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Preamble

Groundwater quality in the Clcahl/Hullcar Valley (the Valley) has been impacted by high nitrate
concentrations. The Valley is located in the North Okanagan, within the Township of
Spallumcheen and Splatsin area of caretaking responsibility.

On July 14, 2014, a notification was sent by Interior Health Authority to the Valley residents and
a Water Quality Advisory was issued to Steele Springs Waterworks District (SSWD). The
notification was later replaced on April 10, 2017, with a Public Service Announcement to
remind the Valley residents to test and appropriately treat their drinking water. This
announcement was later updated on January 9, 2024. In March 2019, the Water Quality
Advisory issued to SSWD was lifted.

In August 2017, the Minister of Environment and Climate Change Strategy ordered an
independent review of the Hullcar Aquifer response, which resulted in the POLIS
Recommendations Report, “From Crisis to Solutions: Towards Better Source Water Protection
and Nutrient Management in the Hullcar Valley” (Brandes et al., 2017).

The Report (Brandes et al., 2017) included 90 recommendations which focused on nine key
themes with the goals of: improving the agricultural soil nitrate balance; restoring Aquifer 103
to acceptable nitrate levels in the Valley; and improving regulatory mechanisms to help prevent
a similar situation from occurring in other drinking water aquifers in British Columbia (BC).

In response to the Report recommendations, the Provincial Government developed the Hullcar
(Clcahl) Aquifer Response Plan Report (HARP Report) with actions themed under five key areas:

1. Public Health and Safety

2. Drinking Water Source Protection Governance, Laws and Policy Tools
3. Regulatory Requirements for the Agriculture Industry

4. Soil and Water Monitoring

5. Technology Options and Incentives

This report is Part 1 of 2 of the Public Health and Safety actions and will fulfill the first two
actions:
e Examine the public health risks associated with manure leaching to groundwater using a
screening health risk assessment approach.
e Review potential contaminants of public health concern, combined with toxicological
and exposure assessment principles under acute (short-term) or chronic (long- term)
timeframes.

This assessment used known and available reports and data up until April 2024 to provide a
general indication of possible health risk and helps identify if there are areas of concern. Part 2
of 2 (to be written by the Ministry of Water, Land, and Resource Stewardship) will address the
remainder of the actions by reviewing the multibarrier approach and the current provincial
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framework, identify areas for improvement, synthesize lessons learned, and recommend future
actions.
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Summary of Key Facts

Health Canada develops and reviews the Guidelines for Canadian Drinking Water Quality
in collaboration with representatives from each province and territory, known as the
Federal-Provincial-Territorial Committee on Drinking Water (FPT CDW). The Guideline
for Canadian Drinking Water Quality for nitrate-nitrogen (nitrate-N) has set a Maximum
Acceptable Concentration (MAC) of 10 mg/L. The MAC was developed to protect the
health of bottle-fed infants, who are the most vulnerable to the effects of nitrates.
Concentrations of nitrate below these guidelines are not expected to pose a health risk.

Aquifer 102 in the Clcahl/Hullcar Valley is a deep, confined aquifer. Available nitrate-N
data from 2015 to 2024 ranges from undetectable to 5.1 mg/L. Current data indicates
concentrations are below the MAC, but ongoing monitoring and assessment should
continue.

Aquifer 103 in the Clcahl/Hullcar Valley is a shallow, unconfined aquifer. Available
nitrate-N data from 2012 to 2024 ranges from undetectable to 35.8 mg/L. Elevated
nitrate levels above the MAC could pose a risk to human health if used as a drinking
water source without adequate treatment. Residents should check with their water
supplier or sample their private well water to know if their water is safe to drink.

Drinking water from either aquifer could pose a health risk if used as a drinking water
source without adequate treatment.

Under the Drinking Water Protection Act (DWPA), drinking water treatment is the
responsibility of the water supplier for community water systems or private well owners
for systems that serve only single-family residences. Schedule A of the Drinking Water
Protection Regulation sets water quality standards for potable water for E. coli and total
coliform bacteria. To prevent adverse health effects, residents should only drink water
that has been tested and treated for nitrate and other contaminants, as necessary.

Nitrates in drinking water may be present due to the nitrogen from a combination of many

sources including agricultural sources (such as N-based fertilizers, livestock manure, N-fixing

crops, and decomposition of soil organic matter), septic systems, wildlife defecation, lightning
strikes, or snowfall. More information on how to plan and construct a well and test and treat
your well water can be found here:

Drinking Water | Environmental & Seasonal Health | IH (interiorhealth.ca)
Well water testing | HealthLink BC

Nitrate in well water | HealthLink BC

Be Well Aware: Information for private well owners - Canada.ca

Information for Property Owners — Planning, Installing, and Caring for Your Well
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Disclaimer

This assessment relies on several reports written by qualified professionals. The contents of this
report are primarily a review and synthesis of their work with the purposes of providing a clear

picture of the state of knowledge in the Clcahl/Hullcar Valley as it relates to human health. This
report is not a comprehensive human health risk assessment and any conclusions or inferences
made should not be interpreted as such.

Under no circumstances will the Government of British Columbia, its ministers, agents,
employees or contractors be liable to any person or business entity for any direct, indirect,
special, incidental, consequential, or other damages, or losses of any kind whatsoever, arising
out of any use of, or reliance upon, the information provided in this report.

Any prediction of human health risks in this report should be viewed as a basis for completing a
more in-depth analysis of health risks, rather than a determination that there is a public health
hazard as defined under the Public Health Act.
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1 Introduction

The Clcahl/Hullcar Valley (the Valley) is a rural area located in the North Okanagan.
Groundwater is the primary source of drinking water and provides irrigation to local agricultural
producers. In early 2014, nitrate-N levels rose above the Health Canada Guidelines for Canadian
Drinking Water Quality (Health Canada Guidelines) Maximum Acceptable Concentration (MAC)
of 10 mg/L which led to a series of plans and actions by the Province, Splatsin, and Interior
Health Authority.

The purpose of this report addresses two of the commitments identified under the Public
Health and Safety theme in the 2018 Hullcar Aquifer Response Plan Report (Appendix 1):
1. Examine the public health risks associated with manure leaching to groundwater using a
screening health risk assessment approach.
2. Review potential contaminants of public health concern, combined with toxicological
and exposure assessment principles under acute (short-term) or chronic (longer term)
timeframes.

This report was a collaborative effort and produced with the support, perspectives, insights,
and contributions from numerous agencies. In particular, the technical working group, made up
of representatives from the Ministry of Health, Ministry of Water, Land, and Resource
Stewardship, Ministry of Environment and Parks, Ministry of Agriculture and Food, and Splatsin,
all provided valuable support and guidance on the development of this report.

1.1 Scope of Assessment

The Valley is characterized by rural residential and agricultural land, Splatsin Reserves IR1
Salmon River and IR2 Enderby. The leaching of nitrogen into groundwater is a concern in the
area.

The two main aquifers of interest are Hullcar Aquifer 103 and 102. Aquifer 103 is a shallow,
unconfined aquifer where high nitrate concentrations have been observed. Aquifer 102 is a
deeper, confined aquifer which lies below Aquifer 103 and nitrate concentrations have
routinely tested below Health Canada Guidelines.

To address the active concern in the area and in response to the HARP, the scope of this
assessment was therefore limited to nitrates only. It is acknowledged that other chemicals or
pathogens may also be present in the aquifers, however, these are currently beyond the scope
of this assessment. Further, differentiating between health impacts from different sources of
nitrate is out of scope. This assessment of health risk is scoped to understand known nitrate
levels in soil and groundwater (up until April 2024) and potential for nitrate to enter into
Aquifers 103 and 102 via movement of residual nitrate through the soil profile and into
groundwater.
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1.2 Organization of the Report

The main body of this report examines the risk to public health associated with nitrate leaching
to groundwater from agricultural and non-agricultural activities and sources. Other potential
contaminants of public health concern associated with manure which are not captured as part
of this assessment are listed and detailed in the Appendix, such as Escherichia coli (E. coli),

Campylobacter, and Cryptosporidium.
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2 Methods

This assessment relies on several reports written by qualified professionals specifically for the
Hullcar Valley. The contents of this report are primarily a review and synthesis of their work
with the purposes of providing a clear picture of the state of knowledge in the Valley as it
pertains to risks to human health. Human health risks can be screened by identifying the
toxicological and pathogenic properties, the nature of human exposure to those substances,
and the degree to which exposure occurs.

The risk of nitrate contamination in an area can be evaluated based on the following
physiographic characteristics: aquifer type, water table depth, soil texture and hydraulic
properties, organic carbon content, rainfall, evapotranspiration, slope, and land cover
(Rebolledo et al. 2016).

This report completes the following high-level steps to assess risk:

Study area characterization

Nitrate exposure assessment
Review of nitrate and nitrite toxicity
Exposure assessment

Risk characterization

Limitations and key data gaps

Key findings

No Uk wnNpe

This assessment relies on several reports and research papers that have been published in
relation to government’s Hullcar Aquifer Response from 2016 to 2023.

= Associated Environmental. Environmental Impact Study Reports (2016 & 2017).

=  Golder Associates. Integrated Monitoring Study (2017) and Hullcar Hydrogeological
Study Update (2021).

