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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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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.

EXECUTIVE SUMMARY
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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 1: Map of sample sites in the Semá:th X̱ó:tsa 
(Sumas Lake) Region

N

Before 1924
Spring freshet, 
before 1924

Fraser River



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

“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/


5

Section 1: Nutrients and 
oxygen

SECTION 1

Nutrients 
and oxygen

5

A lake re-emerges: Analysis of contaminants in the Semá:th X̱ó:tsa 
(Sumas Lake) region following the BC floods of 2021
www.raincoast.org/flood-water/

https://www.raincoast.org/flood-water/


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

Capsule
Nitrogen and phosphorus concentrations were 43 and 19 times higher, 

respectively, in surface waters of the former Semá:th X̱ ó:tsa (Sumas Lake) 

compared to our upstream reference site. This corresponded to dissolved 

oxygen levels in Sumas waterways that were 52% lower than our upstream 

reference site. This implicates fertilizers, manure, wastewater effluent and/

or leaking septic fields in degrading the fundamental properties of fish 

habitat in Sumas waterways.

Introduction
The catastrophic floods of late 2021 in British 

Columbia and Washington State overwhelmed 

urban, agricultural and industrial infrastructure 

in the Semá:th X̱ ó:tsa (Sumas Lake) area, raising 

concerns about the impacts of contaminant 

discharges into fish habitat. The absence of pre-flood 

baseline data and ongoing monitoring of freshwater 

quality in the area highlighted the urgent need for 

water sampling and analysis to assess the level of 

risk to fish and the environment.

Freshwater habitats that are fish-bearing require good 

water quality, starting with suitable dissolved oxygen 

(DO), temperature, hardness, conductivity, and neutral 

acidity (pH). Other important factors to consider are 

the concentrations of nutrients such as nitrogen and 

phosphorus. While all of these water properties in 

moderation are features of healthy aquatic ecosystems, 

they can become harmful through human activities. 

Dissolved oxygen ensures that fish and other 

organisms inhabiting aquatic environments get 

the oxygen they need. The measurement of DO 

provides a direct indication of an aquatic ecosystems’ 

ability to support fish life. Hardness, measured as 

calcium carbonate, indicates the dissolved content 

of the minerals calcium and magnesium in water. 

Hardness can affect the chemistry of water and the 

interactions of other chemicals. Temperature affects 

water chemistry, the amount of oxygen it holds, and 

the health of fish. Conductivity is the ability of water 

to conduct an electrical current, and can indicate 

the amount of dissolved substances, chemicals, and 

minerals in the water (1). pH provides an indication of 

how acidic or basic (alkaline) the water is, which can 

also have a significant effect on fish health. 

Excess nutrients are associated with degraded fish 

habitat and eutrophication. In moderation, nitrogen 

NUTRIENTS AND OXYGEN
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and phosphorus are essential for plant growth. Too 

much of these nutrients can lead to excessive plant and 

algae growth and cause declines in dissolved oxygen 

levels in water as the plants decay (2).

Runoff from human activities such as agriculture, 

leaking septic systems, or discharges from sewage 

treatment plants can release nutrients into fish habitat. 

Both nitrogen and phosphorus can enter waterways 

from agricultural lands (3,4). 

Reduced levels of dissolved oxygen can impact the 

growth and development of salmon at all life stages 

and can negatively affect the swimming performance 

of migrating adults and other cold water fish (5,6). 

Methods
We collected 27 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley (British 

Columbia; 10 on December 15, 2021, 9 on December 23, 

2021, 6 on January 27, 2022 and 2 on February 2, 2022) 

as well as 4 groundwater samples on February 2, 2022. 

Two of these samples from Abbotsford groundwater 

sources will be evaluated separately. Details for 

sampling sites are listed in the Executive Summary. 

Temperature, pH, conductivity, and dissolved oxygen 

were measured at each site using a YSI meter.

Collected water samples were stored in the field at 4°C in 

suitable containers supplied by partnering laboratories, 

and delivered the same day to Caro Analytical Services 

in Richmond, BC (CARO Analytical Services - Water, 

Soil, Air, Plant, Food Testing) for analysis. They used 

their in-house SM2340 B (2017) method for measuring 

hardness, the TKN; NO2+NO3 by colour protocol for 

measuring total nitrogen; and the Colorimetry in water 

method for measuring total phosphorus. Data are 

presented as milligrams per litre (mg/L).

As one means of interpreting the risk of nutrient-

related effects in fish habitat at our sample locations, 

we compared our results to the most protective 

Environmental Quality Guidelines (EQGs) for fish 

and fish habitat available in a Canadian provincial 

or federal jurisdiction. Jurisdictions with relevant 

EQGs in Canada included British Columbia, Alberta, 

Saskatchewan, Manitoba, Ontario, Quebec, Canada 

(federal) and the Canadian Council of Ministers of the 

Environment (CCME). While these Environmental 

Quality Guidelines don’t fully explain contaminant 

risks to fish, they do provide a basic benchmark to 

gauge the health of fish habitat.

We refer to the most protective EQG in Canada herein as 

the ‘pan-Canadian Environmental Quality Guideline to 

protect fish and fish habitat’ or the ‘pan-Canadian EQG’.

We report here on nutrient concentrations in 25 

surface and 2 ground water samples following the 

British Columbia floods of late 2021, and evaluate 

results against our pan-Canadian EQG to protect fish 

and fish habitat.
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Results
Surface water

 » Average temperature ranged between 2.7 and 6.6 
°C across all surface water sites and sampling 
dates, in line with seasonal expectations.

 » Average conductivity ranged between 119.5 to 
194.5 -uS/cm across surface water sites and 
sampling dates.

 » Average pH ranged from 6.7 to 7.4, in the 
guideline range of 6.5 to 9.0 across surface water 
sites and sampling dates.

 » Average hardness ranged from 40.0 to 158.0 mg/L 
across surface water sites and sampling dates.

 » Average total nitrogen (includes nitrate, nitrite 
and ammonia) ranged between 0.09 and 5.56 
mg/L across surface water sites and sampling 
dates.

 » Average total phosphorus ranged from 0.02 
to 0.85 mg/L across surface water sites and 
sampling dates. 

 » Average dissolved oxygen ranged from 3.6 mg/L 
to 13.8 mg/L across surface water sites and 
sampling dates. 

 » Nitrogen concentrations were 43 times higher in 
our 10 Sumas surface water sites compared to our 
upstream reference site (Frost Creek). 

 » Phosphorus concentrations were 20 times higher 
in our 10 Sumas surface water sites compared to 
our upstream reference site (Frost Creek). 

 » Average dissolved oxygen concentrations 
decreased by 52% in our 10 Sumas Lake surface 
water sites compared to our upstream reference 
site (Frost Creek). 

 » Average concentrations of nitrogen and 
phosphorus increased by 184% and 140%, 
respectively, between December 15th, 2021 and 
January 27th, 2022 across all surface water sites. 

 » No change in average dissolved oxygen 
concentrations were observed over the duration 
of this study.

Groundwater
 » Temperature ranged from 10.4 to 10.8 °C in 

groundwater water sites.

 » Conductivity ranged from 203.2 to 374.8 -uS/cm 
in groundwater water sites.

 » pH ranged from 6.56 to 6.84; all sites were in the 
guideline range of 6.5 to 9.0 across groundwater 
sites.

 » Hardness ranged from 127.0 to 208.0 mg/L across 
groundwater sites. 

 » Total nitrogen (includes nitrate, nitrite and 
ammonia) ranged between 10.1 and 16.6 mg/L 
across groundwater sites. 

 » Total phosphorus ranged from 0.01 to 5.03 mg/L 
across groundwater sites.

 » Dissolved oxygen ranged from 1.15 mg/L to 4.36 
mg/L across groundwater sites.
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Figure 1.1: Total nitrogen concentrations in surface waters

The average concentrations of total nitrogen was relatively high in the agriculturally- 
influenced Sumas Lake sites compared to our reference site upstream (Frost Creek). The 
sites followed the downstream flow of water from our reference site above Cultus Lake 
(Frost Creek), through the Sumas Lake area, and being discharged into the Fraser River 
through the Barrowtown Pump Stations.
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Figure 1.3: Dissolved oxygen in surface waters

Average concentrations 
of phosphorus were 
relatively high at 
agriculturally-influenced 
Sumas Lake sites 
compared to our 
reference location 
upstream (Frost Creek). 
The sites followed the 
downstream flow of 
water from our reference 
site above Cultus Lake 
(Frost Creek), through the 
Sumas Lake area, and 
being discharged into 
the Fraser River through 
the Barrowtown Pump 
Stations.

Average concentration 
of dissolved oxygen 
(mg/L) declined at 
sites in Sumas Lake 
waterways, indicating 
degraded fish habitat. 
The sites followed the 
downstream flow of 
water from our reference 
site above Cultus Lake 
(Frost Creek), through 
the Sumas Lake area, 
and being discharged 
into the Fraser River 
through the Barrowtown 
Pump Stations. The 
dotted line denotes the 
Environmental Quality 
Guideline for Dissolved 
Oxygen established by 
the CCME.

Figure 1.2: Phosphorus concentrations in surface waters
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Conclusions 
While temperature, hardness, pH, and conductivity 

are important parameters for water quality, we focus 

here on the implications of excessive nutrient levels 

on dissolved oxygen in fish habitat. 

