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REPORT TO CORE AREA LIQUID WASTE MANAGEMENT COMMITTEE
MEETING OF WEDNESDAY 25 NOVEMBER 2009

SUBJECT

MACAULAY AND CLOVER POINTS WASTEWATER AND MARINE ENVIRONMENT
PROGRAM 2008 ANNUAL REPORT

PURPOSE
To present the Macaulay and Clover Points Wastewater and Marine Environment Program 2008 Annual
Report, developed by Capital Regional District (CRD) Scientific Programs, to the committee prior to
submission to the BC Ministry of Environment.
BACKGROUND
The CRD is committed through the Core Area Liquid Waste Management Plan to provide annual reports
on the Wastewater and Marine Environment Program (WMEP) to the CRD Board and the provincial
regulatory authority, the Ministry of Environment (MOE). Staff have solicited comments from the Marine
Monitoring Advisory Group (MMAG), consistent with the 2003 LWMP approval letter which requires
annual submission of an independent review and comments by the MMAG
The annual report’s executive summary is attached as Appendix A. The complete report is available on
request from the CRD Environmental Services department. The public summary brochure is attached as
Appendix B.
The MMAG is an advisory group comprised of scientists and experts from government and academia
which was established in 1987 to provide the CRD with independent assessment, advice and
recommendations on the marine environment programs. Their letter report, which has been forwarded to
the MOE independently by the MMAG Chair, is attached as Appendix C.
In response to the findings from the 2008 annual report and in anticipation of future monitoring
requirements for the region, CRD and MOE staff are working together on a comprehensive review of the
monitoring and assessment program to ensure regulatory requirements are met, program gaps are being
identified and resolved, and possible future concerns are anticipated and incorporated into the program.
ALTERNATIVES
Not applicable.
FINANCIAL IMPLICATIONS
Funding for the WMEP is included in the annual budgets for the northeast trunk (Clover) and northwest
trunk (Macaulay) systems.
SUMMARY
The CRD continues to maintain a comprehensive wastewater and marine monitoring and assessment
program that meets regulatory requirements for assessing effects of sewage discharges into the regional
marine environment. The 2008 program results indicated that (i) predicted wastewater concentrations in
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the marine environment met receiving water quality guidelines for the protection of aquatic life, (ii) the
potential for sea surface human exposure to wastewaters from the outfalls was low, and (iii) there are
some limited effects on marine organisms which are restricted to within 100 m at Clover Point and within
approximately 200 m east of the Macaulay Point outfall diffuser.
The MMAG letter report indicated general support for the current program and recognized that many of
their historical concerns about program design are being addressed by the current program review.
RECOMMENDATIONS
That the Core Area Liquid Waste Management Committee recommend to the Board that:
1.

the executive summary and summary brochure of the report Macaulay and Clover Points
Wastewater and Marine Environment Program 2008 Annual Report, be received for information;

2.

the Marine Monitoring Advisory Group letter report, Review of the 2008 Macaulay and Clover
Points Wastewater and Marine Environment Program, be received for information; and

3.

the report, Macaulay and Clover Points Wastewater and Marine Environment Program 2008
Annual Report, be forwarded to the Ministry of Environment.

Glenn Harris, PhD, RPBio
Senior Manager, Scientific Programs

Larisa Hutcheson, PEng
Acting General Manager, Environmental Services
Concurrence

Kelly Daniels
CAO Concurrence
COMMENTS

CL:cam
Attachments: 3
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APPENDIX A
MACAULAY AND CLOVER POINTS
WASTEWATER AND MARINE ENVIRONMENT PROGRAM
2008 ANNUAL REPORT

EXECUTIVE SUMMARY
Monitoring of wastewater discharges, surface waters and the seafloor environment in the vicinity of the
Macaulay and Clover points outfalls has been conducted as part of the Wastewater and Marine
Environment Program (WMEP) on a regular basis since the late 1980s. Additional investigations have
also been undertaken to more clearly define the effects of the outfalls on the receiving environment. The
program has undergone a number of changes over the years.
In March 2003, the CRD Core Area Liquid Waste Management Plan (LWMP) was approved. This LWMP
outlined the plans of the Capital Regional District (CRD) to manage liquid wastes for the next 25 years.
Commitments made in this plan were designed to protect public health and the environment from the
impacts of liquid waste discharges. The plan committed to a number of actions pertaining to the WMEP.
Subsequently, on 21 July 2006, the CRD received a letter from the Minister of Environment requesting
that an amendment to the Core Area LWMP, detailing a schedule for the provision of sewage treatment,
be provided to him by 30 June 2007. In his letter, the minister also requested that the CRD continue the
current monitoring program. In 2008, the CRD received a deadline extension to December 2009 to allow
for more in-depth study of the types of treatment and potential locations of treatment plants and outfalls.
The Society of Environmental Toxicology and Chemistry (SETAC) completed a review of the CRD Core
Area LWMP in 2006. A number of recommendations were made for the Macaulay and Clover points
WMEP. In addition, CRD and Ministry of Environment staff are reviewing the entire WMEP and
recommendations will be presented to the Marine Monitoring Advisory group (MMAG) in early 2010. This
review will include a reassessment of the objectives of the program in light of the development of
treatment and an evaluation of the monitoring and assessment studies that should be conducted to fulfill
these objectives.
The 2008 WMEP consisted of the following components:
•
•
•
•

wastewater monitoring and analysis for a list of substances including conventional parameters,
metals, and other priority substances (conducted monthly for each outfall)
surface water monitoring and analysis of fecal coliforms as indicators of potential for human exposure
to wastewater in the marine environment (conducted monthly at each outfall)
seafloor monitoring for chemical (sediment and mussel tissue contaminant concentrations) and
biological (health of seafloor communities-benthic organisms and mussels) parameters on a yearly
basis
additional investigations that address specific questions about wastewater, water column and seafloor
monitoring components and that look into emerging scientific issues regarding wastewater discharges
and environmental effects

