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EXECUTIVE SUMMARY 

The Shuswap lakes are the centerpiece of the economic, social and environmental sustainability 
of the Shuswap watershed.  The threat to these lakes from greywater releases is important due 
to the brief summer window in which most boating activities occur, and the natural tendency of 
vacation boaters to congregate in large numbers on highly desirable beaches for extended 
periods, where they may come into contact with recently discharged greywater.  The 
contaminants in greywater are numerous, ranging from bacteria and viruses to limiting nutrients 
to endocrine disruptors, pharmaceutical and personal care products and possible carcinogens. 

It is clear from our analysis and literature review that other jurisdictions around the world are 
becoming increasingly concerned about the public health and water quality implications of 
greywater discharges from private and commercial watercraft, most notably in the states of 
Alaska, California and South Australia.  Our conclusion is that greywater discharges from private 
and commercial watercraft pose a risk to public health and water quality in Shuswap and Mara 
lakes.  We found that similar conclusions have been reached in California and South Australia, 
and their responses provide valuable guidance for the Shuswap lakes situation.  In British 
Columbia, additional discharge standards are required to meet existing Canada Shipping Act 
Regulations for Designated Waters and BC Water Quality Criteria for Microbial Indicators.  

We believe that effective, on-board treatment of greywater on Shuswap Lake and Mara Lake for 
commercial and recreational watercraft, followed by direct discharge, may eventually be 
possible, but the issue of practicality cannot be ignored (based on the Australian experience, to 
date) when one considers all aspects of what may be required (including legal issues) to “make it 
work”, over what is essentially a 3-4 month boating season.  Human nature, being what it is, 
cannot be dismissed and it is hard to imagine that any amount of public education, vessel 
operation training, routine operation and maintenance of such systems, integrity testing and 
inspection, and the like, could actually “work” on the lake system as large and diverse as the 
Shuswap lakes.   

Although the on-board Mannum System (developed in Australia) shows the most promise, from a 
simplicity and hands off perspective, favouring the boat owner/operator, it appears to be a long 
way from industry wide acceptance and application, (especially in consideration of treating all 
hazards).  In addition, it’s treatment capability would have to be upgraded from the South 
Australia standard to meet the Canada Shipping Act Regulations for Designated Waters for fecal 
coliform (14 CFU/100 mL) and biochemical oxygen demand (50 mg/L).  The South Australia 
standards do not consider heavy metals, nor any of the emerging contaminant categories for 
endocrine disruptors, nanoparticles, pharmaceuticals, personal care products, and potential 
carcinogens.  

Mandatory greywater storage and pump-out is the most realistic option for the Shuswap Lake 
System, although, it, too, has its own issues and controversies.  None-the-least of these is a “fail-
safe” system installed on board, preventing (and making it a chargeable offence under the EMA 
and Canada Shipping Act) deliberate discharge into a designated water body directly from any 
size greywater holding tank.  We believe a phase-in period is appropriate, thus providing 
manufacturers of new vessels adequate lead time to design safe and appropriately sized holding 
tanks into the vessel structure.  Older vessels should be “grandfathered” as they are phased out 
of usage during a defined period.   
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These actions would be concurrent with additional actions such as an increase in the number of 
black and greywater pump-out stations (strategically located around Shuswap Lake), flow 
restriction devices on-board (e.g. low volume shower heads and toilets), new limited size fresh 
water holding tanks (per person, daily limitations based), on-board greywater hook-up to toilet 
facilities for blackwater usage requirements, and others.  It is conceivable that during this phase-
in period, a temporary greywater collection system of floating barge pump-out stations could be 
put in place in various bays and arms.  This interim system, along with the expansion of the on-
shore pump-out stations, should be financed by a greywater user fee.   

From an enforcement and compliance perspective, on the water, spot inspections of water craft, 
by Provincial, Federal and First Nations authorities, would be a logical expectation, to ensure 
compliance uptake with this entire procedure.  Taken in its entirety, this option appears to be the 
most feasible for permanent adoption on the Shuswap lakes system, especially in consideration 
of stakeholder buy-in.  In addition, an intensive education program should become an important 
part of managing contaminants from greywater.  
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1 INTRODUCTION 

Shuswap Lake and Mara Lake are the focal point of the economic, social and environmental 
sustainability of the Shuswap watershed.  Both lakes support a thriving market for outdoor 
recreation and property development, and are internationally recognized as the centre of 
Canada’s tourism-based houseboat industry.  However, in recent years the rate and magnitude 
of largely unregulated near-shore residential, commercial and industrial development, and 
upland agricultural activities in the Shuswap drainage has raised concerns among the public and 
regulatory agencies and threatened the water quality and recreational attractiveness of Shuswap 
Lake and Mara Lake.   

In June, 2008, a large, Ochromonas sp. algae bloom occurred in Shuswap Lake (Photo 1), 
confirming that despite its large size and brief hydraulic residence time, the lake is susceptible to 
water quality degradation resulting from excessive loading of limiting nutrients.  A similar algae 
bloom occurred in Mara Lake on May 11, 2010 despite its very rapid flushing rate (Photo 2).  
These algal blooms are classic early warning signs that these lakes are receiving additional 
nutrient loading from point and non-point sources within the Shuswap watershed.  The onset of 
‘cultural eutrophication’ reinforces the importance of addressing this increasingly widespread 
problem (Vallentyne, 1974). 

Photo 1. Photograph of first widespread algae bloom (Ochromonas sp.) in Shuswap Lake, June 
2008. 
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Photo 2. Photograph of large algae bloom in Mara Lake, May 2010.  

 

1.1 SLIPP STRATEGY TO ELIMINATE BOAT DISCHARGES ON THE SHUSWAP LAKES 

The Shuswap Lake Integrated Planning Process (SLIPP) was initiated in the spring of 2007 with 
the aim to bring multiple levels of government, politicians, First Nations and the public into a 
joint planning process to address these concerns.  A series of public meetings were held 
throughout the Shuswap Region in 2007 and 2008.  One of the most frequently raised concerns 
was the management of black and greywater discharges from private and commercial 
watercraft, especially during summer months when large numbers of vessels congregate for 
several days at desirable beaches and Provincial Parks in Shuswap Lake.   

After extensive public consultation and feedback, SLIPP issued a Strategic Plan in 2008 that 
included elimination of boat discharges on Shuswap and Mara lakes as one of two key strategies 
designed to achieve a core goal of ‘Water quality that supports public and environmental health’ 
(Figure 1). 
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Figure 1. SLIPP Strategic Framework with Vision, Goals and Specific Strategies. 
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enforcement initiatives

Vision
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The rationale for this goal and supporting strategies is that maintenance of high quality water in 
Shuswap and Mara lakes is central to public and environmental sustainability in the region.  As 
the human population in the Shuswap region has increased, so too have the demands on the 
lakes as a source for clean drinking water, contact recreation and as habitat for fish and wildlife.  
In terms of consumptive water use, Shuswap Lake provides domestic water for several local 
communities and hundreds of licensed and unlicensed lakeshore residents (Table 1). 

Table 1. Summary of Shuswap Lake potable use water licenses1. 

Type of water license No. of active and pending licenses 
Domestic 576 
Waterworks – local authority 30 
Waterworks – other 8 

                                                      
1 Water license data: Hhttp://a100.gov.bc.ca/pub/wtrwhse/water_licences.input 
 
The ability of the lakes to satisfy these growing demands is compromised by the discharge of 
black and greywater from private and commercial watercraft, and inadequate liquid waste 
management practices and facilities on the foreshore and in upland areas.  The SLIPP process 
recommended that all private and commercial watercraft discharge is eliminated on the 
Shuswap lakes by 2010.   
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Achieving this goal (Figure 1) will involve a stepped approach, including research, public 
education, development of additional discharge facilities, and escalating compliance and 
enforcement activities.  It is believed that the following positive changes will occur as a result of 
implementing this strategy on the Shuswap lakes: 

 Protection and improvement of water quality by eliminating the discharge of black and 
greywater 

 Improvement in public health by reducing transmission of water borne diseases and 
exposure to known and emerging wastewater contaminants   

 Increased public awareness and engagement in water quality and liquid waste 
management issues 

 Increased coordination in the prohibition of black and greywater disposal 

 Provision of additional discharge facilities 

 
The following implementation steps (Table 2) provides an overview of the key steps and 
projected completion timelines involved in implementing this SLIPP strategy.    

Table 2. Implementation steps for eliminating vessel discharges. 

Implementation Step Projected 
Completion 

Conduct coordinated education, compliance and enforcement activities Ongoing, starting 
in Summer 2008 

Undertake compliance survey  Summer 2008 
Research study on future demand for discharge facilities Summer 2008 
Voluntary compliance program for discharge seals Summer 2009 
Increase private provision of discharge facilities Ongoing 
Implement capital infrastructure incentive program 2008/09 (tba) 
Research study on best practices for implementing discharge prohibitions Spring 2010 
Full compliance with BC and Canadian discharge regulations 2010 

 
In order to support and facilitate agency decisions for the management of greywater from 
vessels, the Shuswap Lake Integrated Planning process agreed to fund a review of the potential 
for on-board treatment of greywater to be protective of water quality in Shuswap Lake.  The 
commercial houseboat sector has requested MoE consideration of on-board greywater treatment 
and direct lake discharge as an acceptable alternative to greywater containment with 
subsequent discharge into an authorized land based sewage treatment system. 
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1.2 PROJECT SCOPE 

In response to the SLIPP recommendations and requests from the commercial houseboat sector, 
the Fraser Basin Council issued a contract to Northwest Hydraulic Consultants Ltd. (NHC) with 
the following project deliverables: 

1. An assessment of the potential impacts to Shuswap and Mara lakes that may result from 
discharged greywater treated to the proposed South Australia Environmental Protection 
Agency (SA EPA) standard or a suitable alternative.  It is anticipated that in order to more 
fully address this question, the following elements will be included in the analysis: 

2. An overview of the unique value of the Shuswap system, a review of the present 
circumstances including existing legislation and the potential impact to both drinking 
water and environmental water quality from raw greywater discharge. Compare the 
current practices and plans for sewage and greywater management on land and water; 

3. Review the proposed South Australia EPA grey water standards for possible application to 
BC inland waters in general and the Shuswap system specifically.  Provide a professional 
opinion of whether these standards are sufficiently protective of public health or the 
environment, along with qualitative (e.g. relative risk) and quantitative (e.g. other 
guidelines/standards) considerations for this opinion; 

4. Consider how the magnitude of potential water quality impacts compare to similar 
regulated discharges to surface water bodies and non-point source impacts from land 
based discharges; 

5. If the South Australia EPA standards are not sufficiently protective, recommend discharge 
requirements that would be appropriate.  Standards and requirements applied must 
consider the added complexities of a moving point of discharge and the broad range of 
potential contaminants associated with domestic greywater. Recognizing that 
conventional standards for BOD5, TSS, fecal coliform etc. are for parameters that are only 
indicators of sewage treatment, determine if there are other specific standards that 
should be applied; 

6. Evaluate the potential treatment technologies and whether or not these are feasible for 
effective on-board treatment of greywater to be discharged into the Shuswap lakes.  
Evaluate whether on-board treatment systems are effective to treat all identified hazards 
associated with domestic greywater discharges.  These would include bacteriological and 
chemical contaminants and physical characteristics; and 

7. Assess how discharge practices such as the location (near beach or open water) and 
conditions for discharge might affect the potential impacts, with recommendations for 
best practices to be considered for the Shuswap system. 



 

2 OVERVIEW OF THE SHUSWAP LAKES SYSTEM 

Shuswap Lake is a large (310 km2) valley bottom lake located in the south eastern portion of the 
Fraser River drainage basin at an elevation of 347 m.  The lake has a complex shape; with four 
roughly ‘H’ shaped arms, several bays and a constrictive narrows (i.e., Cinnemosun Narrows) 
between Seymour Arm and Anstey Arm (Figure 4).  The surrounding watershed is quite large, 
covering 15,354 km2, and consists of middle elevation plateaus, several highlands (i.e., 
Columbia Highland) and the rugged Monashee mountain range to the East and North.   

Figure 2. Shuswap Lakes Watershed. 
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The eastern portion of the watershed lies in the wet Interior Western Hemlock biogeoclimatic 
zone, which receives 600-1,450 mm of annual precipitation and is comprised mainly of erosion 
resistant low nutrient Precambrian granitic rock.  The geology of Seymour Arm and Anstey Arm is 
mainly granitic.  The western portion of the Shuswap Lake watershed is in the Interior Douglas Fir 
biogeoclimatic zone, which receives only 350-600 mm of annual precipitation, and is comprised 
primarily of more nutrient rich Jurassic period limestone formations.  A large limestone formation 
is located on the north western shores of Salmon Arm.  The land use in the Shuswap Lake 
watershed is dominated by natural woody vegetation, followed by pasture land, herbaceous 
vegetation and crop fields (Table 3; Stockner, 1994). 
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Table 3. Land use in Shuswap Lake Catchment Area (1986). 

 Area (km2) Percent 

Natural landscape 13,770 85 

Woody vegetation 12,393 90 

Herbaceous vegetation 1,377 10 

Swamp - - 

Others - - 

Agricultural land 2,430 15 

Crop field 729 30 

Pasture land 1,458 60 

Settlement area 243 10 

Others - - 

Total 16,200 100 

 
There are 18 major and numerous minor tributaries in the Shuswap Lake drainage basin, which 
is one of the few large lakes in BC without a dam or flow control structure on the main lake 
(Table 4).  BC Hydro maintains a dam and generation facility with 5.2 MW capacity at the outlet 
of Sugar Lake, and a second dam with 5.2 MW capacity generation facility at Shuswap Falls on 
the Shuswap River.   

Table 4. Major tributaries of Shuswap Lake. 

Shuswap Lake Basin Major Tributaries 

Salmon Arm Salmon River, Tappen Creek, White Creek, 
Canoe Creek 

Sicamous Arm Shuswap River, Eagle River 

Anstey Arm Anstey River, Four Mile Creek, Queest Creek, 
Hunakwa Creek 

Seymour Arm Seymour Creek, Two Mile Creek, Five Mile Creek, 
Blueberry Creek, Celista Creek 

West Arm Adams River, Scotch Creek, Ross Creek 

2.1 CIRCULATION, MORPHOMETRY AND LIMITING NUTRIENTS 

Shuswap Lake develops strong vertical thermal stratification during summer, then cools and 
circulates completely throughout the fall, winter and spring months, and is therefore classified as 
a ‘warm monomictic’ lake (Wetzel, 2001).  The lack of regular ice cover during winter, and 
complete vertical mixing results in isothermal temperature profiles and homogenous water 
column chemistry profiles throughout the lake.  Stockner and Shortreed (1991) suggested the 
term ‘warm dimictic’ is applicable due to occasional calm periods of cold winter weather and 
inverse thermal stratification.   
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However, with the onset of climate warming in the Southern Interior, this classification will likely 
disappear.  The thermocline in Shuswap Lake is generally strong but shallow (i.e., ~10 m) from 
May to October due to calm prevailing winds and warm summer conditions.  Similarly sized 
interior lakes and reservoirs (i.e., Kootenay Lake and Okanagan Lake) typically have metalimnion 
depths of ~30-40 m due strong wind driven mixing of epilimnetic layers. 

Epilimnetic temperatures in Shuswap Lake often exceed 20oC in summer, which has implications 
for salmonid growth and survival, and general water quality.  The high surface temperatures 
exclude juvenile sockeye from feeding on the epilimnetic plankton community, which has a 
negative effect on juvenile sockeye growth rates.  Shuswap Lake sockeye fry are substantially 
smaller (range 1.5-3.6 g) than sockeye fry at similar densities in less productive Fraser River 
drainage nursery lakes (e.g., Chilko Lake and Quesnel Lake) (Shortreed et al. 2001).   

High summer epilimnetic temperatures appear to provide a thermal refuge for zooplankton, 
which restricts juvenile sockeye growth rates, but may provide some water quality protection 
against increased nutrient loading by virtue of the phytoplankton grazing capability of the 
seasonally protected epilimnetic zooplankton community.  This natural phenomenon should not 
be relied upon as passive protection against excessive nutrient loading, as the June 2008 and 
May 2010 events demonstrated that noxious algae blooms can occur in Shuswap Lake and 
Mara Lake.   

Shuswap Lake has the largest surface area and largest watershed area of the four main 
Shuswap area lakes, and is the second deepest (Table 5).  Adams Lake, by virtue of its extreme 
depth, has the largest lake volume, followed by Shuswap Lake, Mara Lake and Little Shuswap 
(Table 5).  The flow rates at the Inland Waters Directorate stream gauge number 08LE031 on the 
South Thompson River at Chase have ranged from a minimum of 179 m3 s-1 in 1929 to a 
maximum of 415 m3 s-1 in 1976 (Water Survey of Canada, 1985).  The mean outlet flow was 
288 m3 s-1 over the 69 years of record. 

Table 5. Morphometric Features of Shuswap, Little Shuswap, Adams and Mara Lake. 

Morphometric feature Shuswap 
Lake 

Little 
Shuswap Adams Lake Mara Lake 

Surface area (ha) 30,960 1,813 13,760  1,942.6 

Drainage basin area (km2) 15,354 Incl. 4,144 9,065 

Drainage basin/surface area 
ration 49.7 n/a 30.1 466.6 

Maximum depth (m) 161.5 59.4 397 45.7 

Mean depth (m) 61.6 14.3 169 18.3 

Elevation (m) 347 347 407 347 

Volume (m3) 19.13 x 109 260.66 x 106 23.19 x 109 357.75 x 106 

Thermocline depth (m) 10 n/a 7.5 n/a 

Residence time (years) 2.1 0.03  10 0.13 

Shoreline length (km) 1,430 21.2 149.5 42.3 

Location 00 00 N; 000 00 W 50o 56’ 
119o 17’  51o 15’ 

119o 30’  
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Using this mean discharge, the simple volumetric replacement time (i.e., lake volume divided by 
mean annual discharge) results in a volumetric replacement time for Shuswap Lake of 2.1 years, 
assuming the volume of Shuswap Lake is 19.13 x 109 m3 (Stockner, 1994).  Note: some reports 
indicate the volume of Shuswap Lake is 15.7 x 109 m3, based on an early UBC Fisheries 
computer graphics program used by Holmes (1987).  Surface water elevations in Shuswap Lake 
fluctuate 3-4 m each year.   
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3 REVIEW OF PRESENT CIRCUMSTANCES AND CONCERNS WITH GREYWATER: 
SOURCE, CONSTITUENTS AND RELATION TO VESSEL DISCHARGES 

Shuswap Lake accommodates the highest number of houseboats in BC inland waters, with often 
more than 100 houseboats anchored at popular beaches during the high use periods in July and 
August.  Sicamous is widely recognized as the “Houseboat Capital of the World” (Ministry of 
Environment, 2009).  However, there is increasing public and agency concern that greywater 
discharges from private and commercial watercraft are placing public health at risk and 
contributing to deteriorating water quality conditions that have been observed in recent years 
(NHC, 2009; Ministry of Environment, 2009).  

