for a 

stronger support strap to hold the messenger bag in place on the inner lid. This was 

further reinforced during the verbal and non-verbal observations made during the 

demonstration sessions. The lead investigator also had difficulty securing the bag in place 

during the final demonstration session with community users.  

 Further suggestions to the appearance of the tool-kit included: labels next to items, 

I.D. plaque, backpack straps for outer case and clipboard. Concerns regarding the 

colour choice of the outer case were also addressed in the response to one of the surveys 

and raised verbally in three of the demonstration sessions. The outer case is white and 

therefore a potential issue may arise from the outer case becoming stained due to field 

work.  

!
Category Survey Question Responses
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Table 4.9- Tool-kit Appearance/ Layout: Community Users 

!
 Table 4.10 provides the responses to questions directed at the components and 

equipment in the tool-kit. Due to limitations of the locations for demonstration sessions 

and the varied number of participants, not all respondents were able to use the equipment 

first hand in a monitoring setting. However, field-testing of the equipment will continue 

during the pilot training and certification course.  

One of the participants had previous experience with the YSI 85; using this 

equipment in their monitoring program and was supportive of this choice. This table also 

provides suggestions made by participants relating to missing or useful equipment. 

Although the prototype does contain a waterproof field notebook attached to the YSI 85, 

during community users survey #3 and #4, the notebook was unavailable for the 

prototype demonstrations and therefore suggestions included incorporating this item. 

During the following surveys conducted for community users (surveys #6-9) and certified 

Tool-kit 
Appearance/ 

Layout

Was everything        
accessible?

• Everything had a place and was easy to access 
• Very well packed and laid out 
• Very neatly organized and practical  
• The kit seems very ordered with an open visible 

layout in the two major compartments

Do you have any 
suggestions regarding 
the layout or 
appearance of the 
tool-kit?

• Labels next to items 
• Stronger support for inner bag to the lid 
• I.D. plaque on case for inventory identification 
• Backpack straps on outer case for easier 

transport 
• Clip board/ hard surface for note taking 
• Colour choice for outer case (white may get 

grubby with field use) 
• Further testing required 
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water professionals, there was one additional component to the tool-kit. This was a 

strapped holder designed specifically for the field notebook to fit on the YSI 85 display 

for quick note taking.  

 There was also heavy emphasis from one community group regarding the length 

of cable for the YSI 85 and depth measurements for pH. This group conducts water 

monitoring in a lake environment and was concerned with taking measurements at 

various lake depths with the pH pen and YSI 85.  

!
!
!
!
!
!
!
!
Category Survey Question Responses

Tool-kit  
Components

Was the tool-kit easy 
to use? If no, please 
explain.

• YSI 85 is one of the easiest water quality 
readers I have ever used.  

• We didn't actually use it, but all appeared 
reasonably straight forward  

• Looks easy    
• Yes, but would like to field test to comment 

further   
• Did not use it but training will be essential
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Table 4.10- Tool-kit Components: Community Users 

  

Table 4.11 provides the responses for the overall considerations of the tool-kit and 

project WET-Pro. There were eight out of nine surveys with fully positive responses 

towards how useful this tool-kit would be for their individual community group’s 

monitoring efforts. The other survey did indicate it would be useful; however, would not 

meet all of their monitoring needs. There were also some suggestions provided which 

related to the previous question of missing components or potential alterations to 

particular components of the tool-kit. 

!

Do you believe there 
were any components 
or equipment missing 
from the tool-kit? If 
so, please explain.

• Calibration kit  
• Longer cable for lake depths (in participants 

case, max depth is ~9M) 
• A method to do depth specific profiles of a lake 

for pH  
• Nutrients measurements (fecal coliform and E. 

Coli levels)   
• Nitrite powder free disposable gloves 
• Ziploc bags 
• Extra batteries 
• Waterproof field book 
• Paper towel 
• Calibration fluids 
• Standard field log   
• Consider a hand held anemometer (Kestrel 

4000)  
• Turbidity meter 
• Flexible sample bottle (as now bottles are lab 

specific) 
• Infrared thermometer   
• Clip Board  
• No, however particular components may be 

needed given the environment or types of 
characterizations
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Table 4.11- Overall: Community Users 

  

!
4.1.2 Certified Water Professional Feedback 

Category Survey Question Responses

Overall Do you feel that this 
tool-kit would be 
useful for the 
purposes of your 
monitoring efforts? 
Please explain. 

• Yes, our group is a small environmental charity. 
Properly choosing and selecting WQ equipment 
is time consuming and it may be a skill set we 
may not possess at any particular time. We will 
almost certainly participate in the complete 
program  

• Yes, with some additions such as nutrient 
measurements and longer cables.   