The 2008 annual report presents results and updates for the different elements of the Macaulay and
Clover points WMEP, including the routine monitoring components and the additional investigations.
WASTEWATER MONITORING
Wastewater monitoring results for conventional parameters (i.e., pH, biochemical oxygen demand, total
suspended solids and nutrients) indicated that the quality of the effluents from Macaulay Point and Clover
Point outfalls in 2008 was similar to 2006 and 2007 results. Concentrations of all conventional
parameters were within the expected range for fine-screened wastewater, and the estimated receiving
environment concentrations, based on the predicted minimum initial dilution, did not exceed applicable
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British Columbia (BC) or Canadian Council for Ministers of the Environment (CCME) water quality
guidelines (WQG).
Priority substances frequently detected in wastewater in 2008 were similar to previous years. Substances
detected greater than or equal to 50% of the time included conventionals, total and dissolved metals,
phenolic compounds, one PAH, phthalates, a few miscellaneous volatile organics and terpenes. For
those substances that were frequently detected, a minimum initial dilution factor (based on oceanographic
modeling) was applied to predict concentrations in the receiving environment within the initial dilution
zone (IDZ). Results were compared to applicable BC and CCME WQGs. In 2008 (similar to previous
years), all predicted receiving environment concentrations were well below these guidelines within the
IDZ, with most being below guidelines in effluent even before discharge to the marine environment.
A detailed trend assessment confirmed results from previous assessments, with the majority of temporal
trends indicating decreases in substance concentrations over time. Differences between the previous
findings and those documented in the current trend assessment are attributable mainly to the additional
data available in this analysis.
Overall, the 2008 wastewater monitoring results were generally consistent with previous years. The
Macaulay and Clover points wastewaters met all flow, TSS and BOD requirements stipulated under their
draft operational certificates, indicating that wastewaters, from an operational perspective, were as
expected. In addition, all priority substances met applicable WQGs in the marine receiving environment
(following the application of minimum initial dilution factors).
SURFACE WATER MONITORING
Macaulay Point
Results of the monthly surface fecal coliform monitoring for Macaulay Point indicated that the effluent
plume behaved according to modelling predictions. Recent hydrodynamic modelling work predicted that
during slack tide in winter, there is less than 5% chance that the Macaulay Point effluent may reach the
surface. Although the plume is highly diluted by the time it reaches the surface on these occasions
(average dilution of 1580:1), fecal coliform concentrations above 200 CFU/100mL might sometimes be
detected. The fecal coliform stations geometric means were all an order of magnitude below 200
CFU/100mL, indicating that the potential for human exposure to the Macaulay Point wastewaters in the
marine environment was low. Nine individual measurements out of 456 (representing 2% of surface
water samples) were above the value of 200 CFU/100mL. The highest value measured was 5,900
CFU/100mL, recorded in July 2008, west of the outfall and outside of the IDZ. Plume surface events are
also predicted in the summer, but less frequently than during the winter. Overall, the data indicated that
the Macaulay Point effluent plume was predominantly trapped below the surface, albeit with a slightly
higher percentage of values above 200 CFU/100mL in comparison to previous years. The Macaulay
outfall was inspected in the summer of 2009 and a number of clogged ports were observed as well as
three small cracks, which could be contributing to these results. Additional data are needed to confirm
these conclusions.
Clover Point
Fecal coliforms geometric means at all Clover Point stations were an order of magnitude below 200
CFU/100mL in 2008, indicating that the potential for human exposure to the Clover Point wastewaters in
the marine environment was low. All stations had geometric means of 50 CFU/100mL or less. There
were 33 individual measurements out of 456 (representing 7% of surface water samples) above the value
of 200 CFU/100mL. The highest value measured was 12,000 CFU/100mL, recorded in July, south of the
outfall and within the IDZ. All other exceedences occurred either in July, August or November. Results
were within the expected concentrations predicted by hydrodynamic modelling. Recent modelling work
predicted that during slack tide in winter, there is less than a 2% chance that the Clover Point effluent
plume may be reaching the surface. Although the plume is highly diluted by the time it reaches the
surface (average dilution of 1500:1), fecal coliform concentrations above 200 CFU/100mL are sometimes
detected. Summer plume surfacing events are also predicted to occur, but at a lower frequency than in
ii
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the winter. Overall, the data indicated that the Clover Point effluent plume was predominantly trapped
below the surface, albeit with a slightly higher percentage of values above 200 CFU/100mL in comparison
to previous years. The Clover outfall was inspected in the summer of 2009 and one leak, six blocked
diffusers, and one broken diffuser was observed, which could be contributing to these results. Additional
data are needed to confirm these conclusions.
SEAFLOOR MONITORING
Macaulay Point
Sediment Chemistry
Samples collected from the outfall station (M0) and the reference station PB1 were analyzed for a full list
of priority substances. For the remaining stations at Macaulay Point and Parry Bay, samples were
analyzed for a modified list of priority substances. Results were compared to various sediment quality
guidelines (SQGs) designed to predict potential biological effects in the environment.
The comparison of Macaulay Point sediment data to SQGs showed similar results to previous years.
SQG exceedences were mostly within the 100m IDZ and were predominantly PAHs and phthalate esters.
The frequency of 2008 SQG exceedences was generally similar to 2007, both in the number of
substances exceeding SQGs and the number of stations at which SQGs were exceeded. Overall,
sediment chemistry data indicated that effects on the seafloor were primarily limited to within 200m east
of the diffuser. It is important to note that values above SQGs should not be interpreted as equating with
adverse biological effects, but only as an indication of potential for effects on the receiving environment.
A complete assessment requires additional follow-up and confirmatory measures such as assessing the
health of the biological communities living within the sediments.
Overall, the 2008 results were generally consistent with previous years and recent reviews that concluded
that, although there were demonstrable impacts of the outfall on sediment chemistry, findings do not
indicate that conditions are deteriorating over time. However, because there were SQG exceedences,
the 2008 data do indicate that there is potential for the biological communities (mostly within 200m of the
Macaulay Point outfall) to be affected by substances in sediments. As such, a detailed analysis of the
benthic community at the Macaulay Point outfall was undertaken to assess if the sediment chemistry
concentrations were linked to any observed effects in the biological communities.
Benthic Communities
The 2008 benthic community assessment results were similar to previous years. There were more
organisms near the outfall, with abundance decreasing as one moved away from the outfall. The
decreasing trend was driven primarily by the higher abundances of polychaetes near the outfall. This
decreasing trend was also slightly weaker in 2008 relative to recent years. The polychaetes are often
found in high numbers around municipal wastewater outfalls due to their opportunistic nature and general
tolerance of outfall related impacts, specifically organic enrichment. Infaunal trophic index (ITI) values
were generally lower near the outfall. This indicated that the prevalence of species that feed on
suspended organic materials was high near the outfall, while further away from the outfall, species that
feed on deposited materials were more predominant.
Overall, a general pattern of moderate biological alteration was evident outside the IDZ and in mid-field
and far-field stations. However, the observation of benthic alteration does not necessarily equate with
ecological degradation. Outside the IDZ or near-field areas, the benthic alteration translated to neutral or
slightly positive responses because the majority of taxa were enhanced in these areas relative to the
reference areas and the enhancement of organism abundances did not come at the expense of reduced
species number.
The degree of benthic impairment at the outfall terminus appears to have declined since the 1990s, when
more significant reductions of taxonomic richness were observed. The taxa richness at the outfall
terminus in recent years has approximately doubled since the 1994 monitoring study. However, the 2008
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data do not indicate as strong an improvement as in other recent years. The CRD will continue to monitor
the Macaulay Point benthic communities to determine whether the 2008 results were an anomaly or
whether conditions around the outfall are indeed worsening.
Clover Point
Sediment Chemistry
Samples collected from the outfall station (C0) and the reference station CB1 were analyzed for a full list
of priority substances. Sediment chemistry data were compared to the same SQGs as for Macaulay
Point. Copper, mercury, zinc and 1,4-DCB exceeded SQGs at the outfall and phenol exceeded SQGs at
the reference station, but not within the IDZ.
Overall, the 2008 sediment chemistry data indicated that there was some potential for the biological
communities adjacent to the Clover Point outfall to be affected by contaminants in sediments due to SQG
exceedences. As such, a detailed analysis of the mussel community at the Clover Point outfall was
undertaken to assess if the sediment chemistry concentrations were linked to any observed effects in the
biological communities.
Mussel Communities
Mussel mean lengths and weights for 2008 were greater at all stations relative to the reference stations
(i.e., growth enhancement or stimulation occurred around the outfall). Mean ages for the outfall
monitoring stations were similar to the reference stations, as were mean mussel ages in the near-field
and far-field station groupings. No statistically significant negative relationships were identified between
gonad index and reproductive timing index and either distance from the outfall or depth. Overall, the
2008 biological data did not indicate any adverse effects to the resident mussel communities.
Tissue Chemistry
A total of 27 metals and 39 organic substances were analyzed in mussel tissue from all stations in 2008.
The metals that were detected in 2008 were found at similar concentrations to previous years. Copper
and lead were qualitatively higher near the outfall as compared to the reference area, indicating that the
outfall is one potential source of these metals, but only over a limited spatial extent. Silver concentration
exhibited a reverse gradient (i.e., higher concentrations further away from the outfall). These results were
similar to previous years and may be partly attributed to growth dilution (i.e., when tissue weight
increases more rapidly than the rate of uptake of a particular substance and is usually the result of
enhanced food availability). Other factors (e.g., physiological or seasonal) could also be contributing to
the concentrations of substances in mussels. All mussel tissue metal concentrations were lower than
recognized tissue benchmarks for the protection of wildlife and consumers of mussels.
Of the organic substances that were measured at routine detection limits, no substances were detected in
2008. High-resolution analytical results for nearly all the individual PAH compounds did not satisfy
QA/QC criteria at multiple stations. Concentrations of individual PAHs were generally highest at the nearfield stations and lowest at the far-field stations. The concentrations observed in 2008 were generally
consistent with those observed in previous years.
Overall, a comparison of the 2008 monitoring data to tissue benchmarks suggests that there is limited
potential for adverse effects to the resident mussel communities or to higher trophic level organisms as a
result of eating the mussels and the bioaccumulation and/or biomagnification of substances.
Furthermore, the temporal trends of mussel tissue chemistry suggest that significant ecological harm is
unlikely to occur in the near future, based on the current discharge regime.

