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indicated by the SQG exceedances, a follow-up assessment was undertaken to determine if effects were 
actually present.  This assessment evaluated the health of seafloor animals living on or in the sediments. 
The 2007 sediment chemistry results were generally consistent with previous years and the review 
conducted by the Society of Environmental Toxicology and Chemistry (SETAC) panel, which concluded 
that the sediment chemistry findings did not indicate a negative change over time. 
 
Seafloor Communities 
 
In 2007, the assessment of the health of seafloor animals found that there were more animals at all the 
outfall stations than at the reference area.  The number of types of animals was also slightly lower at 
some stations close to the outfall.  These results are consistent with the SETAC panel report findings.  
The indicators used for the seafloor community showed an area of effect confined to within 200m of the 
outfall terminus and to the southeast, similar to previous years. 
 
A detailed assessment of the 2000 to 2007 seafloor community results found that the area of effect of the 
outfall appears to be decreasing gradually over time.  The most significant effects are now limited to 
immediately around the outfall terminus with the magnitude of the effects at stations within 200m of the 
outfall decreasing over time.   
 
Clover Point Outfall 
 
Sediment Chemistry 
 
Sediment chemistry data were compared to the same SQG as Macaulay Point.  Due to the difficulty in 
collecting adequate sediment samples at Clover Point, only two stations were sampled in 2007.  Data 
comparisons indicate that there were no exceedances of SQGs at these two stations.  Additional Clover 
Point stations are sampled for sediments every three years and are next scheduled for 2009.  Although 
there were no values above the SQG, a complete follow-up assessment was undertaken to determine if 
effects were actually present.  This assessment evaluated the health of a biological community (mussels) 
living on the seafloor. 
 
Mussel Communities 
 
The 2007 results indicated no negative effects on mussel communities living on the seafloor around the 
Clover Point outfall.  Mussels closer to the outfall were generally fatter and longer than those at the 
reference area.  Effects were most significant within 100m of the outfall terminus.  These results are 
consistent with the SETAC panel report findings. 
 
Analysis of chemicals in the tissues of mussels showed that most metal concentrations at the outfall were 
lower than, or the same as, those at the reference area.  Most organic compounds were not detected in 
mussel samples. 
 
A detailed assessment of the 2000 to 2007 mussel biological and chemistry results indicated that the 
mussel community and chemical concentrations have remained relatively stable over time. 
 
Additional Investigations 
 
Additional investigations are important elements of the WMEP.  These investigations are conducted to 
address issues that pertain to the WMEP, clarify certain aspects of the regular program and provide data 
for the assessment of environmental effects.  Investigations completed or underway in 2007 and 
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continuing in 2008 are summarized in the attached executive summary.  Continuing investigations include 
collaborative studies with Environment Canada and the University of Victoria on pharmaceuticals and 
personal care products, and more detailed assessments of sources and fates of persistent organic 
pollutants coming from the outfalls with Fisheries and Oceans Canada and various other experts. 
 
2. MMAG REPORT TO MOE 
 
MMAG was established to advise on, provide an independent assessment of, and provide 
recommendations on the marine environment programs to the CRD.  The group consists of scientists and 
experts from government and academia. 
 
In the LWMP approval letter of 26 March 2003, the minister of environment required the annual 
submission of an independent report by the MMAG with comments on the Macaulay and Clover Point 
WMEP.  This letter report has been completed and was forwarded to the MOE by the MMAG chair.   
 
The MMAG report indicates a general level of support for the current program.  MMAG particularly 
expressed their support for the biological monitoring components of the WMEP, including the benthic 
community and mussel monitoring elements.  Minor suggestions for improvement of the program were 
made, including recommendations for an increase in surface water sampling frequency during the 
summer period and the inclusion in the annual report of discussion on previous effluent toxicity testing 
and why it is not currently conducted. 
 
With respect to additional investigations and significant changes to the WMEP, the majority of MMAG 
members agreed that any previous outstanding recommendations will be revisited once the locations of 
future treatment facilities and the fate of the Macaulay and Clover Point outfalls have been determined.    
 
All MMAG members continued to applaud the efforts and successes of the CRD Regional Source Control 
program and advocated continued support for the program.  Members also recommended that the CRD 
provide more publicity for the program and increase recognition of participating industry and businesses. 
 
ALTERNATIVES 
 
Not applicable. 
 