=  Ministry of Agriculture and Food. Annual Soil Nitrate Survey of Agricultural Fields in the
Hullcar Valley (2016-2023).

=  Western Water Associates Ltd. Hullcar Monitoring and Well Sampling (2021 — 2024)

= WSP Canada Inc. Hullcar Valley Hydrogeological Model Phase 2: Preliminary Numerical
Groundwater Flow Modelling (2023).

Page 11 of 54



3 Clcahl/Hullcar Valley Characterization

3.1 General Overview
Table 1. Summary of the Clcahl/Hullcar Valley

Location

Population

Land Area

First Nations

Local
Government

Land Parcels

Land use
Businesses

Water Use

Located between the towns of Enderby and Armstrong in the North
Okanagan

IR1 Salmon River: Approximately 21 homes
IR2 Enderby: Approximately 125 homes

IR1 Salmon River: 8.24 km?

IR2 Enderby: 0.88 km?

IR Okanagan: 1.67 km?

Hullcar Aquifer Model Boundary: 36.99 km?
Splatsin area of caretaking responsibility.
Splatsin Reserves IR1 Salmon River and IR2 Enderby
Township of Spallumcheen

Regional District of North Okanagan
Columbia Shuswap Regional District

156 Complete (completely contained within the Hullcar Aquifer Model
Boundary)

125 Incomplete (partially contained within the Hullcar Aquifer Model
Boundary)

281 Total
Rural residential, agriculture, grazing and forestry
Agricultural Production and Agritourism

145 registered wells in Aquifer 102 and 103

References: (Splatsin, 2024; Crown-Indigenous Relations and Northern Affairs Canada, 2024)

3.2 Hydrology/Hydrogeology

Deep Creek runs through the Valley and gets recharge from Hullcar groundwater (WSP, 2023).
The area of concern where elevated concentrations of nitrate are present is located west of
Deep Creek. It is assumed that while aquifers are not connected across Deep Creek, there is
potential for surface water to enter the aquifers. All other streams in the Valley are intermittent
and discharge into valley bottom sediments.
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Hullcar Aquifer 103 is unconfined and overlies Hullcar Aquifer 102, which was inferred to be
confined. Revised aquifer mapping and Golder’s 2017 report later concluded that these two
aquifers were inferred to be hydraulically connected and should be considered as a combined
aquifer in numerical groundwater flow modeling (WSP, 2023). Some low permeability areas in
the west end of the Valley may have localized confining units separating Aquifer 102 and
Aquifer 103 but these are not present throughout the entire Valley (WSP, 2023).

Lateral groundwater flow across the aquifer is towards the east and southeast, discharging at
Steele Springs. Different local flow directions have been observed. Vertical flow gradients are
suspected, but there is currently insufficient information to confirm this.

Shallow groundwater levels are highly influenced by agricultural activity, with lower
groundwater levels observed during the agricultural season that recover with spring freshet.
Deeper wells are influenced by upstream recharge, and not by agricultural activities or
irrigation.

Aquifer 103 is an unconfined aquifer consisting primarily of sand, with some gravel, and with
minor amounts of confinement at the valley margins. It overlies Aquifer 102, which is confined
by a layer of silt and/or clay. There are two areas on the north side of the valley and east of
Parkinson Road which lack the confining unit as indicated by Stewart and Allard (2017). The
areas are relatively small, but large enough to be potentially significant in terms of influencing
hydraulic behaviour while pumping.

Aquifer 102 is coarser and more productive for non-domestic water supply. Irrigation supply is
the primary groundwater use of this aquifer.

Both Aquifer 102 and 103 supply groundwater wells used for domestic and other purposes
(Table 5). Further information on groundwater wells installed into these aquifers is presented in
section 6.4.

The water table in Aquifer 103 is present at depths ranging from 1.5 to 14 metres below ground
level (mbgl) and is between 3 and 45 metres thick. Aquifer 103 is considered to be vulnerable
and at risk for containing pathogens. Based on the available information and unconfined nature
of Aquifer 103, it has been assumed that nitrate from agriculture or other sources could directly
enter Aquifer 103; however, there is insufficient information to complete a full evaluation of
vertical transport of contaminants to depths associated with domestic well intakes.

3.3 Sail

Soils in the Valley are primarily sand and gravel, made up of unconsolidated sediments
overlying clay. The soil descriptions (obtained from several sources) are not consistent across
the aquifer, but the preliminary interpretation is that the shallow aquifer system was complex
and did include pockets of low permeability soil that could influence groundwater flow.
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The soils in the valley predominantly consist of a mix of Silty Loams, Sandy Loams, and Loam of
various classifications, which are generally noted as well drained; additional soil types are

present in the valley (Ministry of Agriculture & Ministry of Environment & Climate Change
Strategy, 2018; Gough et al., 1994).
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4 Nitrate Exposure Scenarios

This section outlines the nitrogen (N) cycle (Figure 1), potential exposure pathways, human
receptors and a conceptual site model to visualize the components of this risk assessment.

Figure 1. Nitrogen Cycle

Reference: Ministry of Agriculture and Food (2021b)

Nitrogen as a nutrient source for agricultural production includes:

= N-based fertilizers

= Livestock manure

= N-fixing crops (such as alfalfa)

= Decomposition of soil organic matter

Nitrogen from fertilizers is generally in the form of either ammonium or nitrate, both of which
are available to plants for uptake. Livestock manure generally contains nitrogen as organic
nitrogen or as ammonium, but little to no nitrate. N-fixing crops convert atmospheric nitrogen
into ammonia through a symbiotic associated with root biota, which is then converted into
organic nitrogen within plant tissue. Organic matter built up in the soil can be broken down by
soil bacteria, releasing ammonium that is available to plant uptake. Soils with relatively large
amounts of organic matter typically release ammonium throughout the year, which can
become a nitrogen source for plant uptake and growth.

Through a process called mineralization, soil bacteria break down organic nitrogen sources,
such as livestock manure or soil organic matter, into ammonium. Through a process called
nitrification, soil bacteria convert the ammonium into nitrite and then into nitrate.
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4.1 Potential Exposure Pathways

The primary public health risk from nitrate is due to ingestion of contaminated, untreated
drinking water. Nitrate in drinking water may be present due to nitrogen from agricultural
sources, such as those listed above, or from septic systems, wildlife defecation, lightning strikes,
or snowfall.

Migration of nitrate to groundwater (Figure 2) could potentially occur through the following
processes:

= Nitrates derived from the agricultural and non-agricultural sources listed above can
leach through the soil profile into groundwater. However, due to the properties
listed above (Rebolledo et al. 2016), leaching of nitrate from the soil surface into
groundwater may take from a few years to several decades to occur

= Nitrates present in the soil solution at or near the soil surface can be transported by
overland flow and enter improperly sealed domestic wells or surface sources of
drinking water

= Nitrates from human waste through malfunctioning septic fields can migrate below
surface and into overburden

4.2 Potential Human Receptors

Sensitive human receptors which could be more susceptible to harmful effects of exposure to
nitrogen include infants (from nitrates), toddlers (due to their high ingestion to body weight
ratio), pregnant women (have higher risks from developmental and reproductive toxins), and
seniors or other immunocompromised individuals.

Existing Health Canada Guidelines for drinking water quality (see Table 2) include
considerations of sensitive receptors and assume ongoing reliance on the potentially
contaminated drinking water as the sole source of available potable water. Health Canada
(2013) has identified bottle-fed infants as the most sensitive human receptor.

This assessment discusses the risks of nitrate to human health in relation to Health Canada
Guidelines, which are protective of the most sensitive receptors. As such, detailed information
on the different receptor populations was not collected or assumed at this time. These would
be required for the calculation of receptor-specific risk estimates in support of a more fulsome
risk-based approach/human health risk assessment.
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4.3 Conceptual Site Model
Figure 2. Conceptual Site Model for Potential Exposure Pathways of Nitrates in Drinking Water in the Clcahl/Hullcar Valley
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5 Review of Nitrate and Nitrite Toxicity

The Guidelines for Canadian Drinking Water Quality (Health Canada Guidelines): Guideline
Technical Document — Nitrate and Nitrite has been used as the indicator of potential health risk
in this assessment (see Table 2). Health Canada combined the Health Canada Guidelines for
nitrate and nitrite because they have similar health effects, come from the same common
sources, are both produced as a result of the nitrification process, and use the same treatment
methods for removal.

Health-based guidelines are expressed as a Maximum Acceptable Concentration (MAC)
indicating if the drinking water is potable (i.e. safe to drink) while aesthetic objectives refer to
taste, odour, and appearance. MACs have been established for certain substances that are
known or suspected to cause adverse effects on health. They have been derived to safeguard
health on the basis of lifelong exposure. To the extent possible, the use of drinking water for all
usual domestic purposes, including personal hygiene, has been considered in the derivation of
the Health Canada Guidelines.

There is a varying degree of conservativeness built into guideline values and therefore health
effects are very unlikely to occur at or below the MAC guideline values. Therefore, exceedances
of most Health Canada Guideline MACs only represent the potential for health effects and
should not be interpreted as a prediction of health effects. Most Health Canada Guidelines for
chemical substances represent acceptable exposure over a lifetime (chronic exposure).