Vessels with on-board facilities segregate their liquid wastes into two components, namely 
blackwater and greywater.  The blackwater consists of urine and feces flushed down the toilet 
while the greywater consists of discharges from other onboard water uses.  Overlapping Federal 
and Provincial regulations prevent the discharge of blackwater, which is stored in on-board tanks 
for shore disposal.  Under Provincial legislation, greywater discharges are not permitted except in 
compliance with a permit or regulation, or if disposal facilities are provided.  To date, the 
Province has not enforced its greywater discharge law.  The Ministry of Environment is currently 
reviewing greywater discharge regulations and is working with the houseboat industry to collect 
more information on the greywater issue to be able to make informed decisions on any future 
regulation change and/or compliance enforcement. 

In addition to the discharge of potential pathogens which could affect recreational use of 
beaches (Ministry of Environment, 2009), there is also concern about other contaminants that 
are discharged to the water.  A recent comprehensive study by the United States Geological 
Survey (USGS, 2002) sampled 139 streams in 30 states that were susceptible to contamination 
from wastewater sources.  They surveyed for 95 chemicals and found that 75 percent of the 
streams had more than one, 50 percent had 7 or more and 34 percent had 10 or more 
chemicals present.  Steroids, detergent metabolites and plasticizers were found in the highest 
concentrations while steroids, non-prescription drugs, and insect repellents were the most 
frequently found groups of chemicals (Figure 3).  

The objective of this section of the report is to review the quality of greywater. Information has 
been collected from the literature where household grey- and black- water are segregated as well 
as data from the boat/ship industry including houseboats. These wastewater characteristics are 
divided into general characteristics (organic matter and nutrients) and toxic substances including 
trace metals and organic (xenobiotic) contaminants.  A final section looks at the presence of 
personal care products (PCPs) in the greywater since some of them are considered priority 
pollutants and there is concern about the endocrine disruption as well as cancer inducing 
potential of some of these substances.   



 

Figure 3. Organic Contaminants in US Streams (USGS, 2002). 

 
 

3.1 CHARACTERISTICS OF DOMESTIC WASTEWATER AND GREYWATER 

The characteristics of untreated domestic wastewater depend highly on the per capita 
consumption of water.  Metcalf and Eddy (2003) give a range of untreated domestic wastewater 
quality with water use from 240 L/cap/day (high strength) to 750 L/cap/day (low strength) 
(Table 6). 
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Table 6. General Characteristics of Untreated Domestic Wastewater.2 

Characteristic Low Strength Medium Strength High Strength 

TSS 120 210 400 

BOD5 110 190 350 

COD 250 430 800 

TOC 80 140 260 

TN 20 40 70 

Ammonia 12 25 45 

TP 4 7 12 

Oil & Grease 50 90 100 

FC (no./100 mL) 103-105 104-106 105-108 

                                                      
2 Low Strength = 750 L/cap/d, Medium Strength = 460 L/cap/d, High Strength = 240 L/cap/d . All 

characteristic values in mg/L except FC. TSS = total suspended solids, BOD5 = biochemical oxygen 
demand, COD = chemical oxygen demand, TOC = total organic carbon, TN = total nitrogen, TP = total 
phosphorus, FC = fecal coliforms. Adapted from Metcalf and Eddy (2003).  

 
Simple dilution by higher water use reduces the concentrations of organic materials (BOD5, oil & 
grease) and nutrients (nitrogen and phosphorus) by 2 to 4 times.  This dilution is highly 
dependent on the volume of water used for cleaning (greywater) as well as water conservation 
practices such as low flush toilets.   

A review of the literature indicates that between 20-50% of domestic water use is for toilet 
flushing-blackwater (Table 7) leaving 50-80% of the water for the greywater component of the 
domestic wastewater.  The largest component of this greywater (25-35% of total water use) is 
used for personal hygiene (showers, hand basins and baths).  Laundry facilities consume 15-
20% of the water and the rest (10-25%) is used in kitchen activities.    

Table 7. Water use distribution in households.3 

Water Use Case 1 (%) Case 2 (%) Case 3 (%) 
Personal hygiene 
(showers, hand basin, baths) 35 - 37 25 ND 

Kitchen 17 - 25 8 ND 
Laundry 13 - 15 20 ND 
Mixed greywater ND ND 53 - 81 
Toilet flushing (blackwater) 20 -2 7 40 19 - 47 
Other 5 - 7 7 ND 

                                                      
3 Case No. 1 for a Denmark apartment complex (17 units) that separates grey and black waters with an average per 

capita use of 119 L/day. (Eriksson et. al. 2003). Case 2 for United States data. Case 3 from Australian data (EPA 
2004) where houseboats use 150-200 L/cap/day. ND = no data 

 
The contaminant sources that contribute to grey water and its components sources are 
summarized in Table 8.  Kitchen contaminants come from the washing and preparation of food 
and cleanup of the kitchen.  In the bathroom, the use of the hand basin, shower and bath tub for 
personal hygiene and the personal care products that are used to beautify and protect our 
bodies contribute numerous substances to the bathroom component of greywater.   
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Table 8. Sources of contaminants in greywater from household sources.4 

Source of greywater Potential source of physical & chemical contaminants 
Kitchen sink Compostable household waste (kitchen garburator), fats, oils, salt, flavours, 

preservatives, nutrients, soil, food particles, biocide residues, detergents, soaps, 
other cleaning agents. 

Dishwasher Fats, oils, flavours, preservatives, detergents, soaps, salt, nutrients, food 
particles, oils and grease, cleaning agents. 

Laundry/Washing 
machine 

Hair, soil & sediment, detergents, washing powders, soap, salt, softeners, bleach, 
dyes, cleaning agents, fabric whiteners, preservatives, oil and grease, personal 
care products, perfumes, fecal/urine contamination, clothing materials and fibres. 

Hand basin Soap, shampoo, detergents, preservatives, hair dyes, toothpaste, other personal 
care products, hair, soil, sediment, organic matter, fecal/urine contamination, 
cleaning agents. 

Shower Soap, shampoo, hair dyes, toothpaste, other personal care products, 
preservatives, soil, sediment, organic matter, fecal/urine contamination, cleaning 
agents. 

Bathtub Soap, shampoo, hair dyes, other personal care products, preservatives, soil, 
sediment, organic matter, hair, fecal/urine contamination, cleaning agents 

                                                      
4 Adapted from Donner et al. (2008). 
 
Laundry facilities contribute a variety of cleaning agents as well as the dirt and grime from 
clothing (Table 9).  Eriksson et al. (2003) identified 290 substances in 92 different household 
chemicals in a study of bathroom grey water in an apartment complex in Denmark (Table 8).   

Table 9. Summary of substance groups identified in household chemicals and personal care 
products.5 

Compound Number of 
Compounds 

Surfactants 53 

Emulsifiers 26 

Fragrances & Flavours 48 

Preservatives 20 

Softeners & Plasticizers 3 

UV Filters 4 

Solvents 10 

Dyes 11 

Miscellaneous 62 

                                                      
5 Adapted from Eriksson et al. (2003). 
 
Studies of domestic households (Palmquist, 2004) and houseboat wastewaters (EPA, 2004) 
report that 50-80% of the degradable organic matter can be contributed by the greywater 
component of domestic wastewater.  Greywater contributes less than one third (10-33%) of the 
nitrogen but a very significant fraction (37-86%) of the total phosphorus loading to domestic 
wastewater.  Palmquist (2004) also reported that greywater could contribute as much as 50 
percent of some trace metals, such as nickel (Table 10). 
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Table 10. Contribution of grey water contaminants to total domestic wastewater loads.6 

Characteristic Palmquist (2004) EPA (2004) 

Biochemical Oxygen Demand 63 51-80 

Chemical Oxygen Demand 66 ND 

Total Nitrogen 8 1-33 

Total Phosphorus 37 58-86 

Nickel 55 ND 

Lead 59 ND 

Cadmium 38 ND 

Mercury 15 ND 

Tin 7 ND 

Suspended Solids ND 23-64 

                                                      
6 Values expressed as a percentage of the total wastewater discharge. Palmquist (2004) from domestic households, 

EPA (2004) from houseboats. ND = not determined. 
 
Another evaluation of the relative contributions of grey and blackwater to contaminant 
generation can be presented as a daily per capita loading (Table 11).  On a per capita basis, 
humans contribute more degradable organic matter to wastewaters in the greywater discharges.  
The blackwater is the major source of nitrogen contributing approximately 10 times the per 
capita loading as greywater.  However, greywater is a more important source of phosphorus to 
domestic wastewater discharges.  This has important implications for management of 
eutrophication in freshwater lakes where phosphorus is usually the most limiting nutrient 
(Wetzel, 2001). 

Table 11. Loadings of contaminants to domestic wastewater.7 

Source TSS BOD5 TN TP 

Blackwater (a) 13 - 37 6.9 - 24 4.1 - 17 0.6 - 1.6 

Blackwater (b) -- 20 11 1.6 

Greywater (a) 11 - 23 25 - 39 1.1 - 2.0 2.2 - 3.4 

Greywater (b) -- 25 1.1 2.2 

                                                      
7 (a) Hhttp://www.barnstablecountyhealth.org/AlternativeH (accessed Feb. 16, 2010) and (b) 

Hhttp://greywater.com/pollution.htmH (accessed Feb. 16, 2010). Values as grams/person/day 

3.2 GENERAL CHARACTERISTICS OF HOUSEHOLD AND HOUSEBOAT GREYWATER  

The general quality characteristics of grey water from households and houseboats are presented 
in Table 12 and Table 13 respectively.  Both tables segregate the different sources of greywater.  
It is obvious from these tables that there is very large variability in the quality of greywater and its 
component contributors.  
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The kitchen tends to be an important source of total suspended solids and degradable organic 
matter (BOD) which is certainly attributable to food particles and dish cleanup.  The kitchen is the 
main source of oil and grease another contributor to the BOD5 (Table 12).  The washing of dishes 
contributes to the higher pH (i.e., 10) of the kitchen component as a result of detergent use.  
Kitchen discharges are also a main source of nitrogen in greywater, although as mentioned 
previously the blackwater component is more import as a nitrogen source.  The kitchen 
(dishwasher) and laundry (washing machine) are both important phosphorus sources.  This 
phosphorus is certainly attributable to the continued use of phosphorus based detergents.  The 
use of phosphate free detergents would go a long way in removing this source of phosphorus 
from our grey water discharges.  

Table 12. General characteristics of greywater from different household sources.8 

Characteristic Bathroom 
(a) 

Laundry 
(a) 

Kitchen 
(a) 

Household 
(a) 

Household 
(b) 

TSS 7-207 120-280 235-720 ND 53 (8-180) 

EC (µS/cm) 82-1890 190-1400 ND 360-520  

pH 6.4-8.6 8.1-10 6.3-7.4 5-8.7 5.2-10.8 

BOD5 18-550 48-380 1040-1460 41-85 129 (40-360) 

COD 46-633 725 936-1380 495-623  

TN 3.2-46.4 6-21 40-74 0.6-11 11.9 (3-33) 
as TKN 

TP 0.11-4.2 0.062-57 68-74 0.6-27.3  

Chloride 9-88 9-88 ND 3.1-33.4  

Sulphate 52-97 ND ND 7.9-160  

Fecal Coliforms - - - - 0-10,000 

                                                      
8 All characteristics as mg/L except where indicated, pH as pH units and FC as no./100 mL. TSS = total suspended 

solids, EC = electrical conductivity, BOD5 = biochemical oxygen demand, COD = chemical oxygen demand, TN = total 
nitrogen, TP = total phosphorus. (a) Adapted from Donner et al. (2008) and represent a summary from numerous 
investigations. (b) Veneman and Stewart (2002). 



 

Shuswap Lake 
Greywater Management 25 

Table 13 General quality characteristics of greywater from houseboat sources.9 

Characteristic Shower Mixed 
Laundry Kitchen Sink Dish Washer Expected 

Greywater 

TSS 60 180 140 260 200 

Conductivity 
(µS/cm) 99 4270 230 1,000 2,000 

pH 7 10 6 10 8 

BOD 320 340 630 610 500 

TOC 64 350 380 350 320 

Total Nitrogen 2 21 35 8 20 

Total Phosphorus 16 82 21 71 60 

Oil & Grease 45 14 140 210 120 

E. coli 
(no./100mL) 93 11 93 0 30 

                                                      
9 All values in mg/L except where indicated. pH as pH units. TSS = total suspended solids, BOD = biochemical oxygen 

demand, TOC = total organic carbon. Adapted from EPA (2004). 
 
In order to set regulations for the cruise ship industry, the State of Alaska organized an advisory 
panel to investigate the waste discharges from ships and their risk to the environment along the 
West coast.  Due to a lack of good effluent quality data, the panel recommended that there was 
a need for better data on the quality of grey and blackwater from cruise ships (Alaska 
Department of Environmental Conservation, 2003; Science Advisory Panel, 2002).  These 
monitoring activities included the large cruise ships as well as small ecotourism boats (30-50 
passengers) that take tourists into near shore channels and fiords to see wildlife and scenery.  In 
addition to the general water quality characteristics, detailed monitoring was conducted on trace 
metals and organic priority pollutants in greywater and blackwater of these marine vessels.  

The conventional contaminants from the four year marine vessel wastewater characterization 
program are summarized in Table 14 and Table 15 for the greywater component.  All values are 
reported as median or geometric means due to the high variability in the quality data.  In general, 
these data support the relatively high BOD levels in other grey water sources (households and 
houseboats) with average values 95-522 mg/L.  Much of this degradable organic matter is 
contributed by the oil and grease component of the organic matter (15-138 mg/L).   

The smaller ecotourism ships appear to have lower concentrations of total suspended solids and 
BOD than was present in the grey water from the larger cruise ships.  This is probably 
attributable to the more luxuriant living conditions on the larger ships.  The total phosphorus 
from the cruise ships (Table 15) appears to be considerably lower than reported in household 
(Table 12) and houseboat (Table 13) greywater.  This is most likely due to the more limited use of 
phosphate based detergents by the cruise ship industry. 



 

Shuswap Lake 
Greywater Management 26 

 

Table 14. General characteristics of marine vessel greywater.10 

Vessel Year Statistic TSS BOD5 COD Ammonia pH  FC 

Cruise  
Ships 

2000 GM(21) 124 223 573 1.41 6.62 118,052 

2001 GM (15) 67 282 527 0.72 7.69 2,189 

2002 
GM (40) 247 522 1009 0.87 5.88 32,833 

Med.(40) 144 395 663 1.3 6.60 110,000 

Small 
Ships 

2001 Med. 
(25) 50 212 525 1.03 7.5 103 

(GM) 

2002 Med. 
(11) 54 175 400 0.31 7.2 222 

(GM) 

2003 Med. 
(23) 56 199 330 0.46 7.3 48 (GM) 

                                                      
10 Statistic: GM = geometric mean and Med. = median, values in brackets for number of samples analyzed. All values 

in mg/L except pH as pH units and FC in no./100 mL. TSS = total suspended solids, BOD5 = biochemical oxygen 
demand, COD = chemical oxygen demand, FC = fecal coliforms.   Adapted from Science Advisory Panel (2002) and 
Alaska Department of Environmental Conservation (2003). 

Table 15. Additional characteristics of marine vessel greywater11 

Vessel Year Statistic Conductivity Alkalinity Oil & 
Grease TOC TKN TP 

Cruise 
Ships 

2002 
GM (40) 2,627 16 138 292 ND 5.7 

Med. 
(40) 1,960 57 130 245 ND 5.5 

2002 
GM (20) 2,085 26 116 229 ND 5.2 

Med. 
(20) 1,920 53 95 162 ND 4.0 

Small 
Ships 2003 Med. 

(23) 429 76 15 69 6.3 1.6 

                                                      
11 Statistic: GM = geometric mean and Med. = median, values in brackets for number of samples analyzed. All values 

in mg/L except conductivity as µS/cm. ND = not determined.  TOC = total organic carbon, TKN = total Kjeldahl 
nitrogen, TP = total phosphorus  summarized from Alaska Department of Environmental Conservation (2003). 

 
The greywater from the cruise ships contained relatively high levels of fecal coliforms (2,000-
118,000 no./100 mL – Table 14) certainly within the range reported for low and medium 
strength domestic wastewater (Table 6).  Analysis of greywater samples from Shuswap Lake 
houseboats detected fecal coliforms at 1,600,000 CFU/100 mL and E. coli at 22-140 CFU/100 
mL in 2009, and fecal coliforms up to 110,000,000 CFU/100 mL in 2008 (Ministry of 
Environment, 2009: Appendix 1 and 3).   

Greywater from water vessels certainly is an important source of pathogen indicator 
microorganisms.  The cruise ships measured fecal coliforms in both collection tanks as well as 
the double bottom storage tanks and found higher levels in the storage tanks indicating 
favourable conditions for pathogen indicator and potentially pathogen growth in the storage 
system.  Only collection tank data have been presented in Table 14. 
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3.3 GREYWATER COMPONENTS IN CRUISE SHIPS 

The greywater components (accommodation, laundry and galley) were segregated for quality 
characterization on the large cruise ships (Appendix 1 and 2). Again, the galley (or kitchen) 
component of the grey water is the largest contributor of organic matter (BOD5, COD, TOC and oil 
+ grease) as well as an important source of phosphorus compared to the other components.  
Fecal coliforms were highest in the galley wastewater and the mixed greywater; this suggests 
that there may be favourable conditions for microorganism growth when the greywater 
components are combined.  

3.4 TRACE METALS IN GREYWATER 

There are thirteen trace metals on the list of US EPA priority pollutants including antimony (Sb), 
arsenic (As), Beryllium (Be), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), 
nickel (Ni), selenium (Se), silver (Ag), thallium (Th), and zinc (Zn) (Alaska Department of 
Environmental Conservation, 2003).  Four of these metals have been reported in household and 
bathroom greywater (Table 16).  The concentrations vary over one to two orders of magnitude 
with some of the values exceeding the levels considered safe for the protection of freshwater 
aquatic life (CCME, 2002).   