FINANCIAL IMPLICATIONS 
 
Funding for this work is included in the annual budgets for the northeast trunk (Clover) and northwest 
trunk (Macaulay) systems. 
 
SUMMARY/CONCLUSIONS 
 
The CRD WMEP continues to be one of the most comprehensive programs for assessing the effects of 
sewage discharges in marine environments.  Results of the 2007 monitoring showed that predicted 
wastewater concentrations in the marine environment met receiving water quality guidelines for the 
protection of aquatic life and that the potential for sea surface human exposure to wastewaters from the 
outfalls was low.  The seafloor monitoring component showed some effects on seafloor organisms (higher 
numbers and types of animals) and deep-water mussels (longer and fatter mussels), restricted to within 
100m at Clover Point and within approximately 200m east of the Macaulay Point outfall diffuser.  
Additional investigations that provide more data for the assessment of environmental effects continue to 
be important components of the WMEP. 
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MMAG reviewed the 2007 WMEP and indicated they generally support the current program.  
Recommendations for incorporation into the WMEP were made in the MMAG letter report. 
 
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 Point 

Wastewater and Marine Environment Program 2007 Annual Report, be received for information; 
 
2. the Marine Monitoring Advisory Group letter report, Review of the 2007 Macaulay and Clover 

Point Wastewater and Marine Environment Program, be received for information; and 
 
3. the report, Macaulay and Clover Point Wastewater and Marine Environment Program 2007 

Annual Report, be forwarded to the Ministry of Environment. 
 
 
 
 
 
 
    
Glenn Harris, PhD, RPBio Dwayne Kalynchuk, PEng 
Senior Manager, Scientific Programs General Manager, Environmental Services 
 Concurrence 
 
 
 
   
 Kelly Daniels 
 CAO Concurrence 
 
 
COMMENTS 
 
 
 
 
 
 
CL:cam 
Attachments:  4 



















Macaulay and Clover Point Wastewater  
and Marine Environment Program



2 CRD Marine Programs:   
Who we are
About 25 scientists and technical staff work for the 
CRD’s Scientific Program. They include five staff in 
Marine Programs with a range of field and research 
experience.  These scientists study the 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 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. 
Since 1987, this voluntary 
advisory group of scien-
tists from government and 
academia, with expertise 
in marine sciences, has 
provided an independent 
review of the CRD’s Marine 
Programs.
Marine Programs also supports the CRD Regional 
Source Control Program (RSCP) by providing informa-
tion about pollutants entering the environment. CRD 
RSCP uses this information to develop programs to 
minimize the substances of interest 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.

Scientific standards
Marine Programs scientists have studied the  
Macaulay and Clover Point outfalls since the late 
1980s. Their monitoring and analysis follows a  
rigorous quality assurance and quality control regime 
both in the field and in the laboratory. For example, 
they use accredited laboratories and follow  
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 objec-
tive, scientific, and  
technical perspective.

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

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 scien-
tists publish their findings in peer-reviewed journals.

The 2007 annual report can be found online at:  
http://www.crd.bc.ca/wastewater/marine/reports.htm

Environment 
Canada

Environnement 
Canada Ministry of

Environment

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.

Guidelines

“The CRD’s marine monitoring program 
is one of the more comprehensive  
programs being implemented to  
evaluate the effects of sewage in  
marine environments.”

SETAC Panel Report 



3What We Do
Monitoring and Research for  
the Macaulay and Clover Point  
outfalls includes:

 Monitoring wastewater  

 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.

 Monitoring surface water 

 for fecal coliforms (an indicator of potential  
 human exposure to wastewater) every  
 month near the outfalls.

 Monitoring the seafloor 

 and organisms living near each   
 outfall every year.

 Conducting collaborative research 

 projects such as assessing the potential  
 environmental effects from pharmaceuticals  
 and personal care products.

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

Monitoring & Research Stations
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4 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 by June 2007. The amendment to the 
LWMP is due December 3rd, 2009 with treatment to 
be in place by 2016. The 
minister also requested 
that the CRD continue 
the current monitoring 
program. The monitor-
ing program will be 
reviewed in collaboration 
with the Marine  
Monitoring Advisory Group and the BC Ministry of  
Environment, once a decision on the location and 
types of treatment facilities has been reached.

Monitoring Wastewater
Overview
In 2007, Marine Programs monitored for over 190 
priority substances. These included measures of 
general water quality, referred to as conventionals, 

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 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 gener-
ally found in wastewater from any treatment plant, 
including those with secondary or tertiary treatment.