 » Nitrate, phosphorus and dissolved oxygen 
have Environmental Quality Guidelines 
listed by a Canadian jurisdiction. The most 
conservative pan-Canadian guideline for nitrate 
is BC Environmental Quality Guidelines. For 
phosphorus, the most conservative guideline 
is CCME. The most conservative guideline for 
dissolved oxygen is from CCME (6.5 mg/L) 
for cold water biota in adult life stages. The 
guideline for cold water biota in early life stages 
is 9.5 mg/L. There is no freshwater aquatic 
guideline for total nitrogen.

 » While phosphorus does not have a guideline 
for aquatic organisms in running surface water, 
7 surface water sites that we deemed to be 
‘stagnant’ and one groundwater site exceeded the 
CCME guideline of 0.01 mg/L for freshwater lakes. 
These include: Sumas Border, Nelles Road, Arnold 

Slough, Interprovincial, Wells Line, Marshall 
Creek, No. 3 Pump House, and Groundwater 457.

 » Four surface water sites had average DO levels 
below our pan-Canadian guideline of 6.5 mg/L, 
with the lowest DO at Wells Line at 3.5 mg/L.

 » Nitrogen and phosphorus concentrations were 43 
and 20 times higher, respectively, in our 10 Sumas 
surface water sites compared to our upstream 
reference site (Frost Creek). 

 » There was a 52% decrease in average dissolved 
oxygen concentrations in our Sumas Lake surface 
water field sites compared to our reference site at 
Frost Creek.

 » We detected an 84% increase in the average 
concentration of nitrogen, and a 40% increase 
in average phosphorus concentrations between 
December 15, 2021 and January 27, 2022 in all 
surface water sites. 

 » We suggest analyzing nitrate and nitrite 
separately to be able to compare these to their 
guidelines; chloride concentrations are required 
to determine nitrite guidelines. 

Figure 1.4: Dissolved oxygen declines with increasing nitrogen
Dissolved oxygen 
in surface waters 
of the Sumas Lake 
area declined with 
increasing Nitrogen 
levels (r2-0.65; 
p=0.003), indicating 
eutrophication of fish 
habitat.
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Figure 1.5: Phosphorus and nitrogen are correlated

Phosphorus and nitrogen levels in surface waters of Sumas Lake waterways were strongly 
correlated (r2=.83; p=0.0001), suggesting that agricultural fertilizers and livestock manure 
are contributing to the degradation of fish habitat.

The dissolved oxygen levels in the former Sumas 

Lake area were below the concentrations needed to 

support healthy fish, indicating degradation of fish 

habitat. The strong correlation between nitrogen and 

phosphorus appears to reinforce the connection to 

agricultural practices, through fertilizer application, 

soil tillage, manure, wastewater treatment plant 

effluent and/or leaking domestic (septic) wastewater. 

The strong negative correlation between dissolved 

oxygen and total nitrogen suggests a link between 

agricultural sources of nutrients and the loss of 

function of this fish habitat. Our findings suggest 

that the floods of 2021 may have flushed these 

nutrients into fish habitat, but pre-flood nutrient 

concentrations may already have been elevated. 

Future water quality monitoring would help identify 

the source of these nutrients, inform potential flood 

and/or seasonal-related pollution pulses in surface 

water, and provide a basis for solutions in the Sumas 

Lake region. 
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Capsule 
Coliform bacteria from humans, livestock and/or wildlife have degraded 

surface waters of the former Semá:th X̱ ó:tsa (Sumas Lake), rendering them 

unsafe to drink or play in. Fecal coliform and E.coli appeared to increase 

during the course of our study, suggesting that the catastrophic British 

Columbia floods of late 2021 may have caused a release of these biological 

pollutants into fish habitat. Further work to track bacteria back to source 

type, along with the determination of other contaminants of concern, will 

enable solutions that protect and restore fish habitat in the area.

Introduction 
The catastrophic floods of late 2021 in British 

Columbia and Washington State overwhelmed 

urban, agricultural and industrial infrastructure in 

the Semá:th X̱ ó:tsa (Sumas Lake) area, raising concerns 

about the impacts of contaminant discharges into 

fish habitat. The absence of pre-flood baseline data 

and ongoing monitoring of freshwater quality in the 

area highlighted the urgent need for water sampling 

and analysis to assess the level of risk to fish and the 

environment.

Coliform is a general name for bacteria found in 

the environment that provides an indication of 

contamination for livestock, wildlife or humans. As 

measured, total coliform is a collection of different 

coliform species in the environment. Fecal coliform 

is a total measure of coliform found in the gut and 

feces or warm-blooded animals. E. coli is the primary 

coliform species found in feces. As the latter does not 

grow on its own in the environment, its measurement 

provides the best indicator of fecal pollution and of 

the presence of other pathogens. 

Coliform measurements provide an indication 

of coliform bacterial contamination from all 

sources, including human, livestock, wildlife and 

environmental. Fecal coliform provides an indication 

of the presence of coliform from the gut of mammals. 

E. coli provides a specific indication of recent fecal 

contamination from mammals, including humans, 

livestock and wildlife. While some strains of E. coli are 

harmful, its detection in water signals the potential 

presence of other dangerous microorganisms 

including bacteria, viruses and parasites.

COLIFORM BACTERIA
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Methods 
We collected 27 surface water samples from 11 

sites in the Sumas Lake area of the Fraser Valley 

(British Columbia; 10 on December 15, 2021; 9 on 

December 23, 2021; 6 on January 27, 2022; and 2 on 

February 2, 2022), as well as 4 groundwater samples 

on February 2, 2022. Two of these samples from 

Abbotsford groundwater sources will be evaluated 

separately. Details for sampling sites are listed in 

the Executive Summary. Samples were stored in 

the field at 4°C in suitable containers supplied by 

partnering laboratories, and delivered the same 

day to CARO Analytical Services in Richmond, BC 

(CARO Analytical Services - Water, Soil, Air, Plant, 

Food Testing) for analysis according to their SM 9223 

protocol (2017). Data are presented as Mean Probable 

Number (MPN) per 100mL.

We report here results for three coliform measures: 

 » total coliform, which provides an indication 
of overall bacteria of this kind in the sampled 
environment; 

 » fecal coliform, which provides a measure of 
bacterial contamination from warm-blooded 
animals; this can include pets, livestock, wild 
birds and people;

 » E. coli: this is a measure that is similar to fecal 
coliform but provides a more specific indication 
of bacterial contamination from warm blood 
animals. This latter method is now the preferred 
means of reporting on risks from human 
wastewater. 

There are no pan-Canadian Environmental Quality 

Guidelines to protect fish and fish habitat from 

coliform. Guidelines exist for human uses, including 

drinking water and recreational uses. Generally, on-

reserve guidelines used by the First Nations Health 

Authority (1) are sourced from Canadian Drinking 

Water Quality Guidelines (2), while all off-reserve 

Drinking Water in BC draws from BC Water Quality 

Guidelines (3). 

The following provide guidance on the interpretation 

of water quality results in the Sumas Lake area:

 » Canadian Drinking Water Quality Guideline 
- used by BC: no detectable E. coli in drinking 
water.

 » Canadian Recreational Water Quality (5) - used 
by BC for E. coli: <200 Mean Probable Number 
(MPN) per 100 mL average of five samples or 
<400 MPN/ 100 mL per single sample.

 » Canadian Irrigation Water Standards for E. coli: 
<1000 MPN/ 100 mL.

 » BC Ministry of Environment and Health Canada 
standards for crops eaten raw for E coli: <77 
MPN/ 100 mL.
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Results
We found no to very low (0-2 MPN coliform per 100 

mL) coliform levels in surface waters at the reference 

site (Frost Creek), but much higher levels at all other 

surface water sites. 

 » Average total coliforms ranged from 1.5 MPN at 
the reference site at Frost Creek to an average 962 
MPN across the 10 downstream surface water 
sites of the former Sumas Lake;

 » Average fecal coliforms ranged from 0.7 MPN 
at the reference site at Frost Creek to 885 MPN 
across the 10 downstream surface water sites of 
the former Sumas Lake. Average E. coli ranged 
from 0.5 MPN at the reference site at Frost Creek 
to an average of 885 MPN across our 10 surface 
water sites in former Sumas Lake;

 » Coliform counts in groundwater 457 were >2420 
MPN (total coliform), 3MPN (fecal coliform) and 
2 MPN (E. coli);

 » Coliform counts in groundwater 008 were 24 
MPN (total coliform), 0 MPN (fecal coliform) and 
0 MPN (E. coli);

 » Average total coliform counts declined by 25% 
(0.8 times) between December 15 and December 
23 (2021) across all surface water sites in former 
Sumas Lake;

 » Average fecal coliform counts increased by 242% 
(2.4 times) between December 15 and December 
23 (2022) across all surface water sites in former 
Sumas Lake;

 » Average E. coli counts increased by 338% (3.4 
times) between December 15 and December 23 
(2022) across all surface water sites in former 
Sumas Lake.

The presence of high numbers of fecal coliform and E. 

coli in surface waters downstream of the reference site 

provide a clear indication of potentially dangerous 

microorganisms from livestock and/or humans from 

nearby agricultural operations and homes.
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Figure 2.1: Coliform 
bacteria contaminate 
Sumas waterways
Numbers of all three coliform 
metrics were low at the 
upstream surface water 
reference site (Frost Creek), but 
increased in the Sumas Lake 
area. These measures also 
revealed fecal coliform and E 
coli downstream.
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Conclusions
These results underscore the nature of water quality 

degradation in the surface waters of the former 

Sumas Lake area. Livestock, humans and wildlife 

likely contribute to the biological contamination 

of these surface waters. High coliform counts can 

mean two things: i) there are increased chances of a 

harmful strain of E. coli in the water, and ii) there are 

increased chances of other harmful viruses, protozoa 

and bacteria. 