Table 2. Summary of Applicable Drinking Water Quality Guidelines

Contaminant Health Canada Guideline
MAC
nitrate (NO3’) 45 mg/L
nitrate-nitrogen (NO3-N) 10 mg/L
nitrite (NO>’) 3 mg/L
nitrite-nitrogen (NO2-N) 1 mg/L

mg/L — milligrams per litre
*Health Canada states that Nitrates and Nitrites should be kept as low as reasonably practicable

Drinking water that continually contains a substance at levels greater than the MAC will
contribute significantly to consumers’ exposure to this substance and may, in some instances,
be capable of inducing deleterious effects on health. However, short-term exceedances above
the MAC do not necessarily mean that the water constitutes an undue risk to health. The
amount by which, and the period for which, the MAC can be exceeded without posing a health
risk must be assessed by considering the toxicity of the substance involved (Health Canada,
1995).

Some Health Canada Guideline MACs are also accompanied by a statement to keep the
contaminant as low as reasonably practicable. This statement is a recommendation made when
there is limited research on some health effects or in some sensitive populations as an extra
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precautionary measure or if the pollutant does not have a threshold for health effect and any
incremental increase can result in an incremental increase in risk.

5.1 Nitrate

Both acute (short-term) and chronic (long-term) exposure to nitrate can result in adverse
impacts to health. Acute impacts are primarily related to methaemoglobinemia in infants.
Methaemglobinemia, also known as blue-baby syndrome, is a condition caused by exposure to
high concentrations of nitrates to infants less than six months of age. It affects the amount of
oxygen being carried in the blood, resulting in a bluish skin colour.

Health Canada (2013) has established a guideline for nitrate and nitrite based on a review of
toxicological and epidemiological studies. According to Health Canada, no single study can be
used to develop a guideline. For nitrate and nitrite, Health Canada relied on available studies
that provided evidence that no adverse health effects (methaemoglobinemia or thyroid effects)
were observed in any reviewed study at concentrations less than 45 mg/L for nitrate, which is
equivalent to 10 mg/L measured as nitrate-N (see Table 2). The Health Canada Guideline for
nitrate established a MAC of 45 mg/L with a general recommendation that drinking water levels
should be kept as low as reasonably practicable to account for potential thyroid effects and
potential carcinogenicity.

Methaemoglobinemia is considered the health impact of concern for humans; it primarily
affects bottle-fed infants. Nitrites are created by reduction from nitrate by bacteria, a process
which is not possible at low pH (acidic) and only occurs in individuals without a low pH stomach
(less acidic), such as infants. The Health Canada review found that the majority of
methaemoglobinemia cases (80%) were associated with nitrate concentrations in drinking
water greater than 220 mg/L nitrate.

5.2 Nitrite
Acute exposure to nitrite can potentially result in adverse impacts to health, related to
methaemoglobinemia in infants, and are unlikely to occur in other age groups.

Health Canada’s (2013) review of nitrite toxicity was based on an infant methaemoglobinemia
endpoint, using similar evidence as the nitrate guideline. Health Canada established a MAC of 3
mg/L for nitrite (equivalent to 1 mg/L of nitrite-nitrogen).
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6 Exposure Assessment for Nitrate in Groundwater

The exposure assessment for this report is limited to the understanding of nitrate
concentrations in soil, groundwater, and preliminary modelling of groundwater flow and
comparing these to the established Health Canada Guidelines. The calculation of risk estimates
based on site specific receptor characteristics and exposure calculations using human health
assessment protocols was out of scope for this report.

6.1 Nitrate in Soil

6.1.1 Hullcar Soil Nitrate Survey

Environmental impact studies focused on the agricultural operations in the Valley have
suggested that the elevated concentration of NOs-N is due to over-application of nitrogen on
agricultural fields, as this region of BC is dominated by forage crops grown for livestock feed
(Associated Environmental 2016, 2017a, 2017b, & Poon and Code, 2017). However, the rate at
which NOs-N moves from the crop rooting zone to Aquifer 103 has not yet been established
and may range from a few years to several decades. Therefore, it is prudent for agricultural
producers to minimize the amount of NO3-N remaining in the soil after crop harvest, as this
NOs-N may contribute to contamination of the underlying aquifer (Ministry of Agriculture and
Food, 2020b).

Several studies have been conducted annually since 2016 to monitor residual soil nitrate after
crop harvest in the Hullcar Valley above Aquifer 103 (Ministry of Agriculture and Food, 2017,
2018, 202043, 2020b, 20214, & 2023) to determine the quantity of nitrate that is susceptible to
leaching in the 0-90 cm soil profile after crop harvest each year and inform area producers in
decision making for nitrogen management. Agriculture producers in the area use multiple
sources of nitrogen for nutrient addition to crops which may include nitrogen fertilizer, manure,
and other sources.

The most recently published survey in 2022 included 50 sampled fields in the Valley (Ministry of
Agriculture and Food, 2023). Eighty-four percent of the land area sampled (43 of 50 fields) had
soil nitrate levels in the 0-90 cm soil profile less than 100 kg NOs-N/ha; these results support
the hypothesis that majority of fields fall below 100 kg NOs-N/ha. The 2022 soil nitrate values
as per the survey results have decreased compared to the previous year’s survey. The decline in
soil nitrate from 2021 to 2022 could be due to several factors including conditions that led to
improved uptake by the crop, improved timing of nitrogen applications, or reduced
mineralization of soil organic matter. Though there was a marked decline, it is still imperative
due to the proximity of the fields to the Aquifer 103 that proper nitrogen management
practices continue and maintain monitoring (Ministry of Agriculture and Food, 2023).

6.1.2 Hullcar Hydrogeology Study
Data from the Hullcar Hydrogeology Study — Phase 1 and 2 Assessment (Golder, 2017) indicated
that ammonia and nitrate concentrations in soil were generally greatest between 0.9 and 1.5 m
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depth. There was some evidence that excess nitrate had been transported into the ground by
irrigation and/or precipitation. Potential nitrate concentrations in porewater were estimated
between 10 and 40 mg/L, consistent with groundwater measurements. It was concluded that
that there is a nitrogen reservoir in the subsurface that could reach the water table and
contaminate groundwater resources (Golder, 2017).

6.1.3 Unpublished Data
At the time of writing this report, there were two datasets that have yet to be published, as
analysis of soil samples had not yet been completed:

1. Soil nitrate concentrations on the 50 agricultural fields sampled as part of the Hullcar
Soil Nitrate Survey, described in section 6.1.1 above

2. Soil nitrate concentrations of nine randomly selected agricultural fields in the Hullcar
Valley. Soil samples were taken from 1 m below the soil surface down to the top of the
groundwater table at 1 m increments. Results will be used to approximate the potential
mass of nitrogen present in the soil profile below the crop root zone that is likely to
enter Aquifer 103

6.2 Nitrate in Groundwater

Nitrate can be highly mobile in groundwater, but it can be biologically or chemically
transformed in the environment as is moves laterally or vertically through soil and
groundwater. Nitrate contamination has been known to extend 20 m or more below the
surface (Zebarth et al. 1998). Environmental Impact Studies for two farms in the area
(Associated Environmental, 2017) predict that nitrates would take between 1.4 and 55 years to
enter the water table in the Valley.

In 2016, as part of the initial government response, groundwater quality monitoring occurred
across several locations in the Valley. Two provincial observation wells are located in the Valley
and have been sampled for water quality. As well, six shallow groundwater monitoring wells
were installed in 2019-20. Figure 3 depicts the well locations with available nitrate data and
indicates whether the monitoring took place in Aquifer 103 or 102. Table 3 is a summary of the
data in these locations.

6.2.1 Steele Springs Waterworks District

Steele Springs Waterworks District (SSWD) serves residents in the Valley. Prior to 2019, SSWD
pumped water from Aquifer 103 (WTN 9293). In 2019, SSWD installed a new well in Aquifer 102
(WTN 115739). The old system has not been decommissioned but is no longer used for drinking
water. Samples have been collected by SSWD and Interior Health Authority at both the old and
new wells. This data has also been included in Table 3.
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Figure 3. Groundwater Monitoring Wells in Clcahl/Hullcar Valley
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Table 3. Summary of Nitrate-N Concentrations in the Hullcar Aquifers (mg/L)

Aquifer 103 Aquifer 102

SSWD SSWD
. Jansen Gracemar | Gracemar Jansen Gracemar Jansen Gracemar Jansen
Well ID (;:::1;I MW2 MW1 MW3 MW19-3A MW3 MW2 MW19-2A | MW19-1A MW1 MW3 deep | MW1 deep MW-20-4A | OW 409 MW-20-2B | MW-20-1B OW 384 1:6;1;;9

EMSID | E301110 | E306950 | E306955 | E306958 | E317974 | E306951 | E306956 | E317972 | E317950 | E306949 | E306957 | E306948 | E319193 | E288429 | E319192 | E319191 | E275523 -
Depth | \Within 9.1to 122t0 | 149t0 | 16.5to
P pump |3.7t05.5|5.2t07.0 7.0t08.8 7.62 7.9t09.8 . 10.36 11.9 . y ' 22.9 23.2 41.5 42.8 91.4 104.2

mbgl 11.0 14.0 16.8 18.3
(mbel) house

25-Oct-12 <0.002
24-Feb-14 <0.002
30-Jul-15 <0.003
27-Nov-15 <0.015 3.29
29-Sep-16 20.2

