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A lake re-emerges: Analysis of 
contaminants in the Semá:th 
X̱ ó:tsa (Sumas Lake) region 

following the BC floods of 2021
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“The former Semá:th X̱ ó:tsa (Sumas Lake) was once relied upon by 
our ancestors and provided many of the resources required to sustain 
our people. The November 2021 flood event demonstrated that 
the spirit of the X̱ ó:tsa is alive and well and that we must learn to 
harmonize with Mother Nature today.”  
— Murray Ned, Executive Director of the Lower Fraser Fisheries Alliance (LFFA)
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Executive summary
The catastrophic floods of late 2021 in southern British Columbia (Canada) 

and neighbouring Washington State (USA) destroyed homes, farms and 

businesses, with excess water spilling debris, animal carcasses and diesel 

fuel into historically productive fish habitat. 

We assembled a team to assess water quality in the 

former Semá:th X̱ ó:tsa (Sumas Lake) area of the Fraser 

Valley over a seven-week period after the floods. 

We collected water samples from 11 surface water 

sites and four groundwater sites for comprehensive 

contaminant analysis and a subsequent risk-

based evaluation. We measured 379 analytes 

(chemical components and bacteria), including 262 

anthropogenic contaminants. We examined excess 

nutrients, metals, fecal coliform, hydrocarbons, 

pesticides, pharmaceuticals and personal care 

products, perfluorinated compounds, sucralose and 

tire-related chemicals. 

We detected an average of 87 analytes at each 

location, of which 20 were anthropogenic chemicals 

not found in nature. 

We compared our results to the strongest 

Environmental Quality Guidelines (EQGs) available 

from Canadian jurisdictions. EGQs are benchmarks 

used to assess the quality of aquatic environments; 

they are based on the toxicological risks of specific 

substances to aquatic life. Only 86 of the analytes 

we measured (23%) had Environmental Quality 

Guidelines, meaning that risks to fish for 77% of our 

analytes are not clear.

There were 59 exceedances of EQGs among our 29 

surface water samples during our study, suggesting 

that fish habitat in the Semá:th X̱ ó:tsa region was 

heavily degraded by multiple contaminants. We 

identified excessive nutrients, metals, hydrocarbons, 

and pesticides as being the primary pollutants of 

concern, underscoring the impacts of domestic 

and agricultural practices on the fish habitat that 

permeates the area. 

While no EQGs are available to interpret the 177 

new and emerging contaminants in our study, the 

widespread detection of cocaine, painkillers, and 

pesticides raises fundamental questions about the 

health of an area that is home to both fish and people.

Our findings paint a disturbing picture of habitat 

quality for salmon and other fish in this area of the 

Fraser Valley, and highlight our collective failure to 

monitor and protect these waters today and for future 

generations.
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A former lake re-emerges
Heavy rains, melting snowpack and breaches in the walls of engineered 

waterways led to catastrophic floods in the former Semá:th X̱ ó:tsa area of 

the Fraser Valley (British Columbia, Canada) in late 2021. Dike breaches 

along the Nooksack River in Washington State (USA) and along canals in 

British Columbia unleashed a torrent of floodwater into communities, over 

farms, and through industrial areas, killing thousands of poultry, pigs, and 

cows, degrading already damaged fish habitat and causing significant loss 

of property. 

All of this occurred in the footprint of the former 

Semá:th X̱ ó:tsa, which was drained by the Barrowtown 

pump station in 19241. Additional floods in the more 

eastern communities of Merritt, Princeton and Hope 

add to the list of questions raised around planning 

for climate resilience, protecting communities, 

Indigenous access to traditional land-uses, and 

natural ecosystems.