iv
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ADDITIONAL INVESTIGATIONS
Additional investigations are important elements of the WMEP and are conducted to address issues that
pertain to the WMEP, to clarify aspects of the program and provide concurrent data for the assessment of
environmental effects. Some additional investigations are also set as requirements under the Core Area
LWMP approval. Studies undertaken as part of the additional investigations component of the WMEP are
recommended and reviewed by the MMAG. The following additional investigations were underway
and/or completed in 2008:
•
•
•
•
•
•
•

supplementing the high resolution chemical analyses assessment from previous years
continuation of the collaborative study on the presence of PPCPs in wastewater and potential
environmental effects on biological communities with University of Victoria
continuation of the collaborative project on potential toxicogenomic effects of emerging chemicals in
municipal wastewater with Environment Canada
continuation of analysis of sediment core samples in collaboration with Fisheries and Oceans Canada
continuation of a detailed PAH fingerprinting analysis in sediment and wastewater samples
continuation of a collaborative project on potential mussel biomarker effects of municipal wastewater
with Environment Canada
initiation and completion of a qualitative survey of the biodiversity of benthic organisms at Clover
Point

Macaulay and Clover Points Additional Investigations: High-Resolution Analyses
High resolution analyses were conducted from 2003 to 2007. In 2008, a supplementary scientific
investigation was undertaken using the previously collected high-resolution mussel tissue and sediment
chemistry data sets. Results indicated that PBDE bioaccumulative behavior in mussel tissues was similar
to PCBs, in that both groups of compounds exhibit parabolic relationships between their biota-sediment
accumulation factors (BSAF) and their water solubilities. However, BSAFs for PBDEs were generally two
to three times higher than the BSAFs of PCBs of similar water solubility, indicating that some PBDE
congeners may actually be more bioaccumulative in mussels than PCBs.
Collaborative Study on PPCPs and Emerging Chemicals in Wastewater
A collaborative research project between the CRD WMEP and the University of Victoria was initiated in
2005. This type of investigation was included in the requirements of the LWMP approval. The project
consists of two components.
1. Assessment of PPCPs in wastewater and determination of potential correlation with
prescription rates and demographic data
Wastewater samples from Macaulay and Clover points were collected from 2004 to 2006. Samples were
analyzed for a select group of PPCPs. Concentrations will be compared to demographic and prescription
data from the CRD outfall catchment areas to determine whether they can be used together as predictors
of future PPCP concentrations. The environmental relevance of any observed pharmaceuticals relative to
concentrations or effects data presented in the literature will also be assessed. Data are currently being
analyzed and were, therefore, not available for presentation in this report. Results are expected in
2009/2010 and will be presented in an upcoming report.
2. Analysis of potential toxicogenomic effects on mussels
Phase one of the toxicogenomics project included the isolation of the sequences from Modiolus modiolus
genes that presented possible gene expression biomarkers for this species. Phase two of this study
included the analysis of gene expression on various tissues from mussels of different ages and sex
collected from the Clover Point reference and outfall sites. Phase three of the study is ongoing and
involves validating the previous results with mussels collected from additional sites. Further results will be
available in 2010 and will be included in an upcoming annual report.
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Collaborative Program on Potential Effects of Emerging Chemicals from Municipal Wastewaters
A collaborative study between the CRD WMEP and Environment Canada’s Pacific Environmental
Science Centre was initiated in 2004 to determine the potential toxicogenomic effects of wastewater on
marine fish. This type of investigation was included as part of the requirements of the LWMP approval.
As part of this study, effluent samples from the Macaulay and Clover points outfalls were collected on a
regular basis from 2004 to 2006 and marine fish species were exposed to different environmentally
relevant concentrations. The overall objective of the study is to determine if these exposures cause
changes in gene expression using a gene chip array and other toxicogenomic tools. Final results from
the toxicogenomic study will be reviewed by a panel of experts and will be made available following this
review (likely in 2010).
Sediment Core Analyses
Over the years, sediment chemistry data collected as part of the WMEP have shown some variations.
Variations in the measured surface sediment concentration of a contaminant may not only reflect
variations in the source. The local rates of sedimentation and mixing can also affect the observed surface
sediment concentration. As a result, collecting only surface sediment can be misleading. A sediment
core study was recommended as part of the additional investigations prioritized by the MMAG, and was
undertaken in September 2006 in collaboration with Fisheries and Oceans Canada, Institute of Ocean
Sciences. Results were presented in last year’s annual report. Additional sampling and assessments will
be conducted in 2009/2010.
PAH Fingerprinting Analyses
High variability in PAH analyses has been an issue with Macaulay Point sediment samples for a number
of years. A PAH fingerprinting assessment, undertaken in 2007, indicated that coal was not a likely
source of the majority of PAHs as was previously thought. Additional assessments of the alkyl PAHs, a
minor component of the total PAH sediment profiles, will be undertaken in 2009/2010 to better quantify
the contribution of the alkyl substituted PAHs from the coal to the sediments. These results will be
presented in a future annual report when available.
Clover Point Benthic Biodiversity Study
A survey was undertaken to provide a qualitative assessment of the biodiversity of benthic organisms at
and around the Clover Point outfall. Samples were collected in conjunction with the routine WMEP
mussel sampling, and all benthic organisms were collected for taxonomic identification. A total of 60
different large organisms were identified.
Investigations Planned for 2009
No new additional investigations or studies are planned for 2009. The following studies will continue:
•
•
•
•
•