As no Environmental Quality Guidelines exist for 

coliform, the immediate risks to fish are not clear. 

However, the presence of fecal coliforms suggests 

that local fish habitat is being degraded by biological 

pollution, highlighting the potential presence of 

viruses, bacteria and protozoa that can sometimes 

present health risks to wildlife. Results also point to 

the strong potential for other domestic contaminants 

to be found in these wastes. 

Exceedances of human Drinking Water Quality 

Guidelines at all Sumas surface waters indicate 

that the water is not safe to drink. The exceedance 

of Recreational Guidelines at several surface water 

sites throughout the former Sumas Lake area indicate 

that these waterways are generally unsafe to swim 

or play in.

The increase in fecal coliform and E. coli counts over 

the course of our sampling in December and January 

may indicate that the floods overwhelmed farms and 

wastewater systems.

The detection of coliform in the two groundwater 

samples point to the importance of future monitoring 

and protection of groundwater, as this resource is 

drawn upon for irrigation, livestock, and drinking 

water in the region.
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Capsule 
We detected high levels of many metals in the surface waters of the former 

Semá:th X̱ ó:tsa (Sumas Lake) after the catastrophic British Columbia floods 

of late 2021, with 11 exceeding Environmental Quality Guidelines for healthy 

fish habitat. The average concentration of detected metals was 1.7 times 

higher in Sumas surface water sites compared to our upstream reference site 

at Frost Creek. Average metal concentrations declined during the course of 

our study, suggesting that the impacts of the earlier floods were receding. 

Our results indicate that fish habitat in Sumas Lake waterways have been, 

in part, degraded by metal contamination from land use practices in the 

region, with the floods adding a transient pulse to fish habitat.

Introduction 
The catastrophic floods of late 2021 in British 

Columbia and Washington State overwhelmed 

urban, agricultural and industrial infrastructure in 

the Semá:th X̱ ó:tsa (Sumas Lake) area, raising concerns 

about the impacts of contaminant discharges into 

fish habitat. The absence of pre-flood baseline data 

and ongoing monitoring of freshwater quality in the 

area highlighted the urgent need for water sampling 

and analysis to assess the level of risk to fish and the 

environment.

Metals are naturally occurring substances that are 

widely distributed in the Earth’s crust. They are 

mined and refined for use in a wide range of industries 

and products. British Columbia is Canada’s leading 

producer of copper, and also supplies significant 

amounts of lead and zinc. Aquatic habitats can become 

contaminated with metals through human activities, 

including industrial discharges, wastewater effluent, 

urban runoff, and agricultural runoff.

While some metals are essential to the health of fish 

and other animals, a number are harmful even at low 

concentrations (1). Short and long-term exposure 

to some metals can kill fish, or alter their growth, 

reproduction and health (2). Metals can affect the 

sense of smell in salmon, which can impair their 

METALS
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ability to find food, avoid predators, or make their way 

back to their spawning grounds as mature adults (3). 

The Fraser Valley is home to communities, farms and 

industry, with metals from many sources entering 

fish habitat. For example, fertilizers and tillage from 

intensive agriculture can release metals into fish 

habitat, especially from runoff during precipitation 

events or flooding. Vehicle traffic on Highway 1 and 

rural roads can introduce copper and zinc from tires 

and brake pads (4). 

Methods 
We collected 27 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley (British 

Columbia; 10 on December 15, 2021; 9 on December 23, 

2021; 6 on January 27, 2022; and 2 on February 2, 2022), 

as well as 4 groundwater samples on February 2, 2022. 

Two of these samples from Abbotsford groundwater 

sources will be evaluated separately. Details for 

sampling sites are listed in the Executive Summary. 

Samples were stored in the field at 4°C in suitable 

containers supplied by partnering laboratories, and 

delivered the same day to Caro Analytical Services 

(CARO Analytical Services - Water, Soil, Air, Plant, 

Food Testing) in Richmond, BC for analysis of 37 

metals using EPA Method 6020B. Data are presented 

as milligrams per litre (mg/L). 

To interpret the risk of metal-related effects in fish 

and fish habitat at our sample locations, we compared 

our metal concentrations to the most protective 

Environmental Quality Guidelines (EQGs) for fish 

and fish habitat available in a Canadian provincial or 

federal jurisdiction. Jurisdictions with EQGs in Canada 

include British Columbia, Alberta, Saskatchewan, 

Manitoba, Ontario, Quebec, Canada (federal) and the 

Canadian Council of Ministers of the Environment 

(CCME). Environmental Quality Guidelines are not 

available for all metals, nor do they fully explain 

contaminant risks to fish. Nonetheless, they provide 

an important benchmark to gauge the health of fish 

habitat. 

We refer to the most protective EQG in Canada 

herein as the ‘pan-Canadian Environmental Quality 

Guideline to protect fish and fish habitat’ or the ‘pan-

Canadian EQG’.

We report here on total metal concentrations in 27 

surface and 2 ground water samples following the 

British Columbia floods of late 2021, and evaluate 

results against pan-Canadian Environmental Quality 

Guidelines to protect fish and fish habitat.

https://www.caro.ca/
https://www.caro.ca/
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Results
Surface water

 » We detected between 14 and 30 metals per 
surface water site, with an average of 26 metals 
detected per site. 

 » The concentration of total metals (all detected 
metals summed by site) in surface water averaged 
205 mg/L +/- 93.4 mg/L and ranged from 46.7 
mg/L to 363 mg/L. 

 » Surface water sites with the highest number 
of metals detected also had the highest metal 
concentrations.

 » The most frequently detected metals in surface 
water (100% of sites) were: aluminum, cadmium, 
cobalt, copper, iron, manganese and nickel, 
followed by (90% of sites) arsenic, lead, zinc, 
and zirconium, and then (63% of sites) boron. 
Aluminum, cobalt, copper, and iron are four 
metals of concern to fish health.

 » Additional metals detected at fewer than half the 
surface water sites included antimony, beryllium, 
thallium (18% of all sites), and silver and thorium 
(9% of all sites). 

 » Average concentrations of detected metals were 
1.7 times higher in our 10 surface water study sites 
compared to our reference site at Frost Creek. 

 » The average concentrations for all 37 metals 
declined by 92% from December 15, 2021 to 
January 27, 2022 in surface water samples 
collected across field sites. 

Groundwater
 » In the two groundwater sites (GW008 and 

GW457), we detected 24 and 16 metals, 
respectively. 

 » The concentration of total metals (all detected 
metals summed by site) in the two groundwater 
field sites were 73.8 mg/L and 128.8 mg/L.
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The average concentrations of the four top metals of concern in surface and groundwater 
sampled from Sumas Lake field sites, with the reference site at Frost Creek having the lowest 
concentrations among sites. 

Figure 3.1: Copper, cobalt, iron, and aluminum degrade fish habitat
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Conclusions
A number of metals detected in surface water in the 

former Sumas Lake area exceeded our pan-Canadian 

Environmental Quality Guidelines to protect fish and 

fish habitat, indicating the potential for significant 

effects on the health and survival of salmon, other 

fish species, and invertebrates.

 » Out of the 37 metals analyzed, only 25 (67%) have 
Environmental Quality Guidelines listed by a 
Canadian jurisdiction.

 » 11 (29%) metals had concentrations that were 
higher than our pan-Canadian EQGs for 
protecting fish and fish habitat at our surface 
water sites.

 » The highest number of exceedances of our pan-
Canadian EQG in a given surface water sample 

was 9, which was observed at both Nelles Road 
and Interprovincial field sites on December 15th 
and 23rd, respectively.

 » The average number of exceedances was 2 times 
higher in Sumas surface water sites compared to 
our upstream reference site at Frost Creek.

 » In groundwater sites, we observed 5 pan-
Canadian EQG exceedances at GW457, and no 
exceedances at GW008. 

While phosphorus had a total of 22 exceedances of 

BC Water Quality Guidelines across sampling sites 

and dates, we have not included it in the four metals 

of concern as it is featured in Section 1 (Nutrients 

and oxygen).

Table 3.1
Metals that exceeded our pan-Canadian Environmental Quality Guideline (EQG) across the 27 surface 
water samples taken in the former Sumas Lake on December 15 and December 23 (2021) and January 
27 and February 2 (2022).

Metal Number of exceedances of 
pan-Canadian EQG in surface 

water samples

Canadian EQG source jurisdiction

Aluminum 100% (27 out of 27) Ontario Provincial Water Quality Objectives

Copper 100% (27 out of 27) Federal Environmental Quality Guidelines

Iron 96% (26 out of 27) Ontario Provincial Water Quality Objectives

Phosphorus 81% (22 out of 27) BC Water Quality Guidelines 

Cobalt 22% (6 out of 27) Canadian Environmental Quality Guidelines 

Chromium 22% (6 out of 27) Federal Environmental Quality Guidelines 

Zinc 22% (6 out of 27) BC Water Quality Guidelines

Vanadium 11% (3 out of 27) Ontario Provincial Water Quality Objectives

Arsenic 7% (2 out of 27) BC Water Quality Guidelines 

Lead 7% (2 out of 27) Quebec Surface Water Quality Criteria 

Beryllium 3% (1 out of 27) BC Water Quality Guidelines
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Figure 3.2: Metals in surface waters exceeded Guidelines

The maximum number 
of pan-Canadian EQG 
exceedances during a 
sampling day across 
sampling sites. There 
were no exceedances 
of these guidelines 
in groundwater site 
GW008.

Four metals of concern to fish health that exceeded the 

guidelines include aluminum, iron, copper and cobalt. 