• Yes, currently we have to borrow equipment 
when it is available. We can do a lot more if we 
had the kit   

• Yes, but it would not meet all the needs   
• Definitely, very compact kit with all the most 

important instruments  
• Yes, most of the equipment is too expensive for 

a non-profit group    
• Yes, this kit is portable, easy to use (apparently) 

and self explanatory (with training)  
• Absolutely 
• Very portable   
• This kit is quite complete, and puts into one 

package, most of the equipment we have strewn 
through several offices at my municipality

Other Comments • This is a great program. We believe it will 
increase the capacity of our organization to 
protect the environment   

• Great idea. This should bring about much more 
environmental awareness and generate interest  

• Great kit, when can I borrow one?  
• An excellent idea and one I fully support   
• We can't wait for the training so we can use it to 

monitor some areas of concern  
• Great stand on a pioneering program  
• Does it float? 
• Perhaps internal bag could be waterproof for 

transporting in boat or kayak  
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 Certified water professionals completed seven surveys during the demonstration 

sessions from October 1st, 2010 to November 5th, 2010. Table 4.12 provides details on 

participants’ background and relevant experience.  

!

Table 4.12- General Information: Certified Water Professional  

!
 The certified professionals were also asked various questions regarding the 

general appearance and layout of the tool-kit. Table 4.13 provides the responses to these 

Category Survey Question Responses

General 
information

Name of organization 
and position (if 
applicable)

• Municipality of East Hans- Environmental 
Monitoring Technician 

• Environment Canada- Research Scientist 
• Environment Canada- Toxic Chemicals Assessor 
• Environment Canada (three respondents)  
• Environment Canada- Water Quality 

Information Specialist

Environmental 
training and education 

• BSc. & MSc.  
• PhD Environmental Geochemistry 
• BSc. (Honours Biology) 
• Community programs reviewer, in-house 

Environment Canada funding, CEAA training, 
project WET 

• BA Geography/ Diploma in Planning Land 
Information Technology 

• Computer Science Diploma/ Hydrolab, YSI 
Calibration & Maintenance/ Field work training 
(sampling, dataloggers, etc.)  

• BES- Hydrogeology/ Water Resource 
Technology Diploma

Years of experience • 7.5 yrs. 
• 38 yrs. 
• 15 yrs. 
• 5 yrs. 
• 8-10 yrs. in Water Quality Monitoring 
• 5 yrs. 
• 14 yrs. monitoring experience
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questions. Overall there were six out of seven responses that were fully positive with 

respect to the accessibility of equipment. The other participant did respond positively to 

this question, while also noting that the division between the two compartments of the 

tool-kit makes access to the other components “cumbersome”. There was no negative 

response regarding the accessibility of the equipment.  

Feedback was also provided to improve the overall appearance. Suggestions 

included: getting rid of the measuring tape to increase compact size, designing a method 

to fasten the dividing flap up while accessing the bottom compartment and getting rid of 

the flap all together. There were also concerns regarding ventilation due to the waterproof 

case and damage to electronics. 

!
Category Survey Question Responses

Tool-kit 
Appearance/ 

Layout

Was everything 
accessible

• Yes (four respondents) 
• Seemed to be. The blue flap dividing the two 

compartments had to be held  
up to access the lower compartments which 
seemed to make removing and replacing items 
cumbersome  

• Yes, well laid out 
• Yes, very accessible and easy to get equipment 

quickly
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Table 4.13- Tool-kit Appearance/ Layout: Certified Water Professional 

!
 Participants were questioned regarding issues with replication, and feedback was 

all directed to concerns with calibration of equipment rather than the equipment itself. 

Responses can be seen in Table 4.14 and Table 4.15. Suggestions included emphasizing 

standardized forms, training and proper/ regular calibrations. Six out of the seven 

respondents responded positively to this question and believed the equipment could 

provide accurate readings with proper calibration. The other respondent provided further 

emphasis on calibration and reproducibility of sampling methods. There were no negative 

responses to this question. 

 There was only one concern regarding a particular instrument. One response 

indicated the presence of crystals on the sensor of the pH probe and emphasized this unit 

should be rinsed with freshwater to avoid corrosion.  

!

Do you have any 
suggestions regarding 
the layout or 
appearance of the 
tool-kit

• No 
• It could be made more compact. I couldn’t see a 

use for the tape measure 
• Include some way to fasten the blue flap up 

when using equipment in lower compartment 
• Add a Velcro strip to the back of the case and 

the inner bag  
• Good. Equipment should be well dried out and 

ventilated after each use. You don’t want 
moisture sitting for a long time 

• I think it looks great and laid out in a good way 
for easy access 

• Get rid of flap as inner case sits on top of other 
components. With waterproof case make sure it 
is vented to prevent damage to electronics. Put 
camera charger in Ziploc to prevent damage
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
Category Survey Question Responses
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Table 4.14- Tool-kit Components: Certified Water Professionals 

!
!
!
!
!
!
!
!
!

Tool-kit 
Components

Do you believe the 
equipment is easy to 
use

• Easy to use, if they were trained it would be 
even better. In our department the only kit we 
possess is what they have made themselves, 
nothing this organized. 

• Depends on training 
• Yes (two respondents) 
• Yes, however quick guides should be included 

so that instruments don’t get put into calibration 
mode by mistake. Training session prior to use 
is critical. 