04-Oct-16 16.6 7.82 <0.01

05-Oct-16 <0.01

06-Oct-16 0.02 1.76 35.8 19.7

18-Oct-16 21

08-Jun-17 <0.015
02-Aug-17 | 11.6

29-Aug-17 <0.015

08-May-18 0.0996

10-May-18 <0.01
23-Aug-18 <0.015
19-Nov-18 10.7

29-Jan-19 8.1 <0.01
12-Feb-19 8.24 0.066
19-Feb-19 0.086

05-Mar-19 0.120

16-Apr-19 0.081

19-Sep-19 10.8 4.19 14.3
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Aquifer 103 Aquifer 102

SSWD SSWD
Jansen Gracemar | Gracemar Jansen Gracemar Jansen Gracemar Jansen
Well ID Orlglna‘I MW2 MW1 MW3 MW19-3A MW3 MW2 MW19-2A | MW19-1A MW1 MW3 deep | MW1 deep MW-20-4A | OW 409 MW-20-2B | MW-20-1B OW 384 WTN
Spring 115739
EMS ID E301110 | E306950 | E306955 | E306958 | E317974 | E306951 | E306956 | E317972 | E317950 | E306949 | E306957 | E306948 | E319193 | E288429 | E319192 | E319191 | E275523 -
Within
Depth 9.1to 12.2 to 14.9 to 16.5 to
3.7t05.5 | 5.2t07.0 7.0t08.8 7.62 7.9t09.8 10.36 11.9 22.9 23.2 41.5 42.8 91.4 104.2
(mbgl) pump ° ° ° ° 11.0 14.0 16.8 18.3
house
05-Nov-19 6.44 0.034

25-Nov-19 7.38

20-Jan-20 8.09

04-Feb-20 6.17 0.068

19-Feb-20 10.8 4.07 15.5 1.37 0.01 0.01

23-Mar-20 8.16

26-May-20 15.6 0.003

27-May-20 | 7.38 9.68 5.03 291 0.015
28-Jul-20 7.74

25-Aug-20 11 0.015 0.003

26-Aug-20 9.35 5.54

27-Oct-20 10.2

16-Dec-20 11

22-Dec-20 9.93 11.7 13.7 0.025 | 0.473

23-Dec-20 6.57

06-Jan-21 9.5 0.131
03-Feb-21 9.6 12.7 12.3 5.21 <0.01 0.05

23-Feb-21 9.61

18-Mar-21 9.78

21-Nov-21 7.21

29-Nov-21 4.38 10.2 2.4 <0.01 1.77
24-Feb-22 8.83 9.99 11.2 1.21 <0.01 1.7
08-Nov-23 3.66 13.4 0.858 <0.01 5.1
22-Mar-24 7.02 8.23 13.2 4.07 <0.01 0.206
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Unconfined Aquifer 103
Confined Aquifer 102

Bolded >10mg/L nitrate-N
mbgl = metre below ground level
MW = Monitoring Well

OW = Observation Well

*WTN 9293
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Concentrations of nitrate-N were greater than background in some samples, and greater than
drinking water guidelines near known agricultural sources. Nitrate was only found at levels
above the Health Canada Guidelines in Aquifer 103 and at the SSWD pumphouse before
treatment. No samples had levels above the Health Canada Guidelines in Aquifer 102.

Data from SSWD indicates that no samples exceeded the Health Canada Guidelines MAC for
nitrate-N in the new well. In the old SSWD well, samples were higher for nitrates than in the
new well and generally remained near the Health Canada Guidelines MAC for nitrates with
some exceedances.

Some irrigation wells in the confined aquifer are reported to have high nitrate concentrations
(Associated Environmental, 2016, 2017a, & 2017b). These have not been confirmed by
additional sampling and are not in the EMS database. The reason for the reported detections is
unknown.

The Golder (2017) report found multiple well sampling locations with nitrate concentrations at
or exceeding drinking water guidelines, and it was inferred that nitrate contamination was
generally present in the top portion of the aquifer. The Golder (2021) updated review further
found that nitrate concentrations continued to exceed drinking water guidelines on multiple
occasions, locations, and samples. These nitrate exceedances were primarily found in
monitoring wells in the upper portion of the unconfined aquifer and were generally low or
undetectable in the confined aquifer. However, findings from both these reports are based on
the limited data available.

6.2.2 Water Quality in Aquifer 103

Monitoring wells in Aquifer 103 have consistently reported dissolved nitrogen concentrations
near or above the Health Canada Guideline MAC when sampled, with some temporal
fluctuations. To further investigate these fluctuations, as well as the variability observed in
monthly sampling of the original SSWD source (2014 through 2021), some preliminary data
analysis was performed. Thomson (2021) reviewed the water quality data from SSWD in
conjunction with groundwater elevations recorded in nearby Provincial Groundwater
Observation Well 409.

The results of the review indicate a relationship between groundwater elevation and nitrate
concentrations. More specifically, there appears to be a zone of high-concentration dissolved
nitrate near the surface of the water table as a result of infiltration of manure applied to the
land surface. As the groundwater table fluctuates seasonally, the original SSWD source accesses
different portions of the upper water table.

Generally, it appears groundwater elevations at Observation Well 409 greater than 501.5
metres above sea level (masl) correspond to below-guideline dissolved nitrate concentrations,
while higher concentrations are associated with a lowering of the water table, which has the
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effect of bringing the surface of the water table closer to the historic SSWD intake. This
indicates that nitrate is sourced from the upper soil layer.

6.2.3 Water Quality in Aquifer 102

Monitoring wells and the observation well in Aquifer 102 have never exceeded Health Canada
Guidelines for nitrate-N based on available data. Concentrations of nitrate-N ranged from
undetectable to 5.1 mg/L and most samples are less than 1 mg/L.

6.3 Fate and Transport Modelling

Fate and transport of contaminants through groundwater is highly dependent on physical,
chemical and biological conditions of the surrounding environment, and any predictions made
regarding contaminant transport typically require verification with field data and interpretation
by an experienced hydrogeologist.

A conceptual model of the Valley was developed in 2017 by Golder Associates and updated in
2021 (Golder, 2021); however, prior to 2023 there was no numerical modelling of contaminants
from potential sources to drinking water intakes to determine groundwater transport in the
aquifer. This is because non-point-source pollution that is ongoing is difficult to track. Golder
(2017) previously recommended that development of a numerical groundwater model would
benefit risk management and planning, but would also require additional data. WSP Canada Inc.
has submitted a hydrogeological model report for the Valley to progress work on numerical
groundwater flow modelling in the area (WSP 2023). The numerical model is meant to provide
a technical basis for the assessment of potential migration pathways of nitrate contamination in
the groundwater flow system under current annual average conditions.

6.4 Groundwater Well Use and Exposure Information

To assess the potential for exposure to high levels of nitrates, a summary of known drinking
water sources was collected. It is acknowledged that this summary is based on existing well
records, which may not account for unregistered wells in the Valley. This summary is also
limited to publicly available data and does not include private information such as data from
wells on Splatsin Reserves IR1 Salmon River and IR2 Enderby.

Table 4. Well Users by Aquifer in the Clcahl/Hullcar Valley

Aquifer Approximate # of users

Steele Springs Aquifer 102: As of 2019 59 residential connections
Waterworks District

Aquifer 103: Prior to 2019 Approximately 180 people
served
Private Wells Aquifer 102: 84 registered wells = Unknown

Aquifer 103: 61 registered wells
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Splatsin IR 1 Salmon River Unknown Unknown

Splatsin IR 2 Enderby Unknown Unknown

In Aquifer 103, there are 61 registered wells (Table 5). Of those wells, 23 are licensed. Well
depths ranged from 3.7 m to 225.5 m. In Aquifer 102, there are 84 registered wells. Of those,
13 are licensed and range from 3.7 m to 111.9 m. The registered wells that are not licensed are
presumed to be for domestic use.

Table 5. GWELLS data for Aquifers 103 and 102 registered wells.

Intended Water Use Aquifer 103 Aquifer 102 Licensed
Irrigation 21 26 28
Private Domestic 15 17 1
Water Supply System 2 2 3
Commercial and Industrial 1 3 3
Observation Well 1 1 0
Unknown Well Use 15 22 1
Not Applicable 6 9 0
Other 0 4 0

6.4.1 Private Wells

There is an unknown number of private wells in the Valley as it is assumed that not all wells are
registered in the provincial databases.

Interior Health Authority sampled twelve domestic private wells since 2017 as part of the point
of use home water treatment program. Table 6 includes the nitrate-N sample results from this
program. Addresses and names are not included for privacy reasons. In the domestic wells
sampled, no samples had concentrations of nitrate above the Health Canada Guidelines. Of the
twelve samples, ten were below detection limits, one was detectable but low, and one was
within an order of magnitude of the Health Canada Guidelines but still not in exceedance.