the collaborative study on the presence of PPCPs in wastewater and potential environmental effects
on biological communities with the University of Victoria
the collaborative project on potential toxicogenomic effects of emerging chemicals in municipal
wastewater with Environment Canada
the collaborative project on analysis of sediment core samples with Fisheries and Oceans Canada
the detailed PAH fingerprinting analysis in sediment and wastewater samples
the collaborative project on potential mussel biomarker effects of municipal wastewater with
Environment Canada

Additional details on these investigations and results will be presented in future WMEP annual reports as
they become available.
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OVERALL CONCLUSIONS
The different monitoring components of the WMEP and the additional elements of the WMEP (additional
investigations) are effective tools to assess the effects of the Macaulay and Clover points discharges.
The 2008 WMEP results showed effects on the receiving environment that were limited both spatially and
temporally. The 2008 results were consistent with previous studies and identified areas of effect
generally within 200m of Macaulay Point and 100m of Clover Point.
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CRD Marine Programs

Environment
Canada
Environnement
Canada

Ministry of
Environment

Guidelines
The CRD uses accredited
laboratories and follows
established scientific protocols for sampling including
taking duplicate and triplicate samples to confirm
accuracy. Their work meets
guidelines established
by the BC and Canadian
governments and the U.S.
Environmental Protection
Agency.

About 30 scientists and technical staff work for the CRD’s Scientific
Programs. They include five staff in Marine Programs with a range of
field and research experience. These scientists monitor and assess the
potential effects of discharges from CRD sewer systems to ensure the
ocean environment and public health are safe today and into the future.
Marine Programs scientists have studied the Macaulay and Clover Point
outfalls since the late 1980s. Marine Programs scientists analyze the
wastewater discharged from the Macaulay and Clover Point outfalls,
and both the seawater and seafloor near each outfall. Since 2000, they
have added more detail to their monitoring and data analysis following
recommendations made by the Marine Monitoring Advisory Group
(MMAG).
The MMAG is a voluntary advisory group of scientists from government
and academia, with expertise in marine sciences, that has provided an
independent review of the CRD’s Marine Programs since 1987.
Marine Programs also supports the CRD Regional Source Control
Program (RSCP) by providing information about pollutants entering the
environment. CRD RSCP uses this information to develop programs to
minimize the substances of concern from entering the sewer system.
The Macaulay and Clover Point Wastewater and Marine Environment
Program Annual Report presents the monitoring results and scientific
investigations conducted each year. This allows CRD staff to make
decisions based on the latest scientific data.

2

Scientific standards
The annual monitoring and assessment follow a rigorous quality assurance
and quality control regime both in the field and in the laboratory. For
example, the CRD uses established scientific protocols for sampling,
such as taking triplicate samples, to confirm accuracy. Their work meets
guidelines established by the BC and Canadian governments and the US
Environmental Protection Agency.
Program design is regularly reviewed to ensure it remains
environmentally relevant and up to date. In 2006, the Society for
Environmental Toxicology and Chemistry (SETAC) was retained by the CRD
to review the Core Area Liquid Waste Management Plan (LWMP) from an
objective, scientific, and technical perspective. The panel found that the
monitoring work being conducted is generally sound and consistent with
best practices in other jurisdictions.

“The CRD’s marine
monitoring program is one
of the more comprehensive
programs being implement-

Their report can be found online at:http://www.crd.bc.ca/wastewater/
reviewpanel.htm

ed to evaluate the effects

The Marine Monitoring Advisory Group also reviews all of the conclusions,
and independent experts are often invited to conduct their own detailed
analyses or to review the CRD data. In some cases, CRD scientists publish
their findings in peer-reviewed journals.
The 2008 Wastewater and Marine Environment Program annual report can
be found online at: http://www.crd.bc.ca/wastewater/marine/reports.htm

Moving Ahead with Advanced Treatment
In July 2006, the CRD received a letter from the BC Minister of
Environment requesting that a detailed schedule for the provision of
sewage treatment be provided to him. The amendment to the LWMP
is due December 31st, 2009 with treatment to be in place by 2016.
The minister also requested that the CRD continue the current marine
monitoring program. However, the monitoring program is currently being
reviewed in light of the move to new treatment, in conjunction with the
BC Ministry of Environment. The MMAG will be brought in to the review
process at a later date.
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of sewage in marine
environments.”
- SETAC Panel Report

What We Do

Monitoring & Research Stations

Monitoring and Research for the Macaulay and Clover
Point outfalls includes:

1

Monitoring wastewater

1

for many priority substances every month before
discharge into the marine environment and
measuring flows daily to make sure they do not
exceed permitted levels. See page 5 for more
details.