Findings in 2007
Substances that were detected frequently in 2007 
included conventionals, 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 

“CRD wastewater contains fewer chemicals than 
many other urban areas because there is little 
industrial activity and the regional district has 
source control codes of practice and permits 
that require industries and businesses to treat 
their wastewater before it enters the sewers.”
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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)

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

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

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. 

Concentrations of most 
PAHs have remained 
constant since 1990.  
Increases were only 
observed for a few of the 
PAHs. These substances 
have been targeted by the 
CRD RSCP to help reduce 
them at their source.

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.  
 

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

Metals

Phenolic Substances

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

Organochlorine Pesticides

PCBs (Polychlorinated Biphenyls)

PAHs (Polycyclic Aromatic Hydrocarbons)

VOCs (Volatile and Semi-volatile Organics)  

Cu

Copper

(Cl)n

(Cl)n
Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

DDT

Cl

Cl

Trichloroethane

Cl

Cl

Cl

PCBs

Cl
H

Cl
Cl

Cl

OH

Phenol
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Guidelines, which were developed to help protect 
aquatic life. Receiving environment concentrations 
were predicted using an oceanographic model.

Some substances, such as certain PAHs, showed 
some increases over the past 10 years at Macaulay 
Point. Marine Programs and the CRD RSCP are inves-
tigating the potential sources of these contaminants.

Monitoring surface waters
Overview
As well as monitoring waste-
water, Marine Programs col-
lects 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 levels. 

Findings in 2007
A detailed statistical analysis of findings from 1990 
to 2005 showed little change in 
the fecal coliform concentrations 
in surface waters near the outfalls 
over the 16 years.

As part of their overall Program as-
sessment, the SETAC panel recom-
mended a review of this monitoring component. 
Monitoring frequency, station location, as well as 
the best indicator to assess public health effects, will 
be reviewed as part of the overall Wastewater and 
Marine Environment program review. This review, 
in conjunction with the Marine Monitoring Advisory 
Group and the BC Ministry of Environment, will take 
place once a formal decision on treatment locations 

and types is made.

Monitoring the seafloor
Overview
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 one kilometre of both  
outfalls and at reference stations five to 12  

kilometres away to provide a 
comparison.

In addition, there is a regular as-
sessment of the health of organ-
isms 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. 

Sediment samples are analyzed for 
priority substances that have the 
potential to be present in seafloor 
particles (based on what is  
measured in wastewater), includ-

ing many of the metals, phenolic compounds and 
PAHs. The results are compared with sediment qual-
ity guidelines that have been developed by govern-
ment agencies (such as BC Ministry of Environment, 
Canadian Council of Ministers of the Environment, 
and Washington State) to help protect marine 
seafloor organisms.

“All predicted receiving environ-
ment concentrations for 2007 
were below guidelines, indicating 
that effects on the marine  
environment are not expected.”

“The 2007 surface water fecal 
coliform results indicated that 
the potential for human expo-
sure to wastewater from the 
outfalls was low”



9Findings in 2007
A statistical analysis of 1990 to 2006 sediment 
results showed that many substances in the seafloor 
sediments, including many metals and PAHs, have 
decreased over this time period. Only a few sub-
stances, mainly a few metals, have shown an 
increase close to the outfalls over time.  While these 
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. 

There has been little 
change in seafloor  
organisms (benthic communities) around the 
Macaulay Point outfall. There are more organisms 
closer to the outfall due to an abundant food source 
in the form of organic matter (total organic carbon) 
in the discharge.

Some of the communities closer to the outfall had 
a slightly different makeup of organisms, although 
their function and health were the same as  
communities further away. Communities at stations 
400 metres and 800 metres from the outfall were 
the most similar to those at the reference stations.

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. 

Conclusions
Overall, analysis indicated that the effluent in 2007 
was similar to 2005 and 2006.  After accounting for 

dilution, the levels of sub-
stances in the wastewater 
were below BC and national 
water quality guidelines.  
Surface water fecal coli-
form concentrations were 
low, indicating potential 

for human exposure was low.  Few substances 
exceeded sediment quality guidelines in 2007, with 
concentrations above guidelines generally found 
within 200 metres of Macaulay Point. There were no 
exceedences at Clover Point.  Benthic communities 
exhibited some changes, mainly due to increases in 
polychaete worms that feed on the organic matter.  
Mussel communities were healthy and generally 
larger at the outfall than at the reference sites. 