• Yes, however I would suggest that laminated, 
step-by-step cards be included as well 

• Yes and with a little instruction I’m sure it’ll be 
even easier

Do you believe there 
were any components 
or equipment missing 
from the tool-kit? If 
so, please explain

• Turbidity could be included. Shouldn’t be a 
problem having pH separate, as long as both 
measurements are being taken  

• Flexible gloves 
• Possibly TSS, if economical 
• No 
• No, it looks good as you are trying to keep cost 

down 
• Maybe a throw bag depending on how swift the 

waters are 
• Extra membrane for DO sensor. Disposable 

nitrite gloves. Calibration solution. Guide 
manual. Need better notepad.

Category Survey Question Responses
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Table 4.15- Tool-kit Components: Certified Water Professionals 

  

The final responses relating to overall feedback of the tool-kit can be found in 

Table 4.16. Overall there were no negative responses to the question related to the 

reliability/credibility of the data collected with the prototype. Six out of the seven 

Tool-kit 
Components

Do you foresee any 
issues with 
replication with any 
of the equipment and 
sampling techniques

• Calibration, but if they are being trained it 
should be fine. No issues with replication as 
long as there is course specific equipment and 
standard operating procedures 

• No (three respondents) 
• Skill level of community testers as people 

change priorities and constant upgrading will be 
required. 

• The equipment will be ok, biggest concern 
would be the calibration  

• Standard forms/completed calibration sheets 
will help avoid problems with replication. 
Training prior to use is critical. Education on 
what is a realistic reading

Do you feel the 
equipment will 
provide accurate 
readings? If no, 
please explain

• Must ensure proper calibration and 
reproducibility of sampling methods 

• Yes 
• Yes, if calibrated regularly 
• Yes, as long as the equipment is properly 

calibrated and replaced if calibration starts to 
vary 

• Yes, provided they are calibrated on a regular 
basis 

• Yes, if properly calibrated, should include small 
amounts of calibration solution for checks or if 
calibration is suspect

Did you find any 
problems with 
particular 
instruments? If so, 
please explain

• No, it is all relative and consistency is what is 
important. If the same equipment is used every 
time then it should be fine.   

• Not familiar with recent instrumentation, so 
can’t say 

• No 
• No, just normal wear/tear 
• Sensors should remain moist. Some of the 

sensors had salt crystals indicating they may 
have been in a marine environment. Should be 
rinsed with freshwater to prevent corrosion of 
sensor.
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responses indicated that the data collected would be credible as long as particular 

requirements are met. These include training, formatting of data, documenting QA/QC 

steps and properly calibrated equipment. 

!

Table 4.16- Overall: Certified Water Professionals 

Category Survey Question Responses

Overall 
 

Do you feel that the 
data collected with 
this tool-kit will be 
reliable/ credible? If 
no, please explain

• Yes 
• Equipment looks ok, depends on training and 

dependability of users.  
• I think it’s a great idea. Need to ensure that the 

data collected is the same format by each group 
using the equipment (i.e. MS Excel template 
could be developed and provided on a CD with 
the kit) so that all data can be eventually 
compiled into a single large database for public 
use. 

• Yes it will be credible if training is maintained 
• Yes, with documented QA/QC. This means 

proving people have been trained, have 
calibrated instruments, used proper sampling 
techniques and observed data is stored in a 
secure location (i.e. database) 

• Biggest issue is calibration. So far this looks 
good but it until you test the equipment it is an 
unknown. The users will have to keep an eye on 
the values the equipment is reading, to ensure 
that they make sense. 

• Yes, provided the instrumentation is calibrated 
regularly and techniques are proper

Other Comments • Field measurements usually need backup from 
samples. Not much emphasis on that with the 
kit. 

• The tool-kit should be reviewed after the first 
year to see how it worked and get more 
feedback. 

• Suggest a standard form (walk-through 
procedure) with ability to upload to on-line form 
that populates a database. Great initiative, 
conscious of many aspects of improving data 
quality
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Chapter Five 

Discussion and Conclusions 

!
5.0 Discussion 

 Due to the nature and logistics of evaluating an on-going project, a study must be 

flexible to allow for changes to be made to the overall purpose. Through the course of this 

study, the purpose of the thesis proposal was adapted. The original study design 

incorporated evaluating the WET-Pro pilot training course and preliminary feedback of 

the prototype tool-kit. Unfortunately the pilot course had to be postponed and therefore 

the nature of this study had to change. This chapter will discuss previous research and 

testing results, which has occurred during the course of the WET-Pro project, and provide 

recommendations for further testing and program design.  

 The Adventus report provided results of stakeholder interviews and further 

reinforced the potential value of a project such as WET-Pro. The concerns and criticisms 

brought up during the interviews including perceptions of data credibility, volunteer 

training and QA/QC standards. These concerns were addressed continually through the 

development of the WET-Pro project.   