Table 16. Selected trace metals in household greywater.12 

Trace Metal 
Several 
Studies 

(literature) 

Bathroom 
Greywater 

Freshwater 
Guidelines 

Cadmium 0.056-2.5 0.015-0.1 0.017 

Lead 0.61-6.9 8-10 1-7 

Mercury 0.006-0.257 0.8-35 0.1 

Nickel 1.3-28.1 7-35 25-150 

                                                      
12 All values in µg/L. Adapted from Donner et al. (2008) and Eriksson and Donner (2008). Freshwater guidelines for 

the protection of aquatic life, range of values for different hardness levels (CCME, 2002). 
 
A more complete analysis of the priority trace metals are presented for the greywater from large 
cruise ships (Appendix 3).  Again median and geometric mean values are given due to the large 
variation that occurred and that is demonstrated by the minimum and maximum values 
presented.  These values are compared to the freshwater guidelines to protect aquatic life since 
there are only guidelines for three of these metals in marine waters (As, Cd and Cr) and this 
report deals with the risk of greywater discharges to lakes.  

All metals in the cruise ship grey water, except As and Ni, showed exceedance of the freshwater 
criteria to protect aquatic life.  In some samples, even the minimum values measured for copper 
and zinc exceeded the recommended guideline.  There is also concern about the cumulative 
effects or added toxicity of these trace metals since bioassay data have demonstrated when 
several metals are present even below levels considered safe that toxicity can occur.  
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3.5 ORGANIC CONTAMINANTS IN GREYWATER: ORGANIC PRIORITY ORGANIC POLLUTANTS 

During an inventory study of a Danish apartment complex it was determined that 40 g of 
household chemicals were used by each person weekly in their bathrooms (Eriksson et al. 
2003).  They identified 290 different organic and inorganic compounds of which 237 organic 
compounds were identified (see Table 9 for a frequency list of the compound categories).  The 
major products were shampoos, soaps and oral hygiene formulations. Therefore it is not unusual 
to expect that the bathroom, kitchen and laundry grey waters can contain compounds which are 
also listed as priority pollutants.  

The most comprehensive priority organic contaminant study in greywater that could be found 
was in the Alaska cruise ship investigation (Science Advisory Panel, 2002; Alaska Department of 
Environmental conservation, 2003).  They conducted analysis for 72 base-neutral and acidic 
compounds and 75 volatile organic compounds. Polychlorinated biphenyls (PCBs), although 
classified as priority pollutants, were not determined since they were below detectable 
concentrations in previous monitoring.  The major organic contaminants identified in greywater 
are summarized in Table 17 (chlorinated phenols and halomethanes), Table 18 (phthalate 
esters), and Table 19 (solvents, base-neutral and acidic compounds).  The polycyclic aromatic 
compounds (PAHs), which are mainly a result of hydrocarbon combustion processes, were not 
summarized since all concentrations of these compounds were below detection or at very low 
levels.  

Only 6 compounds in the chlorinated phenol and halomethane group had concentrations of 
>0.5 µg/L (Table 17).  Most of these were halomethanes, with chloroform at the highest 
concentration (geometric mean 7.7 µg/L).  These halomethanes are likely formed by the reaction 
of chlorine disinfection products (bleach etc.) with the organic matter in the greywater.  The 
phthalate esters (used as plasticizers - Table 18) were the most commonly occurring organic 
contaminants with Di (2-ethylhexyl) phthalate (DEPH) and diethyl phthalate (DEP) found at the 
highest concentrations.  These substances can be leached out of plastic ware but they are also 
used in the formulation of some personal care products (PCPs).  These phthalate esters are 
commonly found in such PCPs as deodorants, nail polish, fragrances and hair mousses.  There 
are some studies suggesting that phthalate esters are endocrine disrupting compounds (EDCs) 
since they can cause reproductive defects in humans.   

The three solvents (acetone, toluene and xylene) were the main volatile organic (VOCs) found in 
the cruise ship greywater with the concentrations of acetone highest (Table 19).  Phenol (a 
bactericide) and 3- and 4-methyl phenols (fragrances) were also present. Benzoic acid occurred 
at concentrations similar to acetone.  It is often used as a preservative (Eriksson et al., 2003).  

Other summary data on priority organic pollutants in greywater can be found in a recent 
publication that investigated the quality of greywater with a consideration for water reuse in 
Denmark and Sweden (Donner et al., 2008). This table (Table 20) has been summarized 
reporting only the positive numbers since the less than numbers are not too useful in making 
risk assessment decisions.  These studies confirm the low levels of polycyclic aromatic 
hydrocarbons (< 0.05 µg/L) that were found in cruise ship greywater.  Chloroform again was the 
dominant halomethane.  The non-ionic surfactant degradation products of octylphenol and 
nonylphenol were found in relatively high concentrations.  Diethyl phthalate (DEP) was one of the 
main plasticizers as was reported in cruise ship grey water.  Even a flame retardant 
(pentabromodiphenyl ether) was detected (Donner et al., 2008, Table 20). 
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The organic contaminant data presented in Tables 17, 18, 19, 20 and 23 can be compared to 
environmental quality guidelines to evaluate risks of these greywater discharges to our lakes 
(Table 21).  The two sets of guidelines selected for comparison in this table include water for 
communities and water for protection of freshwater aquatic life.  Based on this comparison, the 
organic compounds chloroform, 2,4-dichlorophenol, di-(2-ethylhexyl-phthalate), nonylphenol and 
toluene could be of concern in these greywater discharges.  As with trace metals, there are also 
potential impacts from the cumulative effects of several organic contaminants occurring together 
for which there are no regulations. 

Table 17. Selected chlorinated phenols and halomethanes in cruise ship greywater.13 

Statistic chloroform 
2,4-

dichloro- 
phenol 

bromoform bromodichloro- 
methane 

methyl 
chloride methylene 

Minimum 0.125 0.275 0.16 0.115 0.60 0.60 

Maximum 170 42 31 6 81 12 

Geometric 
Mean 7.7 0.52 0.52 1.08 1.10 1.0 

                                                      
13 Cruise ships sampled in 2001 where n = 15. Selected values were for compounds with a geometric mean >0.5 

µg/L. Other chlorinated compounds detected with geometric mean in brackets included chloroethane (0.31), carbon 
tetrachloride (0.13),1,1-dichloropropane (0.11), tetrachloroethane (0.24), trichloroethane (0.22), 2,4,6-
trichlorophenol (0.35), dibromochloromethane (0.39). All values in µg/L.  Science Advisory Committee (2002), 
Alaska Department of Environmental Conservation (2003). 

 

Table 18. Priority contaminants-plasticizers (Phthalate Esters) in cruise ship greywater.14 

Statistic DEHP BBP DEP DMP DBP  
Large Cruise Ships, 2000, n = 35 
Median 17 1.1 5.8 1.1 3.3  
Maximum 183 9.6 12.8 1.1 10.3  
Large Cruise Ships, 2002, n =16 
Median 13 0.18 5.3 ND 1.5  
Maximum 56 12 21 ND 9.6  
Small Cruise Ships, 2003, n = 8  
Median 5.6 ND 6.4 ND ND  
Maximum 120 ND 33 ND ND  
                                                      
14 All values as µg/L. DEHP = Di (2-ethylhexyl) phthalate, BBP = butylbenzyl phthalate, DEP = diethyl phthalate, DMP = 

dimethyl phthalate, DBP = di-n-butyl phthalate.  MDL = minimum detection level. ND = not determined. Science 
Advisory Committee (2002), Alaska Department of Environmental Conservation (2003). 
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Table 19. Priority organic contaminants- solvents, acids, base-neutral compounds in cruise ship 
greywater.15 

Statistic Acetone Toluene m- & p- 
Xylene 

o-Xylene Phenol Benzoic 
Acid 

Benzyl- 
Phenol 

3 & 4-
methyl 
Alcohol 

Large Cruise Ship 2002, n = 16. 
Median 55 0.12 1.08 0.5 0.4 205 19.5 9.4 
Maximum 970 93 52 15 4.3 900 46 140 
Small Cruise Ship 2003, n = 8 
Median <3.2 ND <0.5 <0.5 <0.5 <0.5 ND <0.5 
Maximum 400 ND 37 15 13 740 ND 97 
                                                      
15 All values in µg/L. ND = not determined. Science Advisory Committee (2002), Alaska Department of Environmental 

Conservation (2003). 
 

3.5.1 PERSONAL CARE PRODUCTS 

The best review of personal care products in greywater was the detailed bathroom study in 
Denmark (Eriksson et al. 2003).  They used GC/MS (gas chromatography/ mass spectroscopy) to 
do semi-quantitative analysis of 190 compounds.  These have been divided into substance 
classes and the percent of the compounds in those classes that exceed 10 µg/L in bathroom 
greywater reported (Table 22).  The miscellaneous group of compounds and fragrance/flavours 
were the most numerous compounds representing over half (104) of the compounds identified.  
The softeners and plasticizers (including the phthalate esters) and emulsifiers were reported in 
the highest semi-quantitative concentrations.  

Better quantitative measurements of 26 compounds in these substance classes were also 
reported (Table 23).  In the bathroom greywater the aliphatic acids and their esters, derived from 
soaps were very prominent while the degradation products of non-ionic surfactants (nonyl- and 
octyl- phenols) are present in higher concentrations in mixed grey water (Table 20, Donner et al., 
2008) probably due to detergent use in kitchens and laundry facilities.  The fragrances and 
flavours that are used in personal care cosmetics are prominent contaminants in bathroom 
greywater with nine compounds reported.   

The preservatives and antioxidants are represented by four compounds.  The benzoic acid and 
hydroxyl -anisole and –toluene are well known preservatives.  Triclosan, a suspected endocrine 
disrupting compound, is widely used as a preservative/bactericide in tooth paste and is detected 
in both bathroom and mixed greywater.  The plasticizers (phthalate esters) are very common 
contaminants in bathroom and household greywater (Table 23) as well as the cruise ship 
greywater (Table 18).  
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Table 20. Priority organic pollutants in greywater from different investigations.16 

Compound Investigation 

 1 2 3 4 5 6        

Benzene & PAHs              

Benzene - - - - - 0.03
6 

       

      (.02
9-
.042
) 

       

Naphthalene - - - - - 0.03
2 

       

      (.02
3-
.041
) 

       

Anthracene - - - - - 0.03
4 

       

      (.03
3-
.035
) 

       

Fluoranthene - - - - - -  0.03 - - - 0.03 - 

Benzo(a)pyrene - - - - 0.03 -        

Benzo(g,h,i)perylene - - - - 0.04 -        

Chlorinated Aliphatics              

Chloroform - 250 - - - -        

Carbon tetrachloride - 7 - - - -        

Phenols              

Pentachlorophenol - 0.04 - - - -        

p-tert. Octylphenol - 0.02 - - 0.11 0.10        

     (.08-
.16) 

(.07-
.15) 

       

Nonylphenols 0.5-
0.6 

0.5 0.76 0.9 - -        

4-para-nonylphenol -  - - 3.8 0.74        

     (2.8-
5.9) 

(.56-
1.1) 

       

Others              

Di(2-
ethylhexyl)phthalate 
(plasticizer) 

15-
16 

9.8-
39 

14 28 57.6 15.2        

(7.5-20)              

Pentabromodiphenyl 
ether (flame retardant) 

- - - - 0.33             
0.01 

       

     (0.1
7-
.76) 

(.005-.018)Table 21. 
Canadian 
Environmental Quality 
Guidelines for 
selected organic 
contaminants. 

     

                                                      
16 (All values in µg/L. Adapted from Donner et al. (2008). 
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Table 21. Priority organic pollutants in greywater from different investigations.17 

Compound Water Community Freshwater Aquatic Life  

 MAC AO  

Benzene 5 - 370 

Monochlorobenzene 80 - 1.3 

1,2-Dichlorobenzene 200 - 0.7 

1,4-Dichlorobenzene 5 - 26 

1,2-Dichloroethane 5 (IMAC) - 100 

2,4-Dichlorophenol 900 <0.3 - 

Methylene chloride 50 - 98.1 

Chloroform - - 1.8  

Carbon tetrachloride 5 - 13.3 

Trihalomethanes (total) 100 (IMAC) - - 

Nonylphenols (+ ethoxylates) - - 1.0 

Phenols - - 4.0 

Di (2-ethylhexyl-phthalate) - - 16 

Di-butyl phthalate - - 19 

Toluene - ` <24 2.0 

Xylene - <300 - 

                                                      
17 All values in µg/L. MAC = maximum acceptable level, IMAC = Interim maximum acceptable level, AO = aesthetic 

objective. (CCME, 2002). 

Table 22. Categories of xenobiotic organic compounds identified in bathroom greywater.18 

Substance Class  No. of Compounds Percent >10 µg/L Percent >1 µg/L 

Surfactants 21 29 67 

Emulsifiers 8 50 100 

Fragrances & 
Flavours 42 12 55 

Preservatives & 
Antioxidants 14 14 57 

Softners & 
Plasticizers 9 100 100 

UV Filters 1 0 0 

Solvents 30 3 57 

Miscellaneous 64 11 73 

                                                      
18 Adapted from Eriksson et al. (2003) and were reported as semi-quantitative concentrations 
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Table 23.  Concentrations of xenobiotic organic compounds identified in bathroom greywater.19 

Substance Class 
Bathroom Water Mixed Grey Water 

Surfactants Compound 
 Aliphatic fatty acids 

C12-18 108.7 ND 

 Aliphatic methyl esters 
C12-18 24.1 ND 

 Nonylphenol 0.4 2.82-5.95 
 Octylphenol 0.2 0.08-0.16 
Fragrance & Flavours    
 α-Methyl-

benzenemethanol 0.1 ND 

 4-Methyl-phenol 3.1 ND 
 Caffeine 0.5 ND 
 Camphor 9.1 ND 
 Citronellol 2.8 ND 
 Farnesol 1.0 ND 
 Geraniol 0.8 ND 
 Indole 3.8 ND 
 Isoeugenol 0.6 ND 
Preservatives & 
Antioxidants 

   

 Benzoic acid 0.5 ND 
 Butylated 

hydroxyanisole 0.5 ND 

 Butylated 
hydroxytoluene 4.5 ND 

 Triclosan 0.6 0.56-5.9 
Softners & plasticizers    
 Bis(2-ethylhexyl) adipate 1.0 ND 
 Diethylhexyl phthalate 9.8 8.4-160 
 Diethyl phthalate 4.0 4.2-38 
 Dimethyl phthalate 4.9 <0.1 
Miscellaneous    
 Acetaminophen 1.5 ND 
 Cholesterol 28.6 ND 
 Coprostanol 0.2 ND 
 Tri(2-chloroethyl) 

phosphate 0.4 ND 

 Triphenyl phosphate 0.5 ND 
                                                      
19 Data adapted from Eriksson et al. (2003). Mixed grey water data from Palmquist and Hanæus (2005). All values as 

µg/L 
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3.5.2 PARABENS 

A group of personal care products that deserve special consideration in greywater are the 
parabens.  These chemicals are widely used as preservatives by the cosmetic and 
pharmaceutical industries in such products as antiperspirants/deodorants, shampoos, 
moisturizers, shaving gels, personal lubricants and toothpaste.  They are esters of para 
hydroxybenzoic acid.  The most common are methyl-, ethyl-, propyl-, and butyl-para 
hydroxybenzoic acid esters.  Although these compounds are reported to be practically non-toxic 
and can be metabolized if absorbed, there are concerns that they may be linked to breast cancer 
since high levels have been detected in breast tumours (Darbe et al. 2004; Harvey and Evert, 
2004).   

A survey reported that in 215 cosmetic products that parabens were found in 99 percent of the 
leave-on products and in 77 percent of the rinse-off products (Darbe et al., 2004).  There is also 
concern that these compounds could be xenoestrogens but data indicates that they are very 
weak (Routledge et al. 1998; Bryford et al. 2002).  The American Cancer Society has stated that 
more scientific data are needed on the potential health effects of parabens (Wikipeda, 2010). 

The occurrence of parabens in bathroom grey water has been measured (Andersen et al. 2007).  
They identified 5 commonly used parabens at concentration up to 40 µg/L, but also reported 
that chlorine dioxide could reduce their concentrations by 97%. Research has also demonstrated 
that parabens can be degraded in a rotary biological contactor (Eriksson et al., 2009).  

3.6 EFFECTS OF GREYWATER ON DRINKING WATER AND WATER QUALITY  

The nutrient concentration of Shuswap Lake varies throughout the numerous arms and bays of 
the lake due to the spatially variability of towns, point source discharges, residential 
developments and tributary inputs which are reflective of non-point source watershed activities 
(Figure 4).  In general, Shuswap Lake, as a whole, can be currently classified as mid-upper 
oligotrophic or low in nutrients, which equates to high water quality for fish, contact recreation 
and domestic uses.   

Limnological data collected between 1987 and 1993 at centrally located monitoring stations 
revealed that spring overturn total phosphorus was 6.4 μg L-1 and spring overturn nitrate-
nitrogen was 75 μg L-1.  Nitrate-nitrogen became depleted during summer months (i.e., < 1 μg L-

1), hence Shuswap Lake is likely nitrogen limited for part of the growing season (Table 24) 
(Shortreed et al., 2001).  Macrozooplankton and Daphnia sp. biomass were 1,005 mg dry wt m2 
and 400 mg dry wt m2 respectively, which is consistent with the mid-upper oligotrophic 
classification.  Mean photosynthetic rates in Shuswap Lake (i.e., PRmean = 171 mg C m-2 d-1) were 
higher than in most Fraser system sockeye lakes (Shortreed et al., 2001).  



 

Figure 4. Town sites, recreations areas, and major tributaries to Shuswap Lake. 

 
 

Table 24. Average spring surface nutrients in Shuswap Lake (*sample size = 7). 

Shuswap 
Lake 

Spring 
overturn 

NO3-N 
(μg L-1) 

Mean 
photosynthetic 

rate  
(mg C m2 d-1) 

Seasonal 
minimum 

NO3-N  
(μg L-1) 

Total P at 
spring 

overturn  
(μg L-1) 

Daphnia sp. 
Biomass 

(mg dry wt m-2) 

Value 75* 171 < 1 6.4* 400 

3.7 TRENDS IN WATER QUALITY 

Numerous water quality summary reports have been issued on Shuswap Lake and Mara over the 
past 30 years.  The conclusions from virtually all of these reports are similar: Shuswap Lake, as a 
whole, can be currently classified as mid-upper oligotrophic.  However, there are significant 
spatial differences within Shuswap Lake that deviate from this high quality main lake trophic 
state.  Consequently, trends in lake water quality, and any water quality monitoring and 
subsequent trophic classifications and trend analysis must be conducted on a site by site basis 
to capture the spatial complexity of Shuswap Lake.   
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As a minimum, Shuswap Lake should be divided into at least five separate main lake areas: 
Anstey Arm, Salmon Arm, Seymour Arm, Sicamous Arm, and the West (i.e., Main) Arm.  Within 
each arm, numerous localized sites are required to accurately reflect local in-lake and upland 
activities, and tributary inputs.  An arm by arm water quality trend summary of the deep water 
quality stations in Shuswap Lake and Mara Lake is as follows: 

Table 25. Summary of trophic status and water quality trends in Shuswap and Mara lakes deep 
water stations. 