Aluminum is a cheap, commonly used ingredient in 

pesticides and is considered an endocrine disruptor 

in mature fish (5). Cobalt is an ingredient in many 

fertilizers, and can be found in waters influenced by 

wastewater discharge and farming. Rainbow trout 

(Oncorhynchus mykiss) had reduced growth rates 

when chronically exposed to this metal (6). Copper 

is often used in low-cost fertilizers and in fungicides. 

Short-term exposure of fish to copper can be lethal, 

and long-term exposure can damage vital organs, 

depress the immune system, and affect growth (7). 

Iron is a prevalent compound of industrial and mining 

effluent that is discharged into aquatic environments 

as a waste product. Iron is considered toxic to fish; it 

targets the liver and can cause respiratory failure by 

clogging gills (8). 

Higher average concentrations of all detected metals 

downstream of our reference site at Frost Creek, 

as well as higher numbers of exceedances of pan-

Canadian EQGs, provide evidence that former Sumas 

Lake fish habitat was degraded by metals. This is likely 

a chronic problem that existed prior to flooding. There 

are three potential sources that likely contribute to 

elevated concentrations of some metals in the Sumas 

Lake region. These include geological sources that 

are enhanced through tillage of soil from farming, 

the application of fertilizers to farmland adjacent to 

waterways, and domestic and industrial wastes. 

Future water quality monitoring would better enable 

source identification and provide a more informative 

evaluation of future flood and/or seasonal-related 

pollution. Measurements in water would benefit 

from determining total and dissolved metals to better 

inform biological risk.
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Capsule
Hydrocarbon concentrations of concern to fish health were detected at many 

surface water sites in the former Semá:th X̱ ó:tsa (Sumas Lake) after the 

catastrophic British Columbia floods of late 2021. Levels of total polycyclic 

aromatic hydrocarbons (PAHs) were 6.5 times higher in Sumas waterways 

compared to our upstream reference site. The average PAH concentration 

increased by 1.7 times in the early weeks after the floods, suggesting that 

flooding resulted in the early release of hydrocarbons into fish habitat. 

We observed up to six exceedances of Environmental Quality Guidelines 

in a given surface water sample, indicating that hydrocarbons in these 

waterways are at levels harmful to fish. The profile of PAHs suggest that the 

combustion of solid fuel (wood and plant materials) and petroleum products 

dominated the sources of these toxic contaminants in this fish habitat. 

Introduction 
The catastrophic floods of late 2021 in British 

Columbia and Washington State overwhelmed 

urban, agricultural and industrial infrastructure in 

the Semá:th X̱ ó:tsa (Sumas Lake) area, raising concerns 

about the impacts of contaminant discharges into fish 

habitat. The absence of pre-flood baseline data and 

ongoing monitoring of freshwater quality highlighted 

the urgent need for water sampling and analysis to 

assess the level of risk to fish and the environment.

Polycyclic aromatic hydrocarbons (PAHs) are organic 

compounds that contain two or more benzene rings 

and have both natural and anthropogenic sources (1). 

They are a diverse group of substances, and variations 

in their structures can influence their fate and effects 

in marine and freshwater ecosystems. 

Anthropogenic sources of PAHs include incomplete 

combustion, petroleum and its derivatives . They 

can be found in sewage, storm water runoff, landfill 

HYDROCARBONS



31Section 4: Hydrocarbons

leachate, wood preserving residues and at waste 

disposal sites (1). Crude oil seeps, coal and shale 

deposits, and forest fires are the main sources of 

natural releases of PAHs (2).

PAHs are persistent in the environment and can 

accumulate in tissues (3). There are several PAHs that 

are carcinogenic or otherwise toxic, with benzo(a)

pyrene being the most toxic PAH (4). PAHs can be 

metabolized in fish (3), while invertebrates have a 

lower capacity to metabolize PAHs and are therefore 

able to bioaccumulate these compounds (5). The 

additive nature of PAHs can also allow combinations of 

different PAHs to become more toxic to organisms than 

the original compound (6). This can result in tumors 

and harmful effects on reproduction, development 

and the immune system of various organisms (3,7). 

PAHs cause malformations, swimming impairments, 

premature hatching, and mortality in fish (7).

Methods 
We collected 26 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley (British 

Columbia; 9 on December 15 2021; 9 on December 23 

2021; 6 on January 27 and 2 on February 2 2022) as well 

as 4 groundwater samples on February 2, 2022. Two 

of these latter samples from Abbotsford groundwater 

sources will be evaluated separately. Details for 

sampling sites are listed in the Executive Summary. 

Samples were stored in the field at 4°C in suitable 

containers supplied by partnering laboratories, and 

submitted to (CARO Analytical Services - Water, Soil, 

Air, Plant, Food Testing) in Richmond, BC for analysis 

of 21 analytes using their in-house EPA 3511/ EPA 

8270D protocol. Samples were also submitted to SGS 

AXYS for analysis of 75 analytes using their internal 

method MLA-021 Rev 12 by LR GC/MS 8270D. Data 

are presented as nanograms per litre (ng/L). 

To interpret the risk of PAH-related effects in fish and 

fish habitat at our sample locations, we compared 

our concentrations of these analytes to the most 

protective Environmental Quality Guidelines (EQGs) 

for fish and fish habitat available in a Canadian 

provincial or federal jurisdiction. Jurisdictions with 

EQGs in Canada include British Columbia, Alberta, 

Saskatchewan, Manitoba, Ontario, Quebec, Canada 

(federal) and the Canadian Council of Ministers of 

the Environment (CCME). Environmental Quality 

Guidelines are not available for all PAHs. Nonetheless, 

they provide an important benchmark to gauge the 

health of fish habitat. 

We refer to the most protective EQG in Canada 

herein as the ‘pan-Canadian Environmental Quality 

Guideline to protect fish and fish habitat’ or the ‘pan-

Canadian EQG’.

We report here on total PAH concentrations in 26 

surface and 2 ground water samples following the 

British Columbia floods of late 2021, and evaluate 

results against pan-Canadian Environmental Quality 

Guidelines to protect fish and fish habitat.

https://www.caro.ca/
https://www.caro.ca/
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Results 

Surface water
 » PAH data are reported here only for the results 

from SGS-AXYS, as there were no detections using 
CARO labs.

 » We detected PAHs at all 11 surface water sites in 
the Sumas Lake area.

 » The concentration of total PAHs (all detected 
compounds summed by site) at surface water 
sites in former Sumas Lake averaged to 61.3 ± 11.3 
ng/L, ranging from 10.2 to 160 ng/L.

 » The average number of PAH compounds detected 
at 11 surface sites ranged from 17 to 62, with an 
average of 44 ± 4.

 » The most frequently detected PAHs compounds 
(100% of surface water sites) were:

• phenanthrene/anthracenes, 

• methylnaphthalenes, 

• biphenyls, 

• naphthalenes, 

• dibenzothiophenes, 

• fluoranthene/pyrenes, and 

• chrysene/benz[a]anthracenes.

 » Surface water sites with the highest PAH 
concentrations also had the highest average 
number of PAHs detected.

 » The average total PAH concentration increased 
by 1.7 times between December 15 (2021) and 
December 23 (2021), and by 1.2 times between 
December 15, 2021 and January 27, 2022 in surface 
water samples collected across field sites after the 
flooding.

 » We detected a 6.4 times increase in the average 
concentrations of the PAHs in the 10 Sumas 
lake surface water sites relative to our upstream 
reference site (Frost Creek).

Groundwater
 » The average number of PAHs detected at two 

groundwater sites averaged 31.5 ± 10.5, ranging 
from 21 to 42.

 » The most frequently detected PAHs (detected at 
100% of groundwater sites) were:

• 1,4,6,7 - tetramethylnaphthalene

• benz[a]anthracene

• indeno[1,2,3-cd]pyrene

• phenanthrene/anthracenes

• methylnaphathalenes

• biphenyls

• dimethylnaphthalenes

• trimethlynaphthalenes

• naphthalene

• fluoranthene/pyrenes

 » No significant change in the average PAH 
concentrations was observed over the course 
of our study. The total concentration of PAHs 
at groundwater sites averaged 30.9 ± 9.9 ng/L, 
ranging from 21.0 to 40.9 ng/L.
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Figure 4.1: Polycyclic aromatic hydrocarbons permeated surface waters

Total concentration of 
PAHs that were detected 
at each of the surface 
water sites sampled. 
Results display the 
average (+/- standard 
error) for the samples 
collected over time, from 
the reference site (Frost 
Creek) through the Sumas 
Lake area, and to the two 
Barrowtown pump stations 
prior to release into the 
Fraser River, and two 
groundwater samples.

Figure 4.2: Many hydrocarbons were detected in water samples

The number of PAHs 
detected was higher 
in surface water sites 
in former Sumas Lake 
and in groundwater 
compared to the 
upstream reference site 
at Frost Creek.
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Figure 4.3: Increasing hydrocarbon levels meant more hydrocarbons

The number of PAHs detected 
increased with increasing 
total PAH concentration 
across all sites.

Figure 4.4: Hydrocarbon levels exceeded Guidelines in surface waters

The concentrations of several PAHs were higher than pan-Canadian EQG deemed to protect 
fish and fish habitat, with Sumas area surface waters consistently having more exceedances of 
Environmental Quality Guidelines than the upstream reference site or groundwater.
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Figure 4.5: Hydrocarbon profiles from wood combustion and fuels
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Characteristic PAH ratios in surface water sites in former Sumas Lake were consistent with a 
dominant contribution of solid fuel combustion (wood, plant materials), and a contribution of the 
combustion of liquid petroleum products.
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Conclusions 
There are pan-Canadian Environmental Quality 

Guidelines for the protection of aquatic life for 18 

out of 75 individual PAHs detected. We found up to 

6 exceedances of these guidelines in a given surface 

water sample and up to two exceedances in a given 

groundwater sample.