 The suggestions given during these interview sessions were incorporated directly 

into the design of the pilot training and certification course. This course integrated an on-
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line component and a field practicum. The on-line component of the course would 

highlight theoretical content of background science and chemistry basics and the basics of 

water quality monitoring. Practical content was also incorporated to include equipment 

operations, methodology, tools and trouble-shooting, Quality Assurance/ Quality Control 

(QA/QC) and safety. The pilot course will have an on-line quiz after each module as well 

as a field practicum course. Overall, most suggestions provided by stakeholders were 

incorporated into the design of the training course, however further evaluations will be 

required to determine the efficacy of the pilot program.  

 The field testing and comparison data conducted for market research resulted in 

the YSI 85 chosen as the primary multi-probe for the WET-Pro tool-kit prototype. As 

highlighted by Nova Scotia Environment Water Quality Specialist Alan Tattrie, the 

recommended accuracy reading for NSE equipment should stay within a range of +/- 2 

units of a particular parameter compared to a recently calibrated Hydrolab. As noted 

through survey responses during the certified professional survey sessions, water quality 

readings are relative to a particular piece of equipment (Please see Table 4.15).  Although 

comparison data utilizes a different brand of multi-parameter probe, this testing provided 

a good indication of the reliability of the YSI 85 measurement. The comparison data seen 

in Table 4.4 indicated that the YSI readings maintained the recommended +/- 2 units for 

most parameters, excluding the DO percent saturation reading. This further reinforced the 

importance of regular calibration of DO.  

!
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5.1 Discussion of Survey Results 

 The surveys were broken down into two groups of participants. The purpose of the 

feedback from the community groups was to evaluate the needs of the CBM programs in 

relation to the design of the tool-kit prototype. The purpose of the feedback received from 

the certified water professionals was to evaluate the perceived credibility of the prototype 

design and equipment as well as to determine if there were missing components. For each 

survey, the varied topics were broken down into four main sections: General Information, 

Appearance/ Layout Consideration, Components/ Instrumentation and Overall 

Comments. Through the evaluation of the survey responses, there has been overall 

positive feedback, consistent recommendations and further issues to be addressed. These 

will be further explored in the sections below. 

  

5.1.1 Community Users Surveys       

 Overall there was positive support for this project, with no participants overtly 

against the tool-kit prototype or the Project WET-Pro as a whole. The demographics of 

the participants were varied and Table 4.8 provided the results of the general information 

section. These questions revealed that all community users participants had some form of 

post-secondary education, with one participant having the required training and education 

to conduct certified water quality testing. Although this background is not a requirement 

for participation with Project WET-Pro, there is further reinforcement to the assertion that 

community group volunteers are a very diverse network of people with varied 
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backgrounds. Many volunteers were highly educated, some demonstrating relevant 

backgrounds and perhaps it is this background that fuels their interest to be involved with 

their local community’s environment.    

 The feedback received and displayed in Table 4.9 regarding the accessibility of the 

components provided an overall positive assessment of a well designed layout. The 

concerns brought up in this section of the survey regarding the support strap for the inner 

bag was further reinforced by investigators’ difficulty with the strap. This concern was 

addressed and alterations were made to the design of the strap that supports the messenger 

bag to the inner lid. These design changes were made post-community user survey 

sessions, therefore their feedback on the new design cannot be included at this time. It 

should also be noted that there were no comments regarding concerns of the new support 

strap design during the certified water professional survey sessions. 

A concern was brought up regarding the colour choice of the tool-kit’s outer case 

during this section of the survey, with one participant noting “White may get grubby with 

field use”. This issue was addressed during the design phase of the prototype tool-kit as 

previously discussed during in Chapter 3 of this study. The results of the product testing 

were provided to participants who voiced their concerns during the demonstration 

sessions. 

Some of the suggestions provided in this section offer the potential to further 

enhance the overall design of the tool-kit, including the recommendation of incorporating 

an I.D. plaque to the outer case. This would address potential concerns relating to 
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equipment consistency and would allow for efficient inventory. Backpack straps for the 

outer case was also suggested, and although the case was designed to have minimal 

weight, this could potentially aid in the weight distribution of the outer case.  

The survey responses relating to the overall components of the tool-kit were 

largely positive; however one respondent believed further training needed to be 

emphasized. The introduction letter that was provided to participants prior to the 

demonstration session and survey questions further indicated that this evaluation was 

related solely to the contents and layout of the tool-kit rather than the equipment testing. 

The purpose of this information was to reinforce the understanding that participants were 

not expected to be trained on the equipment prior to the prototype demonstration and 

surveys. Unfortunately the survey question, “Was the tool-kit easy to use? If no, please 

explain” (Table 4.10) was thought to be not applicable to all participants, as some of the 

demonstration sessions were conducted indoors. Due to the nature of the evaluation, this 

question was designed to evaluate how easy the tool-kit was to maneuver, open and close 

and move equipment around. Non-verbal observations still recorded the perceived 

efficacy of some of these criteria. Although all participants initially struggled with the 

clasps, verbal comments followed, indicating the clasps were a good design. Although the 

clasps may not be initially intuitive, there are markers on the clasps and they are designed 

to avoid being opened unintentionally. There was also positive feedback regarding the 

choice of equipment, such as the digital camera, YSI 85, GPS and weather station.  
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 There were many suggestions concerning components and equipment that could 

also be incorporated into the design of the tool-kit. There was heavy emphasis from one 

community group regarding the length of cable for the YSI 85 and depth measurements 

for pH. This will be a concern for many groups who conduct water quality monitoring in 

a lake environment. There are longer lengths of cable available for purchase for the YSI 

85 however the details relating to incorporating this purchase into the design of the tool-

kit is unknown at this time. The issue concerning pH samples in lake environments will 

also have to be addressed in the design of the tool-kit. The goal of this project is to have 

equipment in the WET-Pro tool-kit standardized; therefore perhaps one design for a grab 

sampler should be developed to avoid different equipment and sampling techniques 

between groups.  