2

2

Monitoring surface water
for fecal coliforms (an indicator of potential
human exposure to wastewater) every month
near the outfalls. See page 7 for more details.

3

Monitoring the seafloor
and organisms living near each outfall
every year. See page 9 for more details.

4

4

Conducting collaborative research projects
such as assessing the potential environmental
effects from pharmaceuticals and personal
care products. See page 13 for more details.

As well as assessing potential environmental and public
health effects, this detailed scientific monitoring and
analysis provides information to the CRD Regional Source
Control Program (RSCP), and scientific guidance to managers involved in the disposal of municipal wastewater.
4

4

3

Monitoring Wastewater

In 2008, Marine Programs monitored for over 190 priority substances
in wastewater. These included measures of general wastewater quality,
referred to as conventional parameters, such as fats, oil and grease,
biochemical oxygen demand (BOD) and total suspended solids (TSS),
as well as selected priority substances such as metals and organic
substances.
While Marine Programs scientists monitor for all the substances on a
priority list, they only expect to find a small percentage of them. Some
substances that are detected may occur naturally, some are produced by
residents, businesses and industry, while others, such as DDT and PCBs,
remain in the environment long after they have been banned because
they do not readily break down. Many of the substances detected are
found in wastewaters from any treatment plant, including those with
secondary or tertiary treatment.

“CRD wastewater contains
fewer chemicals than many
other urban areas because
there is little industrial
activity and the regional
district has source control

Findings in 2008

codes of practice and
permits that require

Substances that were detected frequently in 2008 included conventional
parameters, metals, some PAHs, phthalates, phenolic compounds, and
a few substances used in solvents. Concentrations of these substances
in wastewater and in the marine environment were compared to BC
Water Quality Guidelines, which were developed to help protect aquatic
life. Receiving environment concentrations were predicted using an
oceanographic model. Results were all below WQGs after dilution was
taken into account.

industries and businesses
to treat their wastewater
before it enters the sewers.”
- 2008 Annual Report

Some substances, such as certain PAHs, while still below any levels of
concern, showed slight increases since 1990 at Macaulay Point. Marine
Programs and the CRD RSCP are investigating the potential sources of
these contaminants.
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PCBs (Polychlorinated Biphenyls)

Metals
Tests have found
that the concentrations
of most metals of
environmental concern
have decreased over
time in the Macaulay
and Clover
wastewaters.

PCBs have been banned
in North America since
1985. However, similar
to organochlorine
pesticides, they are still
found at very low levels
in the environment in
water, wastewater, air
and soil.

Cu

Cl
Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

(Cl)n

(Cl)n
Cl

Copper

PCBs

Phenolic Substances

PAHs (Polycyclic Aromatic Hydrocarbons)
Four of the six PAHs
showed slight increases
and two PAHs had
decreases since 1990. The
increases could be the
result of higher detection
limits. These substances
have been targeted by the
CRD RSCP to help reduce
them at their source.

In general, there have
been no observed
increases or decreases
of phenolic substances
since 1990.

OH
Phenol

Organochlorine Pesticides
Organochlorine
pesticides, such as DDT,
are substances that are
no longer used.
However, they are still
found at very low
levels in the environment in water, waste- Cl
water, air and soil.

VOCs (Volatile and Semi-volatile Organics)

Cl

H

Cl
Cl

Cl

This category contains
a wide range of
compounds. While the
majority of these have
not been detected
since 2005, there have
been slight increases
and decreases for a
few VOCs since 1990.

DDT

PPCPs (Pharmaceuticals and Personal Care Products)
The effects of PPCPs are
not yet understood.
Studies are working on
improving detection
methods and determining effects on marine
life.

Penicillin
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Cl

Cl
Cl
Trichloroethane

PBDEs (Polybrominated Diphenyl Ethers)
Sediment core results
have shown that
PBDEs are higher near
Macauley Point outfall
than at the Parry Bay
reference site. PBDEs
were not detected in
2008.

0
Br
Bromophenyl Phenyl Ether

More details about these compounds can be found in the glossary at the end of this brochure and in the Marine Programs annual report (available online
at http://www.crd.bc.ca/wastewater/marine/reports.htm)

General results for the eight main categories of priority
substances measured in wastewater

Monitoring surface waters
“The 2008 surface water

As well as monitoring wastewater, Marine Programs collects samples of
surface water and evaluates them to ensure that the potential for human
exposure to wastewater in the marine environment is low. The samples
are collected by rapidly submerging sterile bottles to a depth of one
metre, and testing for fecal coliform bacteria.

fecal coliform results indicated that the potential for
human exposure to
wastewater from the
outfalls was low”

Findings in 2008

- 2008 Annual Report

In 2008, there were a number of high fecal coliform concentrations
observed but overall risk to human health was low. As part of their overall
Program assessment, the SETAC panel recommended a review of this
monitoring component. Monitoring frequency, station location, as well
as the best indicator to assess public health effects are currently being
reviewed in conjunction with the Ministry of Environment as part of the
overall Wastewater and Marine Environment program review. Additional
review of this monitoring component will be done with the MMAG once a
formal decision on treatment locations and types is made.
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Monitoring the seafloor
Wastewater from Macaulay and Clover Point is jetted through multi-port
outfalls where it mixes quickly with seawater and is dispersed by strong
tidal currents. However, some material may settle to the bottom. So
Marine Programs scientists monitor sediment quality within approximately
800 meters of both outfalls and at reference stations five to 12 kilometres
away to provide a comparison.
In addition, there is a regular assessment of the health of organisms such
as deep-sea horse mussels at Clover Point (where the seafloor is rocky)
and benthic organisms such as shrimp, molluscs and sea worms in the
sediment at Macaulay Point (where the seafloor is sandy or muddy).
Researchers use an apparatus called a Van Veen grab to collect sediment
and organism samples from the seafloor near the outfalls as well as from
the reference stations.