“The Semá:th people were known as the fierce wolf people and were 
a part of the larger Stό:lō Nation. We are located in Abbotsford, 
BC, where we have been since time immemorial, and we are located 
where previously the Semá:th Lake and waterways were. These 
aquatic habitats formed an integral part of our community and our 
traditional way of life.” — Sumas First Nation

http://www.sumasfirstnation.com/about-sumas-first-nation/
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Government map from 1913 of Sumas Lake prior to drainage (City of Vancouver Archives).2

Figure 1: 1913 map of Figure 1: 1913 map of Semá:th X̱ó:tsa (Sumas Lake) (Sumas Lake)
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This was, and is, fish habitat
Loss of life and property were priorities during the 2021 floods, but the 

meandering streams, ditches, canals and rivers of the Fraser Valley continue 

to be important – although degraded - habitats for salmon. With floodwaters 

rising above the level of basements, roads, croplands, and septic fields, the 

boundaries between fish habitat and human communities disappeared. 

The smell of death, decay and diesel during the 2021 

floods spoke poignantly to the unfolding catastrophe. 

If one could smell manure and fuels, and observe 

dead animals and oil slicks, what invisible chemicals 

might have been unleashed into this fish habitat as 

well? Did the flood make things worse, or were these 

waterways already contaminated by local activities? 

Often referred to as the ‘Sumas Prairie’ because of its 

productive soils and farms, this region is in fact an 

extensive floodplain that had historically supported 

fish, shellfish and migratory birds, providing resources 

for Indigenous communities2. 

Semá:th X̱ ó:tsa was a shallow freshwater lake that 

covered approximately 80 km2 in the Fraser Valley2 

(Figure 2). Spring snowmelt would deliver oxygen-

and nutrient-rich water that would expand the lake 

to 134 km2. This cool, clean water provided high-

quality habitat that enabled salmon to thrive through 

different life stages. Semá:th X̱ ó:tsa represented an 

important piece of freshwater salmon habitat in the 

Fraser River watershed. Prior to European contact, 

the Fraser watershed supported an estimated 1,070 

salmon spawning populations and was considered 

the most productive salmon-bearing river system in 

the world3,4.

“Known for white sturgeon, salmon, trout, sculpin, dace, steelhead, 
suckers; Semath sockeye were once abundant but now extinct; Yarrow 
a seasonal village of houses built on stilts; shovel-nosed canoes; Xhotas 
was always changing with people moving with the seasons… food and 
medicine plants; deer and elk came down to lake – trapped by hunters.”  
— Thetáx Chris Silver, Xémontélót Carrielynn Victor, Kris Foulds, and Laura Schneider5



6 A lake re-emerges: Analysis of contaminants in the Semá:th X̱ó:tsa (Sumas Lake) region following the BC floods of 2021

The Fraser River watershed today is home to 54 

Conservation Units (distinct populations) of salmon, 

of which only eight are considered ‘healthy’ and more 

than half are classified as threatened, endangered, 

or special concern by the Committee on the Status 

of Endangered Wildlife in Canada (COSEWIC)3. 

Industrialization, urbanization, agricultural activities 

and other land-use practices have transformed the 

landscape of former Semá:th X̱ ó:tsa into a fragmented 

mosaic of degraded habitats with reduced water 

quality6,7.

By the turn of the 21st century, forests in the Fraser 

River watershed were diminished to one-tenth of 

their original extent, and wetlands were reduced by 

71,000 hectares8. Over 85% of floodplain habitat that 

supported salmon populations has been lost, and 

1,200 in-stream barriers such as dams, floodgates, 

and culverts prevent salmon from accessing 2,224 

kilometers (64%) of streams8. These important 

habitats would have been utilized by juvenile salmon 

populations through the Fraser River watershed9. 

However, today salmon have access to just 101 square 

kilometers of floodplain habitat in the Lower Fraser, 

contributing to habitat loss that perpetuates salmon 

declines in this part of the province8. 

Along with the physical degradation of aquatic 

ecosystems following European settler arrival, salmon 

must also traverse various contaminant hotspots 

and discharges along a lengthy habitat corridor, 

from the Fraser headwaters through the estuary and 

into the Pacific Ocean10. These areas expose salmon 

throughout different life stages to a wide variety of 

contaminants, including agro-forestry pesticides, 

municipal and industrial wastewater discharges, 

surface runoff from roadways, chemical spills from 

vessels, railcars and vehicles, and atmospherically-

deposited pollutants from distant sources.