 Further suggestions revealed in Table 4.10 include additional equipment that 

community groups felt could be incorporated into the design of the tool-kit. Some 

suggestions are more feasible than others, while keeping in mind the considerations 

provided with the initial design of the tool-kit. These considerations include maintaining a 

cost effective product, considering weight and providing an all-in-one kit that monitors 

the basic water quality parameters being measured throughout Nova Scotia.  

A calibration kit was suggested which coincided with similar research for the 

WET-Pro Project being conducted at the same time as the prototype evaluations. This 

calibration kit could also incorporate additional participant suggestions such as additional 

batteries for equipment and Ziploc bags for water samples. One community group survey 
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participant noted the potential benefit of including nitrite powder free disposable gloves 

to replace the rubber gloves. This coincided with a number of similar suggestions from 

the certified professionals.  

 Unfortunately some of the other instruments suggested would have to be 

considered based on feasibility and maintaining high quality data collection while 

remaining cost effectiveness. Recommendations included instruments that provide real-

time nutrient measurements.  As one of the community groups noted: they are aware of 

the presence of nutrients in the local water system and do not require presence/absence 

tablets but rather a method to receive nutrient level readings. The purpose of the tablets 

was to provide an indication if further testing would be required and follow-up water 

samples to be taken to a water testing facility. This kit was designed to offer most basic 

water quality monitoring requirements and therefore is not equipped to provide this type 

of measurement. Due to the compact size of the tool-kit, incorporating numerous sample 

bottles would not be feasible. For this particular issue, basic water quality monitoring 

could be conducted with most of the equipment provided and the community group 

would have to incorporate additional water grab samples for facility testing.  

 For the final section of the surveys, participants were asked their overall opinion 

of the tool-kit prototype (Table 4.11). There was 100 percent positive response to the 

question relating to the kit being useful for the purpose of the individual community 

groups monitoring efforts, although some participants indicated some instrumentation 

could be included to meet all their needs as was previously discussed in this chapter. In 
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the “other” category for the final question, there were many supportive comments relating 

to the WET-Pro project including, “This is a great program. We believe it will increase the 

capacity of our organization to protect the environment” and “Great idea. This should 

bring about much more environmental awareness and generate interest”.	  There was a final 

suggestion in this section of making the internal messenger bag waterproof, as this is the 

bag which would be transported directly to the site area which may include transportation 

by boat or kayak.  

  
5.1.2 Certified Water Professional Surveys 

 One suggestion provided by participants (Table 4.13) related to putting the camera 

charger in a Ziploc bag. The initial design of the tool-kit incorporated the charger to avoid 

misplacing components. This was further highlighted by a comment made by a participant 

in the community group surveys who commented they had the same model of camera but 

had lost the charger.  

 The questions relating to how easy the equipment was to use had varied responses, 

as indicated in Table 4.14 and Table 4.15. There were no negative responses to this 

question, however the importance of training was stressed, with comments such as “Easy 

to use, if they were trained it would be even better”, “Yes, however quick guides should 

be included so that instruments don’t get put into calibration mode by mistake” and “The 

equipment will be ok, biggest concern would be the calibration”. The question relating to 

issues with replication were all directed and related to calibration concerns rather than the 

equipment itself. This was emphasized with suggestions on standardized forms, training 
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and proper calibrations being done regularly. Six out of the seven participants responded 

positively to this question and believed that the equipment could provide accurate 

readings with proper calibration, while the other participant provided further emphasis 

relating to calibration and reproducibility of sampling methods. Only one concern was 

brought up relating to a particular instrument, where a response noted crystals on the 

sensor of the pH probe and emphasized that this unit should be rinsed with freshwater to 

avoid corrosion. Proper equipment maintenance will also have to be further emphasized 

during training. 

In Table 4.15 a participant responded that they did not have a problem with any of 

the instruments and further noted, “…it is all relative and consistency is what is 

important. If the same equipment is used every time then it should be fine”.  This 

reinforces the recommendation of reliable inventory and ensuring consistency in the 

equipment used by each community group.  

 Overall there were no negative responses to the question related to the reliability/ 

credibility of the data collected with the prototype (Table 4.16). Six out of the seven 

responses indicated that the data collected would be credible as long as requirements were 

met. One participant responded to this question, “Yes, with documented QA/QC. This 

means proving people have been trained, they have calibrated instruments, used proper 

sampling techniques and that observed data is stored in a secure location (i.e. database)”. 