These findings are consistent with previous years’ 
results, and with the conclusions of the 2006 SETAC 
panel report.

“Overall, the number of different types of  
organisms found across the area was consistent,  
indicating that the communities were not  
significantly affected by the discharge.“



10 Science and Research 
 - Additional Investigations 
Marine Programs scientists are also involved in  
additional research investigations, often in collabo-
ration with universities and government agencies, 
to address issues related to wastewater and marine 
environment monitoring and assessment. 

Eight investigations were underway, 
initiated or completed in 2007:
High-resolution analyses conducted from 2003 
to 2007 for several persistent organic pollutants 
(POPs), such as DDT and PCBs, found very low levels 
of these substances in wastewater, sediment and/
or mussel tissue. This was not surprising as POPs 
are found in many places in the environment such 
as water, air, soil and biological tissues. Concentra-
tions measured as part of this investigation were 
below levels of concern for the environment. The 
SETAC panel reviewed these results and agreed with 
the conclusions. In most cases, concentrations in 
the sediment were orders of magnitude lower than 
other areas in Puget Sound and the BC Lower  
Mainland. POPs detected in the wastewater  
discharges were often at levels similar to those 
found in the environment related to the transport of  
pollutants by global air or ocean currents. 

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 com-
ponent of this project will include the analysis of 
potential genetic effects on mussels exposed to the 
Clover Point wastewater outfall. Further results will 
be available in 2009. 

A sediment core study was undertaken in  
September 2006 in collaboration with Fisheries and 
Oceans Canada.  Seafloor samples were collected 
near the Macaulay Point outfall, and at a reference 
site, with a core cylinder that is pushed into the 
seafloor and collects material up to a depth of  
approximately 30 cm. After initial analysis  
sediment core results confirmed that PBDE  

University 
of Victoria

Department
of Biology

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

CRD Collaborations



11concentrations were higher near Macaulay Point out-
fall than they were at the Parry Bay reference site. 
This indicates that the outfall is a potential source of 
these compounds. Parry Bay results were similar to 
other Stait of Georgia core samples that are far from 
any outfall discharges. More detailed assessments 
will be conducted in 2008/2009. 

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. Scientists have observed coal particles 
(a potential source of PAH substances) in seafloor 
samples from the vicinity of the outfalls. However, 
the suspected source of these coal particles was the 
collier SS San Pedro, that ran aground at Brotchie 
Ledge in 1891, rather than the outfalls.  A finger-
printing analysis using coal collected from the collier 
wreck site and seafloor samples from Macaulay 
Point and Clover Point was initiated to identify the 
presence of coal particles and differentiate the 
potential PAH sources. Results indicate that the coal 
is not likely the main source of PAHs, but could be 
a small component. Additional assessments will be 
conducted in 2008/2009

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 available in 2009.  

A project was completed to establish concentration 
guidelines for emerging substances such as pharma-
ceuticals and personal care products. As there are no  
established guidelines available to compare  
emerging chemical concentrations to, a consultant 
compiled a database/reference list for these  
substances as well as information on the  
concentration at which effects might be observed.   

Mussel samples will be analyzed for biomarkers that 
will be assessed as additional potential indicators of 
environmental exposure to effluent.  The results will 
be presented in a future report.    

Mussels have been analyzed since 1998 for health 
and parasite histological markers. In 2007, a con-
sultant was retained to review and undertake a 
more comprehensive assessment of the 1998 to 
2006 histological results.  Overall, there was a low 
frequency of observed histological conditions which 
suggests that the health of the Clover Point mussels 
has not been compromised by components of the 
outfall and they were not under chronic stress due 
to wastewater exposure.  

Find out what you can do to help protect our oceans 
http://www.crd.bc.ca/wastewater/sourcecontrol/residential.htm



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 bacteria that comes from the intestines 
of warm-blooded animals, including humans and 
ducks.  It is used as an indicator of potential 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 uses).

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, disin-
fecting, 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.

Phenolic Compounds
Compounds that occur naturally from the decomposi-
tion of aquatic vegetation or that are manufactured 
and used in disinfectants, biocides, preservatives, 
dyes, pesticides and medical and industrial products.

PCBs (Polychlorinated Biphenyls)
Industrial chemicals once widely used in electric 
equipment, heat exchangers, hydraulic systems and 
several other specialized applications.  PCBs are now 
banned in Canada, the US and Europe. 

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


