Lake Area Deep-water trophic status Trend direction 

Anstey Arm Oligotrophic Increasing total nitrogen and 
total phosphorus 

Salmon Arm/Tappen Bay Mesotrophic to eutrophic Slightly increasing total 
nitrogen and total phosphorus  

Seymour Arm Oligotrophic Increasing total nitrogen and 
total phosphorus 

Sicamous Arm Oligotrophic Increasing total nitrogen and 
total phosphorus 

West Arm Oligotrophic Slightly increasing total 
nitrogen, total phosphorus 
constant or increasing slightly 
over time 

Mara Lake Oligotrophic Increasing total nitrogen and 
total phosphorus in some 
areas 

 
Most deep water stations in Shuswap Lake remain oligotrophic (Figure 5), with the exception of 
Salmon Arm/Tappen Bay, which has been mesotrophic/eutrophic since at least the 1970s 
(Figure 6).  However, the trend direction indicates the concentration of limiting nutrients is 
gradually increasing lake-wide, even in the deep water stations, which have previously been 
unaffected (NHC, 2009).  This conclusion is supported by unsolicited personal testimonials 
provided by several long time Shuswap Lake area residents at each SLIPP public presentation.    

This finding is worrisome given the large volume and rapid flushing rates of Shuswap Lake and 
Mara Lake, and indicative of the importance of restricting nutrient discharges into these lakes.  
The occurrence of large, and previously unreported algae blooms in Shuswap Lake and Mara 
Lake further demonstrates the susceptibility of these lakes to additional increases in 
anthropogenic point and non-point source nutrient loading.   



 

Figure 5. Total Phosphorus concentrations in Main Arm, Shuswap Lake, 1970 to 2005. 
(From MoE draft report on Shuswap Lake). 
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The trend in shallow water monitoring stations is also worrisome, and indicative of near-shore 
eutrophication at specific stations, and the potential for public health and water quality 
impairment due to leachate breakthrough from poorly constructed and/or maintained domestic 
wastewater treatment systems, and where large numbers of private and commercial watercraft 
may congregate on beaches for extended periods (NHC, 2009).  For reference purposes, Table 
26 shows the mean and range of key trophic indicators for oligotrophic, mesotrophic and 
eutrophic lakes and reservoirs. 

This conclusion has several caveats: (1) that the number of shallow water monitoring sites on 
Shuswap Lake has been limited until recently, (2) monitoring efforts have been variable over the 
years, (3) some sampling methodologies have changed, and (4) monitoring for some parameters 
(i.e., emerging contaminants) has rarely been conducted, or not at all.  A revised water quality 
monitoring program for the Shuswap watershed was recently submitted to the Fraser Basin 
Council and Ministry of Environment to address these concerns (NHC, 2009). 

Armstrong Point hypo 
West of Sorrento epi 
West of Sorrento hypo 
McBride Point epi 
McBride Point hypo 

Eutrophic

Salmonids

Oligotrophic



 

Figure 6. Total Phosphorus concentrations in Salmon Arm, Shuswap Lake, 1986 to 2005. 
(From MoE draft report on Shuswap Lake). 
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Table 26. General trophic classification of lakes and reservoirs in relation to phosphorus and 
nitrogen (adapted from Wetzel, 2001). 

Parameter (annual mean 
value) Oligotrophic Mesotrophic Eutrophic 

Total P (μg/L) 
Mean 
Range 

 
8.0 

3.0 to 17.7 

 
26.7 

10.9 to 95.6 

 
84.4 

16 to 386 
Total N (μg/L) 
Mean 
Range 

 
661 

307 to 1,630 

 
753 

361 to 1,387 

 
1,875 

393 to 6,100 
Chlorophyll a of 
phytoplankton (μg/L) 
Mean 
Range 

 
 

1.7 
0.3 to 4.5 

 
 

4.7 
3 to 11 

 
 

14.3 
3 to 78 

Secchi transparency depth (m) 
Mean 
Range 

 
 

9.9 
5.4 to 28.3 

 
 

4.2 
1.5 to 8.1 

 
 

2.5 
0.8 to 7.0 
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3.8 EXISTING REGULATORY LEGISLATION IN BC ON GREYWATER DISCHARGE 

Currently, there are two legislative mechanisms (one Federal and one Provincial) that govern the 
discharge of sewage from houseboats or pleasure craft into fresh or marine water in B.C.  
Historically, the regulation of discharges from houseboats has been treated as a Federal 
responsibility, and complaints to the Environmental Management Branch (Ministry of 
Environment) regarding houseboats in B.C. were forwarded to Transport Canada for response 
and enforcement action.  

3.9 FEDERAL STATUTE 

The Federal Regulation, the “Pleasure Craft Sewage Pollution Prevention Regulations” under the 
Canada Shipping Act, prohibits the discharge of raw sewage from pleasure craft in “designated 
waters” in Canada.  ‘Sewage’ in this regulation is defined as only blackwater (raw sewage) and 
does not include greywater (bathing, washing effluent).  The ‘designated waters’ are considered 
to be environmentally sensitive and highly used areas.  These areas have been selected though 
a Provincial Committee and then reviewed by Transport Canada for inclusion in the list.  Of the 
Canadian “designated waters”, 17 of 21 water bodies are within B.C.   

In June 2006, the Regulations for the Prevention of Pollution from Ships and for Dangerous 
Chemicals was published in the Canada Gazette Part 120.  This regulation is planned to replace 
the above referenced Pleasure Craft Regulation.  The new regulation now stipulates that the 
“Designated Waters” list and the “Great Lakes Basin” are included as jurisdictional boundaries 
for sewage disposal requirements under the regulation.  The discharge of treated sewage is now 
permitted in the “Designated Waters” if the discharge is passed through a marine sanitation 
device and the effluent meets the following specifications: 

 Fecal Coliform = 14 CFU/100 mL 

 Biochemical Oxygen Demand = 50 mg/L 

 Total Suspended Solids = 50 mg/L 

The marine sanitation devices must meet the basic design and operation requirements as stated 
in the regulation.  Shuswap Lake (50o56’N, 119o17’W), north of Salmon Arm and Mara Lake 
(50o47’, 119o00’W), east of Salmon Arm are listed in Schedule 4, Section 115 of the Act as 
“Designated Sewerage Areas”.   

3.10 PROVINCIAL STATUTES 

The Provincial, Environmental Management Act (EMA) states in Section 13 that:  
 

“A person must not discharge ‘domestic sewage’ or waste from a trailer, camper, 
transportable housing unit, boat or house boat onto land, into any reservoir or 
into any lake, pond, stream or other natural body of water, except: 
 
(a) in compliance with a permit, an approval, an order, a waste management plan or 

a regulation, or  
                                                      
20 Hhttp://canadagazette.gc.ca/partI/2006/20060617/html/regle10-e.html 
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(b) if disposal facilities are provided, in accordance with proper and accepted 
methods of disposal using those facilities, and in accordance with the Public 
Health Act and regulations.” 

 
The EMA clearly states that a person cannot discharge sewage (blackwater and greywater) into 
surface water.  The law is clear in that the absence of a federal prohibition in these 
circumstances cannot be construed as an authorization so as to avoid the provincial prohibition. 

‘Domestic sewage’ is defined in the Municipal Sewage Regulation (MSR) and Public Health Act, 
Sewerage System Regulation as blackwater and greywater.  While ‘regulation’ in part (a) above, 
means an EMA regulation.  Additionally the MSR and Waste Discharge Regulation (WDR) identify 
"municipal sewage" and “municipal sewage management” to include domestic sewage from 
“holding tanks in recreational vehicles, boats and houseboats”. 

3.11 ANALYSIS 

The existing Federal Regulations apply only to “designated waters”, and permit the discharge of 
treated domestic sewage from a “marine sanitation device”.  Under Provincial Regulation and 
Statutes (EMA, WDR and MSR), the discharge of untreated ‘domestic sewage’ is prohibited into 
any water body in B.C. and the discharge of treated ‘domestic sewage’ is captured in the WDR as 
‘municipal sewage management’ as a Schedule 1 Activity (requiring a site specific authorization) 
and is regulated under the MSR.  

The Provincial regulatory regime fills in the gaps of the Federal regulation, providing a more 
stringent regulatory approach regarding the discharge of domestic sewage into natural water 
bodies in B.C.  However, to date, no authorization, compliance and/or enforcement action has 
been undertaken by MoE using EMA, MSR or WDR regarding the discharge of greywater from 
private and commercial watercraft in the Shuswap lakes.  A limited amount of educational 
material was distributed around Shuswap Lake in 2009 as part of a SLIPP awareness program.   
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4 REVIEW OF GREYWATER STANDARDS 

4.1 REVIEW OF PROPOSED SOUTH AUSTRALIA AND CALIFORNIA GREYWATER STANDARDS 

The decision on regulation of greywater discharges to a water body depends upon the greywater 
characteristics, how much of it is discharged (the loading), where it is discharged, and the 
ecological sensitivity of the receiving environment.  The characteristics of greywater have been 
reviewed in an earlier section.  This review clearly demonstrated that vessel and household 
greywater can be a significant source of biochemical oxygen demand (mainly due to oil and 
grease), the nutrient – phosphorus, fecal coliforms – used as pathogen indicators, as well as 
trace contaminants attributable to widespread use of pharmaceuticals and personal care 
products.  Some of these trace contaminants have carcinogenic potential and others are 
considered endocrine disrupting compounds. 

Due to the complexity and high variability of greywater characteristics, in regions with high 
recreational houseboat activities, there is a movement towards greywater containment and 
treatment to protect personal health and protect the aquatic environment.  In South Australia, 
the River Murray has a large number of houseboats (>2,000) with almost 50,000 commercial 
houseboat customers who average five nights each on a houseboat (Government of South 
Australia, 2008).  This stimulated the South Australia Environmental Protection Agency (EPA) to 
investigate the issue and propose regulations to protect the aquatic habitat of the Murray 
watershed.  Preliminary studies concluded that phosphorus, oil/ grease, and pathogens were 
three of the most urgent water quality issues related to greywater discharges (EPA, 2004).  
Similarly, on Lake Shasta in northern California, with over 1,000 recreational houseboats, 
regulations were needed to protect the lake (Anonymous, 2006). 

4.2 GREYWATER STORAGE 

A significant problem with the on-board storage of greywater is that it can result in multiplication 
of pathogens.  Research has shown that fecal coliforms can increase from 100 – 105/100 mL to 
above 105/100 mL within 48 hours in stored greywater (Dixon et al. 1991).  The investigation of 
greywater and blackwater characteristics on Alaskan cruise ships also found the there was much 
higher fecal coliforms in the double hull holding tanks for greywater than in the greywater 
collection tanks (Science Advisory Committee, 2002).  This will make later discharge of stored 
greywater a problem if not regulated carefully with proper disinfection. 

4.3 GREYWATER REGULATIONS 

The South Australia EPA reviewed the regulation of greywater discharges in 23 countries, 
including Canada, United States and several European countries (Table 5 p 12-14; EPA, 2004).  
They concluded that greywater likely to be generated on houseboats has been clearly 
demonstrated to contain a range of pollutants at concentrations sufficient to pose a risk to both 
public health and water quality.  Discharges in marina areas as well as blackwater discharges 
were often regulated, but guidelines for greywater was lacking.  Several countries, including 
Canada were looking at regulating greywater discharges but no positive steps had been taken.  
In a 2007 report (ICOMIA, 2007) Australian regulations stipulated that by 2010: 

“all boats operating on the River Murray have onboard greywater treatment systems.” 
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They also recommended water quality standards for treated greywater that were in line with 
other treated wastewaters (Table 27).  Treatment specifications stipulated the use of oil/grease 
separation devices as well as disinfection.  

Table 27. Recommended water quality standards for treated greywater.21 

Water Quality Parameter Accepted Level 

Nitrogen <5 mg/L 

Phosphorus <1 mg/L 

Total grease <2 mg/L 

Fecal coliforms <20 CFU/100mL 

Total dissolved solids <1,000 mg/L 

Biochemical oxygen demand1 <10 mg/L 

Suspended solids1 <10 mg/L 

                                                      
21 Suggested level. Adapted from EPA (2004). 
 
Further discussions with stakeholders and public input resulted in a code of practices for 
houseboats which was gazetted in July 2008 (Standards Australia, 2008; EPA, 2008).  This code 
stipulates that grey water can only be discharged if it complies with the following characteristics 
(Table 28).  After extensive negotiations with the public and investigation of potential on-board 
treatment technology, it is obvious that several of these regulations have been relaxed when 
compared to the earlier recommended standards (Table 27).  The change in the South Australian 
standards for greywater treatment in which they downgrade the need to remove BOD does not 
make sense. 

Table 28. Existing regulations for South Australian greywater discharges.22 

Water Quality Parameter Accepted Level 

Nitrogen <10 mg/L 

Phosphorus <1 mg/L 

Total grease <25 mg/L 

E. coli <40 CFU/100 mL 

Suspended solids <50 mg/L 

Biochemical oxygen demand reduced by digestion or 
oxidation 

                                                      
22 Adapted from Standards Australia (2008). Dilution is not considered an alternative to achieve these regulations. 
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The treatment train required to achieve an effluent with N < 10 mg/L and P < 1 mg/L would 
inevitably result in the removal of most BOD from the greywater.  While treatment of this 
greywater to meet effluent standards sufficient to protect public health and water quality is 
possible, the experience in Australia is that the process train required to achieve this goal is both 
complex and expensive.  These problems are exacerbated when such systems have to be 
designed and operated on a small scale, such as in small scale leisure boats.  Also, a timeframe 
for compliance has been established: 

 Jan. 1, 2009: All new vessels 

 Jan. 1, 2010: All commercial vessels and live-aboards. 

 Jan. 1, 2011: All other vessels 

On Lake Shasta in California, regulations were also implemented as a result of the 2001 
investigation (MoE, 2006): 

 No discharge of greywater in marinas 

 Five years to eliminate discharges from houseboats 

 Provision of discharge facilities. 

4.4 APPLICABILITY TO BC INLAND WATERS AND THE SHUSWAP LAKES SYSTEM 

Next to the Okanagan Lakes, Shuswap Lake is one of the busiest lakes for recreational activities 
in British Columbia.  Numerous cottages and permanent residences line its banks and each 
summer hundreds of houseboats ply the lake enjoying the water related recreational activities.  
This lake is also a very important fishery resource with the Adams River sockeye using the 
Shuswap basin as juvenile sockeye spend a year in freshwater before migrating to the Pacific, 
and the trophy rainbow trout fishery in Shuswap Lake is highly valued by local and international 
anglers.  Unfortunately, inappropriate use of the lake for wastewater discharges can compromise 
many of the amenities that people come to enjoy and threaten the health of the environment 
and its aquatic resources. 

A review of water quality conditions in Shuswap Lake was made recently by NHC (2009) while 
designing a detailed monitoring program for the Shuswap basin.  In most freshwater lakes, 
phosphorus is usually the nutrient which limits the productivity of the lake (Wetzel, 2001).  In 
Shuswap Lake, the total phosphorus at spring turnover is 6.4 µg/L (Table 5 – NHC, 2009).  This 
places Shuswap Lake in the low nutrient or oligotrophic lake status overall.  However, spatial 
monitoring shows higher phosphorus concentrations in some arms of the lake, mainly as a result 
of human activities such as sewage treatment plant discharge and non-point source runoff from 
agricultural land.   
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For example, Salmon Arm shallow stations had an average total phosphorus concentration 
between 17-27 µg/L with maximum values of 36-57 µg/L, whereas the deep sites in Salmon Arm 
(spring/summer monthly since 2005) show average TP concentrations of 5-12 μg/L and maxima 
of 8-16 μg/L with one outliner of 94 µg/L (pers. comm. G. Matscha, MoE, Kamloops).  This 
places Salmon Arm (shallow sites) in the mesotrophic nutrient classification, an area of 
intermediate production and Salmon Arm (deep sites) in the oligotrophic classification.  The 
British Columbia criteria for the protection of aquatic life is 15 µg/L total phosphorus while the 
drinking water and recreational use criterion has been set at 10 µg/L total phosphorus.  Water 
quality management in the Okanagan set 10 µg/L total phosphorus as a goal to control 
eutrophication problems (Hall et al. 2001).  

Nitrogen is also an important nutrient in freshwater lakes and the nitrogen/phosphorus ratio or 
the balance between these two nutrients can help to regulate the kinds of algae that dominate 
the lake.  In Shuswap Lake, the average concentration of nitrate-nitrogen is 75 µg N/L in early 
spring after lake turnover, but in summer under stratified conditions, the nitrate concentration 
can decrease to almost zero in the surface waters.  Similar conditions in Okanagan Lake have 
contributed to the proliferation of blue-green algae (cyanobacteria) in the late summer which are 
not considered edible food for zooplankton and may produce extremely potent liver and 
neurotoxins (Hall et al. 2001). 

Fecal coliforms are often used to set safety guidelines for different uses of water since they are 
considered indicators of the presence of enteric pathogens that can adversely affect human 
health.  For primary contact recreation such as swimming, 200 E. coli coliforms/100 mL (Health 
and Welfare Canada, 1990)23 has been set as the safe level. 

Water quality monitoring of Nielsen Beach water in Shuswap Lake on Aug. 28, 2008 with 13 
moored houseboats, found fecal coliforms from <10 to 10,000 CFU/100 mL.  These higher 
levels could result in beach closures for swimming if confirmed in multiple sampling.  Usually 
there is considerable mixing and dilution in Shuswap and Mara lakes with their short bulk 
hydraulic residence times of 2.1 and 0.3 years respectively.   

However, since houseboats select protected near-shore areas for mooring it is unlikely that 
discharges from houseboats will receive adequate dilution to disperse contaminants.  This 
aspect of greywater discharge is examined in detail in a later section. 

4.5 SHUSWAP LAKE HOUSEBOAT GREYWATER QUALITY 

A detailed review of the characteristics of greywater from households and vessels has been 
presented in a previous section.  Samples of greywater were collected from houseboats on 
Shuswap Lake during 2008-2009 (Table 29; MoE, 2009).  The data show extremely high 
variability in greywater quality even in replicate samples from the same greywater storage tank.  
This variability makes it very difficult to manage this waste with regulations and to treat it 
effectively.  