This highlights all the issues relating to training, data formatting, documentation of QA/
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QC and proper equipment calibrations that the other participants remarked verbally and in 

their surveys.  

One response in Table 4.16, “Field measurements usually need backup from 

samples. Not much emphasis on that with the kit” may indicate potential issues of 

whether field measurements alone will be enough to be considered credible. 

Unfortunately grab samples for every test site are not economically feasible for all 

community groups. One set of water sample bottles are provided and recommended for 

use if a reading appears alarming or the indicator tablets suggest the presence of nutrients. 

It is also recommended to emphasize in training the procedures for re-evaluation of 

equipment after an alarming reading to ensure that equipment is working properly. This 

will reduce the potential reliance on grab samples for community groups.  

  

5.2 Recommendations 

Although these survey sessions were conducted with a relatively small sample 

size there was clear support from all participants within the community groups and water 

professionals surveyed. The parameters of design of the prototype tool-kit overall were 

met. Participants indicated that the design of the tool-kit was compact, professional and a 

good weight, with a few additional suggestions provided for additional components to be 

considered. There was an overall consensus that most of the water quality parameters 

were met. The other parameter not measured by equipment present in the prototype was 

wind speed where an anemometer was suggested.   
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The preliminary prototype evaluations showed little concern relating to the 

equipment or credibility of the data being collected by this tool-kit, but rather stressed the 

importance on the training and calibration procedures to follow this study. The evaluation 

of the pilot WET-Pro training and certification course will be very important to determine 

the efficacy and credibility of the training provided. 

!
5.2.1 Survey Study Design 

There are additional recommendations relating to the use of surveys for future 

evaluations of this project. The use of open-ended questions was incorporated for this 

study’s surveys with the purpose of avoiding leading questions and resulting in bias 

responses. Due to the nature of this study, results were qualitative data and analysis of the 

survey responses were somewhat difficult due to the use of open-ended questions. All 

steps were taken to avoid bias in the analysis of results by considering all respondents 

survey responses and suggestions. 

The original design of this study, as previously indicated in this chapter, included 

surveys to evaluate the pilot training course. For the purposes of these evaluations, the 

surveys incorporated multiple answer questions, which would allow for some statistical 

analysis, however they were not incorporated in the final design of this study. For the 

purposes of continued research and feedback sessions it will be important to have a 

combination of open-ended questions to allow for participants to elaborate as well as 

multiple choice or yes/ no questions for statistical analysis.  
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!
5.2.2 Tool-kit Design 

 The recommendations that relate to the tool-kit prototype were determined 

through the use of surveys, verbal feedback and non-verbal observations. These will be 

broken down into the four main sections of the prototype evaluations during this study. 

Appearance/ Layout:  

• Support Strap: The concerns relating to the earlier elastic/Velcro support strap 

were raised during the community group surveys. Although a new design has 

been incorporated to satisfy these concerns, further testing will be required to 

determine the effectiveness of the design.  

• Compartment Divider: One participant during the water professional surveys 

brought up concerns relating to the blue compartment divider, noting that it was 

cumbersome to arrange and retrieve equipment from the bottom compartment. 

There was no further indication from other participants that this was a concern, 

however considerations could be made in arranging a design to allow for the 

divider to be propped up while accessing the bottom compartment. 

• Ventilation: The outer case was made to be waterproof however there was 

concern that this would not allow for proper ventilation for moist equipment. One 

participant suggested incorporating absorbent paper towels to wipe off wet 
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equipment prior to placement in the toolkit. A recommendation includes 

providing paper towel with the calibration kit to address this concern.  

• Internal Bag: Recommendation to have the messenger bag designed with 

waterproof material.  

!
Components/ Instrumentation: 

• Rubber Gloves: There was concern brought up during the surveys related to the 

use of rubber gloves and cross contamination. Recommendations include replacing 

with the suggested nitrite disposal gloves.  

• Camera Charger: Recommendation includes having charger and cords placed in 

a protective bag to avoid water damage to electronics.  

• Secchi Disk: Concerns brought up regarding the weight of the disc for areas in 

streams with fast flow. Recommendations include providing various weight 

options during the purchase of a tool-kit.  

• YSI 85: Cord length was raised as a concern for this unit. As previously indicated 

this unit has the option for purchasing longer cord lengths and further evaluation 

of incorporating this option into the purchase of a tool-kit is recommended. 

• PH Pen: Concern relating to lake depth pH measurements was brought up during 

the surveys. This recommendation includes standardizing the instrumentation used 

to take grab samples at different lake profiles. 
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• GPS maps: Recommendations during one survey included verbal comment 

relating to purchasing GPS maps for local areas, which can be downloaded into 

the tool-kit GPS unit. 

• Instructions: Recommendations include incorporating step-by-step laminated 

instructions on how to use each instrument and procedures for sampling and 

calibration (if needed in the field). Further information could be provided relating 

to the natural characteristics of a local watershed and could be designed for each 

community, to help in determining what a community group should expect for 

readings in their watersheds.  