Exceedances for the following PAHs were observed:

 » benz[a]anthracene (Ontario Provincial Water 
Quality Objectives (PWQO) of 0.4 ng/L)

 » benzo[ghi]perylene (PWQO of 0.02 ng/L)

 » benzo[jk]fluoranthene (PWQO 0f 0.2 ng/L, 
specifically for benzo[k]fluoranthene )

 » chrysene (PWQO of 0.1 ng/L)

 » fluoranthene (PWQO of 0.8 ng/L)

 » perylene (PWQO of 0.07 ng/L)

The average number of exceedances of EQGs was 4.2 

times higher in the Sumas surface water sites compared 

to our upstream reference site at Frost Creek.

There is little information about these compounds in 

BC freshwater environments, but samples of marine 

water collected previously from Burrard Inlet had levels 

of chrysene and benzo[a]pyrene above the BC Water 

Quality Guidelines for marine water quality (8). 

Characteristic ratios of parent PAHs demonstrate that 

solid fuel combustion (wood, plant materials) and 

liquid fuel combustion (gasoline, diesel) dominate 

PAH sources for the Sumas Lake waterways (9). The 

lowest sample on the figure (Marshall Creek from Jan. 

22) likely has some contribution of petroleum, since 

it shows mixed sources with both a fossil fuel source 

(fluoranthene – pyrene) and a liquid fuel combustion 

source (indeno[1,2,3-cd]pyrene – benzo[ghi]perylene). 

The presence of potentially harmful levels of several 

PAHs in Sumas Lake waterways indicates the 

degradation of this fish habitat, with risks of both 

carcinogenic and non-carcinogenic effects in fish, 

including effects on development, bone metabolism, 

liver metabolism and reproduction (10).

High concentrations of PAHs in Sumas surface 

water warrant further monitoring to better identify 

sources and trends over space and time, with road 

runoff, stormwater, wastewater, and seasonal 

weather patterns affecting the quality of fish 

habitat in the area.
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Capsule 
A mix of 40 currently used and legacy (banned) pesticides were detected 

in the surface waters of the former Semá:th X̱ ó:tsa (Sumas Lake) after the 

catastrophic British Columbia floods of late 2021, with exceedances of 

Environmental Quality Guidelines observed for chlorpyrifos and endosulfan. 

Average pesticide concentrations were 135 times higher in Sumas surface 

waters compared to our upstream reference site at Frost Creek. Pesticide 

levels in Sumas surface waters increased by 2.8 times in the early weeks after 

the floods, but declined thereafter, suggesting that flooding resulted in the 

release of pesticides into fish habitat. Monitoring of these waterways during 

the growing season would inform risks to salmon during peak pesticide 

application times, and facilitate the design of best practices to protect and 

recover fish habitat in the Sumas area. 

Introduction
The catastrophic floods of late 2021 in British Columbia 

and Washington State overwhelmed urban, agricultural 

and industrial infrastructure in the Semá:th X̱ ó:tsa 

(Sumas Lake) area, raising concerns about the impacts 

of contaminant discharges into fish habitat. The absence 

of pre-flood baseline data and ongoing monitoring of 

freshwater quality in the area highlighted the urgent 

need for water sampling and analysis to assess the level 

of risk to fish and the environment.

A pesticide is any substance or mixture of substances 

intended to control unwanted insects, funguses 

and/or weeds (1). There are thousands of pesticide 

formulations registered for use in Canada (current 

use pesticides), in addition to many that have been 

banned but are still present in the environment 

(legacy pesticides).

Pesticides applied to field crops and terrestrial habitats 

can drift or move into aquatic systems, where they can 

cause unintentional impacts to plants, invertebrates 

and fish (2). Some pesticides are highly persistent in 

the environment and/or can accumulate in species at 

higher trophic levels (3,4). Many of these persistent 

PESTICIDES
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pesticides are legacy pesticides, meaning they have 

been banned because of their high risks to human 

and wildlife health (5,6).

Although current use pesticides are generally less 

persistent and bioaccumulative, their often heavy 

use leads to ‘pseudopersistence’ in the environment, 

where fish and other biota can be chronically exposed 

to potentially harmful levels (7). Endocrine disruption, 

impaired immune function, abnormal development, 

altered behaviours, reduced growth and feeding, 

and reproductive impairment have been observed in 

pesticide-exposed fish, including zebrafish (Danio 

rerio), sheepshead minnow (Cyprinodon variegatus), 

coho salmon (Oncorhynchus kisutch), and Chinook 

salmon (Oncorhynuchus tshawytscha) (6,8). 

Methods 
We collected 27 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley (British 

Columbia; 10 on December 15, 2021; 9 on December 

23, 2021; 8 on January 27, 2022 and February 2, 2022), 

as well as 4 groundwater samples on February 2, 2022. 

Two of these samples from Abbotsford groundwater 

sources will be evaluated separately. Details for 

sampling sites are listed in the Executive Summary. 

Samples were stored in the field at 4°C in suitable 

containers supplied by partnering laboratories, and 

were submitted to SGS AXYS Analytical Services 

(https://www.sgsaxys.com/) in Sidney BC for analysis 

of 76 compounds using LC MS/MS (EPA 1633) and 

their in-house MLA-035 Rev 7 protocol. For Quality 

Assurance purposes, a laboratory blank and a spiked 

matrix were included in analyses. Data are presented 

in nanograms per litre (ng/L).

To interpret the risk of pesticide-related effects in fish 

and fish habitat at our sample locations, we compared 

our concentrations of these analytes to the most 

protective Environmental Quality Guidelines (EQGs) 

for fish and fish habitat available in a Canadian 

provincial or federal jurisdiction. Jurisdictions with 

EQGs in Canada include British Columbia, Alberta, 

Saskatchewan, Manitoba, Ontario, Quebec, Canada 

(federal) and the Canadian Council of Ministers of 

the Environment (CCME). Environmental Quality 

Guidelines are not available for all pesticides. 

Nonetheless, they provide an important benchmark 

to gauge the health of fish habitat. 

We refer to the most protective EQG in Canada 

herein as the ‘pan-Canadian Environmental Quality 

Guideline to protect fish and fish habitat’ or the ‘pan-

Canadian EQG’.

We report here on total PAH concentrations in 27 

surface and 2 ground water samples following the 

British Columbia floods of late 2021, and evaluate 

results against pan-Canadian Environmental Quality 

Guidelines to protect fish and fish habitat. 

https://www.sgsaxys.com/
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Results 
Surface water

 » We detected pesticides at all 11 surface water sites 
in the Sumas Lake area and two groundwater 
sites throughout the study period.

 » Total pesticide concentrations at surface water 
sites (all detected pesticides summed at each site) 
averaged 53.0 ± 11.3 ng/L, ranging from 0.4 to 
140.5 ng/L.

 » The average number of pesticides detected at 
surface water sites ranged from 8 to 21, with an 
average of 16 ± 1.

 » The most frequently detected pesticides at 
surface water sites were Hexaclorocyclohexane 
(HCH) isomers (detected at 100% of sites), 
endosulphan isomers (detected at 100% of sites), 
nonachlor isomers (detected at 82% of sites), 
DDD & DDE isomers (breakdown products of 
DDT isomers, detected at 90% of sites), and 
chlordane isomers (detected at 82% of sites).

 » Out of 43 currently used pesticides measured, 14 
(33%) were detected at one or more surface water 
sites, and 2 (5%) were detected at one or both 
groundwater sites. Out of 34 legacy pesticides 
measured, 26 (76%) were detected at one or more 
surface water sites, and 10 (23%) were detected at 
one or both groundwater sites.

 » Surface water sites with the highest pesticide 
concentrations also had the highest number of 
individual pesticides detected.

 » Total pesticide concentrations were 1.5 times 
higher (+50%) in Sumas Lake surface water to our 
upstream reference site (Frost Creek).

 » The average pesticide concentration increased by 
330% between December 15 (2021) and December 
23 (2021), and decreased by 77% between 
December 15 (2021) and January 27 (2022) in 
surface water samples collected across field sites 
after the flooding.

Groundwater
 » Total pesticide concentrations at two 

groundwater sites 008 and 457 averaged 2.8 ± 2 
ng/L, ranging from 0.4 to 4.3 ng/L.

 » The number of pesticides detected at 
groundwater sites ranged from 6 to 9, with an 
average of 8 ± 2.

 » The most frequently detected pesticides at 
groundwater sites were endosulphan isomers and 
dieldrin, detected at both sites. 
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Figure 5.1: Total pesticide concentrations in surface waters

Total concentration of pesticides, with the average (+/- SEM) for each site over time, from 
the reference site (Frost Creek) through the agriculturally-intensive Sumas Lake area, and to 
the two Barrowtown pump stations prior to release into the Fraser River.
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Figure 5.3: More pesticides in Sumas waters

Pesticides were 
detected in all surface 
waters, but there were 
more in the waterways 
of the former Sumas 
Lake than the 
reference site at Frost 
Creek.

The most frequently 
detected pesticides 
at surface water 
sites during any of 
the four sampling 
days. Some 
pesticide isomers 
have been grouped 
together. 

Figure 5.2: Frequently detected pesticides in surface waters
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Conclusions
There were up to 2 exceedances of our pan-Canadian 

Environmental Quality Guidelines per surface water 

site in a given sample and no exceedances were 

observed in groundwater samples. In total there 

were 12 individual exceedances across 5 of the surface 

water sites across 3 sampling days:

 » 10 exceedances for chlorpyriphos (Ontario 
Provincial Water Quality Objectives (PWQO) of 
1 ng/L)

 » Two exceedances for alpha-endosulphan (BC 
long-term Working Water Quality Guideline 
(WWQG) of 0.7 ng/L). 