“Overall, the number of different types of organisms
found across the area was
consistent, indicating that

Sediment samples are analyzed for priority substances that have the
potential to be present in seafloor particles (based on what is measured
in wastewater), including many of the metals, phenolic compounds
and PAHs. The results are compared with sediment quality guidelines
that have been developed by various government agencies (such
as BC Ministry of Environment, Canadian Council of Ministers of the
Environment, and Washington State) to help protect marine seafloor
organisms.

the communities were not
significantly affected by the
discharge.“
- 2008 Annual Report

Findings in 2008
The majority of substances in 2008 sediments were found at levels similar
to previous years. Only a few substances, mainly a few metals, have
shown an increase in concentration close to the outfalls over time. While
the sediment chemistry results indicate there could be potential for effects
on seafloor organisms within these areas, the best indicators of effects are
the biological organisms that are living at or near the outfalls.
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There has been little change in seafloor organisms (benthic communities)
around the Macaulay Point outfall. In general there are more organisms
closer to the outfall, most likely due to an abundant food source in the
form of organic matter (total organic carbon) from the discharge.
Some of the communities closer to the outfall had a slightly different
composition of organisms, although their function and health were
similar to communities further away. Communities at stations 400 metres
and 800 metres from the outfall were the most similar to those at the
reference stations.
The 2008 data deviate slightly from previous years in that organism
distribution patterns, while still consistent, are not as pronounced.
Continued monitoring by the CRD will determine if the deviation is natural
variability or true effects of the outfall.
At Clover Point, mussels near the outfall were larger than those further
away or in the reference areas. Measures of age and reproductive status,
as well as tissue chemistry showed no harmful effects off the outfall.

Overall Conclusions
Overall, analysis indicated that the wastewater in 2008 was similar to
2005 - 2007. After accounting for dilution, the levels of substances in
the wastewater were below BC and national water quality guidelines.
Surface water fecal coliform concentrations were generally low, with
some exceptions, but overall potential for human exposure was low.
Few substances exceeded sediment quality guidelines in 2008, with
concentrations above guidelines generally found within 200 metres of
Macaulay Point. Only four metals exceeded guidelines at Clover Point.
Benthic communities exhibited some differences, relative to reference
stations, mainly due to the abundance of polychaete worms that feed on
the organic matter near the outfall. Mussel communities were healthy
and generally larger at the outfall than at the reference sites.
These findings are consistent with previous years’ results, and as endorsed
by the 2006 SETAC panel report.

12

Science and Research
Additional Investigations & Conducting
Collaborative Research Projects

University
of Victoria
Marine Programs scientists are also involved in additional research
investigations, often in collaboration with universities and government
agencies, to address issues related to wastewater and marine
environment monitoring and assessment.

Department of Biology

CRD
Collaborations

Seven investigations were underway,
initiated or completed in 2008:
High-resolution analyses were conducted from 2003 to 2008 for several
persistent organic pollutants (POPs), such as DDT and PCBs. This dataset
was reassessed to determine differences in the bioaccumulation behavior
of the currently used PBDEs and the legacy PCBs. Results showed that a
number of PBDEs can actually be more bioaccumulative than the PCBs.
A collaborative research project between the CRD and the University
of Victoria was initiated in 2005. This project includes the analysis of
pharmaceuticals and personal care products (PPCPs) in wastewater and
the determination of potential links between measured concentrations,
prescription rates and the area where they were dispensed. A second
component of this project includes the analysis of potential toxicogenomic
effects on mussels exposed to the Clover Point wastewater outfall. Further
results from the project will be available in 2009/2010.
A sediment core study was undertaken in September 2006 in
collaboration with Fisheries and Oceans Canada. Seafloor samples
were collected near the Macaulay Point outfalls and at a reference site,
with a core cylinder that is pushed into the seafloor. Initial analysis of
the sediment core results confirmed that PBDE concentrations were
higher near the Macaulay Point outfall than they were at the Parry Bay
13

Studies, with the
University of Victoria and
Environment Canada, are
measuring pharmaceuticals and personal care
products in wastewater
to determine potential
environmental effects.

reference site. This indicates that the outfall is a potential source of these
compounds. Parry Bay results were similar to other Strait of Georgia
core samples that are far from any outfall discharges. More detailed
assessments will be conducted in 2009/2010.
A research project was initiated in 2006 to analyze the different types of
PAH substances found near the Macaulay and Clover Point outfalls and
identify their sources. Results of a fingerprinting analysis indicated that
coal is not likely the main source of PAHs, as previously thought, but
could be a small component. Additional assessments will be conducted in
2009/2010.
A collaborative study between the CRD and Environment Canada’s Pacific
Environmental Science Centre (PESC) was initiated in 2004 to determine
the potential genetic effects of wastewater on marine fish. As part of this
study, effluent samples from the Macaulay and Clover Point outfalls were
collected on a regular basis from 2004 to 2006 and marine fish species
were exposed to different concentrations. In addition to the exposure
tests, all effluent samples were analyzed for various compounds, including
PPCPs and natural and synthetic hormones. Final results from the study
will be reviewed by a panel of experts and then made available in a
future annual report.
A collaborative research project between the CRD and Environment
Canada was initiated in 2008 to validate the toxicogenomic method
used in the University of Victoria study. Mussel samples will be analyzed
for biomarkers that will be assessed as additional potential indicators of
environmental exposure to effluent. Analyses have been put on hold until
further work on the UVic study can take place. Results will be presented in
a future annual report.
A survey was undertaken in September 2008 to provide an assessment
of the biodiversity of oceanic organisms at and around the Clover Point
outfall. All benthic organisms collected in the mussel grabs were retained
for identification. A total of 60 different organisms were identified,
indicating a diverse seafloor community at Clover Point.
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Glossary
BOD (Biochemical Oxygen Demand)
The amount of oxygen used by microorganisms in the breakdown or
decay of organic matter in a water body.
Fecal coliform
A type of bacterium that comes from the intestines of warm-blooded
animals, including humans and ducks. It is used as an indicator of
potential for human health effects.
Metals
Includes total and dissolved metals such as aluminum, mercury, silver and
zinc that occur naturally, or come from human sources ( e.g. mercury from
dental offices).
Nutrients
Any inorganic or organic substance needed by plants and animals for
nutrition and growth (e.g. nitrogen, phosphorus).
Organic chemicals
Chemicals consisting primarily of carbon that are found in many
household products such as cleaning, disinfecting, cosmetic, degreasing
and hobby products.
Organochlorine Pesticides
Pesticides such as DDT and mirex that can remain in the environment long
after application. Many have been banned because of concerns about
environmental impacts and human health.
PPCPs (Pharmaceuticals and Personal Care Products)
Refers, in general, to any products used by individuals for personal health
or cosmetic reasons, or used by agribusiness to enhance growth or health
of livestock.
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Phenolic Compounds
Compounds that occur naturally from the decomposition of aquatic
vegetation or that are manufactured and used in disinfectants, biocides,
preservatives, dyes, pesticides and medical and industrial products.
PBDEs (Polybrominated Diphenyl Ethers)
Chemicals that are used as flame retardants in a wide array of products
including building materials, electronics, furnishings, motor vehicles,
airplanes, plastics, polyurethane foams and textiles.
PCBs (Polychlorinated Biphenyls)
Industrial chemicals once widely used in electrical equipment, heat
exchangers, hydraulic systems and several other specialized applications.
PCBs are now banned in Canada, the US and Europe, but are still found
widely in the environment.
PAHs (Polycyclic Aromatic Hydrocarbons)
Substances that occur through incomplete burning of organic substances
such as gasoline, wood, tobacco or charbroiled meats, and are also
manufactured and used in medicines, dyes, plastics and pesticides.
Priority substances
Substances, such as metals and organic chemicals, that were selected for
monitoring based on numerous governmental agency lists of substances
of potential concern.
TSS (Total Suspended Solids)
Solids in water that can be trapped by a filter. TSS can include a wide
variety of organic and inorganic material, such as silt, decaying plant and
animal matter.
VOCs (Semi Volatile and Volatile Organic Compounds)
Emitted as gasses from a wide array of products, including paints and
lacquers, paint strippers, cleaning supplies, pesticides, building materials
and furnishings, glues and adhesives. This group includes compounds
such as benzenes, phthalates and others.
Visit us online! For more information about these substances and other
compounds, please visit the online glossary at:
http://www.crd.bc.ca/wastewater/marine/index.htm
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Victoria British Columbia V8W 3P6 Canada
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University
of Victoria