Table 6. Domestic Wells

Private Well Date Sampled Nitrate-N (mg/L) Well Depth
1 September 5, 2017 <0.01 48.8 metres
2 September 5, 2017 <0.01 18.3 metres (estimated)
3 September 5, 2017 <0.01 99.1 metres (estimated)
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4 September 5, 2017 3.9 36.6 metres (estimated) in pit
5 September 1, 2017 0.01 20.4 metres

6 September 1, 2017 <0.01 34.7 metres

7 September 1, 2017 <0.01 61 metres

8 September 1, 2017 <0.01 132.6 metres

9 October 11, 2023 <0.01 Unknown

10 October 11, 2023 <0.01 Unknown

11 October 11, 2023 <0.01 Unknown

12 October 11, 2023 <0.01 Unknown

7 Risk Characterization

Based on the geology of the Valley and the presence of an unconfined aquifer, soluble
contaminants at ground surface have a greater potential to reach the underlying shallow
aquifer and be transported to potential receptors.

The critical exposure pathway of nitrates for human health is via drinking untreated
contaminated water.

Concentrations of nitrates and nitrites in drinking water that exceed the Health Canada
Guidelines can pose risks to human health both from short-term and chronic exposures. In the
short-term, the most concerning health outcome is methaemoglobinemia, which occurs in
infants exposed to very high concentrations of nitrates or nitrites. There may also be some
impacts to thyroid glands or potentially cancer associated with long-term exposure to elevated
nitrates or nitrites above the Guidelines but there is no conclusive evidence for these adverse
health effects.

7.1 Health Risks from Drinking Water in Aquifer 103

Ongoing monitoring of the upper 1-2 m of the water table in Aquifer 103 reveals nitrate-N
concentrations have ranged from non-detectable (e.g. all samples in OW 409) to over three
times the MAC in monitoring and observation wells (October 2016). However, sampling in most
observation and monitoring wells has shown nitrate-N concentrations hovering closer to the
MAC of 10mg/L, with some samples remaining elevated above the Health Canada Guideline for
nitrate (e.g. all samples from MW19-1A).

The Health Canada Guideline for nitrate suggests that these elevated nitrate levels at the upper
surface of Aquifer 103 could pose a health risk if used as a drinking water source without
adequate treatment. However, the Health Canada Guideline for nitrate also states that 80% of
infantile methaemoglobinemia cases only occur where nitrate concentrations are above 220

mg/L.

The most sensitive drinking water exposure pathway in this assessment is for individuals with
private wells drawing directly from Aquifer 103 for domestic purposes, without treatment to
remove pathogens or chemical contaminants.
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Any drinking water wells that draw from Aquifer 103 are at higher risk of elevated nitrate levels
due to the nature of the overlying geology (i.e. unconfined) and vulnerability to land use
practices. This may mean that other contaminants not assessed in this report (but listed in the
Appendix), in addition to nitrate, may be present in Aquifer 103.

7.2 Health Risks from Drinking Water in Aquifer 102

As of March 2024, all known and available water quality samples in Aquifer 102 are below the
Health Canada Guideline for nitrate with the maximum concentration found to be 5.1 mg/L of
nitrate-N.

Therefore, water users using Aquifer 102 for drinking water are at relatively low risk for
exposure to nitrates. The confining layer of Aquifer 102 protects the groundwater from manure
application and other potential sources of nitrates. However, the presence of concentrations of
nitrate just below (within an order of magnitude of) the Health Canada Guideline supports the
need for ongoing monitoring and evaluation to ensure concentrations stay below the MAC.
Factors like climate change where we may see significant changes to the hydrogeological
regime (floods, droughts, etc.) or potential changes in land use practice could cause fluctuations
in nitrate concentrations that warrant monitoring and assessment.

7.3 Discussion

The potential for human health risks is based on comparisons to the Health Canada Guidelines
and the current environmental conditions (including confined versus unconfined aquifers,
approved agricultural activities, and the presence of potentially exposed human populations).
Based on the findings of the report, the use of untreated drinking water from Aquifer 103 poses
potential health risks to the population. This risk could be mitigated with water treatment using
a device that is rated for nitrate removal and has been tested and certified to effectively reduce
nitrate.

Based on samples collected to-date from Aquifer 102, this aquifer does not currently pose a risk
to human health from nitrates (Health Canada, 2013). However, some samples collected from
this aquifer had nitrate-N concentrations just below (within an order of magnitude of) the
Health Canada Guidelines suggesting the need for ongoing monitoring to continuously check if
concentrations remain below applicable guidelines under future hydrogeological and land use
conditions.

Manure may contain potentially harmful chemicals and pathogens, including nitrogen, that
when applied to agricultural fields may be left in the soil as nitrate following harvest. When
manure is applied to land at correct agronomic rates and following best management practices,
the risk to public health is minimized (Agriculture Environmental Management Code of
Practice).

The goal of nutrient management is to maximize the amount of nitrogen taken up by the crop,
therefore minimizing the risk of nitrate leaching to groundwater. However, if agricultural
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manure is applied incorrectly and contaminates groundwater, there are a wide range of
potential health outcomes depending on the degree of chemical exposure and pathogen
infection. Health outcomes depend on the duration of exposure, dose, and sensitivity of the
exposed individual (Health Canada, 2013).

The intent of the Agriculture Environmental Management Code of Practice (AEM Code) is to
ensure agricultural practices are protective of watercourses, groundwater, and air. This includes
regulation of nutrient management practices to minimize risks to vulnerable aquifers, and
therefore the health of the people who drink the water, by minimizing the introduction of
waste into the environment. The Hullcar Aquifers 103 and 102, are listed as Vulnerable Aquifer
Recharge Areas within the AEM Code (Schedule B) thus are considered high-risk areas and
require additional protective measures. These measures include but are not limited to:
restrictions on nutrient application, monitoring, soil testing, and nutrient management
planning.

Drinking water may also contain other contaminants that do not originate from agricultural
manure, such as chemicals or pathogens, that can enter into drinking water at the source or
through the distribution system. The presence of E. coli in drinking water may also indicate
fecal contamination from either human or animal sources. This report has only reviewed
nitrates and further sampling, monitoring, and treatment may be necessary to determine
potability.

Under the Drinking Water Protection Act, water treatment is the responsibility of the water
supplier for community water systems or private well owners for systems that serves only
single-family residences. The responsibility of source water protection will be discussed in the
Part 2 report on the Public Health and Safety actions from the HARP. It will expand on the
multibarrier approach to minimize the risk of source water contamination as well as discuss the
provincial structure, including ministerial roles and responsibilities for drinking water protection
from source to tap.

To prevent adverse health effects, residents should only drink water that has been tested and,
as necessary, treated for nitrate or other contaminants. The Drinking Water Protection
Regulation requires that water for drinking must meet the E. coli and total coliform bacteria
water quality standards for potable water of no detectable E. Coli or total coliform bacteria per
100 ml, respectively. Several supports are available for Valley residents including training
through the BC Water and Wastewater Association for small water suppliers and funding for
point-of-use water treatment for qualified well owners through the Fraser Basin Council.
Private well owners are also notified by Interior Health Authority if there are known threats to
groundwater supplies.

To help prevent contamination, private well owners should also follow best practices for well
drilling including following setbacks and well depth recommendations (The BC Ground Water
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Association, 2017). For any groundwater at risk of containing pathogens, it is best to consult a
Qualified Professional and potentially a Drinking Water Officer (DWO) to undertake Source
Water Investigations to identify and assess hazards to the water source (EGBC, 2019). Dug (or
excavated) shallow wells, usually less than 15 m deep are typically not recommended as they
are more vulnerable to contamination and more susceptible to drought than deeper wells.
Similarly, wells drilled near other sources of contamination such as septic tanks are at risk of
contamination (BC Government, n.d.).

If nitrate concentrations are found to be higher than the Health Canada Guidelines in the
Valley, well owners should consult the Interior Health Authority. More information on how to
plan and construct a well and test and treat your well water can be found here:

= Drinking Water | Environmental & Seasonal Health | |H (interiorhealth.ca)
=  Well water testing | HealthLink BC

= Nitrate in well water | HealthLink BC

= Be Well Aware: Information for private well owners - Canada.ca

= |nformation for Property Owners — Planning, Installing, and Caring for Your Well
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https://www.interiorhealth.ca/health-and-wellness/environmental-health-and-hazards/drinking-water
https://www.healthlinkbc.ca/healthlinkbc-files/well-water-testing
https://www.healthlinkbc.ca/healthlinkbc-files/nitrate-well-water
https://www.canada.ca/en/health-canada/services/publications/healthy-living/water-talk-information-private-well-owners.html
https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/groundwater-wells-aquifers/information-for-property-owners#install

8 Limitations and Key Data Gaps

As outlined in the introduction, this report is a review and summary of existing research and
reports used to assess risk and not a comprehensive human health risk assessment. Several
limitations, data gaps, and areas of uncertainty exist and should be noted when evaluating risk
to drinking water.

8.1 Consistent and Continuous Monitoring

There is insufficient data to fully map out elevated nitrate concentrations or to predict
movement of contaminant plumes from multiple sources across space and time. Consistent and
continuous monitoring of groundwater drinking wells in the Hullcar aquifers may be needed,
specifically for determination of fate and transport of substances originating in agricultural
manure or from septic systems and to account for variability in climate, land use and
hydrogeological conditions.

This assessment of health risk is also limited due to privacy restrictions, including the lack of
information on private wells that serve only one residence and wells on First Nations’ reserve
lands. Therefore, no inferences can be made to the health risk of people drinking from wells for
which data was not captured in this report. These groundwater users may be exposed to
concentrations above those noted in this report.