Out of the 12 individual exceedances, No. 3 Pump 

House site had 4 exceedances in two sampling days: 

2 for chlorpyriphos and 2 for alpha-endosulphan. 

A previous analysis of surface water runoff in the 

Fraser Valley in 2003-05 detected chlorpyriphos 

concentrations between 100 and 750 ng/L, 

with detection in 58% of all samples (7). Alpha-

endosulphan was also detected in 67% of samples, 

with concentrations up to 5.47 ng/L (9).

Chlorpyriphos is an insecticide that is currently used 

in Canada with heavy restrictions; however, it is in a 

two-year phase out period for canola and garlic crops 

(10). Alpha-endosulphan is a legacy insecticide that 

has been prohibited in Canada since December 31, 

2016 (11).

Elevated concentrations of chlorpyriphos has the 

potential to suppress fish immune systems (12), while 

elevated concentrations of endosulphan has been 

linked to abnormal development of spine and tails 

in zebrafish embryos (13).

Previous studies found currently used pesticides 

simazine and atrazine in the top 10 pesticides by 

concentration in Nathan Creek (located in Abbotsford), 

measuring 22.3 ng/L and 3.94 ng/L respectively (14). 

In our sampling, both simazine and atrazine were also 

in the top 10 pesticides by concentration, averaging 

6.8 ± 1.5 ng/L and 5.8 ± 1.3 ng/L respectively. However, 

there were no exceedances in pan-Canadian EQGs 

for the protection of aquatic life for either pesticide 

(10,000 ng/L for simazine (WWQG) and 1,800 ng/L 

for atrazine (WWQG)).

The presence of pesticides in Sumas Lake surface 

water suggests that monitoring would document 

how aerial drift and stormwater runoff contributes 

to the introduction of pesticides into fish habitat. 

Exceedances of EQGs for two pesticides highlights 

the potential for impacts on fish and fish habitat in 

the Sumas Lake area, especially since measurements 

here were made outside of the growing season for 

crops when pesticides are typically applied.
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Capsule
A number of pharmaceuticals and personal care products (PPCPs) from 

human and veterinary uses were found in the surface waters of the former 

Semá:th X̱ ó:tsa (Sumas Lake), including widespread detection of cocaine, 

the insect repellent DEET and the diabetes drug metformin. A number 

of painkillers and anti-inflammatories were also detected. The total 

concentration of three PPCPs was on average 60 times higher in 7 of the 

Sumas Lake surface water sites compared to our upstream reference site at 

Frost Creek. The detection of several PPCPs in groundwater indicate that 

contaminated surface water is infiltrating this resource. 

Introduction 
The catastrophic floods of late 2021 in British Columbia 

and Washington State overwhelmed urban, agricultural 

and industrial infrastructure in the Semá:th X̱ ó:tsa 

(Sumas Lake) area, raising concerns about the impacts 

of contaminant discharges into fish habitat. The absence 

of pre-flood baseline data and ongoing monitoring of 

freshwater quality in the area highlighted the urgent 

need for water sampling and analysis to assess the level 

of risk to fish and the environment.

Pharmaceuticals and personal care products (PPCPs) 

are defined as “any product used by individuals 

for personal health or cosmetic reasons or used 

by agribusiness to enhance growth or health of 

livestock”(1). There are thousands of PPCPs on the 

market, with many detected in municipal wastewater, 

landfill leaching, or agricultural runoff which can 

adversely affect aquatic life (2). PPCPs have been 

considered to be more persistent than other organic 

contaminants such as pesticides due their continuous 

use and constant release into the environment (3). 

Further, while individual PPCPs can occur in aquatic 

environments at low concentrations, mixtures of 

PPCPs can result in considerable toxic effects on 

aquatic organisms (4). 

Numerous studies have found that PPCPs have adverse 

effects on fish reproduction (5), as well as other 

systems. For example, brown trout have been shown 

to have gill, kidney and immune response impairment 

when exposed to diclofenac, one of the most common 

pharmaceuticals found in surface water (6).

PHARMACEUTICALS AND PERSONAL 
CARE PRODUCTS
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Methods
We collected 8 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley (British 

Columbia; 6 on January 27, 2022; 2 on February 2, 

2022), as well as 4 groundwater samples on February 

2, 2022. Two of these samples from Abbotsford 

groundwater sources will be evaluated separately. 

Details for sampling sites are listed in the Executive 

Summary. Samples were stored in the field at 4°C 

in suitable containers supplied by partnering 

laboratories, and were submitted to SGS AXYS 

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

Sidney BC for analysis of 143 target compounds using 

LC MS/MS (EPA 1694+) and their in-house MLA-75 

Rev 9 protocol. For Quality Assurance purposes, a 

laboratory blank and a spiked matrix were included 

in analyses. Data are presented as nanograms per 

litre (ng/L). 

To interpret the risk of PPCP-related effects in fish and 

fish habitat at our sample locations, we compared 

our concentrations of these analytes to the most 

protective Environmental Quality Guidelines (EQGs) 

for fish and fish habitat available in a Canadian 

provincial or federal jurisdiction. Jurisdictions with 

EQGs in Canada include British Columbia, Alberta, 

Saskatchewan, Manitoba, Ontario, Quebec, Canada 

(federal) and the Canadian Council of Ministers of 

the Environment (CCME). Environmental Quality 

Guidelines are not available for all PPCPs, nor do they 

fully explain contaminant risks to fish. Nonetheless, 

they provide an important benchmark to gauge the 

health of fish habitat. 

We refer to the most protective EQG in Canada 

herein as the ‘pan-Canadian Environmental Quality 

Guideline to protect fish and fish habitat’ or the ‘pan-

Canadian EQG’.

We report here on total PPCP concentrations in 

8 surface and 2 ground water samples following 

the British Columbia floods of late 2021, and 

identify those that exceeded our pan-Canadian 

Environmental Quality Guideline to protect fish 

and fish habitat. 

https://www.sgsaxys.com/
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Results

Surface water
 » We detected PPCPs at all surface water sites in 

the Sumas Lake area, including the upstream 
reference site at Frost Creek.

 » The number of PPCPs detected ranged from 3 to 
13 (out of 143 measured) at each surface water 
site, with an average of 8.

 » The concentration of total PPCPs (sum of detected 
PPCPs at each surface water site) averaged 131 +/- 
53.0 ng/L, ranging from 2.5 ng/L to 399 ng/L.

 » The most frequently detected PPCPs in surface 
water were cocaine (100% of sites), DEET (100% 
of all sites), metformin (100% of all sites), 
theophylline (75% of all sites), cotinine (75%) 
of all sites, and 2-hydroxy-ibuprofen (75% of all 
sites). 

 » Additional PPCPs detected at fewer than half the 
surface water sites included Sulphamethazine 
(38%), Triclocarban (25%), Ibuprofen (38%), 
Naproxen (25%), Carbamazepine (25%), 
Caffeine (25%), Acetaminophen (25%), 
Benzoylecgonine (25%), chlortetracycline (13%), 
4-epichlortetracycline (13%) and penicillin G 
(13%).

 » Surface water sites with the highest PPCP 
concentrations also had the highest number of 
PPCPs detected.

 » The total concentrations of three PPCPs detected 
at 7 of the Sumas Lake surface water sites was 
on average 60 times higher compared to our 
upstream reference site (Frost Creek).

Groundwater
 » The number of PPCPs detected averaged 4 in each 

of the 2 groundwater sites, ranging from 3 to 5.

 » The concentration of total PPCPs in groundwater 
averaged 99.1 +/- 29.0 ng/L, ranging from 70.2 to 
128.1 ng/L.

 » The most frequently detected PPCPs in 
groundwater were cocaine (100% of sites), DEET 
(100% of sites) and Bisphenol A (BPA; 100% of 
sites).

 » Additional PPCPs detected in groundwater 
included Metformin (50% of sites) and 
Theophylline (50% of sites).
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Figure 6.1: Total pharmaceuticals were higher downstream

Total Pharmaceuticals and Personal Care Product (PPCP) concentrations across surface and 
groundwater sites over sampling dates. PPCPs were detected at all sites, but more analytes were 
detected at Sumas Lake sites relative to the upstream reference site (Frost Creek) and groundwater.
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Figure 6.2: Cocaine and DEET were widespread

The most frequently detected PPCPs in water from the Sumas Lake waterways were 
cocaine, DEET and Theophylline, which were detected at all surface water sites.
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Figure 6.3: Increasing pharmaceutical levels 
meant more pharmaceuticals

The total PPCP concentration was highest at sites that had the highest number of 
detectable PPCPs, pointing to a more degraded fish habitat in Sumas Lake waterways.
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Figure 6.4: Concentrations of top four pharmaceuticals 
varied in surface waters

Total concentrations of four pharmaceuticals and personal care products - including the 
illicit drug cocaine - varied throughout fish habitat in the Sumas Prairie area.
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Conclusions 
We determined that the total concentration of three 

PPCPs detected in all samples was 60 times higher in 

7 of the Sumas Lake surface water sites compared to 

our upstream reference site at Frost Creek. None of 

PPCPs detected in surface water in the Sumas Lake 

area exceeded our pan-Canadian Environmental 

Quality Guidelines to protect fish and fish habitat. 

However, out of the 143 PPCPs that we analyzed, we 

were severely constrained by having only 6 (4% of the 

total) available Environmental Quality Guidelines 

listed by a Canadian jurisdiction.