                                                      
23 The geometric mean of at least 5 samples taken during a period not to exceed 30 days, should not exceed 2000 E. 

coli per liter (200 CFU/100 mL). Where experience has shown that 90% or more, of the FC are E. coli, either FC or E. 
coli may be determined. 
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These data indicate that greywater can be a significant source of microbial contamination (fecal 
coliforms and E. coli).  This is also confirmed by the analysis of greywater from the cruise ships, 
with the galley being one of the mains sources of this contamination.  The relatively high 
numbers of indicator microorganisms might be related to the holding time for the greywater 
since the literature seems to indicate that these microorganisms can survive and multiply in 
greywater.   

Greywater can also have high levels of degradable organic matter (biochemical oxygen demand) 
with values in Shuswap houseboat greywater reaching values of 2,000-4,000 mg/L. This is 
considerably higher than is reported for even high strength domestic wastewaters (Table 6).  

Phosphorus concentrations are also quite elevated (median values 40 mg/L total phosphorus).  
Between 60-80 percent of this phosphorus was measured as phosphate phosphorus which is 
readily available to aquatic organisms.  Most of this phosphorus in the greywater is likely 
attributable to the use of phosphorus containing detergents (meta- and poly- phosphates).   

The pH of the greywater was uniformly low between 4-5.  This is probably a result of organic 
matter degradation in the storage tanks since anaerobic fermentation can produce volatile fatty 
acids, such as acetic and propionic, which will consume alkalinity and lower the pH.    

Table 29. Greywater characteristics of Shuswap Lake houseboat greywater.24 

Characteristic 
Greywater1 Greywater 2 Greywater 3 

Site 1 Site 2 Site 1 Site 2 Site 1 Site2 
TSS 98 220 - - 1,300 1,200 
pH 4.6 4.6 4.9 4.9 4.8 4.8 
Fecal 
coliforms 

110,000,
000 160 22,000 21,000 >160,000 >160,000 

E. coli 100,000 <1 2,200 1,500 22 140 
BOD5 >2,090 >2,090 - - 4,120 4,130 
Ammonia 0.037 <0.005 0.047 0.055 10.9 9.55 
TKN 6.4 6.9 18.2 18.8 98 111 
Phosphate-P 2.9 2.8 67 68 35 35 
Total P 3.6 3.9 105 104 43 42 

                                                      
24 Data from Ministry of Environment (unpublished). Greywater 1 and 2 sampled August 2008, and Greywater 3 

sampled August 2009. S1 and S2 represent duplicate samples. TSS = total suspended solids, BOD = biochemical 
oxygen demand, TKN = total Kjeldahl nitrogen, P = phosphorus. All values in mg/L except pH in pH units, and fecal 
coliforms and E. coli  CFU/100mL 
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1.1 SUITABILITY OF SOUTH AUSTRALIAN STANDARDS TO PROTECT SHUSWAP LAKE PUBLIC 
HEALTH AND THE ENVIRONMENT 

To prevent further deterioration of water quality conditions in River Murray in South Australia, 
greywater holding tanks are required and a set of greywater discharge standards have been 
established (Table 28).  If British Columbia were to select these standards to regulate greywater 
discharges to inland waters such as Shuswap Lake, it would require holding tanks on all 
houseboats as well as treatment either by a houseboat treatment package or by transfer to an 
onshore facility for treatment.  With these discharge standards most of the contamination 
problems that have been documented from houseboat greywater could be reduced considerably 
in Shuswap Lake.  Biochemical oxygen demand would be reduced by digestion or oxidation 
processes.  The phosphorus would be reduced from around 40 mg/L to <1 mg/L in the 
discharge which would move a long way towards preventing any localized cyanobacteria blooms 
in protected bay mooring areas.  Reduction of the E. coli to 40 CFU/100 mL from roughly the 
median values of 1,800 CFU/100 mL would greatly reduce the concentration of these 
microorganisms discharged to the lake.   

This represents an effective dilution of these pathogen indicators of approximately 50 times 
which would effectively reduce even some of the highest values for fecal coliforms (10,000 
CFU/100 mL) to levels considered safer for primary contact recreation. This inactivation of 
pathogen indicators and disease causing microorganisms requires disinfection of the greywater 
discharge. Before this can be done effectively, a large part of the degradable organic matter 
would have to be removed or the disinfectant would probably be used to oxidize the organic 
matter. Also there is the potential that residual organic matter can react with disinfectants such 
as chlorine to produce halomethanes. This group of trace contaminants was found at some of 
the highest concentrations in cruise ship greywater.   

The South Australia standards for oil and grease (total grease) in discharges in houseboat 
greywater is set at <25 mg/L (Table 28).  The oil and grease component of greywater which 
originates mainly from galley (kitchen) wastes is a significant part of the biochemical oxygen 
demand and total organic carbon in the discharge (Tables 15 and 17).  If associated with the 
suspended particles, it will sink to the lake sediments. However, if it is in liquid form, it can result 
in a film of immiscible liquid on the water surface.  There are three major concerns about this oily 
film on water.  The first is the strictly aesthetic appeal to swimmers (Health and Welfare Canada, 
1990).  The second is that this oily film can adsorb to the feathers of water birds affecting their 
ability to regulate their body temperature.  Also, this oily film can co-solublize many of the organic 
contaminants and concentrate them in the surface film making them more available to aquatic 
organisms that contact the water surface (Cross, 1987; Hardy, 1987; Hall and Mearns, 2002).  
This standard would help to mitigate some of these environmental concerns.  As well, the 
installation of oil and grease traps would help and be a useful component of any on-board 
treatment technology.  
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The standards set by South Australia for houseboat greywater discharge do not consider trace 
metals or trace organic contaminants. The cruise ship greywater investigation demonstrated that 
many of the thirteen trace metals that are considered priority pollutants exceed regulations for 
the protection of aquatic life (Appendix 3).  Copper and zinc were the two metals that far 
exceeded recommended levels with median values of copper 25-50 times higher than the 2-
4 µg/L limit and median values of zinc 2-4 times higher than the 30 µg/L limit.  One of the main 
sources of copper is leaching from the copper plumbing systems especially if the wastewater is 
acidic which is the case for the Shuswap houseboat greywater (pH 4-5).  Zinc can come from 
cosmetic products since zinc oxides that are often used in body creams.  There is also the 
concern about cumulative toxic effects of multiple metal discharges to the aquatic environment    

For the trace organic priority pollutants, the compounds chloroform (Table 17 and Table 20), 
nonylphenols (Table 20), and some plasticizers (DEHP, DEP – Table 18 and Table 20) appear to 
be of most concern.  Chloroform is a product of the reaction of chlorine disinfectants with the 
degradable carbon in the wastewater.  It is of concern in drinking water supplies, which are 
disinfected with chlorine, with some of the halomethanes and haloacetic acids having potential 
carcinogenic properties.  The phthalate esters plasticizers are extremely stable compounds and 
are leached out of plastic bottles and plastic ware that we use every day. Their lethal toxicity is 
relatively low, but there is concern about the bioaccumulation of these contaminants by aquatic 
organisms.  Nonylphenols are the result of the use of alkylphenol ethoxylate non-ionic 
detergents.  They hydrolyze fairly rapidly in the aquatic environment releasing their parent 
alkylphenols (nonyl- and octyl-).  These alkylphenols have been implicated as potential endocrine 
disrupting substances (Madsen et al. 1997; Fairchild et al. 1999).  

There are no regulations to control the discharge of the kinds of chemicals found in most 
personal care products.  Research has shown that hundreds of compounds are present in the 
formulations of products that we use in our bathrooms.  They are dominated by surfactants 
(soaps and detergent) and fragrances/flavours (Table 9 – Eriksson et al. 2003).  Analysis of 
Shuswap houseboat greywater found musk fragrances of cashmeran, galaxolide, musk xylene 
and tonalide at concentrations between 0.1 and 3.1 µg/L (unpublished data).  Simonich et al. 
(2000) also reported that the most common types of fragrances detected in wastewaters belong 
to the groups of nitromusks, musk ketone, polycyclic musks, and HHBC (a complex benzopyran).  
The use of triclosan derivatives in toothpaste for oral hygiene and in veterinary products is of 
concern since there is the potential that antibiotic substances can develop antibiotic resistance 
in microorganisms (Keen, 2009).  Other substances with biological activity such as parabens 
(potential cancer causing agents) and alkylphenols (endocrine disruptors) add to the list of 
concerns about discharging greywater directly to the aquatic environment.  PPCPs in sewage are 
also of concern in the Australian situation.  Reviews and research carried out under the direction 
of the Cooperative Research Centre for Water Quality & Treatment came to the conclusion that, 
although such contaminants do not at present appear to pose a public health risk, there is 
concern that they may become a significant environmental hazard as they accumulate in the 
aquatic environment 
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With the growing concern about the potential impact of many of these substances and their 
mixtures on the aquatic environment, scientists are conducting bioassays to evaluate their 
ecological impacts.  Eriksson et al. (2006) conducted phytotoxicity tests to determine the overall 
toxicity of greywater.  They reported that bathroom greywater was toxic towards algae with an 
EC10 = 36-375 mL/L and that kitchen and laundry greywater was toxic to both algae and willow 
with EC10 = 55-198 ml/L.  They concluded that untreated greywater was a hazard if discharged 
into a small-size system.  In Australia, significant research has been done and is still underway 
into the development and application of sensitive bioassay techniques which can measure an 
integrated ‘endocrine disrupting endpoint’ for a mixture of suspect chemicals at very low 
concentrations.  This work has been carried out in collaboration with research groups in Europe 
and North America with the intent of reaching a global consensus on the use of particular 
bioassay techniques for both regulatory and research application. 

In general, the discharge of greywater from private and commercial watercraft, without holding 
tanks, would be sporadic, and with some spacing of vessels in a mooring facility there would be 
dilution of any trace metals, trace organic contaminants and personal care products.  Monitoring 
of fecal coliforms in houseboat greywater and the receiving environment of Nielsen Beach 
indicated dilutions in the area of 1,000 times or more (Ministry of Environment, 2009).  However, 
dilution is not an acceptable solution to pollution and there is still the concern that many aquatic 
organisms can bio-accumulate persistent contaminants in their tissues to toxic levels (Tinsley, 
1979).  The dispersal characteristics of vessel greywater discharges are examined in a later 
section. 



 

Shuswap Lake 
Greywater Management 49 

5 COMPARISON OF POTENTIAL WATER QUALITY IMPACTS 

5.1 COMPARISON TO REGULATED LAND BASED POINT SOURCE DISCHARGES 

To make a comparison of contaminant contributions to Shuswap Lake from grey water discharge 
and regulated land based point source discharges it was necessary to determine the daily per 
capita contributions to the grey water (Table 30).  This was done by averaging the duplicate 
samples from the Shuswap Lake houseboat grey water monitoring data (Table 29) and then 
taking a median value of these numbers.  These median contaminant concentrations  were 
multiplied by the use of 150 L of water/person/day to give a daily per capita loading value.  
These calculations are compared to some literature data (Table 11).  The per capita loading 
estimates from Shuswap houseboat grey water is considerably higher than found in the literature 
especially for biochemical oxygen demand and for total phosphorus. 

Table 30. Daily loadings of contaminants from houseboat greywater.25 

Characteristic Literature Shuswap Lake 

Total Suspended Solids 11-23 23.8 

Fecal coliforms (CFU/day) -- 24x108 

E. coli (CFU/day) -- 2,775,000 

Biochemical Oxygen Demand 25-39 466 

Ammonia- Nitrogen -- 0.007 

Total Kjeldahl Nitrogen 1.1-2.0 2.7 

Phosphate-Phosphorus -- 5.2 

Total Phosphorus 2.2-3.4 6.3 

                                                      
25 All values in grams/capita/day except for microorganisms. Values from literature taken from Table 11. Values for 

Shuswap Lake taken from Ministry of Environment table on greywater quality see Table 24. Averaged values for 
duplicate samples and then took median value to calculate per capita daily loading using 150 litres of greywater per 
person 

 
For a relative comparison, the loading of contaminants from the effluent at the Salmon Arm 
sewage treatment plant was compared to an estimate of the loadings from houseboat grey 
water.  For the sewage treatment plant this was done for the summer months (mid-June to mid-
September) which would be the main water activity period of the houseboats.  Daily discharge 
volumes and weekly quality data were used to calculate these loadings.  The sewage treatment 
plant loading data for biochemical oxygen demand, available nitrogen (nitrate + ammonia) and 
total phosphorus are presented in Table 31.  

There are no other loading data from sources such as agricultural runoff or septic tank leaching 
to make a contaminant loading comparison for Shuswap Lake.  If monitoring is conducted as 
suggested by NHC (2009) a data base would be developed for other sources of contamination in 
the future.  The loading estimates from Shuswap houseboat grey water are presented in Table 
32 for the same summer period for the same parameters as for the sewage treatment plant.   
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Assumptions were made about the number of houseboats on the water and the number of 
people per houseboat with the heaviest use during the peak summer months of July and August 
(see footnote of Table 32).  A conservative per capita loading value from the literature was used 
to calculate these loadings since the Shuswap Lake houseboat greywater sampling was very 
limited.  These greywater loading estimates could be refined with a detailed survey of houseboat 
use and a more comprehensive set of houseboat grey water monitoring data from the Shuswap 
area. 

A comparison of Table 31 and Table 32 demonstrates that the houseboat greywater is an 
important source of degradable organic matter (BOD) as well as phosphorus when compared to 
the entire volume of effluent discharged from the Salmon Arm sewage treatment plant.  Since 
the Salmon Arm treatment plant effluent is disinfected prior to discharge it has negligible fecal 
coliforms, which makes the houseboat greywater discharges a very important source of 
pathogen indicators, although no fecal coliform loadings were calculated for houseboats due to 
their high variability.  

Table 31. Summer contaminant loading from Salmon Arm sewage treatment plant effluent 
to Shuswap Lake.26 

Month (2009) Period BOD5 N (NO3+NH4) TP 

June 14 to 30 97.3 1233 24.6 

July 1 to 31 337.8 2643.9 182.1 

August 1 to 31 550 1787 116.1 

September 1 to 14 227 1148 84.8 

                                                      
26 Values expressed as kg/period. BOD5 = biochemical oxygen demand, N = sum of nitrate nitrogen and ammonium 

nitrogen, TP = total phosphorus. 

Table 32. Estimated summer contaminant loading from houseboat greywater to Shuswap 
Lake.27 

Month Period BOD5 TN TP 

June 14 to 30 252 12.6 21 

July 1 to 31 1860 93 155 

August 1 to 31 1860 93 155 

September 1 to 14 252 12.6 21 

                                                      
27 Values expressed as kg/period. BOD5 = biochemical oxygen demand, TN = total nitrogen, TP = total phosphorus. For 

the 2 weeks in June and September assumed 100 houseboats on the water with 6 people each (8,400 people x 
days).For the full months of July and August assumed 200 houseboats on the lake with 10 people each (62,000 
people x days). From Table 11 took values of greywater loadings of BOD5 of 30 g/person/day, TN of 
1.5 g/person/day and TP of 2.5 g/person/day. 

 
With the depletion of available nitrogen (mainly nitrate) in the photic zone of the lake in summer 
and the discharge of relatively large amounts of phosphorus from houseboats there is a potential 
to stimulate a bloom of cyanobacteria.  These organisms can use dissolved nitrogen gas as a 
source of nitrogen and do not require nitrate or ammonia.  This could be a more significant 
problem in protected bays and beaches where houseboats congregate and where water mixing is 
limited.   
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5.2 COMPARISON TO LAND BASED NON-POINT SOURCE DISCHARGES 

A quantitative comparison of nutrient contributions to Shuswap Lake from grey water discharge 
and land based non-point source discharges is not possible at this time as nutrient loading 
estimates from non-point sources around Shuswap Lake and Mara Lake have not been 
completed.  Non-point source nutrient loading includes natural sources of phosphorus from 
watershed weathering and erosion, and contributions from human activities such as agriculture, 
logging and other non-point sources.   

A MoE draft report “A Preliminary Assessment of Water Quality and Limnology of Shuswap Lake” 
estimated the total phosphorus loading from the Salmon River ranged from 4,000 to 
14,000 kg/yr, which was roughly six times the estimated contributions from the Salmon Arm 
STP.  Total phosphorus loading estimates from the Shuswap River was estimated at 
26,150 kg/yr, whereas TP loading from the Eagle River was estimated at 1,700 kg/yr.  

These total phosphorus loading estimates are significantly larger than those shown in Table 31 
and Table 32, however, a variable percentage of the TP in non-point sources would be in the 
form of particulate phosphorus and not immediately bioavailable for algae utilization.  In 
addition, depending on the temperature and dissolved solids content of the tributaries and the 
lake, inflowing tributary water may plunge to depths below the euphotic zone and not be 
immediately available for algal uptake.  Phosphorus discharged in greywater from congregated 
watercraft is 60-80% in the form of phosphate phosphorus which is readily available to aquatic 
organisms, and is discharged into relatively quiescent near-shore environments during warm 
summer months, hence will have a high potential to stimulate algae and bacteria growth rates.   

Clearly, a comprehensive watershed scale monitoring program is required to update non-point 
nutrient loading estimates, and determine the source and fate of these nutrients into Shuswap 
and Mara lakes.  The intensification of agricultural land use practices, especially dairy farming, in 
the upper Shuswap River is cause for concern, and the nutrient contributions from this major 
tributary basin must be closely monitored.  Agricultural runoff is responsible for widespread 
eutrophication problems globally and in Canada, and is difficult to control once it has begun 
(Schindler and Vallentyne, 2008).  A discussion on the size and scope of a watershed point and 
non-point nutrient monitoring and source tracking program is outlined in a recent SLIPP report on 
the Shuswap lakes (NHC, 2009). 
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6 RECOMMENDATIONS FOR APPROPRIATE DISCHARGE REQUIREMENTS 

6.1 ARE SOUTH AUSTRALIA STANDARDS SUFFICIENTLY PROTECTIVE? 

The standards set by South Australia for houseboat greywater discharge are not sufficiently 
protective for Shuswap and Mara lakes.  The South Australia regulations do not consider trace 
metals or trace organic contaminants.  An investigation of cruise ship greywater demonstrated 
that many of the thirteen trace metals that are considered priority pollutants exceed regulations 
for the protection of aquatic life (see Appendix 3).  Copper and zinc were the two metals that far 
exceeded recommended levels with median values of copper 25-50 times higher than the 2-
4 µg/L limit and median values of zinc 2-4 times higher than the 30 µg/L limit.   