!
5.2.3 Future Research  

 Recommendations relating to continued research and on-going evaluations of 

project WET-Pro include taking extensive notes on all aspects of testing and discussions. 

Despite the thorough and extensive research leading up to this point there have been 

numerous stakeholders, participants and researchers touching on varied aspects of the 

project. Extensive note taking will facilitate documenting and following the course of 

new developments and will allow for all involved to be kept informed.  

 The development of a calibration kit will be instrumental in supporting the 

credibility of equipment reliability and effective training on calibration will be necessary. 

Training through the pilot course should include theoretical training to explain and 
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reinforce the importance calibration for data credibility and practical training of 

calibration procedures.  

!
5.3 Conclusions 

 Overall the WET-Pro prototype tool-kit meets the initial standards set out during 

the design phase of the tool-kit. Through the feedback received from the surveys, the tool-

kit was considered to be useful to community groups; however some felt it was not 

complete. With review of the responses and through the research conducted in this study, 

I conclude that with the incorporation of the recommendations provided in this chapter, 

the tool-kit will be complete, useful and credible for the collection of water quality 

monitoring data by community groups in Nova Scotia. 

Incorporating participants from the water professional group during the evaluation 

of the pilot WET-Pro training and certification course may ease any remaining doubts 

relating to sampling techniques and calibration of equipment by community volunteers. 

There are examples of programs that incorporate online training and certification which 

result in credible data sampling such as CABIN. This further reinforces the potential 

offered by the WET-Pro training and certification course and continued study and 

evaluations will further support this claim.  

Overall the project WET-Pro has taken great leaps towards increasing credible 

water quality monitoring data in Nova Scotia and although continued evaluations and 
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pilot testing are required, at this time there are strong indications that this project will 

increase the capacity of community-based water monitoring in the province.  

!
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!
� 	  xiv!



!
!

APPENDIX B 

!
!

# Title Organization

Government

1 Reporting & Outreach Officer Environment Canada

2 Water Quality Specialist Environment Canada, Moncton, NB

3 Head – Chemistry Laboratory Environment Canada, Moncton, NB

4 Monitoring Ecologist Parks Canada

5 Water Strategy Coordinator 
Water & Wastewater Branch

Nova Scotia Environment

6 Environmental Analyst Nova Scotia Dept. of the Environment

7 Environmental Performance Officer Halifax Regional Municipality

Academia

8 Professor - Canada Research Chair in 
Environmental Change

Queens University

9 Senior Research Scientist NSCC Annapolis Valley Campus (Middleton), Nova 
Scotia

10 Honorary Research Associate Acadia Centre for Estuarine Research,  
Acadia University

Private Sector

11 Owner Thaumas Environmental

12 Consultant Environmental Monitoring & Assessment Network 
(EMAN)

13 Customer Representative Hoskin Scientific

� 	  xv!



     Table 4.1- List of Stakeholders Interviewed by Adventus (Adventus, 2009, pp. 20) 

!
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# Focus Group Question        Discussion
1 Have you ever had any previous 

experience in gathering data on 
a volunteer basis for your 
current organization or any 
other organization?

o All but one of the focus group participants indicated that they each 
had some experience in gathering data on a volunteer basis for an 
organization. 

o The remaining individual participant said that they had data 
gathering experience in academic and work settings, rather than for 
organizations.

 2 Do you do water testing now? o Most, but not all of the focus group participants said that they 
currently do water testing.

3 Do you have access to and know 
how to use a computer?

o All of the focus group participants confirmed that they have access 
to, and know how to use, a computer.

4 What kind of formal or informal 
training have you had in 
environmental/water 
monitoring?

o Four of the nine participants indicated that they had no training in 
this area. 

o The other five participants described a range of training received, 
including informal demonstration, to a week-long course, to formal 
education in the area at a post-graduate level.

5 What would your level of 
interest be in obtaining formal 
training?

o Seven of the nine participants indicated an interest in receiving 
some formal training, ranging from “pretty” interested, to “very” 
interested. 

o Two of those seven said that they had a particular interest in 
receiving formal training, in order to assist them in being better able 
to teach others, particularly youth. 

o One participant said that he personally would not require any 
formal training, due to his educational background, but that others 
in his organization would be interested. 

o A single participant indicated that he would prefer to be given 
direction, rather than receiving training.
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6 What amount of time could you 
commit to this?

o The focus group participants generally each felt that they would be 
willing and able to commit between 2 days and a week to obtaining 
formal training. 

o One individual felt that he personally would not get any value in 
formal training. 

o Two of the participants indicated that they would be willing to take 
as much training as could be offered. 

o In general, the participants were quite interested in committing their 
time to obtaining the training.