These contaminants can harm salmon where they are 

released, or drift downstream6,11. Critical Habitat for 

Endangered Southern Resident killer whales (Orcinus 

orca) also lies downstream at the mouth of the Fraser 

River estuary and into the Salish Sea 10,12. These 

salmon-eating killer whales are among the world’s 

most contaminated marine mammals, highlighting 

their vulnerability to contaminant accumulation from 

their food web13.

Despite these significant pollution concerns in 

the region, efforts to track freshwater and marine 

habitat quality for salmon are minimal, and the 

rapidly growing list of newly available commercial 

chemicals and pesticides paints a daunting and poorly 

understood picture of salmon habitat into the future.
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An emergency intervention 
With the realization that fish and fish habitat were at risk from flood-borne 

pollutants in late 2021, we assembled a rapid-response team to collect water 

samples from the surface waters of the former Semá:th X̱ ó:tsa.

The question we posed was simple: 

“Did the catastrophic floods of late 2021 unleash 

contaminants into the waterways of the former 

Semá:th X̱ ó:tsa?”

The realization that there were no pre-flood baseline 

data for water quality for the former Semá:th X̱ ó:tsa 

area and most other salmon habitats led us to adjust 

our question to:

“Has fish habitat in the waterways of the former Semá:th 

X̱ ó:tsa been degraded by contaminants from human 

activities?”

Our field team included staff from Raincoast 

Conservation Foundation, the Lower Fraser Fisheries 

Alliance (LFFA), the S’ólh Téméxw Stewardship 

Alliance (STSA), the Sem:ath First Nation, Fisheries 

and Oceans Canada, and BC Ministry of Forests, Lands 

and Natural Resources (FLNRO). Financial support 

was provided by the LFFA, the STSA, the Pacific 

Salmon Foundation, BC Ministry of Environment 

and Climate Change Strategy (ECCS), and Fisheries 

and Oceans Canada (DFO).

We collected surface water samples from 10 sites in 

the flooded-affected area and one from an upstream 

reference site, as well as four groundwater samples. 



We collected a total of 29 surface water samples over 

four sampling dates December 15 (2021), December 

23 (2021), January 27 (2022) and February 2 (2022). 

We also collected four groundwater samples in 

partnership with the BC FLNRO and the City of 

Abbotsford on January 27 and February 2 (2022). 

We present findings from the surface water samples 

and the two BC groundwater monitoring wells in this 

report. Results from the City of Abbotsford samples 

will be considered in a separate groundwater report. 

Details of sampling locations are appended in the 

Supplementary Information section.

At each site, we recorded water temperature and 

conductivity (YSI sensor model 5560), pH (YSI sensor 

model 1001A) and dissolved oxygen (Galvanic DO 

sensor model 2002) using a YSI meter PROPLUS-4 

(Yellow Springs, USA) and a 30 m cable (model 

10102030). We measured current using a Hatch flow 

meter model FH950 (Loveland, USA).

Our study provides complementary data and 

interpretation to the effort led by the BC Ministry of 

Environment and Climate Change Strategy14.

Samples were submitted to two analytical laboratories, 

namely CARO Analytical Services (CARO Analytical 

Services - Water, Soil, Air, Plant, Food Testing) and SGS 

AXYS Analytical Services (https://www.sgsaxys.com/) 

in Sidney BC for analysis. Details are appended in the 

Supplementary Information section.

Summary of samples 
collected Number

Water samples collected  
(surface) 29

Groundwater samples  
collected (wells) 4

Water quality analytes  
measured 379

Anthropogenic chemicals  
measured 263

Average number of chemi-
cals detected at each site 21

Number of analytes with 
available Environmental 
Quality Guidelines

86

Number of exceedances 
of Environmental Quality 
Guidelines in surface water 
samples

59

Table 1: By the numbers

Our team collected and analysed water 
samples in the Semá:th X̱ó:tsa area. Here is a 
summary of our field work, lab analysis, and 
key findings.