The South Australia standards do not include trace organic priority pollutants, of which the 
compounds chloroform, nonylphenols, and some plasticizers (e.g. DEHP, DEP) appear to be of 
most concern.  The South Australia regulations do not include the kinds of chemicals found in 
most personal care products, which are dominated by surfactants (soaps and detergent) and 
fragrances/flavours (Table 9 – Eriksson et al. 2003).   

Analysis of Shuswap houseboat greywater found musk fragrances of cashmeran, galaxolide, 
musk xylene and tonalide at concentrations between 0.1 and 3.1 µg/L (unpublished data).  The 
widespread use of triclosan derivatives in dish soap, cleaners, toothpaste, mouthwash, personal 
soap and antiperspirants creates the potential that antibiotic substances can develop antibiotic 
resistance in microorganisms (Keen, 2009).  Other personal use products include substances 
with biological activity such as parabens (potential cancer causing agents) and alkylphenols 
(endocrine disruptors) are not included in the South Australia standards. 

The South Australia regulations do not include a fecal coliform standard.  The Canada Shipping 
Act requires that effluent discharged into “Designated Waters” meets the discharge specification 
for Fecal Coliform of 14 CFU/100 mL.  Shuswap Lake and Mara Lake are both “Designated 
Waters”.  Finally, the South Australia standards do not have a specific BOD standard, which is 
also required under the Canada Shipping Act when discharging effluent into “Designated 
Waters”.  

6.2 COMPLEXITIES OF MOVING POINTS OF DISCHARGE 

An analysis of the complexities of potential water quality and public health effects from moving 
points of discharge is a complicated situation that would require a more comprehensive analysis 
along the lines of the study by Hay and Company (2007).  In their study, Hay and Company 
(2007) used a fine grid numerical model with actual wind data nested within a coarse-grid model 
of the entire lake to examine the fate of grey water and fuel that could potentially be released 
from pleasure craft and houseboats operating in Mara Lake.  
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The greywater release scenario modeled involved a simulated release of 80 L from a 10 minute 
shower which contained 8 x 108 fecal coliform.  Hay and Company (2007) concluded “that a grey 
water discharge from a shower could potentially produce short term water surface 
concentrations that exceeded fecal coliform guidelines for primary contact recreational use 
within a few hundred meters of the release point.  This result underlies the importance of 
greywater management with respect to surface water quality in Mara Lake”.  This conclusion is 
similar to the concentration of fecal coliforms measured at Neilson Beach in 2008 (Figure 8), 
and the theoretical calculations of near-shore fecal coliform dispersion shown in this study 
(Figure 7).  The weight of evidence from these studies and dispersion calculations indicates that 
surface releases of greywater can produce concentrations of fecal coliforms that exceed primary 
contact guidelines for primary contract recreation (Table 33).   

With respect to drinking water contamination, the Hay and Company (2007) report concluded the 
naturally occurring stratification in Mara Lake isolated the released fecal coliforms to a layer well 
above the ~30 m depth of the Sicamous District water intake.   However, as shown in Table 1, 
Shuswap Lake has hundreds of licensed and unlicensed residential water intakes, some of 
which would be located at shallower depths.  Mara Lake has 26 domestic water licenses in 
addition to the Sicamous District water license and two other water authority-type of water 
licenses.  It is likely that some of the 26 domestic water intakes would be withdrawing water from 
the epilimnion; hence the natural summer thermal stratification would not protect these intakes 
from surface releases of greywater.  Therefore, the potential for the entrainment of fecal 
coliforms from greywater discharges into residential drinking water intakes is possible depending 
on the proximity and volume of the greywater release relative to the water intakes, depth of 
water intakes, thermal stratification and prevailing wind direction etc.   

The BC Water Quality Criteria for Microbiological Indicators allows 0 FC/10 ml (Table 33) for raw 
drinking water with no treatment.  It would be instructive to perform a modeling study similar to 
the Hay and Company (2007) report on Mara Lake to quantitatively assess the risk of greywater 
fecal coliform entrainment into shallow residential water intakes from moving points of discharge 
of variable volume and discharge locations. 

Table 33. BC Water Quality Criteria for Microbiological Indicators. 

Water Use Allowable fecal coliform level 

Raw Drinking water – no treatment 0 FC / 100 ml 

Raw Drinking water – disinfection only 90th percentile less than or equal to 10 FC / 100 
ml 

Raw Drinking water – partial treatment 90th percentile less than or equal to 100 FC / 
100 ml 

Raw Drinking water – complete treatment None applicable 

Recreation – primary contact Geometric mean less than or equal to 200 FC / 
100 ml 

 
It should be noted that the Regulations for the Prevention of Pollution from Ships and for 
Dangerous Chemicals permit the discharge of treated sewage into “Designated Waters”, which 
includes Shuswap Lake and Mara Lake, if the discharge is passed through a marine sanitation 
device and the effluent meets the discharge specification for Fecal Coliform of 14 CFU/100 mL.  
The evidence collected to date shows that greywater discharges to Shuswap and Mara lakes 
exceed 14 CFU/100 mL, hence are in violation of the Canada Shipping Act for Designated 
Waters.  
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6.3 CONVENTIONAL WWTP DISCHARGE STANDARDS AND EMERGING CONCERNS  

Traditionally, WWTPs in BC, and elsewhere in Canada, have been designed to remove suspended 
solids (i.e., primary treatment), suspended solids and biochemical oxygen demand (i.e., 
secondary treatment) or suspended solids, BOD and nutrients (i.e., tertiary treatment).  
Requirements for discharge disinfection depend on the specific receiving environment situation.   

For example, the MetroVancouver WWTPs on the Fraser River disinfect their discharges from 
April to October to comply with water use on agricultural crops and to ensure safety of public 
swimming beaches, then cease disinfection from November through March each year.  The 
original ‘disinfection season’ was from May to September, however beach monitoring indicated 
elevated concentrations of fecal coliform in the spring, as well as the risk of contaminating fall 
cranberry harvesting, which is done by flooding cranberry fields with river water.  

In the Shuswap Lakes region, the BC Municipal Sewage Regulations for the Salmon Arm WWTP, 
other MSR regulated discharges to Shuswap Lake and comparable South Australia greywater  
standards only regulate BOD or CBOD, TSS, TP and fecal coliform (Table 34).  However, 
numerous emerging and legacy compounds are currently being delivered to WWTPs, which have 
limited capability for removing these compounds prior discharging effluent into the receiving 
environment.   

Table 34. Regulatory discharge requirements for Shuswap WWTP and South Australia 
greywater discharges.28 

Parameter Salmon Arm WWTP 
limits 

Other MSR Regulated 
discharges to Shuswap 
Lake 

South Australia 
greywater standards 

CBOD (max) mg/L 15 10 n/a 

TSS (max) mg/L 20 10 50 

TP (max) mg/L 2 1 1 

TP (average) mg/L 0.5 n/a n/a 

Fecal coliform 
(CFU/100 ml) 200 <2.2 40 (for Enterococci) 

                                                      
28 CBOD = carbonaceous biochemical oxygen demand 
 
These include pharmaceutical and personal care products (PPCPs) (e.g., ibuprofen, shampoo’s, 
fragrance compounds, anticoagulants, and antidepressants), various endocrine disrupting 
compounds, steroids and hormones (e.g. 17β-estradiol and coprostanol), antimicrobial agents 
(e.g., Triclosan), legacy pollutants (e.g., fire retardants or PBDEs, PCBs), veterinary and human 
antibiotics (i.e., sulfa drugs and tetracyclins) and nanoparticles (e.g. nanosilver and 
nanotitanium) (see Tables 20, 21, 23, 25 and 26).   
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Some of the legacy pollutants can be controlled though legislation (e.g., Canadian ban on PCBs), 
and a portion of the pharmaceutical product loading can be diverted through innovative source 
control measures (i.e., pharmaceutical product return programs), however, many of the 
compounds are either now ubiquitous in the environment (e.g. PBDEs, Triclosan, phthalate 
esters, bisphenol A) or a natural human product (e.g., 17β-estradiol).  The rapid emergence of 
these products in the marketplace, and in WWTP effluent, has outstripped the capability of most 
municipalities, engineering design specialists and to a great extent the scientific community to 
assess the risk, identify and remove these compounds, and respond to concerns from area 
residents.   

Recent engineering reviews have indicated that some common designs of secondary treatment 
plants (i.e., trickling filters) are significantly less effective at removing various PPCPs than 
activated sludge types of secondary treatment plants (Johnson et al. 2007; Philips et al. 2007).  
Limited Australian research on the removal of PPCPs in sewage treatment plants confirms these 
observations.  Excellent removal was achieved in extended aeration activated sludge plants in 
Queensland, while significantly lower removals were achieved in less sophisticated plants in 
Victoria.  The results suggested that there may be an effect of temperature on the efficacy of 
PPCP removal, with the warmer sewage temperatures experienced in Queensland aiding in this 
process.  If these results are borne out by further testing, then PPCP removal from Canadian 
wastewater treatment plants may be compromised during the cooler months of the year. 

6.4 RISKS TO HUMANS AND ECOSYSTEMS 

At present, little is known about the potential risks these compounds pose to human health, 
although considerable evidence has been collected demonstrating serious environmental effects 
(Sumpter and Johnson, 2005; Campbell et al. 2006).  Dr. Perry McCarty, recipient of the 2007 
Stockholm Water Prize, when recently asked “What are the remaining challenges within 
wastewater and pollution to be tackled? ” replied “…concerns with persistent organic pollutants, 
both in cleaning up the legacy problems with now banned chemicals and addressing the 
potential risk from new ones, is of ongoing and great concern…” (Stockholm Water Front, 2007).   

At present, future engineering designs for WWTP's are based on historical science and are out of 
date for removal of emerging contaminants.  Since most WWTPs have a 35-60 year life-span, it is 
important to pro-actively address this issue.  Given the recent Canadian Council of Ministers of 
the Environment (CCME) initiative to upgrade all Canadian WWTPs to secondary treatment 
equivalent effluent discharge standards in the next few decades, it is imperative that new 
information is available to assess the human and environmental risk, and if warranted, ensure 
all discharges, including private and commercial watercraft, have the design capability to 
degrade, remove or contain these emerging contaminants to ensure the long term protection of 
public health and water quality in the Shuswap lakes.   

A defensible approach to identifying and assessing emerging threats to public health and water 
quality in the Shuswap basin is to use the most relevant and recent scientific publications as a 
guide.  In this case, a 2001 Environment Canada report is the most appropriate guide for 
Canadian lakes (Environment Canada, 2001).  This report is a summary of an invited expert 
workshop on the subject, and identified 15 threats to water quality in Canada.  Additional 
Shuswap-area specific threats to the Environment Canada list include non-municipal private 
residence wastewater discharges, greywater discharge from private and commercial watercraft, 
nanoparticles and invasive species due to the recently emerging knowledge of how these factors 
can negatively influence water quality.  NHC (2009) listed these 19 threats, and provided 
subjective assessments as to their importance and trends in the Shuswap basin.   
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It is clear our current knowledge of emerging threats to sources of drinking water and aquatic 
ecosystem health in the Shuswap lakes is limited.  Therefore, it is important to adopt 
precautionary principles with respect to regulating discharge of greywater into these lakes, and 
conduct some exploratory monitoring to determine if these emerging threats are present or not, 
and if present, to include them in a comprehensive water quality monitoring program of the type 
described in NHC (2009).   
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7 EVALUATION OF POTENTIAL TREATMENT TECHNOLOGIES 

7.1 BACKGROUND 

In 1996, the Standards Association of Australia issued a document, targeting the pleasure boat 
industry regarding toilet waste collection, holding and transfer systems, but not houseboats, per 
se. (Standards Australia, 1996).  This was intended as a “technical manual”, only.  In 2001, the 
British Standards Association published a document entitled “Small Craft – Toilet Waste 
Retention Systems – ISO 8099”, based on the EU Standard EN 180 8099:2000 (BSA, 2001).  
Neither document was viewed as having significant value, in addressing the greywater issue in 
the Shuswap Lake, B.C. 

In 2007, a document entitled “On-Board Treatment of Grey Water” was published in the U.K. 
(ICOMIA Guide, 2007).  This was simply a “review” of the legislation (if any) elsewhere in the 
world, dealing with greywater.  However, this “guide” did recognize the fact that greywater (from 
several on-board sources) represents much larger volumes than blackwater, and therefore, 
cannot be easily accommodated in tanks fitted on board small craft.  Some type of “on-board” 
treatment would be an obvious solution to the problem.  It also noted that regardless of 
treatment, energy consumption must be minimized, thus precluding any treatment that involved 
“heat”.  This particular document also recognized that, basically, there are only three types of on-
board treatment options that could be considered (relative to land-based choices): biological, 
chemical and physical.  The latter was considered the most viable, based on “filtration” of 
particles and organisms. 

About the same time, as part of a British Columbia MoE “Background to Decision Note, Feb. 9, 
2007”, a document entitled “Greywater Discharge From Houseboats” was outlined and 
discussed (MoE, 2006).  This was tacit recognition of the size of the houseboat industry, as well 
as the problem of both black and greywater (deliberate) discharges from private houseboats, 
sailboats and cruisers in the Shuswap lakes system, despite the Provincial EMA Act.  This 
document also referred to the issues and regulations being addressed in Shasta Lake, CA, with 
similar problems from about 1,100 houseboats being allowed to discharge greywater into the 
lake.   

A 5-year plan was under discussion, with various stakeholders in the region (the status of this 
plan is unknown to these authors).  To date (2010) the MoE in British Columbia had not enforced 
“compliance” with the EMA for houseboats, since, historically, houseboats were treated as 
Federal responsibility (Inland/Marine waters).  Several options were subsequently assessed, to 
deal with the Shuswap lakes system grey water issue, outlining “pros and cons”:  

Initiate an enforcement strategy, with a 3-year timeline, based on “risk assessment”, where 
necessary; 

Align with Federal regulations; 

Maintain the status quo (and respond to specific complaints only). 

A follow-up memo, dated May 4, 2007 by the MoE, recommended and approved option (a), 
phased in over 3 years.  A follow-up Briefing Note by MoE (March 1, 2009) outlined the intent to 
investigate a “greywater treatment and discharge system” trial, for houseboats in the Shuswap 
system, based on specific South Australian technology and regulations. Two options outlined 
were: 

Allow discharge of treated greywater as a “trial”, to assess the capability of the technology; 
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Disallow the discharge of greywater period, consistent with the moratorium on the lake, and 
move towards a complete ban.  

Pros and cons were discussed.  The recommendation was option (a), but there was no indication 
that the B.C. Government formally approved this. 

During the 2008 and 2009 SLIPP public meetings, Dr. Ken Ashley (Ashley and Associates Ltd.) 
made a series of PowerPoint presentations to various stakeholders groups in the Shuswap Lake 
region.  A number of issues were presented and discussed.  For example, he noted that a local 
study on Hornby Island had demonstrated that the concentration of pollutants in grey water 
(including pathogens) are similar to that of domestic sewage.  Dr. Ashley also stated, 
unequivocally, that the ability of the Shuswap Lake system, to provide high-quality water for 
different purposes, is threatened by both black and greywater discharges from vessels, as well 
as “inadequate” wastewater treatment systems in the region. 

In September 2009, Northwest Hydraulics Consultants prepared a Draft Report for the Fraser 
Basin council, entitled “An Integrated Water Quality Monitoring Plan for the Shuswap Lake” 
(NHC, 2009).  This draft report summarized and highlighted the widespread algae bloom which 
occurred in Shuswap Lake, in June of 2008, thus “illuminating” the fact that this large lake 
system is, indeed, susceptible to water quality degradation from increased anthropogenic 
loading nutrients from within the Shuswap Lake watershed.  The draft report also highlighted the 
“changing water quality” in several major arms and bays in the entire system; e.g. Tappen Bay, 
Salmon Arm, Blind Bay and both Shuswap and Mara Lakes.  The main threat was identified as 
excessive nitrogen and phosphorus additions coming in from various human and agricultural 
sources.   

The draft report also outlined a comprehensive, 5-year monitoring program, involving numerous 
stakeholders, and integrated with “existing” water quality monitoring programs.  The emphasis 
was on public involvement, and local NGO’s participation, since public hearing “feedback” 
repeatedly pointed to the “improvement of water quality” in Shuswap and Mara lakes as having 
the highest priority by local residents.  Reference was also made to an Environment Canada 
Report (2001), which identified both existing and emerging threats to the sources of local 
drinking water and the health of the aquatic ecosystem.  

In December 2009, The B.C. Ministry of the Environment issued a final report entitled 
“Evaluation of the Risk from Houseboat Greywater Discharge to Recreational Water Uses on 
Shuswap Lake Beaches” (MoE, 2009).  This report stated that all rental houseboats must 
prevent black water from entering the lake, by collecting it in on-board tanks, followed by land-
based pump-out.  However, it acknowledged that very few boats provide for household greywater 
collection, storage and pump-out; most discharge directly into Shuswap Lake, despite Provincial 
legislation prohibiting such discharge into inland waters.  In addition, various studies showed a 
“persistence” of pathogens in grey water, with fecal bacteria concentrations close to those in 
untreated sewage (a number of references cited by MoE).  Pilot studies, undertaken in both 
2008 and 2009, were referred to, evaluating the effect of greywater discharges from 
houseboats, at several “key” locations on the Shuswap.  The main conclusions were: 

Statistical analysis suggests a close connection between the houseboat numbers and the 
increased likelihood for fecal coliform and E-coli detection (sometimes exceeding compliance 
guidelines); 

Selected greywater tracers (musks) were found to be “unsuitable”, for a variety of reasons, but 
they were detected on one occasion (hence confirming the presence of grey water); 
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Bacteria host tracking results showed human waste as a constant source of fecal bacteria, 
around houseboats; 

E-coli counts remained below Provincial and Health Canada Guidelines; 

Fecal coliform counts followed the same pattern, except for Nielson Beach, where guidelines 
were exceeded by 125 to 190% at two specific sites.  No health risk was implied. 

The Interior Health Authority response to this report (January 29, 2010) summarizes their 
assessment, as well as their position and concerns regarding the overall philosophy and vision 
toward vessels operating on the B.C. southern interior lakes, vis-a-vis, “to fully contain wastes for 
subsequent treatment in approved treatment systems”.  Furthermore, on-board, treatment-
based management of wastes should also consider the full range of risks to human health, both 
acute and chronic in nature. 