7 What would you be most 
interested in learning and by 
what method would you want to 
learn it?

o The focus group participants said that they would like to learn why 
things in a given body of water are the way they are.  Included in 
this is understanding interconnectedness – relating data to 
watershed big picture and impact of different stakeholders. 

o They expressed an interest in learning what they are doing, what to 
do with the data they collected, and what the data means. They also 
said that they would like to learn about quality assuring data 
collected, best approaches to entering data, and database usage. 

o Specific topics indicated included hydrology, water dynamics, and 
biological indicators – what makes a healthy. Interest was also 
expressed in learning about restoration of the ecosystem - how to 
spot contamination points, and how to deal with emergencies. 

o A suggestion was made by one participant that coverage be given to 
the GIS landscape of watersheds. 

o With respect to method, the focus group participants suggested that 
they learn a standardized approach in the field, hands on. Some 
indicated that this water’s edge training could be supplemented with 
classroom for those interested in taking things further, while other 
participants felt that they would very much want the classroom 
experience. 

o There was agreement that the training be provided at the waters 
edge, first and foremost, and that the learning be practical. 

o Interest was also expressed for case studies and scenarios. 
o The suggestion was made that consideration be given to two levels 

of material, a bare minimum course, and a supplementary course. 
o Participants also felt that the training should be high quality, and 

noted that follow-up would be important.

8 How would you feel about 
becoming a “certified water 
quality monitor”?

o The focus group participants generally felt that becoming certified 
would be an asset for their respective organizations.  

o Most of the participants indicated that they could see value in a 
certification. 

o A lone participant indicated that formal certification is not 
something that is particularly needed – the understanding and 
knowledge is more important. 

o Some of the participants felt that there could be concerns with 
renewal requirements in future years. 

o The point was raised that certification could be specifically 
beneficial to their respective organizations from the perspective of 
raising funds.

9 What do you think the 
limitations or barriers to this 
would be?

o Continuity was raised as the main limitation in the view of the focus 
group participants, who expressed potential concerns could arise 
from turnover within their respective organizations.

# Focus Group Question        Discussion
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10 How much time would you be 
willing to commit to fulfilling 
your role as a certified water 
quality monitor? For how long?

o The participants noted that they would need to see that the 
information is being used, otherwise they would lose interest in the 
certification process. 

o They noted that if there were to be Province wide buy in, then their 
interest in participating would increase. 

o The participants all felt that they would be willing to commit a 
couple hours per week in fulfilling their roles. 

o They noted that value in the process, and hence their levels of 
participation, would also increase if there was a usable database to 
hold findings of all of the monitors, and networking between 
certified monitors. 

o The focus group participants advised that their length of 
participation would be likely to be issue dependent, with a year or 
two of commitment being the norm.

 11 Once you were certified, what 
would your expectations be? (i.e. 
What would you like to see happen 
to the data?)

o There was a clear expectation voiced that they would want to see 
that something is done with the information they would be 
collecting. They noted that people will want to know that the data 
they are collecting is actually being used, that there is a real purpose 
in their efforts. 

o The group also raised the expectation that a centralized database be 
established. They noted that such a database would require that an 
overall question be addressed, to bring everyone’s information into 
context.

12 How much would you be willing 
to pay for a certified water 
quality monitor course?

o The general group feeling was that their organizations would be 
willing and able to pay $200-$500 for a 3-4 day course. 

o One participant provided the example of their having taken a 
$1,500 for 5 day course, based on excellent delivery, but other 
participants stated that that sum would equal their entire year’s 
budget. 

o The focus group participants stated that in paying for a course, they 
would want to obtain both tools & good literature. 

o Some participants suggested two-tier pricing, with a lower price 
point of $200 for non-profits, or volunteers. 

13 Should the client go forward 
with this and develop a certified 
training program, would you be 
interested in participating in a 
pilot project?

o Almost all of the focus group participants felt that the initiative 
should go forward. 

o One individual felt that there could be a possibility of losing some 
people currently doing the testing, because those people could 
potentially feel they didn’t have the necessary qualifications. 

o Seven of the nine focus group participants indicated a positive 
interest in being involved in a pilot project. The other two 
individuals felt that it would not add to their ability to complete 
their current mandates.

14 Could you see yourself, or would 
you be interested at some point, 
in becoming a trainer of new 
water quality monitors yourself?

o Six of the nine focus group participants said that they would be 
interested in becoming a trainer. One of the other three said that 
another individual from their organization would be interested in 
their place.

# Focus Group Question        Discussion

� 	  xviii!



   Table 4.2 - Adventus Focus Group Questions and Discussions (Adventus, 2009, pp. 53) 
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15 What special qualifications or 
experience would a volunteer 
trainer require, in your opinion?

o Teaching type experience; 
o The majority of the participants did not feel that the trainer would 

necessarily need to be a professional, rather than a volunteer, 
provided that the trainer would have a breadth of experience in 
watershed conditions. This was summarized as teachers being 
judged on their own merits, as opposed to having a specific 
qualification.

# Focus Group Question        Discussion
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 Figure	  4.1-‐	  WET-‐Pro	  Tool-‐kit	  Outer	  Case	  (Paul	  Darrow,	  2010)	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  4.2-‐	  WET-‐Pro	  Tool-‐kit	  Inner	  Messenger	  Bag	  (Paul	  Darrow,	  2010)	  
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