8
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No. 3No. 3

Semá:th X̱ó:tsa 
region

Cultus 
Lake

Vancouver 
Island

British Columbia

Semá:th X̱ó:tsa

USA

Semá:th 
X̱ó:tsa

Sumas Lake Barrowtown

Sumas Drainage Canal

Groundwater GW008

Groundwater GW457

Surface water samples were collected from up to 11 sites between December 15 (2021) and 
February 2 (2022). In addition, groundwater samples were collected from two BC FLNRO 
monitoring wells on February 2 (2022): GW 008 and GW 457. Drinking water well samples (Farmer 
1 pre- and post-treatment) were collected with the City of Abbotsford on February 2 (2022), but 
these latter will be considered in a separate report dedicated to groundwater.

Figure 2: Map of sample sites in the Semá:th X̱ó:tsa (Sumas Lake) Region

N

Before 1924
Spring freshet, 
before 1924

Fraser River
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Cocaine and cocaine metabolites, metformin, sucralose and tire-
related chemicals found in these waterways raise fundamental 
questions about the manner in which we regulate, use, treat, and 
dispose of chemicals. 
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Degraded fish habitat: our 
findings
We detected an average of 87 analytes in each water sample, of which 20 

were anthropogenic contaminants not found in nature. We observed a total 

of 59 exceedances of established pan-Canadian Environmental Quality 

Guidelines designed to protect fish and aquatic habitat. With Environmental 

Quality Guidelines available for only 23% of the contaminants that we 

measured, a complete risk-based evaluation of fish habitat quality is not 

possible.  Details of our Environmental Quality Guideline methodology are 

appended in the Supplementary Information section.

The widespread detection of several contaminants 

of potential concern in Sumas waterways, for 

which no guidelines are available, underscores 

the generalized impact of human activities in the 

area. Cocaine and cocaine metabolites, metformin, 

sucralose and tire-related chemicals found in these 

waterways raise fundamental questions about 

the manner in which we regulate, use, treat, and 

dispose of chemicals, as well as their movement and 

persistence in the environment. Our findings add 

troubling new data to reports of these chemicals 

elsewhere in North America15.

With the lack of pre-flood water quality data for the 

area, we could not evaluate the extent to which the 

flood waters may have flushed contaminants from 

land-based activities into fish habitat. However, 

between our first sampling on December 15 (2021) 

and our second sampling on December 23 (2021), 

counts of fecal coliform, and the concentrations of 

hydrocarbons and pesticides rose (2.4 x, 1.7 x, and 2.8 

x), pointing to a likely release of these contaminants 

from adjacent land uses and practices as the flood 

waters receded.

The average concentrations of all contaminant classes 

were much higher in samples from the 10 sites sampled 

in the waters of the former Sumas Lake, compared to 

our upstream reference site at Frost Creek. This paints 

a clear picture of degraded fish habitat in the waters of 

the former Sumas Lake area. The overall contaminant 

‘fingerprint’ points to local household and agricultural 

sources for most contaminants, with elevated levels 

of nutrients, metals, pesticides, hydrocarbons, 



Common pharmaceu-
ticals in Sumas water-
ways

Function/use

Theophylline Asthma  
medication

Cocaine Illicit drug

DEET Insect repellant

Benzoylecgonine Metabolite of 
cocaine

Metformin Diabetes  
medication

Cotinine Breakdown prod-
uct of nicotine

Naproxen Pain reliever

Triclocarban Antibacterial 
soap

Ibuprofen Pain reliever

Bisphenol A Plasticizer

Table 2: Drugs, soaps, and painkillers

Analytes

Average increase in  
Sumas waters compared 
to reference site

Fecal coliform 641 x

Pesticides 135 x

Pharmaceuticals 60 x

Nitrogen (total) 43 x

Phosphorus 19 x

Hydrocarbons 6.5 x

Metals 1.7 x

Table 3: Degraded fish habitat

Surface waters sampled in the Semá:th X̱ó:tsa area 
had much higher levels of several analytes (bacteria 
and chemical contaminants) than those sampled at 
our upstream reference site at Frost Creek.