8.2 Well Records

The existing well records, well locations, and interpretation of subsurface stratigraphy is
inconsistent as they were completed by multiple groups over a long period of time. Attributing
changes in contaminant concentration from individual actions or sources remains a challenge.

Uncertainties in well records, locations and screen depths, amount of data to characterize the
area, and there may only be enough information available to complete a preliminary qualitative
model description of groundwater movement (Golder, 2017). It is also unknown how many
wells may not be registered at all.

8.3 Other Contaminants of Potential Concern

The risk characterization of this assessment of health risks focused on nitrate but did not assess
health risks of other contaminants of potential concern. Available data in the Valley is limited
primarily to nitrate concentrations. Other contaminants of potential concern, such as
pathogens, trace elements, or livestock pharmaceuticals are not as well studied in the area. Of
particular concern missing from this assessment are enteric protozoa and other waterborne
pathogens such as E. coli, Campylobacter, and Cryptosporidium, all of which are associated with
agricultural manure and can cause acute illness and outbreaks through water. More
information on potential contaminants found in agricultural manure has been included in the
Appendix but would need further assessment to better understand the health risks from
drinking water in the Valley.
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8.4 Climate Change and Future Scenarios

This report was limited to assessing water quality in the current climate using available
knowledge and data. This report does not assess the sustainability of the aquifers as water
sources. Future circumstances such as climate change impacts may change the hydrogeology,
water quantity, or exposure pathways in the Valley that could lead to contamination or drought
not assessed in this report. While an aquifer may not currently be used as a drinking water
source, climate change may necessitate new or additional drinking water sources and efforts
should be made to better protect potential drinking water sources for future use.

8.5 Splatsin Reserves IR1 Salmon River and IR2 Enderby

This assessment did not use or consider data sets on the two Splatsin reserves on the east and
west ends of the Valley. Data is not publicly available for these two areas, however the First
Nations Health Authority has been working closely with the Splatsin community to mitigate
risks to drinking water.

8.6 Nitrate Presence in Shallow Groundwater

The fate and behaviour of nitrate in the environment is extremely complex and difficult to
predict. It does however appear that higher levels of nitrate are present at the top of the water
table (Thomson, 2021).

8.7 Septic Influence

This assessment was unable to differentiate between nitrates from manure and nitrates from
other sources leaching into drinking water. Notably, nitrates derived from conversion of
ammonium from malfunctioning septic systems can also be a cause of concern and may have
contributed to the data included in this report. Locations and information about maintenance
and functioning of septic systems was not available. The concern is greater in areas where
residences are closer in proximity and private wells may be sited near septic tanks and fields
(Health Hazards Reg, 2011).
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9 Key Findings

Available data has indicated that nitrate concentrations are not in excess of Health Canada
Guidelines within Aquifer 102. Health Canada set the MAC for nitrate using studies that showed
no adverse health effects in humans below 10 mg/L of nitrate-N in drinking water. In Aquifer
103, repeated evidence of nitrate concentrations being in excess of Health Canada Guidelines
may indicate some health risk. The Health Canada Guideline recommends installing treatment
or using an alternative drinking water source when samples show continuous evidence of being
in excess of the MAC.

The occurrence of above Health Canada Guideline nitrate concentrations in the Valley
highlights the need to provide water suppliers and communities with proactive source
protection methods and assessment tools. With thorough awareness of potential threats to
drinking water and public health, local officials, water suppliers and the community can take
proactive measures to reduce the risk to drinking water supplies.

As discussed in the previous section, there are several gaps and limitations to this report.
Several options to fill these gaps have been included in this section for consideration.
Recommendations to address system level changes including process improvements from
source to tap and legislative impacts will be discussed in Part 2 of 2 of the Public Health and
Safety actions.

9.1 Water Quality and Groundwater Level Monitoring and Reporting

Ongoing groundwater monitoring is recommended in the Valley to ensure there is awareness
and reporting of the latest data to inform corrective action decisions.

9.1.1 Shallow groundwater monitoring

Ongoing data collection in the shallow groundwater monitoring wells (by the Ministry of Water,
Land, and Resource Stewardship) can contribute to the understanding of the long-term effect
of land use practices on water quality. However, changes on land can take time to appear in
groundwater. Future monitoring could consider the inclusion of human waste indicators such as
caffeine or aspartame to investigate if there are signals of septic influence on nitrate
concentrations.

Monitoring at the source should continue at a frequency that is proportional to the risk,
meaning that if long term sampling indicates concentrations of parameters are continuously
below the Health Canada Guidelines, and not trending upwards, the frequency of monitoring
can decrease (Ministry of Health, 2024). Typical recommendations are for quarterly sampling
for nitrates to monitor effects of seasonality. Other factors that would need to be considered in
this decision include vulnerabilities of the population using the water, seasonal fluctuations in
concentrations of parameters, and the degree to which the parameter is below the Health
Canada Guidelines. A DWO and water quality specialist may be consulted to establish an
appropriate sampling frequency.
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Routine provincial monitoring should be accompanied by timely and clear communication of
results. This could include posting results updates to the Hullcar Aquifer webpage or
notification to Interior Health Authority who may update their Public Service Announcement.
Consideration may also be given to interpreting results for the public to help communicate risk
in relation to their drinking water and not just sharing data. For example, sharing results of
provincial monitoring wells may be accompanied by an explanation of which aquifer the wells
draw from and how that relates to drinking water wells (e.g. difference in depths). Well owners
may also benefit from being reminded to check the integrity of their wells to prevent leakage, if
any, into their wells.

9.1.2 Private well water monitoring

Private well owners in the Valley are encouraged to ensure proper well capping and routinely
test their well water for pathogens, and all chemical parameters including nitrate. Proper
treatment methods to attain the safest water quality possible is promoted (Ministry of Health,
2024). Septic owners are also encouraged to regularly check and maintain their systems to
ensure groundwater is not impacted by human waste (HealthLinkBC, 2021). Private well owners
are also encouraged to register their well so that in the event of a health risk, they can be easily
and promptly informed.

9.2 Delineation of Wellhead Protection Areas

The numerical model produced in 2023 provides the foundation for future aquifer modelling
work. Delineation of time of travel zones around sensitive wellhead areas could provide insight
into the relative sensitivity of land use activities to potential contamination in water supplies.
Informing the public of the delineated protection areas may also increase awareness of source
water.

9.3 Complete Water Quality and Quantity Threats and Resiliency Inventory

This report focused on the application of manure to fields as one source of nitrates in the
Hullcar aquifers. However, as discussed in the sections above, there are other sources of
nitrates that could be explored in future work. There are also other contaminants of concern
that may pose a risk to water supplies in groundwater and that would benefit from being
included in any water monitoring programs in the Valley. Other critical contaminants may
include E. coli, Campylobacter, and Cryptosporidium, all of which are associated with
agricultural manure and can cause acute illness and outbreaks through water. While other
pathogens can originate from manure, E. coli, Campylobacter, and Cryptosporidium are the
most likely to be present in drinking water and to pose health risks (US EPA, 2013). See the
Appendix for additional contaminants of concern.

A full inventory of potential threats as well as features that create resiliency (for example,
riparian areas) could provide a complete picture of activities that may pose a risk to the source
water now and in the future.
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The threats and resiliency inventory could include Splatsin ways of knowing into the assessment
as well as water budget planning for future scenarios such as drought, population increases,
irrigation needs and livestock watering.

9.4 Plan to Mitigate Threats and Protect Groundwater Quality

After threats and resiliency features are identified and assessed, a plan could be developed

collaboratively to mitigate short- and long-term impacts. A suite of policy tools are available
through existing legislation and could be complimented with local education and awareness
campaigns.

For example, the AEM Code under the Environmental Management Act, addresses soil testing;
determination of appropriate nitrogen application rates; and in some cases, the development
of nutrient management plans by qualified professionals.

A plan for long term mitigation could include:

= Compliance of regulated activities such as septic systems and agricultural activities

= Compliance and oversight of drinking water systems/treated water

= Ongoing education campaigns for private well owners to maintain and properly treat
water and wastewater systems

= Public awareness and education of best practices to protect and conserve groundwater
resources in well head protection areas.

Water supplies in the Valley may be impacted by influences from climate change. Recent
drought conditions will create a new set of challenges to prepare and adapt to. Innovative
measures, planning and conservation of water use will ultimately help to support clean, safe
and available water for all residents.

9.5 Provide Trusted Information

Clear and timely communication and data sharing to Valley residents may make progress
towards facilitating trust, relieving stress and increasing understanding of groundwater supplies
and impacts to the aquifers. This may improve the mental health of Valley residents having an
indirect impact to physical health. Efforts to understand the communication needs, methods
and platforms of the local community will ensure information is delivered in a trusted manner.