The top four most frequently detected PPCPs (cocaine, 

DEET, metformin, and theophylline) in our surface 

water sites have been shown to adversely affect 

fish health (5). In Puget Sound, Washington, 16 

antimicrobial chemicals were detected in Chinook 

salmon from three estuaries with nearby wastewater 

treatment plants (7). In Burrard Inlet, 13 PPCPs, 

including cocaine and caffeine, were detected in 

concentrations 4 to 10 times higher than reference 

sites (8). These PPCPs have also been detected in 

the marine waters of Victoria Harbour (9). When 

combined with our findings in the waters of the 

Sumas Lake area, this suggests that both freshwater 

and marine fish habitat is being contaminated to 

varying degrees by PPCPs from municipal wastewater 

and agricultural activities. 

The presence of cocaine and other human and 

veterinary drugs in groundwater point to the need 

for monitoring of groundwater quality in BC, and 

the use of such data by regulators and natural 

resource managers to protect this drinking water 

resource. Future water quality monitoring for PPCPs 

in the Sumas Lake area would better enable source 

identification and a more informative evaluation of 

future flood-related pollution impacts on fish and 

fish habitat.
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Capsule
Relatively low concentrations of per- and polyfluoroalkyl substances (PFAS) 

were detected in the surface waters of the former Semá:th X̱ ó:tsa (Sumas 

Lake), but the presence of these ‘forever chemicals’ warrants concern 

because of their extreme persistence in the environment. Average PFAS 

concentrations increased from 0 ng/L at our reference site to 4.4 ng/L at 

downstream Sumas sites, suggesting that local sources are introducing this 

class of contaminant into Sumas fish habitat.

Introduction
The catastrophic floods of late 2021 in British Columbia 

and Washington State overwhelmed urban, agricultural 

and industrial infrastructure in the Semá:th X̱ ó:tsa 

(Sumas Lake) area, raising concerns about the impacts 

of contaminant discharges into fish habitat. The absence 

of pre-flood baseline data and ongoing monitoring of 

freshwater quality in the area highlighted the urgent 

need for water sampling and analysis to assess the level 

of risk to fish and the environment.

PFAS are a group of thousands of human-made 

compounds. They have a variety of applications and 

can be found in water and grease repellent textiles 

(clothing, furniture, carpets), food packaging, non-

stick cookware, and fire suppression foam. They do 

not readily degrade and are therefore very persistent 

and mobile in the environment. They are sometimes 

referred to as ‘forever chemicals’, and have been found 

in the atmosphere, marine environments, freshwater 

environments, groundwater, and sediment (1).

Due to the prevalence of PFAS in the environment, 

there are many potential pathways of exposure for 

humans and aquatic life. Since there are thousands of 

PFAS compounds, only a limited number have been 

studied in depth and many data gaps exist. Current 

studies have shown that particular PFAS chemicals 

(PFOA, PFOS, PFNA, and PFHxS) contribute the most 

to human exposure. These compounds are also known 

to bioaccumulate in fish, bivalves, plankton, and 

crustaceans living in freshwater and in brackish or 

marine environments (2). Initial studies have shown 

exposure in humans can cause negative impacts on 

the liver, metabolism, the reproductive system, and 

the immune system (3). 

PERFLUORINATED SUBSTANCES
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Methods
We collected 25 surface water samples from 11 

sites in the Sumas Lake area of the Fraser Valley 

(British Columbia; 8 on December 15, 2021; 9 on 

December 23, 2021; 6 on January 27, 2022; and 2 on 

February 2, 2022), as well as 4 groundwater samples 

on February 2, 2022. Two of these samples from 

Abbotsford groundwater sources will be evaluated 

separately. Details for sampling sites are listed in 

the Executive Summary. Samples were stored in 

the field at 4°C in suitable containers supplied by 

partnering laboratories, and delivered to SGS AXYS 

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

Sidney BC for analysis of 40 per- and polyfluoroalkyl 

substances (PFAS) compounds using their in-house 

MLA-110 Rev 2 protocol. Data are presented in 

nanograms per litre (ng/L). 

As one means of interpreting the risk of PFAS-related 

effects in fish and fish habitat at our sample locations, 

we compared our PFAS concentrations to the most 

protective Environmental Quality guidelines for fish 

and fish habitat available in a Canadian provincial 

or federal jurisdiction. Jurisdictions with EQGs 

in Canada included British Columbia, Alberta, 

Saskatchewan, Manitoba, Ontario, Quebec, Canada 

(federal) and the Canadian Council of Ministers of the 

Environment (CCME). The most protective guideline 

that exists for a PFAS compound is the BC Working 

Environmental Quality Guideline for Perfluorooctane 

Sulfonate (PFOS) and the CCME, which is 6,800 ng/L 

for surface water. Environmental Quality Guidelines 

are not available for any of the other PFAS compounds 

in Canada, nor does this Working Guideline fully 

explain contaminant risks to fish. Nonetheless, they 

provide an important benchmark to gauge the health 

of fish habitat. 

We refer to the most protective EQG in Canada 

herein as the ‘pan-Canadian Environmental Quality 

Guideline to protect fish and fish habitat’ or the ‘pan-

Canadian EQG’.

We report here on PFAS concentrations in 25 

surface and 2 ground water samples following the 

British Columbia floods of late 2021, and evaluate 

results against the limited availability of Canadian 

Environmental Quality Guidelines to protect fish and 

fish habitat.

https://www.sgsaxys.com/
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Results
Surface water

 » We detected PFAS at 9 out of 10 of our Sumas Lake 
surface water sites, but none at our upstream 
reference site (Frost Creek).

 » We detected 10 different PFAS compounds out of 
the 40 measured, ranging from 0 to 8 at individual 
surface water sites, and an average of 3 per site.

 » The concentration of total PFAS (sum at each 
surface water site) averaged 4.1 ng/L +/- 4.0 ng/L, 
ranging from 0 ng/L to 11.1 ng/L.

 » Marshall Creek and No. 3 Pumphouse in 
the Sumas Lake area were the two most 
contaminated surface water sites based on the 
number of PFAS compounds found and total 
concentrations.

 » The number of PFAS compounds detected was 
correlated with the sum of PFAS concentrations in 
each sample.

 » Average PFAS concentrations increased from 
0 ng/L at our reference site to 4.43 ng/L at 
downstream Sumas sites.

 » There was an increase in average PFAS 
concentrations in surface water sites by 1.4 times 
from December 15 to December 23 and an increase 
of 1.2 times from December 15 to January 27.

Groundwater
 » One PFAS compound (PFBS) was detected at one 

of the groundwater sites.

Figure 7.1: PFAS ‘forever chemicals’ were 
found in most surface waters

Average PFAS 
concentrations 
at each sampling 
location, across 
sampling dates.
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Figure 7.2: The number of PFAS compounds 
was highest in Sumas waters

Average number 
of detected PFAS 
compounds at each 
sampling location, 
across sampling dates.

Figure 7.3: Increasing concentrations of PFAS 
meant more PFAS compounds

Number of detected 
PFAS compounds vs. 
average sum of PFAS 
concentrations.
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Conclusions

References

Ten PFAS compounds were found in fish habitat in 

the Sumas Lake area. We found no exceedances of 

the sole Canadian EQG for a PFAS compound (PFOS), 

but the virtual lack of EQGs for this class of chemical 

constrains an adequate assessment of risk to fish and 

fish habitat.

The concentrations of PFAS compounds in Sumas 

Lake waterways were below averages reported in 

a Canada-wide survey of freshwater, except for in 

PFBA which was higher than average at Nelles Rd., 

No. 3 Pumphouse, and Interprovincial surface water 

sites (4). The top four most detected compounds 

(PFOS, PFOA, PFBA, and PFHxA) were the same in our 

study and the Canada-wide study. There was an 187% 

increase in average PFAS concentrations in surface 

water sites from December 15 to December 23 and 

an increase of 125% from December 15 to January 27.

Although some PFOS and PFOA compounds have been 

banned in Canada since 2008 and 2016, respectively 

(5), they were detected in Sumas waterways. 

Monitoring of PFAS compounds in Sumas waterways 

is advisable as these ‘forever chemicals’ do not readily 

degrade. These compounds therefore pose a long-

term risk to the quality and safety of groundwater, 

drinking water and surface water.
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Capsule 
We detected the artificial sweetener sucralose in all samples collected from 

waterways of the former Semá:th X̱ ó:tsa (Sumas Lake) and in groundwater, 

but not at our upstream reference site. Sucralose concentrations rose from 

0 at our reference site to an average of 63 ng/L in downstream Sumas 

Lake surface waters. This suggests that sucralose from septic, municipal 

wastewater and/or agricultural biosolids in the Sumas area is contaminating 

local waterways and infiltrating groundwater.

Introduction
The catastrophic floods of late 2021 in British 

Columbia and Washington State overwhelmed 

urban, agricultural and industrial infrastructure in 

the Semá:th X̱ ó:tsa (Sumas Lake) area, raising concerns 

about the impacts of contaminant discharges into 

fish habitat. The absence of pre-flood baseline data 

and ongoing monitoring of freshwater quality in the 

area highlighted the urgent need for water sampling 

and analysis to assess the level of risk to fish and the 

environment.

Sucralose (trade name Splenda™; 1,6-dichloro-1,6-

dideoxy-b-D-fructo-furanosyl 4-chloro-4-deoxy-a-

D-galactopyranoside) is the most popular artificial 

sweetener in North America. Its stable nature in water 

and its lack of degradation in wastewater treatment 

plants has made it a reliable tracer of human waste 

in aquatic environments (1).