In February 2010, the Fraser Basin Council commissioned a report entitled “Review of the 
Potential for Onboard Treatment of Greywater to Protect Water Quality in Shuswap B.C.” in 
accordance with previous studies (NHC, 2010).  This current report is scheduled for May 2010 
completion.  After extensive public consideration and feedback, SLIPP had issued a Strategic 
Plan, in 2008 that included the elimination of all boat discharges on the Shuswap Lake System, 
as one of two key strategies designed to achieve a core goal of “water quality that supports 
public and environmental health”.   

The SLIPP process recommended that boat discharge be eliminated on the Shuswap Lake 
System by 2010.  This strategy involves a “stepped approach”, as outlined in the Introduction, 
herein.  It was also clearly stated that existing EMA regulations in B.C prohibit the discharge of 
black or greywater, from any marine pleasure craft, into the Shuswap System.  Regardless, it was 
acknowledged that compliance rates were low, concurrent with the increasing number of private 
and commercial watercraft on both Shuswap and Mara Lakes. 

In addition to expanded publicly supported, community sewer systems for vessel discharge, 
SLIPP also suggested a number of initiatives and actions.  These have also been presented in 
the Introduction.  The implementation steps for eliminating boat discharges includes “full 
compliance” with discharge regulations by the end of 2010, a target date that is subject to 
reconsideration.  The commercial houseboat section had also requested that MoE consider both 
onboard grey water treatment and direct discharge, as an acceptable alternative to grey water 
containment with subsequent pump-out. 

7.2 REVIEW OF ON-BOARD TREATMENT TECHNOLOGIES 

By far, the Australian Government has been the most “proactive” of all nations with significant 
inland waters, in addressing the issue of grey water production, storage, treatment potential and 
discharge.  In Oct. 2004, the South Australian Environmental Protection Authority (EPA) authored 
a report entitled “Investigation of In-Vessel Greywater Discharge – Impact and Treatment 
Systems:” (EPA, 2004).  A number of interesting findings, based on an in-depth survey, were 
reported.  For example, typical storage volumes of drinking water on a Murray River houseboat is 
not more than 400 L, and blackwater storage averages about 800 L, before requirement for 
pump-out.  
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The greywater component was discharged, untreated, directly into the river.  Previous surveys of 
land-based systems showed that greywater typically represented 53-81% of total household 
discharge, with a typical Australian household generating about 120 L/cap/d (based on a 70% 
assumed figure).  Translating that to a 12-person houseboat situation, over a 7-day rental, one 
would expect a total generation of 10,000 L of grey water.  This volume was considered 
“impractical” to store, prior to discharge to a land-based facility.  This volume of greywater would 
also weigh about 10 tonnes, alluding to possible vessel structural issues!  Table 1 (page 6) in 
that 2004 Australian report, presents “anticipated” greywater composition and Table 2 (page 7) 
provides actual numbers for both grey and blackwater.  As such, an important recognition stated 
“any treatment system installed on-board to treat greywater needs to be robust enough to treat 
greywater with large range of water qualities; based on the data presented in Table 2 of the 
2004 Australian report. 

Pump-out facilities, where they existed were designed for black water volumes only, and probably 
do not have the capacity to receive much larger volumes of greywater – thus, significant 
upgrading “on-shore” or separate facilities for greywater discharge, were needed.  A preliminary 
summary of numerous problems associated with existing on-board treatment units was 
presented, rendering such an approach to be ineffective, in many cases.  Nonetheless, provided 
that a reasonable degree of treatment is achieved on board, including disinfection, there is no 
impediment to implementation of treated greywater “re-use” on vessels, primarily for toilet 
flushing and laundry washing.  Since on-going, untreated greywater discharge is deemed to be 
non-sustainable (especially regarding grease and phosphorus), the treatment options identified, 
and based on land-based systems, could be: septic tanks, fine screening, grease traps, physical 
chemical-type systems, wetlands and reed-beds, biosystems and others.  

However, practically speaking, many were not suitable for use on boats or houseboats; instead, 
to achieve “effective treatment” of most greywater constituents, a “process train” approach was 
recommended, not just one type of unit.  (Table 6, of the Australian report, provides a general 
comparison of these processes, target contaminants and typical reductions expected, but the 
results are based on land-use data only).  Most importantly, no commercially-available on-board 
treatment technologies could be identified, in 2004, for marine vessels, thus inviting the 
question “could a land–based system be adopted or incorporated into a process train for 
vessels”? 

A prototype “Mannum System” was also discussed in the 2004 report, a system developed by a 
Mr. Colin Newton.  This system is a combination of physical process, with the use of electrical 
energy, but with little reliance on chemicals: electrocoagulation + ion exchange + UV technology 
+ activated carbon filters, all preceded by a cloth screen and grease trap.  Power usage is 
claimed to be only 0.2 kW (< 10% of the available vessel power), with capacity to treat up to 
1,200 L/d (Table 7, of the Australian report, provides various costs and other comparisons for 
the Mannum system, a biological system and simple chemical-chemical system).  

CSIRO has worked extensively on electrocoagulation systems, while other researchers in South 
Australia have extensive experience in the application of activated carbon.  Consequently, it is 
evident that the “Mannum System” proposed in South Australia would indeed remove large 
amounts of BOD, but would have greater difficulty in removing nitrogen to low levels unless 
zeolite adsorption was included in the process train.  In our experience, such a sophisticated 
process train would be very expensive to run, as the activated carbon and zeolite columns would 
have to be replaced frequently.  
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The Mannum Prototype has an unusual, canoe-like shape, designed to be attached below the 
boat and suspended partly in the water; whereas, other process trains would need installation 
within the vessel, thus consuming limited space (unless part of the initial vessel design).  A 
summary of expected effluent quality for all of three systems is provided (see Table 8, 2004 
Australian report).  Other, land-based, treatment units were identified (by the company marketing 
it), but all were dismissed by the South Australian EPA (2004). 

Finally, an overall cost comparison for all three approaches, under four categories, was 
completed (Table 9, 2004 report) and it was shown that the Mannum System was more 
economical after about 12 years of operation, due to higher initial capital costs.  Overall, the 
Mannum Prototype was favoured over the other two, more conventional approaches.  The 
summary provided outlines “pros and cons” of on-board treatment – yes, treatment of greywater 
was needed but the system chosen must be simple and practical to implement! 

In October, 2008, an updated version of “Managing Vessel Wastewater for Black and/or Grey 
Water” was released by the South Australian Environmental Protection Authority (EPA, 2008).  A 
list of “principles” of wastewater management systems, to be observed by vessel owners and 
operators, was presented, including “do’s and don’ts”.  A number of systems commercially 
available for marine vessels was presented under two categories: 

 Holding Devices = portable toilets, vacuum toilets, flexible bladders and fixed tanks; or 

 Wastewater Treatment Systems = physical, chemical and biological, seawater 
electrolysis, composting toilets, incinerating toilets and others. 

No specific recommendations were made but a number of them were dismissed as too 
problematic or impractical for boat or houseboat use.  However, this report “alerted” potential 
users to several key issues: 

“A wastewater treatment system for greywater must be able to manage greater flows generated 
from greywater sources on-board and incorporate oil and grease separating devices, as a 
minimum.  Greywater can also contain pathogens so disinfection is an essential component.  
Vessel operators are also strongly advised to consider the long term operation and maintenance 
needs of an on-board treatment system and be prepared for a level of commitment not generally 
required for retaining wastewater on board, with subsequent land, based disposal”. 

In Australia, manufacturers of wastewater systems should demonstrate that they have “pre-
tested” their systems, under actual operating conditions, not just simulated conditions.  A 5-day 
test-period of the chosen system, on board, under actual “people conditions”, is recommended 
strongly.  It should also be noted that the Australian Boating Industry Association has agreed to 
“list” the compliant manufacturer’s, whose systems meet acceptable EPA standards of design 
and operation.  This approach may be worth considering for application in British Columbia. 
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7.3 EFFECTIVENESS OF ON-BOARD TREATMENT SYSTEMS FOR TREATING ALL IDENTIFIED 
HAZARDS IN DOMESTIC GREYWATER 

The Australian Standards Association has formally published a “set of standards” for inland 
vessel operation, entitled “Australian Standards – AS4995 (2009) - Greywater Treatment 
Systems for Vessels Operated in Inland Waters” (Standards Australia, 2009).  These are based 
on ISO–8099 and AS 3542 Regulations.  In these standards, greywater is formally defined as 
“wastewater emanating from vessels, but excluding toilet, bilge and air-conditioning systems”.  
Any greywater treatment system must be functional at ambient air pressure and temperatures, 
from –5 oC to 50 oC, based on a production rate of 20-200 L/cap/d.  The materials used in grey 
water treatment systems must also be resistant to the effects of many different chemicals (list 
included in this report) and shall be chemically, electrically and galvanically compatible.  
Specifications for the system design and manufacture are also provided, including a long list of 
“do’s and don’ts”. 

Treated, greywater-quality discharge criteria are appropriately outlined (page 9 of the 2009 
Australian Standards) for the following parameters: suspended solids, total grease, total N, total 
P, E-coli and fecal count (enterococci), but not Biochemical Oxygen Demand (BOD).  This is both 
an interesting and critical “omission”.  This document clearly states that BOD “shall be reduced” 
by digestion, oxidation or other recognized treatment method, but no specific reduction targets or 
discharge limits are identified; dilution is not acceptable as a treatment method.  A formal 
Testing Protocol is also presented in Appendix A of these standards, while stating greywater 
treatment capabilities for the onboard system is based on a minimum of 150 L/cap/d.  It is also 
interesting to note there is no mention of treatment standards for any trace contaminants such 
as metals, pharmaceuticals or endocrine disrupting compounds (EDC’s), a growing concern in 
the wastewater treatment industry and being targeted for regulations in many new land-based, 
wastewater treatment plants. 

CSIRO (in Australia) also generated a formal “Greywater Technology Testing Protocol”, in 
response to growing demand (CSIRO, 2008).  Table A of that Protocol provides an outline of 
three technology systems tested, during protocol development: one batch, physical-chemical 
system with disinfection and two semi-batch, biological-based systems with disinfection.  The aim 
here was to develop a “practical, robust and reproducible” method for testing grey water 
treatment technologies for Australian recycled water standards, with proof of log removal of 
bacteria, virus, protozoa, and helminthes surrogates.   

The Protocol developed by CSIRO was deemed “appropriate “ for testing technologies for “High 
Exposure Risk” end users (land-based only); further development and expansion of this protocol 
was recommended, including additional research and testing for marine vessel adaption.  It is 
interesting to note that “real” greywater quality analysis is provided and is equated to low to 
medium strength domestic sewage! 

In 2008, the South Australian Environmental Protection Authority also issued an updated “Code 
of Practice for Vessel and Facility Management”, for both marine and inland waters (EPA, 2008).  
Key declarations include the following: 

Inland water vessels operators MUST NOT permit grey water to enter any inland water, by: 

Holding greywater on board, for disposal into land-based wastewater collection systems; 

Ensuring that fixed, greywater holding tanks meet certain requirements; 

Not using formaldehyde-based chemical treatments as a sanitizing agent for toilets; 
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Only discharge “treated” grey water IF certain criteria are met (dilution NOT acceptable) 
numerical criteria are outlined for solids, grease, N, P, E-coli and BOD.  

These “criteria” were to be in effect as of January 1, 2009 for all new vessels, and later dates for 
other types of vessels.  Inland waster vessel operators SHOULD follow a list of recommended 
practices (outlined as points 3-19 on the code).  In addition, several key points were outlined by 
the SA-EPA, as reminders to all stakeholders, paraphrased as following: 

 “Onboard treatment systems will NEVER be fail safe in removing all pollutants that could harm 
and require significant, on-going maintenance.  They will NOT suit vessel operators that are NOT 
committed to regular, integrity inspections.” and “The greatest risk to human health from the 
discharge of greywater comes when vessels are moored alongside one another, especially within 
enclosed marina basins, where water exchange is significantly reduced”. 

Much of what has been summarized above, based in the Australian approach to “greywater 
management”, can also be applied to the Shuswap and Mara lakes system. Australia has gone 
through a steep learning curve, over the last 15 years or so, and a repeat of these efforts is not 
needed in British Columbia.  Effective, onboard treatment of grey water, followed by direct 
discharge may be possible for the houseboat industry, but only for basic, water quality 
parameters and only by observing a very strict code of practice, backed up by regular unit 
maintenance and integrity testing.  None of the documents examined, in generating this report, 
provide evidence that any on-board, treatment system can “effectively treat” all possible 
contaminants of concern, especially emerging trace contaminants.  Further commentary on this 
is provided in the next section. 

7.4 SUITABILITY FOR EFFECTIVE ON-BOARD TREATMENT AND GREYWATER DISCHARGES TO 
SHUSWAP LAKE 

Specific conclusions and recommendations, based on all sections of this report, are presented at 
the end of this document, and summarize the “big picture” of what is at stake on the Shuswap 
Lake system.  These will not be repeated in this section; rather, a brief overview of the 
“philosophy” of greywater storage and pump-out vs. on-board treatment and discharge vs. non-
treated discharge (as is currently the norm in the Shuswap lakes system).  Some commentary on 
“feasibility” is also called for.  

The Shuswap-Mara Lake system is a large, inland body of water that serves multiple roles, in a 
particular attractive region of British Columbia.  However, despite its significant capacity to 
“dilute” incoming pollutants from various agricultural, municipal and recreational vessel sources 
(e.g. houseboats), there are definite signs of “stress” in several key areas of the system, with 
significant changes in water quality now documented.  Some of these “stress changes” are 
nutrient based, some are organism based (especially seasonal) and some are exotic chemical 
based (just now starting to be recognized).  A clear consensus exists (even enshrined in 
legislation) in several countries that direct greywater discharge into the local receiving waters is 
no longer acceptable or even permissible.  This includes the Shuswap Lake System, even though 
enforcement of this regulation is sporadic, at best. 
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Consequently, onboard storage of greywater with intermittent pump-out appears the safest 
option in the short to medium term.  Clearly this option has its own issues with vessel design and 
ease of access to pump out facilities, but minimisation of greywater production is clearly the best 
way to go from both an economic and environmental perspective.  In this vein, water efficiency 
measures should be able to reduce greywater production to at least 100 litres per person per 
day, with 60 l/p/d being an achievable target through a range of conservation and efficiency 
measures. 



 

8 EFFECT OF LOCATION AND CONDITIONS OF GREYWATER DISCHARGE ON PUBLIC 
HEALTH AND WATER QUALITY 

8.1 ASSESSMENT OF LOCATION SOURCE ON GREYWATER DISCHARGES 

A primary concern in the Shuswap lakes is the effect of greywater discharges from private and 
commercial watercraft on public health and water quality.  On warm summer days, it is not 
uncommon to find congregations of vessels on Shuswap Lake that are moored at intervals of 20 
m or less along popular beaches (Figures 9 and 10).   

Photo 3. Vessels moored during the 2006 August long weekend at ‘The Narrows’ on Seymour 
Arm at Shuswap Lake. 

 
 
These vessels, which range in size up to 28.5 m and can accommodate 30 people, discharge 
varying amounts of greywater into the almost stagnant near-shore lake water environment.  This 
greywater is contaminated with a wide range of chemical and microbial agents, and may pose a 
risk to anyone swimming in the vicinity.  This situation is inconsistent with the SLIPP core goal of 
‘Water quality that supports public and environmental health’, and the BC water quality criteria 
for microbiological indicators for primary contact recreation. 

Once the greywater is discharged into Shuswap Lake it will begin to spread and become diluted.  
It is not a simple matter to predict the spread of the greywater and the contaminants in it.  One 
approach is to use a complex three-dimensional hydrodynamic model of the currents within the 
lake to trace the spread of contaminants, similar to the recent study performed by Hay and 
Company (2007) on Mara Lake.  The environmental data and resources needed to complete 
such a study are far beyond those available for the present review.  In this report we will consider 
two basic models: one of the near-field (within about 10 m of the discharge point), and one of the 
far-field (beyond about 20 m from the discharge point). 
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8.2 NEAR FIELD MODEL 

The highest concentrations of chemical and microbial contaminants will be found in the 
immediate vicinity of greywater discharges.  Here, the dilution of the greywater will be driven by 
the momentum of the discharge itself.  For the simplest case of a point source discharge, Fischer 
et al. (1979) give the following formula: 

 

 

C
Co

= 5.0 d
x

 (1) 

 
Where: C is the maximum concentration of contaminant at a distance x from the discharge point, 
d is the diameter of the discharge pipe, and Co is the contaminant concentration in the 
greywater.  Numerous assumptions are used in the derivation of (1), and it cannot be expected 
to provide accurate predictions in all situations.  However, the concentrations predicted by (1) 
will undoubtedly be matched, and sometimes exceeded, in real world situations.  For illustrative 
purposes equation (1) will be used to predict fecal coliform concentrations.  

Hay and Company (2007) reported average fecal coliform concentrations of 106 CFU/100 ml in 
grey water samples from a residential building in Vancouver.  Concentrations in excess of 108 
CFU/100 ml have been reported in greywater samples from houseboats (MoE, 2009).  The 
concentrations predicted using (1) assuming a 3/4” diameter (1.9 cm) vessel discharge outlet 
for fecal coliform concentrations of 103, 104, 105, 106, 107 and 108 are plotted in Figure 11.   

The predicted concentrations 1 m from the discharge point are approximately 10 % of the source 
concentrations; whereas, the predicted concentrations 10 m from the discharge point are 
approximately 1 % of the source concentrations.  For high source concentrations the predicted 
lake concentrations are far in excess of allowable levels established for primary contact 
recreation in BC (i.e. less than or equal to 200 CFU/100ml).  Note that the above results apply 
for a single houseboat.   
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Photo 4. Multiple houseboats moored at Neilsen Beach, Shuswap Lake on August 28, 2008. 
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Figure 7. Predicted fecal coliform counts as a function of distance in meters from an active 
discharge source. 
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8.3 FAR FIELD MODEL 

Equation (1) provides an estimate of microbial contaminant concentration in the vicinity of a 
single active discharge.  The question now arises is what is the background level of 
contamination due to a series of houseboats in the far-field (i.e. greater than about 20 m from 
the shore).  Consider a series of vessels lined up along a shoreline as in Figure 9 or 10.  To gain 
an appreciation of the potential concentration of a contaminant (fecal coliforms will be used 
again) the following mathematical model is used: 

A series of N houseboats are spaced a distance S apart along a beach during summer.  
Assuming that the average greywater discharge from each houseboat Q is mixed over a depth H 
(m), and that the fecal coliform count of the greywater is FG, then the fecal coliform count in the 
lake FL can be estimated using: 
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Where (x,y) are the horizontal coordinates of the point of interest;  r = 2 + −( )2  is the 
distance from this point to the point where greywater is discharged from houseboat i (assumed 
to be at the surface along the shoreline); the subscript i refers to the houseboat number, and yi 
to its position along the beach (where yi+1 = yi + S).  D is the dispersion coefficient in the lake, 
and τ is the decay time scale for the die-off of fecal coliforms.   