9.6 Human Health Risk Assessment

This report was able to provide a high-level summary of the health risks from nitrates in
drinking water in the Valley, using known and available information and comparing these to
established health-based thresholds. However, as discussed, there are several limitations and
gaps to this report. If there are further concerns, a quantitative human health risk assessment
completed by a third-party qualified professional using field-based additional exposure data
would provide more certainty in the results and expand on both contaminant and exposure
pathways included in this report. A human health risk assessment may include purposeful
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sampling, collection of demographic information, local engagement, and all contaminants of
potential concern including nitrates and align with provincial and federal guidelines for
conducting Human Health Risk Assessments.
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11 Appendix: Contaminants of Potential Concern Originating from
Manure Leaching to Groundwater

11.1 Review potential contaminants of public health concern

The following chemicals, or classes of chemicals and microbiological organisms, are associated
with agricultural manure, some of which may leach to groundwater and could potentially
impact drinking water sources: nutrients (nitrate and nitrite), pathogens (bacteria, viruses, and
protozoa), trace elements, and livestock pharmaceuticals. Nutrients in manure are at relatively
low concentrations and producers must apply at very high rates to meet crop nutrient
requirements.

While all these substances are potentially associated with agricultural manure, when
agricultural operations are managed properly in accordance with the AEM Code, they usually
do not leach into groundwater at concentrations that pose a risk to human health.

11.1.1 Nutrients

Nitrogen - can be present in manure in inorganic forms (predominantly ammonia and to a less
extent nitrate) and in organic matter which is potentially mineralizable (US EPA, 2013). Nitrate
or nitrite can also be present from other anthropogenic sources such as fertilizers, septic
systems, wildlife defecation, and mineralization of soil organic matter. Snowfall can also deposit
nitrate.

Potassium - is not considered to pose a risk to human health and has not been considered
further.

Phosphorus - is not considered to pose a risk to human health and has not been considered
further.

11.1.2 Pathogens

There are three main types of microorganisms (pathogens) that pose risks to human health in
drinking water: viruses, bacteria and protozoa. The DWPA (2001) and Drinking Water
Protection Regulation (DWPR) (2003) specify water quality standards, monitoring schedules,
applicability and recommended treatment aimed at reducing the risks from these pathogens.

The United States Environmental Protection Agency (US EPA, 2004) has specifically identified
pathogens that originate in animal populations that can be transmitted to humans, these
include: bacteria, viruses, protozoa, and parasites. The primary pathogens associated with
agricultural manure which can cause outbreaks through water are E. coli, Campylobacter, and
Cryptosporidium. While other pathogens can originate from manure, these pathogens are the
most likely to be present in drinking water and to pose health risks (US EPA, 2013).

The duration that pathogens can survive in the soil depends on the type of pathogen and the
environmental conditions, residence time in the soil and on soil surface and the presence of
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competing soil microfauna and flora. Canadian Organic Growers standards, for example, require
a wait time of 90 days between applying manure and harvesting crops such as grain or corn,
and 120 days for root crops (Standards Council of Canada, 2020). Respecting setbacks from
surface and groundwater as required under the AEM Code can further reduce the risk to human
health.

Bacteria

The most common bacteria associated with agricultural manure, and which have been involved
in waterborne outbreaks include (US EPA, 2013):

= Faecal coliforms — a general indicator of faecal contamination

= E. coli— cattle operations are the most common agricultural source

= Campylobacter — faecal contamination of poultry meat is the most common agricultural
source, but is also transmitted by cattle (US EPA, 2004)

= Yersinia — most common agricultural source is large swine operations (US EPA, 2004)

= [jsteria - cattle operations are the most common agricultural source

Other potential bacteria associated with faecal contamination include (US EPA, 2013):
Salmonella, Shigella, Legionella, Arcobacter butzleri, Enterococcus, Staphylococcus aureus, and
Clostridium.

Viruses

The most common viruses associated with agricultural manure are enteroviruses, which can be
transmitted from animals to humans.

Protozoa
The most common protozoa associated with agriculture are (US EPA, 2004):

= Cryptosporidium — cattle are a known source, and runoff from agricultural pastures have
been identified as the source of multiple outbreaks in the US and Canada; and
= Giardia lambia — is commonly associated with wild animals but can infect cattle.

Only C. parvum has a host range which includes humans and potential livestock species (Hunter
and Thompson, 2005). Infections from other Cryptosporidium species are unlikely and would
most frequently occur in immunocompromised individuals (Cama et al., 2007).

Agricultural sources are known to introduce Giardia and Cryptosporidium into surface water,
with concentration spiking with calving activity (Ong et al., 1996). In sampling of BC dairy calves,
Giardia was identified in samples from all 20 farms tested by Olson et al. (1997), and Giardia
and Cryptosporidium were commonly present in manure (McAllister et al. 2005).
Cryptosporidium has been associated with outbreaks of illness in BC (Montessori & Bischoff,
1985), including contaminated groundwater (Craun et al., 1998).

Page 48 of 54



Other potential protozoa which can pose health risks but are not necessarily associated with
agricultural manure include: Toxiplasma gondii and Balantidium. A T. gondii outbreak of 94
infections occurred in the Capital Regional District in 1995 (Eng et al., 1999).

11.1.3 Trace Elements

Inorganic compounds can be associated with agricultural activities but would not necessarily be
expected to be present at high concentrations in groundwater. Concentrations may also be
naturally elevated due to existing background conditions or related to other human activities,
and agricultural activities would not be expected to significantly contribute to concentrations of
metals under most conditions.

Mineral salts — minerals salts in animal waste include sodium, calcium, magnesium, chloride,
sulphate, bicarbonate, and carbonate (US EPA 2004). These compounds are not generally
associated with adverse health outcomes at concentrations present in the environment but
rather, pose aesthetic impacts to drinking water such as taste and odour. Mineral salts have not
been considered further as potential health impacts; however, chloride can be used as a tracer
compound to identify potentially contaminated groundwater.

Metals - The following metals can potentially be found in agricultural manure: arsenic,
cadmium, copper, lead, mercury, molybdenum, nickel, selenium, and zinc (Lu et al. 2012).
Arsenic, copper, selenium, and zinc can also be added to animal feed and end up in manure (US
EPA, 2004). Fertilizers are also associated with several metals, including: cadmium, lead,
arsenic, chromium, mercury, nickel, vanadium, copper, and zinc (US EPA, 1999) and can end up
in manure or other agricultural leachate.

11.1.4 Livestock pharmaceuticals

The following compounds, and their metabolites, are the most commonly detected
pharmaceuticals associated with agricultural manure. These compounds have the potential to
be present in manure; however, there is limited information available on what impacts
pharmaceuticals could pose to human health and what break-down products could be present
in the environment.

Steroids and other hormones may act as endocrine disruptors (Environment Canada, 2000) and
cause multiple biological effects at very low concentrations, while releases of antibiotics can
result in the presence of antibiotic-resistant bacteria in the environment. There was insufficient
information found during the literature review to establish likely concentrations of these
pharmaceuticals from Canadian agricultural operations; however, these compounds can persist
in agricultural waste for over a year (Gottschall et al., 2013). Detection and identification of
pharmaceutical products also requires analysis of transformation/degradation by-products (Kim
& Aga, 2007), which further increase the difficulty in establishing a sampling protocol.

Hormones/endocrine disruptors — also referred to as hormonal growth promoters, these can
include estrogen, androgen, progesterone, and thyroid hormones (US EPA 2004). Hormonal
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growth promoters are approved for use in Canada, but only for beef cattle. Pharmaceuticals
include somatotropin (natural and approved for Canadian use) and recombinant bovine
somatotropin (synthetic and not approved for use in Canada) compounds. Specific hormones
approved for use in Canada include progesterone (natural), testosterone (natural), estradiol-
178 (natural), trenbolone acetate (synthetic), zeranol (synthetic), and melengestrol acetate
(synthetic) (Health Canada, 2012).

Veterinary medicines — including antibiotics and antiparasitic agents. Antibiotic residue can be
found in agricultural manure and urine (US EPA, 2004; Bartelt-Hunt et al. 2011). Antibiotics can
pass through livestock unchanged, making existing bacteria in the environment more resistant
to treatment. While antibiotics do not directly pose a risk to human health, they can result in
increased risks from pathogens and difficulties in drinking water treatment. Antibiotic residues
from farms have been shown to result in the selection of antibiotic-resistant bacteria (Marinez,
2009). A comprehensive list of antimicrobials was not generated; however, the most common
veterinary antibiotics used in Canada include: tetracyclines, ionophores, and R-lactams (Public
Health Agency of Canada, 2016).

Other Products — products from human sources, referred to as personal care and
pharmaceutical products may also be present from residential sources, and could potentially
have synergistic effects with livestock pharmaceuticals or other contaminants. The presence of
human pharmaceutical products could also indicate that contamination is from domestic waste
or septic systems and does not entirely originate from agricultural sources.

11.2 Fate and Transport

11.2.1 Pathogens

Precipitation, spring thaw/runoff, flooding, and runoff events have all been identified as
contributing factors to the presence of pathogens in drinking water (Kim et al., 2003; Wilson et
al., 2009). However, producers must not apply manure in those high-risk conditions under the
AEM Code.