It is not cancer-causing in humans, but it may alter 

the gut biome. Less is known about its risks to aquatic 

species, but it has been shown to adversely affect 

aquatic plants (2).

SUCRALOSE
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Methods
We collected 26 surface water samples from 11 sites 

in the Sumas Lake area of the Fraser Valley area 

(British Columbia; 10 samples on December 15, 2021; 8 

samples on December 23, 2021; 6 samples on January 

27, 2022; and 2 samples on February 2, 2022) as well 

as 4 groundwater samples on February 2. Two of these 

samples from Abbotsford groundwater sources will 

be evaluated separately. Details for sampling sites are 

listed in the Executive Summary. Samples were stored 

in the field at 4°C in suitable containers supplied by 

partnering laboratories, and were submitted to SGS 

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

in Sidney BC for analysis of one target compound 

(sucralose) using their MLA-116 Rev 2 protocol. For 

Quality Assurance purposes, a laboratory blank and 

a spiked matrix were included in analyses. Data are 

presented in nanograms per litre (ng/L). 

We report here on total sucralose concentrations in 

26 surface and 2 ground water samples following the 

British Columbia floods of late 2021. Two additional 

drinking water samples from Abbotsford groundwater 

sources will be evaluated separately. There are no 

Environmental Quality Guidelines for sucralose in 

Canada. 

Results

Surface water
 » We detected sucralose in 77% of all water 

samples;

 » Sucralose was detected in: 

• 9 out of 10 samples (December 15);

• 4 out of 8 samples (December 23, 2021);

• 5 out of 6 samples (January 27, 2022);

• 2 out of 2 samples (February 2, 2022); and

• 1 out of 2 groundwater samples (February 2, 
2022).

 » Sucralose concentrations in Sumas Lake area 
surface water samples collected throughout the 
study ranged from 0 to 611 ng/L, with a site-based 

average of 0 ng/L at our upstream reference site 
and 261 ng/L at our most impacted site.

 » Sucralose concentrations rose from 0 ng/L at 
our upstream reference site (Frost Creek) to an 
average of 94 ng/L in Sumas Lake waterways over 
all sampling dates.

 » Sucralose concentrations were 2.2 times (220%) 
higher on December 23 (2021) compared to Dec 15 
(2021), and 1.05 times (105%) higher on January 
27 (2022) compared to December 15 (2021).

Groundwater
 » Sucralose concentrations ranged from 0 to 88.6 

ng/L in two groundwater samples.

https://www.sgsaxys.com/
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Figure 8.1: Sucralose was detected throughout Sumas waters

Sucralose concentrations averaged 85 +/- 79 ng/L across all sites, with highest 
levels found in the surface waters of the Sumas Lake waterways. 
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Conclusions 

We found varying concentrations of the artificial 

sweetener sucralose in Sumas surface waters and 

in groundwater, highlighting the widespread 

distribution of this compound in fish habitat. The 

higher levels in Sumas Lake waterways compared 

to the upstream reference site at Frost Creek point 

to local sources from human waste released from 

agricultural biosolids, septic fields, and/or wastewater 

treatment plants (4). The increase in sucralose levels 

over the time of our study may indicate that the floods 

of 2021 led to increased contamination of fish habitat.

The presence of sucralose in Sumas Prairie waterways 

suggests that human waste is entering this fish 

habitat. Continued monitoring over space and time 

will provide insight into the sources of this artificial 

sweetener, what other domestic pollutants may also 

be found there, and what the consequences may be 

for fish. 
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Capsule 
We detected low levels of three tire-related chemicals in the surface waters 

and groundwater of the former Semá:th X̱ ó:tsa (Sumas Lake) following the 

catastrophic BC floods of 2021. This included the tire chemical 6-PPD and 

its highly toxic breakdown product 6-PPD Quinone, indicating the potential 

for localized fish kills in waterways adjacent to roads in the Sumas area. 

The presence of these chemicals in groundwater raises questions about the 

impact that roads and traffic are having on fish habitat in the area.

Introduction 
The catastrophic floods of late 2021 in British Columbia 

and Washington State overwhelmed urban, agricultural 

and industrial infrastructure in the Semá:th X̱ ó:tsa 

(Sumas Lake) area, raising concerns about the impacts 

of contaminant discharges into fish habitat. The absence 

of pre-flood baseline data and ongoing monitoring of 

freshwater quality in the area highlighted the urgent 

need for water sampling and analysis to assess the level 

of risk to fish and the environment.

A chemical additive in automotive tire rubber (6-PPD 

with a formula of N-(1,3-dimethylbutyl)- N’-phenyl-

p-phenylenediamine) is an anti-oxidant and anti-

ozonant designed to protect tires from degradation 

caused ozone and temperature fluctuations. This 

chemical leaches onto road surfaces, where it breaks 

down into 6-PPD Quinone (6-PPDq) and rinses off 

into fish habitat during precipitation events (1). 

Tire chemicals (e.g. 6-PPD) and their breakdown 

products (one of which is 6-PPD Quinone or 6-PPDq) 

in road runoff were recently discovered as the 

causative agent causing the deaths of large numbers 

of coho salmon in Washington State (2,3,4,5). These 

fish kills in urban and semi-urban areas highlight 

emerging questions about the impacts of road runoff 

on salmon and their habitat.

Diphenylamine is used as a pesticide, industrial 

chemical and as an anti-oxidant in rubber 

manufacturing, and is considered toxic to fish (US 

EPA - Pesticides - Fact Sheet for Diphenylamine ; 

Re-evaluation Note REV2017-25, Special Review of 

Diphenylamine: Proposed Decision for Consultation 

- Canada.ca).

TIRE-RELATED CHEMICALS
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Methods
We collected 2 surface water samples and 4 ground-

water samples in the Sumas Lake area of the Fraser 

Valley, British Columbia on February 2, 2022. 

Samples were stored in the field at 4°C in suitable 

containers supplied by partnering laboratories, and 

were submitted to SGS AXYS Analytical Services 

(https://www.sgsaxys.com/) in Sidney BC for analysis 

of three target tire rubber-related compounds 

(diphenylamine, the parent chemical 6-PPD, and 

its breakdown product 6-PPDq using their MLA-118 

Rev 01 protocol. For Quality Assurance purposes, a 

laboratory blank and a spiked matrix were included 

in analyses. Data are presented in nanograms per 

litre (ng/L). 

We report here on the concentrations of three tire-

related chemicals in 2 surface and 2 ground water 

samples following the British Columbia floods of 

late 2021. The two additional groundwater samples 

from Abbotsford sources will be evaluated separately. 

There are no Environmental Quality Guidelines for 

6-PPDq in Canada. 

Results

Surface water
 » We detected the tire-related chemicals 

diphenylamine, 6-PPD, and 6-PPDq in both 
surface water samples and 50% of groundwater 
samples (2/4).

 » Diphenylamine concentrations averaged 7.3 ng/L 
in surface water and 1.7 ng/L in groundwater.

 » 6-PPD concentrations averaged 0.34 ng/L in 
surface water and 0.84 ng/L in groundwater.

 » 6-PPD Quinone concentrations averaged 
0.21 ng/L in surface water and 0.12 ng/L in 
groundwater. 

 » The ratio of the parent breakdown chemical 
(6-PPD : 6-PPDq) was 6.92 in surface water, 
indicating a greater proportion of the parent 
chemical in fish habitat, and a risk of further 
breakdown into the highly toxic 6-PPDq.

Groundwater
 » The ratio of parent breakdown chemical (6-PPD 

: 6PPDq) was 1.57 in groundwater, potentially 
suggesting either a greater groundwater 
infiltration of the breakdown chemical or a 
greater degree of breakdown in the groundwater 
itself.

https://www.sgsaxys.com/
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This is the first public report of the tire chemical 6 PPD 

and its toxic breakdown product 6 PPD Quinone in 

British Columbia. Several recent studies highlight the 

relevance of this chemical to fish health (6), and there 

are currently several research projects underway in 

BC to fill this gap. With 6-PPD and 6-PPDq degrading 

following collection, we anticipate that our findings 

under report true values for these compounds in the 

Sumas area. Sampling and analysis protocols are 

currently revised by those studying this emerging 

contaminant of concern.

There are no Environmental Quality Guidelines for 

the tire-related chemicals diphenylamine, 6-PPD or 

6-PPD Quinone in Canada. However, concentrations 

of 6-PPD Quinone measured here were lower than 

a recently established lethal threshold (LC50) of 

95 ng/L for coho salmon (4,5). Additional research 

Conclusions

Figure 9.1: Tire-related chemicals were detected 
in surface and groundwater

Tire-derived chemicals were found in both fish habitat and in groundwater in the 
Sumas Lake after the 2021 floods, although concentrations were low.
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suggests that other species, including brook trout 

and white sturgeon, are vulnerable to the toxicity of 

6-PPDq, but are less sensitive than coho salmon (7).

The presence of tire-related compounds in fish habitat 

is a high priority concern, with reports of significant 

mortalities of adult coho salmon from Washington 

State (4). Rainfall events are suspected of causing 

large amounts of the toxic 6-PPD Quinone to be 

flushed into fish habitat, highlighting the potential 

for significant consequences in surface waters such as 

ditches, streams and other water bodies in the Sumas 

area. Our findings also highlight the vulnerability of 

groundwater to road contaminants, with additional 

work needed to better characterize the nature and 

severity of this priority contamination topic in the 

Sumas area and across BC. Future water quality 

monitoring should prioritize the poorly studied 

sources and impacts of tire related contaminants in 

fish habitat.
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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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