Mr. Randy Alexander
Regional Environmental Protection Manager
Vancouver Island Regional Office
Ministry of Environment
2080-A Labieux Road
Nanaimo, BC V9T 6J9

12 November 2009

Dear Mr. Alexander,
Herewith the 2009 Annual Report to the British Columbia Ministry of the
Environment from the CRD’s Marine Monitoring Advisory Group. We look forward to
your response and to discussion of the contents of the report.
Although not included in our report, I would like to express the thanks of the
members of the MMAG to the scientific and support staff of the CRD for providing
relevant briefings, discussions, and other support for the MMAG meetings.
Yours sincerely,

Chris Garrett, FRS, MMAG Chair
Lansdowne Professor of Ocean Physics

MARINE MONITORING ADVISORY GROUP
REVIEW OF THE 2008 MACAULAY AND CLOVER POINT WASTEWATER AND MARINE
ENVIRONMENT PROGRAM
November 12, 2009
1.0

INTRODUCTION

The Marine Monitoring Advisory Group (MMAG) was established to advise on, provide an assessment of, and
provide recommendations on the Wastewater and Marine Environment Program (WMEP) to the Capital
Regional District (CRD) (see Attachment A for the MMAG Terms of Reference). When requested by the
CRD, the MMAG reviews program data and reports, and provides recommendations for improving the
program. The MMAG consists of independent scientists and experts associated with BC Ministry of
Environment (MOE), BC Ministry of Agriculture and Lands, Vancouver Island Health Authority, University
of Victoria, Western Washington University, and Fisheries and Oceans Canada (through September, 2009). A
new Environment Canada representative is currently being sought as this organization has not been directly
represented since January 2009.
In a letter dated March 26, 2003, the Minister of Environment (then Minister of Water, Land, and Air
Protection) required the continuing involvement of the MMAG in this manner as part of the approval of the
CRD’s Core Area Liquid Waste Management Plan. The letter also stated that the MMAG should complete a
report on an annual basis with comments on the WMEP for the Clover Point and Macaulay Point outfalls. The
MMAG members agreed to complete such a report. The first MMAG report was submitted in 2004, and
provided the group’s review of the 2003 WMEP for the Macaulay and Clover Point Outfalls. A report has been
submitted annually since 2004.
The MMAG has taken a different perspective this year in reviewing the 2008 WMEP and annual report. This
change in perspective is in light of two developments that the MMAG understands will likely have significant
implications on the future design of the WMEP.
The first development is that CRD and MOE staff have been collaboratively reviewing and revising the
WMEP design over the last year in an effort to address many of the previous concerns about the program that
have been identified both by the MMAG and others. CRD staff have indicated that this revised monitoring
program will be presented to MMAG for review prior to implementation, likely early in 2010. The MMAG
strongly encourages CRD and MOE staff to give the MMAG this opportunity for review.
The second development is the move by the CRD to plan for more advanced sewage treatment in the region
and the resulting uncertainty about outfall fate and future discharge regime. Although a number of MMAG
members continue to believe that land based treatment of the region’s waste is of low priority for protection of
the marine environment, the group recognizes that the project has been mandated and that the CRD needs to
proceed with pre-discharge marine monitoring for any new outfalls, such as that proposed for Finnerty Cove.
As such, the MMAG has already commented on the CRD’s proposed pre-discharge monitoring program design
for two of the anticipated outfall locations. CRD staff have indicated that this monitoring work is soon to be
initiated, and that the program design was revised to incorporate all of the significant comments and
suggestions that MMAG made. As the monitoring progresses, the MMAG would appreciate the opportunity to
periodically review the program design to ensure its adequacy, and all results after they have been compiled.
The MMAG should also be given the opportunity to comment on the design of any long-term monitoring
programs that result.
Another aspect of the MMAG’s new perspective is that, as the only external advisory group to the CRD on
marine environmental impacts, the group has initiated discussions on key environmental issues, whether or not
they are directly related to the WMEP. An example, concerning stormwater discharges, will be discussed later.
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The draft 2008 Macaulay and Clover WMEP annual report was provided to MMAG for review on September
1, 2009 and results were briefly presented by CRD Scientific Programs staff at the MMAG meeting on
September 23, 2009. Comments on the report and the WMEP, in general, were accepted until October 2, 2009
and were compiled by CRD staff and forwarded to myself.
Based on review of the 2008 annual report and WMEP, in light of the two developments discussed above, the
MMAG did not identify any new significant concerns with the program. As such, below is a summary of
outstanding comments and concerns from last year’s annual report letter.
MMAG members attending the September 23, 2009 meeting included Chris Garrett (Chair; University of
Victoria), Diana Varela (University of Victoria), Peter Ross (Fisheries and Oceans Canada), Erwin Dyck
(Vancouver Island Health Authority), and Les Swain (Ministry of Environment. Absent were Jon Chamberlain
(Ministry of Agriculture and Lands) and Ruth Sofield (Western Washington University). Chris Lowe also
attended the meeting as CRD representative, to provide information and support, and to receive suggestions
and comments.
2.0

MARINE MONITORING ADVISORY GROUP COMMENTS BY PROGRAM COMPONENT

The following consensus comments were provided by the MMAG last year based on the 2007 WMEP and they
are organized below by program component. Any dissenting comments are also recorded below. These
comments represent only those that were not addressed by the CRD in the 2008 program.
2.1

Wastewater Monitoring

There was general support for how this monitoring component is being conducted, including the monitoring
parameters and frequency. There are no outstanding concerns or comments about this component.
2.2