We found a number of pharmaceuticals, personal 
care products and illicit drugs in the waters of the 
Semá:th X̱ó:tsa area. Here are some surprising - 
and widespread - detections.

12
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pharmaceuticals, and sucralose being detected in 

Sumas waterways. The strong correlation between 

high nutrient levels (nitrogen and phosphorus) and 

declining dissolved oxygen levels in the waterways 

of the former Sumas Lake indicate the water quality 

consequences of nutrient runoff and impacts to the 

quality of local fish habitat.

Contaminants from the surface waters in the 

Sumas area are seeping into groundwater. The two 

groundwater samples collected from sites in the 

Sumas area had nitrogen, phosphorus, hydrocarbon 

and pharmaceutical concentrations similar to those 

observed in the flooded surface water samples 

from the former Sumas Lake area, but generally 

lower concentrations of fecal coliform, metals, 

pesticides, perfluorinated substances and sucralose. 

A groundwater quality report is forthcoming.
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Conclusions
The catastrophic floods of late 2021 in British Columbia wreaked 

havoc on homes, farms and businesses, flushing manure, fertilizer, fuels, 

pesticides and other contaminants into fish habitat. The Semá:th X̱ ó:tsa area 

was heavily impacted, with floodwaters temporarily restoring the lake that 

had existed prior to its deliberate drainage in the early 20th century.

The lack of pre-flood baseline data prevents us from 

adequately documenting the impacts of the floods on 

water quality in the region, but our analysis after the 

floods revealed several insights (below).

While traumatic and damaging to the affected 

communities, the catastrophic floods of 2021 

nonetheless revealed an unfortunate truth about the 

waters of the Semá:th X̱ ó:tsa area. The floods brought 

attention to a notable deficiency in environmental 

monitoring, removed a shroud of ignorance around 

water quality and exposed the extent of degraded fish 

habitat in the Fraser Valley.

1. Water quality in the Sumas Lake area is poor, 
regardless of flooding, having been degraded by 
agricultural and domestic activities;

2. Fish are exposed to high levels of metals, 
pesticides, and other contaminants of concern, 
and lower levels of life-giving dissolved oxygen;

3. High nutrient levels, likely from agriculture 
and domestic sources, and slow moving 
waters from barriers and flood control 
structures, are likely contributing to low 
dissolved oxygen levels;

4. The lack of riparian buffer zones along the 
edges of streams, rivers and canals in the 
Fraser Valley means that nutrients, pesticides 
and other contaminants wash easily into fish 
habitat during rainfall and flooding events;

5. Salmon are exposed to various human activities 
and pollutant discharges along their migratory 
journey for which the cumulative effects are not 
well understood;

6. Limited and inconsistent monitoring of 
water quality in BC constrains our ability to 
understand and manage risks associated with 
land use practices and chemical uses;

7. The consequences of climate change on water 
quality and water quantity in fish habitat in 
BC are uncertain, and we are poorly equipped 
to predict, understand and protect fish habitat 
into the future;

8. Sustainable land use that protects and restores 
fish habitat will benefit from innovative and 
shared approaches to investments in resilient 
infrastructure and nature-based solutions.
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There are no regulatory or risk-based tools to document the 
effects of multiple contaminants in fish habitat; we simply 
do not know what the real world risks are associated with 
the complex chemical soup to which salmon are exposed.
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Supplementary information

Table 1: Sample collection

Site name Latitude longitude Description

Frost Creek 49.0111 N 122.0406 W Reference location upstream from 
Cultus Lake and Sumas waterways