As in this case of equation (1), numerous assumptions are used in the derivation of (2), and it 
cannot be expected to provide accurate predictions in all situations.  However, the 
concentrations predicted by (2) will undoubtedly be matched, and sometimes exceeded, in real 
world situations.  The seven parameters in the mathematical model and the values assumed for 
each of them are listed in Table 35. 

Table 35. Assumed Parameter Values for Equation 2. 

N S 
(m) 

Η 
(m) 

Q 
(m3/s) 

FG 

(CFU/100 
ml) 

τ 
(seconds) 

D 
(m2/s) 

10 10 3 
2.3 x 10-5 
[2 m3/d] 

106 
86,400  
[1 day] 

0.01 

 
The concentrations obtained by substituting the values given in Table 35 into (2) are plotted in 
Figure 12.  The values given in Table 35 are best estimates based on available information.  
Given these estimated parameter values, fecal coliform concentrations of 200 CFU/100 ml will 
be found up to approximately 70 m offshore for a greywater concentration of 106 CFU/100 ml.   

If the greywater concentration were 107 CFU/100 ml, the concentration 70 m offshore would be 
approximately 2,000 CFU/100 ml.  These results are consistent with measurements taken at 
Nielsen Beach on August 28th, 2008, when concentrations in excess of 1,000 CFU/100 ml were 
measured at three locations approximately 70 m offshore (Figure 13). 



 

Figure 8. Predicted background greywater concentrations of fecal coliforms.  Each of the 
coloured curves represents the predicted concentrations of fecal coliforms at a given 
distance (in meters) offshore. 
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Figure 9. Distribution of fecal coliforms (CFU 100 ml-1) at 1 m and 20 m depth (~70 m 
offshore) among 13 houseboats moored at Nielson beach on August 28, 2008. 
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If grey water were discharged from a moving vessel in the middle of the lake the impact would 
likely be less than from shoreline.  This is an even more complicated situation than those 
presented above and would require a more comprehensive analysis along the lines of the study 
by Hay and Company (2007).  

8.5 CONSIDERATION OF CONDITIONS OF DISCHARGE TO PROTECT POTENTIAL PUBLIC HEALTH 
AND WATER QUALITY 

Our analysis indicates the discharge of greywater from multiple vessels moored at close intervals 
on beaches with limited water circulation creates a risk to public health and water quality.  
Concentrations of microbial contaminants will likely exceed BC water quality criteria for 
microbiological indicators for primary contact recreation, and discharge significant 
concentrations of limiting nutrients and exotic contaminants during summer months, when the 
lake is most susceptible to increased algal growth and highest use.  The probability that E. coli 
from vessel galley food preparation (i.e. hamburger disease O157:H7) will be discharged into the 
lake is high, as E. coli is a contaminant found in common summertime types of food: 
undercooked ground beef, unpasteurized milk and juice, raw sprouts, lettuce and salami.  
Waterborne transmission occurs through swimming in contaminated lakes, pools, or drinking 
inadequately treated water and the organism is easily transmitted from person to person (Dr. 
Geoff Edwards, MD. pers. comm.). 
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In addition, the intentional or unintentional drainage of hot tub water can discharge a variety of 
diseases associated with their use into the near field environment.  Poorly disinfected hot tubs 
provide a fertile breeding ground for a number of bacteria that can cause infection or disease 
including the Legionella bacteria that cause Legionnaires' Disease, which can be fatal.  As well, 
the Pseudomonas bacteria can cause a number of serious infections, such as severe skin 
rashes, eye and ear infections, and pneumonia.  

In terms of primary contact recreation, during summer months when vessels are moored at close 
anchorage, children and adults will often swim the short distance from vessel to vessel in the 
contaminant plumes, thus exposing themselves to a variety of potential gastrointestinal diseases 
and eye, ear, nose and throat infections.  Under these circumstances, the only condition of 
discharge that will protect public health and water quality is zero discharge of greywater. 
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9 DISCUSSION AND RECOMMENDATIONS 

It is clear from our literature review that other jurisdictions around the world are becoming 
concerned about the public health and water quality implications of greywater discharges from 
private and commercial watercraft, most notably in the states of Alaska, California and South 
Australia.  Alaskan concerns are mainly with cruise ships, however, the South Australia and 
California situations are similar to the Shuswap situation i.e., high density recreational use in 
freshwater during summer months.  Our review of the private and commercial watercraft 
greywater discharge issue followed a logical path: 

Are there any contaminants in greywater that could be deleterious to public health and/or the 
environment?  The answer to this question was clear: greywater is often indistinguishable from 
blackwater; hence greywater releases pose a risk to public health and water quality.  This report 
clearly demonstrates not only the great variability in quality of greywater, but also the significant 
amounts of pathogens, organic matter, nutrients and heavy metals contained in it.  This 
information is in line with limited Australian data and confirms the potential for greywater 
discharge to pose significant risks to both public health and receiving water quality; 

Since greywater is a contaminant, is there a process for treating greywater on-board private and 
commercial watercraft in order to minimize risk to public health and water quality?  A detailed 
review of the literature, plus consideration of the sanitary engineering requirements to design, 
manufacture and reliably operate such a mechanism, indicate there is no commercially available 
technology in Canada, or elsewhere, at this time that could provide suitable on-board treatment 
of greywater.  The operational aspects of small scale on-board treatment systems is their 
‘Achilles heel’.  While Australian examples can be shown of well designed and well operated 
treatment systems which meet their performance goals, the logistical and regulatory efforts 
required to ensure effective long term operation of the many small scale treatment systems 
installed in a large variety of leisure and commercial craft are overwhelming.  As the risk of 
failure or underperformance of these small scale on-board systems is undeniable and the 
potential impact of such failure is demonstrably significant, the precautionary principle clearly 
must apply; 

Since greywater can be deleterious to public health and water quality, and there is no suitable 
commercially available technology at present for on-board treatment, what are the implications 
of releasing greywater into the environment?  The answer to this question revealed a wide array 
of regulated and non-regulated contaminants would be released into the environment, some of 
which would exceed of the Canada Shipping Act regulations for Designated Waters and BC Water 
Quality Criteria for primary contact recreation, in addition to a wide array of emerging 
contaminants which would often include suspected and known endocrine disruptors and 
potentially carcinogenic compounds. 

The logical conclusion is that greywater discharges from private and commercial watercraft pose 
an unacceptable risk to public health and water quality in Shuswap and Mara lakes.  Given this 
conclusion, how could the situation be resolved? 

We found that similar conclusions have been reached in California and South Australia, and their 
responses are applicable to the Shuswap lakes, in addition to adhering to existing Canada 
Shipping Act Regulations for Designated Waters and BC Water Quality Criteria for Microbial 
Indicators.  
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We believe that effective, on-board treatment of greywater on Shuswap Lake houseboats and 
other recreational craft, followed by direct discharge, may eventually be possible, but the issue of 
“practicality” cannot be ignored (based on the Australian experience, to date) – when one 
considers ALL aspects of what may be required (including legal issues) to “make it work”, over 
what is essentially a 3-4 month boating season.  Human nature, being what it is, cannot be 
dismissed and it is hard to imagine that any amount of public education, vessel operation 
training, routine O&M of such systems, integrity testing and inspection, and the like, could 
actually “work” on the lake system as large and diverse as the Shuswap System.   

Although the Mannum System (developed in Australia) shows the “most promise”, from a 
“simplicity and hands off” perspective, favouring the boat owner/operator, it appears to be a 
long way from industry wide acceptance and application, (especially in consideration of treating 
ALL hazards).  CSIRO has put significant effort into the development of the “Greywater 
Technology Testing Protocol” and has been trying to get a national approach to the testing and 
validation of greywater treatment systems for some time.  At present, all such regulatory testing 
and validation procedures are the responsibility of the states, with the consequence that 
manufacturers face very high process validation costs around the country.  Even putting a 
technology through the CSIRO testing protocol is an expensive routine and CSIRO have found it 
difficult to get manufacturers to face up to this reality.  The CSIRO experience in this area has 
confirmed the difficulty and complexity in adequately regulating and controlling a multitude of 
proposed greywater treatment systems applied across a wide range of scales.   

In addition, the Mannum System treatment capability would have to be upgraded from the South 
Australia standard (Table 28) to meet the Canada Shipping Act Regulations for Designated 
Waters for Fecal Coliform (14 CFU/100 mL) and Biochemical Oxygen Demand (50 mg/L).  The 
South Australia standards do not consider heavy metals, nor any of the emerging contaminant 
categories of endocrine disruptors, nanoparticles, pharmaceuticals, personal care products, and 
potential carcinogens.  

Initially, one would think that, at least for greywater nutrient discharge on the Shuswap lakes, the 
seasonal contribution from private and commercial watercraft is minor when compared to the 
nutrient load discharge emanating from agricultural and land-based uncontrolled liquid 
discharges, which have a longer seasonal discharge window (in some cases, like septic tanks, 12 
months per year).  However, as shown in Tables 31 and 32, houseboat greywater is a very 
important source of degradable organic matter (BOD) as well as highly bioavailable phosphorus 
when compared to the entire volume of effluent discharged from the Salmon Arm sewage 
treatment plant during a similar summer time period.  Since the treatment plant effluent is 
disinfected prior to discharge it has negligible fecal coliforms, which makes the houseboat 
greywater discharges a very important source of pathogen indicators. 

The third option, mandatory greywater storage and pump-out, is the most “realistic” option for 
the Shuswap Lake System, although, it, too, has its own issues and controversies.  None-the-
least of these is a “fail-safe” system installed on board, preventing (and making it a chargeable 
offence under the EMA and Canada Shipping Act) deliberate discharge into the local water body 
directly from any size greywater holding tank.   
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We believe a phase-in period is called for, requiring newer vessels to design “appropriate sized” 
holding tanks into the basic structure.  Older vessels could be “grandfathered” as they are 
phased out of usage during a defined period established by the Ministry Environment, Interior 
Health, Shuswap First Nations and the Regional Governments (i.e. TNRD and CSRD) via SLIPP.  
This would be concurrent with additional actions such as an increase in the number of pump-out 
stations (strategically located around Shuswap Lake), flow restriction devices on-board (e.g. low 
volume shower heads and toilets), new limited size fresh water holding tanks (per person , daily 
limitations based), on-board grey water hook-up to toilet facilities for black water usage 
requirements, and others.   

It is conceivable that during this phase-in period, a temporary system of “floating barge”, pump-
out stations could be put in place in various bays and arms.  This interim system, along with the 
expansion of the on-shore pump-out stations, could be financed by a local, environmental levy (or 
something akin to a Shuswap watershed levy) and a greywater user fee on the commercial 
houseboat industry.   

From an enforcement and compliance perspective, on the water, “spot inspections” of private 
and commercial watercraft, by Provincial, Federal and First Nations authorities, would be a 
logical expectation, to ensure compliance uptake with this entire procedure.  Taken in its 
entirety, this option may be the most “feasible” for permanent adoption on the Shuswap Lake 
system, especially in consideration of “stakeholder buy-in”. 

In addition, an intensive education program should become an important part of managing 
contaminants from greywater.  The daily volume of water in the greywater component of 
wastewater is approximately 150 L/person (Standards Australia, 2009).  This volume can be 
segregated into approximately 45 L for kitchen activities, 75 L for personal hygiene, and 30 L for 
laundry (adapted from Table 7).  To effectively manage greywater, one core objective is to reduce 
the volume of any one of these uses and to reduce the variability with which this volume enters a 
treatment system.  Removing automatic dish washers and laundry facilities from houseboats 
would reduce the greywater volume significantly and would reduce some of the detergent 
components (phosphates, nonylphenols etc.) in greywater that create some of the environmental 
concerns with discharge to the aquatic environment.   

While onboard retention of greywater appears to be the safest option at the present time, it does 
lead to the obvious problem of the need to store large volumes of heavy water with significant 
implications for vessel design and stability.  Consequently, minimisation of greywater volume 
becomes of great importance.  Because of the severe drought experienced by most Australian 
cities in the last decade, Australian households have demonstrated great progress in reducing 
water consumption and some of the lessons learnt through this process may be applicable to 
water use on houseboats.  For example, Brisbane has achieved a total daily water consumption 
of only 120 l/p/d, a figure which includes significant volumes of blackwater and garden water.  
Thus, the target greywater consumption of 60 l/p/d appears achievable.  The use of high water 
efficiency appliances combined with behaviour change can produce dramatic results! 

The use of phosphate free degradable detergents is a positive step in managing greywater 
contaminants.  Careful removal of food waste from dishes and pots prior to washing and the 
conservative use of cooking fats and oils would help to reduce the biochemical oxygen demand 
of the greywater.  A source control strategy is one of the best ways to start to control the 
numerous contaminants that have been found in greywater since there is very little information 
on the ability of traditional wastewater treatment technologies to remove personal care product 
contaminants from wastewater (EPA, 2008).  
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In conclusion, the Shuswap lakes are the centerpiece of the economic, social and environmental 
sustainability of the Shuswap watershed.  The pleasant climate, high water quality and natural 
resources in this area generates millions of dollars annually to resident First Nations and the 
Columbia-Shuswap and Thompson-Nicola Regional Districts in commercial, recreational and 
residential revenue, and permits a quality of life and residential property value that is among the 
highest in the industrialized world.   

The large size and rapid flushing rates of Shuswap Lake and Mara Lake will not protect them 
from water quality degradation.  Shuswap Lake and Mara lakes are now exhibiting initial signs of 
declining water quality.  Although this only occurs in isolated areas, and the deep lake stations in 
Shuswap Lake are still relatively pristine, subtle shifts in water quality are appearing, some areas 
are already eutrophic, and the appearance of lake-wide algae blooms Shuswap Lake in June 
2008 and Mara Lake in May 2010 provides a harbinger of possible future water quality 
conditions.   

The risk to these lakes from greywater releases is important due to the summer window in which 
most boating activities occurs, and the natural tendency of vacation boaters to congregate in 
large numbers on highly desirable beaches for extended periods.  The contaminants in greywater 
are numerous, ranging from bacteria to viruses to limiting nutrients to endocrine disruptors, 
pharmaceutical and personal care products and possible carcinogens. 

The logical solution is to introduce a phase-in period to eliminate greywater discharges in the 
Shuswap lakes.  This would include ‘grandfather’ clauses for older vessels to allow the boating 
industry adequate time to design new, safe greywater containment compartments, and to 
educate the public on the public health and water quality rationale for containing greywater.  
Interim opportunities for “floating barge” pump-out stations could be put in place in various bays 
and arms, along with the expansion of the on-shore pump-out stations, financed by a grey water 
user fee on private and commercial watercraft using the Shuswap lakes.  Regulatory agency 
enforcement and compliance patrols on the lakes will be required mandatory to ensure 
compliance uptake.  

To be clear – it is unlikely that public health and water quality in Shuswap Lake and Mara Lake 
can be adequately protected over the long term unless a greywater containment strategy is 
developed, followed by defined time lines to eliminate greywater discharges from private and 
commercial watercraft.  The hard lesson that has been repeatedly demonstrated around the 
world, is that it is safer and far less expensive and environmentally disruptive to prevent a water 
quality problem from developing through proactive control/elimination.   

Why would we want to treat these beautiful lakes in any other way? 
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Appendix 1. Comparison of characteristics of greywater components in large cruise ships.29 

Water Source Statistic TSS BOD5 COD Ammonia FC Total Cl 
Accommodations 
& Laundry 

6 139 61 240 25 6 0.37 

Accommodations 104 455 355 1,340 25 104 0.78 
Laundry 8 39 86 300 0.4 8 0.28 
Galley 11 223 850 940 2.2 13,750 ND 
Mixed greywater 24 92 170 405 1.4 118,052 ND 
Mixed greywater 13 250 450 940 0.2 1,163,188 ND 

                                                      
29 Statistic = no. of samples. All values as medians except FC as geometric mean. All units as mg/L except FC as 

no./100 mL. TSS = total suspended solids, BOD5 = biochemical oxygen demand, COD = chemical oxygen demand, 
FC = fecal coliforms, Cl = chlorine, and ND = not determined. Adapted from Alaska Department of Environmental 
Conservation (2003). 

 

Appendix 2. Comparison of additional characteristics of greywater components in large cruise 
ships.30 

Wastewater 
Source Statistic Conductivity Oil & 

Grease TOC Alkalinity Total 
Phosphorus 

Accommodation 
& Laundry 

GM 3743 125 188 69 4.7 
Med.  5090 140 210 74 5.5 

Galley 
GM 2360 315 1506 0.25 12.2 

Med. 1810 520 1600 0.25 14.1 
                                                      
30 All values in mg/L. GM = geometric mean, Med. = median. TOC = total organic carbon, Data adapted  from Alaska 

Department of Environmental Conservation (2003). 



 

 

Appendix 3. Trace metals in greywater from cruise ships.31 

Ship and 
Statistics As Cd Cr Cu Pb Ni Se Ag Zn 

Large Ships, 2001, n =15 
Min. 0.18 0.07 1.15 0.6 0.7 0.55 0.39 0.14 1.4 
Max. 8.27 0.78 13.6 1710 94.7 56 31 1.7 10,300 
GM 0.84 0.27 3.8 103 4.0 11 2.0 0.4 179 
Large Ships, 2002, n = 16. 
Min. 0.06 ND 0.04 55.1 0.57 6.1 0.54 0.01 31 
Max. 50 ND 47.3 1980 23.6 64.5 88.6 4.1 1740 
Median 2.4 ND 6.7 96.6 2.1 13.7 5.5 0.23 291 
Small Ships, 2003, n = 8. 
Min. 0.24 0.0 0.99 96.7 0.73 2.3 0.29 ND 101 
Max. 1.38 0.84 6.2 376 12.8 14.2 3.6 ND 1890 
Median 0.93 0.27 2.9 146 3.7 7.8 0.65 ND 442 
Freshwater 
Life 5 0.017 1.0 2-4 1-7 25-

150 1.0 0.1 30 

                                                      
31All values in µg/L, GM = geometric mean, n = number of samples. ND = not determined. As = arsenic, Cd = 

cadmium, Cr = chromium, Cu = copper, Pb = lead, Ni = nickel, Se = selenium, Ag = silver, Zn = zinc. Values are for 
total recoverable metals. Adapted from Science Advisory Panel (2002) and Alaska Department of Environmental 
conservation (2003). Freshwater guidelines for the protection of aquatic life (CCME, 2002). 
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