Surface Water Monitoring

A number of MMAG members continue to have concerns about this monitoring component, particularly with
regards to monitoring frequency, sampling stations and the bacterial indicator of choice. To begin to address
these concerns, the CRD committed to undertake a pilot sampling program in the summer of 2009 that
involved sampling to meet the 5-in-30 day requirement of the primary recreational contact criteria. The results
of this pilot program were presented to the MMAG at their September 23, 2009 meeting. Based on these
results, a number of MMAG members continue to encourage the CRD to change sampling frequency to satisfy
5-in-30 day requirements. These same MMAG members also encourage switching from fecal coliforms to
Enterococcus as a bacterial indicator, due to its better survival in marine waters and its more direct link to
gastrointestinal illnesses in humans.
The MMAG understands that this monitoring component will likely change considerably following the CRD
and MOE staff review of the WMEP. As such, the MMAG will provide further comments on this monitoring
component after they have been presented the revised program.
2.3

Seafloor Monitoring – Sediment Chemistry

There was general support for how this monitoring component is being conducted, including the monitoring
parameters and sampling stations. There are no outstanding concerns or comments about this component.
2.4

Seafloor Monitoring – Benthic Communities

There was general support for how this monitoring component is being conducted, including the monitoring
parameters and sampling stations. There are no outstanding concerns or comments about this component.
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2.5

Seafloor Monitoring – Mussel Communities and Tissue Chemistry

There was general support for how this monitoring component is being conducted, including the monitoring
parameters and sampling stations. There are no outstanding concerns or comments about this component.
2.6

Seafloor Monitoring – Mussel Tissue Chemistry

There was general support for how this monitoring component is being conducted, including the monitoring
parameters and sampling stations. There are no outstanding concerns or comments about this component.
2.7 Source Mass (Loading) Balances
The MMAG was briefed on the CRD Regional Source Control Program’s attempt to relate sources of
contaminants to environmental loadings and found this to be an impressive and valuable exercise. One
suggestion is that more attention be paid to the contaminant load of the treatment plant screen scrapings.
2.8

Additional Investigations

The MMAG recommends that the list of additional investigations and their prioritization be revisited following
the WMEP review by MOE and CRD staff, and once the fate and location of treatment facilities and marine
outfalls are determined.
3.0

MARINE MONITORING ADVISORY GROUP GENERAL COMMENTS ON WMEP AND
QUESTIONS TO THE BC MINISTRY OF ENVIRONMENT

3.1 General Comments
•

The MMAG would like to be given the opportunity to review the revised WMEP resulting from the
CRD and MOE staff review, prior to its implementation.

•

The MMAG would like to continue to be included in reviewing the pre-discharge monitoring
programs associated with the move to advanced treatment by the CRD. Specifically, the MMAG is
willing to be involved in a review of numerical modelling of the likely impact of discharges from an
outfall at Finnerty Cove.

3.2 Questions and Comments for the BC Ministry of Environment
•

In the 2007 letter from the MMAG to the BC Ministry of the Environment, four questions and
comments from individual MMAG members were included at the end of the letter to the Ministry. A
partial response was received in March 2009. In the course of further discussion, it was noted that it
would still be valuable to establish a process in the Terms of Reference (attached) for responding to
future comments and questions. The MMAG requests that the Ministry identify a process for
responding to such comments and questions and report on the identified process back to the MMAG.

•

In the course of the 2009 discussions, it became clear that the CRD may benefit from an expanded
MMAG mandate that includes reviewing and advising on other stressors to the marine environment in
the region, such as stormwater discharges. Following a presentation from CRD staff at the January
21, 2009 MMAG meeting, the group identified a significant gap in knowledge with respect to
contaminant loadings coming from stormwater discharges relative to the region’s wastewater outfalls,
particularly as the “first flush” is ignored in current stormwater sampling programmes. There is
potential that the stormwater discharges could be a greater source of some contaminants to the marine
environment than the wastewater outfalls. Concern was also expressed that stormwater issues will
largely not be addressed by infrastructure improvements associated with the move to advanced
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treatment in the region. The MMAG requests that the Ministry consider whether MMAG should
broaden its mandate to incorporate advising on other stressors to the region’s marine receiving
environment, including the monitoring and assessment of stormwater discharges.
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ATTACHMENT A

CAPITAL REGIONAL DISTRICT (CRD)
MARINE MONITORING ADVISORY GROUP (MMAG)
Terms of Reference
Revised July 2007
ROLE OF THE MMAG
A) To advise on, provide an independent assessment of, and provide recommendations on the
marine
environment programs to the CRD, specifically:
(1) Program design
(2) Interpretation of monitoring results and conclusions
(3) When requested, consultant's proposals and reports
(4) When requested, appropriate levels of expenditures
(5) Quality assurance/quality control
(6) Additional investigations
B) To review the state of the receiving environments near CRD wastewater outfalls.
C) To review CRD environmental quality (water and sediment) guidelines.
D) To consider information particularly relevant to the marine monitoring program.
E) To periodically review the Terms of Reference of the MMAG.
F) When requested, to provide independent advice to the CRD on other marine or liquid waste
issues.
G) To prepare an annual letter report that will include the MMAG’s comments on the conclusions
presented in the Macaulay and Clover Point outfalls Wastewater and Marine Environment Program
report. This letter will also include the MMAG’s recommendations on the program (noting any
disagreement).
MEMBERSHIP
Membership will be determined by the MMAG through the chair.
Membership will consist of scientists with expertise appropriate to the terms of reference of the
MMAG.
Invitations will be extended to representatives from Environment Canada, Fisheries and Oceans
Canada, Provincial Ministry of Environment, Vancouver Island Health Authority, and academic
institutions.
Members of the CRD Environmental Services department normally attend the MMAG meetings
as
non-voting participants. The chair may request of specific meetings that CRD staff do not attend.
The chair may invite other participants and/or observers from time to time.

6

CHAIR
The chair is selected by the members, and shall be reviewed every two years.
The incumbent chair may serve additional terms.
MEETING SCHEDULE AND AGENDA
Meetings will be held at the call of the chair.
The chair will determine the agenda in consultation with the CRD and members of the group.
DECISION MAKING
Decisions will be made by consensus. If consensus is not reached on an issue, it will be so
stated.
REPORTING PROTOCOL
The MMAG will report to the CRD Core Area Liquid Waste Management committee through the
general manager, Environmental Services.
CRD SUPPORT
The CRD will provide administrative support to the MMAG.
The CRD staff will keep MMAG informed of issues related to the mandate of the MMAG.
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