Sumas border 49.0025 N 122.2323 W Sumas River inflow at Canada-USA 
border

Nelles Rd 49.0240 N 122.2097 W Flooded agricultural field

Arnold Slough 49.0340 N 122.1945 W Agricultural canal

Interprovincial 49.0531 N 122.1098 W Agricultural canal 

Wells Line 49.0329 N 122.1228 W Agricultural canal

Sumas Drainage Canal 
KBF

49.0921 N 122.1184 W Agricultural canal

#3 Pump House KBF 49.0913 N 122.1142 W Mid-canal Pump Station

Marshall Creek 3 culverts 49.0551 N 122.1857 W Culverts underneath TransCanada 
Highway 1

Sumas Lake Barrowtown 49.1136 N 122.1116 W Pump station input to Fraser River

Sumas Drainage Canal 
Barrowtown

49.1147 N 122.1104 W Pump station input to Fraser River

Groundwater GW008 49.0170N 122.2894 W FLNRO monitoring well

Groundwater GW457 49.0298 N 122.1946 W FLNRO monitoring well

*  A separate groundwater report will summarise results from all four groundwater samples; we present 
findings from GW008 and GW457 only in this report as this water table lies beneath the surface waters 
evaluated in this study to inform the potential contamination from above agricultural, urban and 
industrial activities.

Surface water samples were collected from 11 sites in the Sumas Lake area after the BC floods on 
Dec 15 and Dec 23 (2021) and Jan 27 and Feb 2 (2022). Samples of groundwater were collected 
on January 27 and February 2 (2022) with BC FLNRO and City of Abbotsford support.
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Table 2: Laboratory analysis

Surface water samples were delivered to Caro Analytical Services and SGS AXYS for analysis.

Analyte class Lab Method
Number of 
analytes

Water properties field YSI

Nutrients CARO 5

Microbial CARO SM 9223 (2017) Coliforms Q-Tray 3

Metals CARO EPA 6020B 38

Mercury CARO EPA 245.7 (Hg) 1

PAHs CARO EPA 8270D 21

Sucralose SGS-AXYS MLA-116 Rev 02 1

MRES pesticides SGS-AXYS MLA-035 Rev 07 LC MS/MS EPA 
1633

76

HR PAHs SGS-AXYS MLA-021 Rev 12 EPA 8270D 75

PFOA SGS-AXYS MLA-110 Rev 02 39

PPCPs SGS-AXYS MLA-075 Rev 09 LC MS/MS EPA 
1694+

143

6-PPD SGS-AXYS MLA-118 Rev 01 3

Total 405
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Risk assessment methodology using Environmental 
Quality Guidelines from Canadian jurisdictions

Across Canada, Environmental or Water Quality 

Guidelines (here ‘EQGs’) are benchmarks used to 

assess the ambient quality of terrestrial and aquatic 

environments16. These guidelines are established 

based on the toxicological effects or hazards of 

specific substances or groups of substances. They are 

designed to protect water quality values for aquatic 

life, terrestrial life, ecosystem health, drinking water 

sources, human recreation, and agriculture (livestock 

watering and irrigation)17. EQGs are distinguished 

between short-term (acute) and long-term (chronic) 

exposures to substances, and are designed to protect 

the most sensitive species against sub-lethal and 

lethal effects from chronic exposures.

EQGs can be used as risk management tools 

and performance measures to assess whether 

concentrations of substances pose a threat to aquatic 

or terrestrial life. Concentrations that measure equal 

to or below an acute or chronic EQG are interpreted 

as protective for the water use or ecosystem. An 

exceedance of this benchmark indicates the potential 

for adverse effects, and can be used to inform decision-

making and resource management.

Notably, benchmark concentrations of EQGs can 

differ across jurisdictions and some are more 

conservative than others. In this study, we used the 

most conservative EQG available for each analyte 

examined. We then determined if contaminant 

concentrations detected in former Sumas Lake surface 

waters exceeded the most conservative guideline 

available to protect fish and fish habitat. 
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