The literature on survival times of excreted pathogens in soil and on crop surfaces was
reviewed by Strauss (1985). As expected, there was wide variability in reported survival times
which reflects the influence of environmental and analytical factors. While pathogens may
survive for over a year in groundwater (Crowe et al, 2003), the survivability and movement of
pathogens in groundwater is influenced by the combined properties of the soil or aquifer
materials, the groundwater, and the pathogen type. Pathogenic enteric viruses and bacteria can
survive in natural environments for extended periods of time depending on conditions (Kim and
Kim, 2012), and field data is necessary to confirm if pathogens are persisting in the
environment. Long travel times from the source of pathogens to domestic water wells and
adoption of best management practices when applying manure would significantly limit the
potential for exposure to humans. As mentioned earlier in this report, the Canadian Organic
Growers consider crop to be safe for consumption 90 days after manure application (120 days

Page 50 of 54



for root crops), which may be indicative of expected survival of pathogens in the soil
environment (Standards Council of Canada, 2020).

The WHO (1989) points out that excreted pathogens, if they do enter an irrigated area with the
irrigation water (and not indirectly through soil application), have the potential to remain
infectious for a considerable period of time thus steps must be taken to interrupt this infection
cycle. Study of waterborne disease events in Canada found that Giardia and Cryptosporidium
were the most commonly occurring pathogens in in surface water and groundwater, followed
by bacteria then viruses, most infections were from unprotected watersheds (Wilson et al.,
2009).

11.2.2 Metals

Metal contaminants tend to be sparingly soluble in water and can bind to soil, essentially
immobilizing them from groundwater transport. Nevertheless, under certain physical, chemical
or biological conditions, metals can be mobilized into the water phase and enter groundwater
where they are either transported with groundwater flow, or re-adsorbed to soil material in the
aquifer. Metals persist in the environment because they do not degrade.

Due to the complexity of fate and transport considerations of metals, monitoring and sampling
is generally required to evaluate the potential for their movement through the subsurface.

11.3 Acute and Chronic Toxicity

Toxicological reference values (TRVs) are used to quantify health risks associated with exposure
to environmental contaminants. They are expressed as tolerable daily intakes (TDIs) for
threshold substances and slope factors for non-threshold substances. Minimal risk levels (MRLs)
are also used for threshold substances that estimate the acute, sub chronic, or chronic
exposure limits where health risks are not detectable.

For the purposes of this report, only oral exposures have been considered. TDIs and MRLs are
measured in milligrams per kilogram of body weight per day (mg/kgsw-day) and oral slope
factors are measured in per milligram per kilogram of body weight per day ((mg/kgsw-day)?).

Health Canada Pathogen Guidelines are presented as Disability Adjusted Life Years (DALYs).

11.3.1 Bacteria
Health impacts from bacteria can occur under acute exposure conditions.

Health Canada (2018) has draft guidance on microbial risk assessment and determining
population level health risks from exposure to pathogens. Risks from bacterial pathogens may
be increased due to the presence of antibiotic-resistant bacteria; however, this factor cannot be
quantified based on the available information. The estimated infective dose for E. Coli is
between 10 and 1,000 organisms (US EPA, 2004).

11.3.2 Viruses
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Health impacts from viruses can occur under acute exposure conditions. Health Canada has
established a general value for DALYs per infection case for enteric viruses, which could be
applied to drinking water treatment objectives for the Hullcar aquifer.

11.3.3 Protozoa
Health impacts from protozoa can occur under acute exposure conditions.

Infective dose of Cryptosporidium from cattle may range from 10 to 1,000 oocysts (US EPA,
2004). Health Canada has established a general value for DALYs per infection case for protozoa
based on Cryptosporidium.

11.3.4 Arsenic
Health impacts from arsenic are generally attributed to long-term exposure.

Health Canada (2021) has established an oral slope factor of 1.8 (mg/kgsw-day)* for arsenic. It
is based on chronic exposure through drinking water resulting in various cancers. Other health
effects from acute drinking water exposure can occur at concentrations greater than 1.2 mg/L
based on human studies (Health Canada, 2006).

The ATSDR (2007) has established MRLs for acute oral exposure (0.005 mg/kgsw-day) and
chronic oral exposure (0.0003 mg/kgsw-day) to inorganic arsenic.

11.35 Cadmium

Health Canada (2021) has established a TDI of 0.0008 mg/kgsw-day for cadmium. It is based on
chronic exposure, primarily through food, resulting in renal tubular dysfunction. Acute health
effects from oral exposure to cadmium have occurred at high concentrations, but a threshold of
effect has not been established. Cadmium is unlikely to pose an acute human health risk at
environmentally relevant concentrations (Health Canada, 2020).

The ATSDR (2012a) has established MRLs for subchronic oral exposure (0.0005 mg/kgsw-day)
and chronic oral exposure (0.0001 mg/kgsw-day) to cadmium.

11.3.6 Chromium

Health Canada (2021) has established a TDI of 1.5 mg/kgsw-day for trivalent chromium and
0.0022 mg/kgsw-day for hexavalent chromium. The trivalent chromium TDI is based on chronic
exposure through diet and is considered to be a non-toxic essential element. The hexavalent
chromium TDI is based on chronic exposure in drinking water resulting in gastrointestinal
toxicity. Acute toxicity is possible but not observed at concentrations below 1 mg/L (Health
Canada, 1986).

The ATSDR (ATSDR, 2012b) has established MRLs for subchronic oral exposure (0.005 mg/kgsw-
day) and chronic oral exposure (0.0009 mg/kgsw-day) to chromium(VI).

11.3.7 Copper
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Health Canada (2021) has established a TDI of 0.426 mg/kgsw-day for copper. It is based on a 9-
month study of human exposure through drinking water, resulting in gastrointestinal toxicity
and hepatotoxicity. Acute copper poisoning is unlikely to occur at concentrations present in the
environment (Health Canada, 2019b).

The ATSDR (2022a) has established MRLs for acute oral exposure (0.02 mg/kgsw-day) and
subchronic oral exposure (0.02 mg/kgsw-day) to copper.

11.3.8 Lead

Health Canada (2021) has established a TDI of 0.0005 mg/kgsw-day for lead. It is based on
human studies from birth or infancy until 5 to 10 years of age, resulting in neurodevelopmental
toxicity. No threshold could be established for the identified critical effect
(neurodevelopmental toxicity) for lead. Health Canada has recently revised their drinking water
quality guideline for lead to a MAC of 0.005 mg/L (2019a), based on changes to the
understanding of lead toxicity. While immediate impacts from lead exposure are not likely to be
observed, lead is a cumulative general poison, and chronic exposure could result in neurological
effects.

The ATSDR was unable to derive a MRL for lead (2020).

11.3.9 Mercury

Health Canada (2021) has established a TDI of 0.0003 mg/kgsw-day for mercury. It is based on
multiple subchronic rat studies. Concentrations resulting in acute health effects are unlikely to
occur; however, as symptoms can occur after exposure it is difficult to differentiate acute and
chronic symptomology. The Health Canada Guideline is based on the onset of irreversible
neurological symptoms (Health Canada, 1979)

The ATSDR (2022b) has established MRLs for acute oral exposure (0.002 mg/kgsw-day) and
subchronic oral exposure (0.00001 mg/kgsw-day) to inorganic mercury.

11.3.10  Nickel
Health Canada (2021) has established a TDI of 0.011 mg/kgsw-day for nickel chloride. It is based
on studies of perinatal lethality in rats.

Acute health impacts from oral nickel exposure are unlikely to occur.

11.3.11  Selenium

Health Canada (2021) has established age-specific upper level TDIs of 0.0055 mg/kgsw-day (0 to
<-0.5 years), 0.006 mg/kgsw-day (0.5 to <5 years), 0.0063 mg/kgsw-day (5 to <12 years), 0.0062
mg/kgesw-day (12 to <20 years), and 0.0057 mg/kgsw-day (20 years and older) for selenium. It is
based on chronic epidemiological diet studies. There is insufficient evidence to establish acute
effects from selenium exposure, but they are unlikely to occur at environmentally relevant
concentrations (Health Canada, 2014).
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The ATSDR (2003) has established MRLs for chronic oral exposure (0.005 mg/kgsw-day) to
selenium.

11.3.12  Vanadium

The ATSDR (2012c) has established minimal risk levels for subchronic oral exposure (0.
mg/kgesw-day) to vanadium. There is limited information available on vanadium toxicity and it is
not considered a critical contaminant from manure.

11.3.13  Zinc

Health Canada (2021) has established age-specific upper level TDIs of 0.49 mg/kgsw-day (0 to
<0.5 years), 0.48 mg/kgsw-day (0.5 to <5years), 0.51 mg/kgsw-day (5 to <12 years) 0.54
mg/kgesw-day (12 to <20 years), and 0.57 mg/kgsw-day (20 years and older) for zinc. It is based
on subchronic exposure to humans.

The ATSDR (2005) has established MRLs for subchronic oral exposure (0.3 mg/kgsw-day) and
chronic oral exposure (0.3 mg/kgsw-day) to zinc.

Zinc is unlikely to pose any acute or chronic risks to human health at environmentally relevant
concentrations.

11.3.14  Livestock pharmaceuticals

Pharmaceuticals generally do not appear in isolation and may interact with each other and with
human pharmaceuticals, introducing possibility of synergistic effects (OECD, 2012). Toxicity
information on antibiotics also does not take into account selection for antibiotic resistant
bacteria and increased risk of pathogen infection.

While there have been attempts to determine acceptable daily intakes for pharmaceuticals and
personal care products (Prosser & Sibley, 2014) values are generally extremely low, in the order
of ug/kg/d and do not account for synergistic effects.
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