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Summary 
 
Volunteers with Cougar Creek Streamkeepers and Seaquam Secondary were supported by 

Rise Over Run Environmental in a stormwater sampling program to determine 

concentrations of 6PPD-Q discharging into Cougar Creek (Delta and Surrey, BC). Mortality 

of juvenile and adult coho salmon can occur during exposures to elevated concentrations of 

6PPD-Q, a chemical produced from the breakdown of tires which can concentrate in urbanized 

road runoff.  

Samples of stormwater collected from pipes discharging into Cougar Creek identified 6PPD-

Q concentrations up to 17 times the reported lethal threshold for coho salmon. Stormwater 

discharges from areas with high-traffic roads were particularly elevated in 6PPD-Q, including 

at Scott Road (near 70Ave) and 72 Avenue (near Highway 91). The in-stream concentrations 

of 6PPD-Q were influenced by the stormwater outfalls, particularly in upper Cougar Creek, 

where multiple outfalls contained high levels of this tire toxicant. A significant relationship was 

observed between 6PPD-Q concentrations and turbidity in the stormwaters, suggesting that the 

increased turbidity was related to increased tire particles, the source of the 6PPD-Q. Increases 

in 6PPD-Q were also associated with an increase in zinc, with this trace metal exceeding acute 

water quality guidelines up to 7 times. 

The results confirm that rain events after dry periods, such as the one sampled, brings 

significant quantities of harmful chemicals into the watershed through stormwater outfalls. 

Remedial action is necessary to treat stormwater prior to it entering the watershed where it 

could harm the naturalized wild coho salmon population which is resident to the creek.   
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Study design  

Background 

The Cougar Creek watershed is situated in the City of Delta and City of Surrey. The headwaters 

of Cougar Creek are comprised of groundwater and stormwater which feed into retention ponds 

from pipes whose outlets mark the beginning of the creek. The middle of the watershed (i.e., 

Cougar Canyon) contains higher gradients and velocity; numerous outfalls which carry 

stormwater during rain events discharge into this portion of the creek. Finally, Lower Cougar 

Creek is characterized by a long 3.3-km human-made channel, running parallel to Burns Bog, 

which serves as the outlet to the Fraser River. In addition to the upstream flows, Lower Cougar 

Creek is fed by several outfalls carrying a mix of groundwater and stormwater, and by a single 

tributary, Blake Creek (Dillon, 2009). 

Stormwater is a significant source of pollution known to cause adverse effects to aquatic 

organisms and increased impervious surface can increase the concentration of pollutants in 

stormwater. Cougar Creek is vulnerable to environmental effects of stormwater due to the high 

proportion of impervious surface in the Cougar Creek watershed (approx. 60%; Dillon 2009), 

the importance of stormwaters in the make-up of the headwaters, and the numerous stormwater 

outfalls along its path. 

Stormwater, particularly road runoff, has been known to be a major source of contaminants for 

many years. Recent work conducted by researchers in Washington State has identified that a 

tire preservative by-product (6PPD-Quinone) found in road runoff is one of the most toxic 

compounds ever reported. This compound was determined to be the culprit in the, previously 

unexplained, pre-spawn mortality of coho salmon in urban streams (Tian et al. 2020). 

Additional research has demonstrated that coho salmon are remarkably sensitive to the toxic 

effects of this compound in comparison to other salmonids. More specifically, lethal thresholds 

for coho salmon have been reported at 41 ng/L (Lo et al. 2023), whereas other salmonids have 

been reported as less sensitive (e.g., rainbow trout lethal threshold of 976 ng/L; Baker et al. 

2026) or insensitive (e.g., chinook salmon lethal threshold was greater than the solubility of the 

compound; Lo et al., 2023). More recently, coastal cutthroat trout have been reported to be as 

sensitive as coho salmon (Shankar et al. 2025).  

From the early 1980s to 2007, Cougar Creek Streamkeepers released coho salmon into the 

creek from an incubator box within the watershed. As a result, the creek now hosts a self-

sustaining population of wild coho, descendants of the incubator box fish. Coho spawner counts 

reached a record high of 605 individuals in the October-December 2024 season (Figure A1). 

Of the 1000 hatchery-reared coho smolts that Streamkeepers release into Surrey headwaters 

each year, only limited numbers return to spawn alongside the naturalized wild coho 

population. Cutthroat trout and chum salmon are also present in the creek, but in limited 

numbers. Thus, Cougar Creek, with the naturalized wild coho as the predominant salmon 

species,  is a unique fish population in comparison to other urban creeks of the Lower Mainland. 

https://www.science.org/doi/10.1126/science.abd6951
https://academic.oup.com/etc/article/42/4/815/7729525
https://academic.oup.com/etc/article/45/1/184/8306793
https://academic.oup.com/etc/article/45/1/184/8306793
https://academic.oup.com/etc/article/42/4/815/7729525
https://pubs.acs.org/doi/10.1021/acs.est.5c03697
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The increased sensitivity of coho salmon to the 6PPD-Q found in stormwater is distinctively 

important to Cougar Creek due the combination of the strong influence of stormwater on the 

system and the presence of a wild coho salmon population. Initial research conducted in the 

watershed identified problematic concentrations of 6PPD-Q (Monaghan et al. 2023); in this 

initial study, 6PPD-Q concentrations were found approaching 200 ng/L, three to four times the 

lethal threshold for coho salmon. 

A study was conducted here to further identify concentrations of 6PPD-Q in stormwater outfalls 

in the Cougar Creek watershed. The sampling and analysis program, detailed below, was 

designed to fulfill the following objectives: 1) aid in the understanding of the risk of 6PPD-Q 

to the coho salmon population of Cougar Creek, 2) identify outfalls which have the highest 

concentrations of 6PPD-Q informing which outfalls could be prioritized for stormwater 

treatment through bioremediation that is incorporated within green infrastructure such as rain 

gardens, and 3) educate and inform volunteers, public and policy-makers on the environmental 

effects of inadequate stormwater management. 

Methods for sampling and analysis 

Sample timing: 

Stormwater in urbanized areas is particularly important during first flush scenarios. First flush 

is a phenomenon characterized by the accumulation of pollutants on impervious surfaces 

during a dry period followed by a flush of those pollutants into the aquatic environment with a 

subsequent rain event. Prolonged dry periods, now more commonly occurring in the Lower 

Mainland, followed by significant rainfall events provide a worse-case scenario for this flush 

of pollutants. 

First-flush sampling was targeted by monitoring weather patterns and forecasts, and 

samples were collected during a rain event which had followed a dry period of at least 5 

days (no rain of >2mm in a 24-h period). Precipitation data was obtained from the 

Environment and Climate Change historical data for Burns Bog.  

The timing of sampling within the rain event has also shown to be important. Research 

monitoring 6PPD-Q during rain events (Jaeger et al. 2024) has shown that concentrations in 

stormwater can change substantially through the rain event (i.e., 6PPD-Q typically arrives in 

pulses). Other stormwater monitoring programs in the Lower Mainland, have also 

demonstrated the influence of temporal differences during rain events on the outcome of 

pollutant concentrations in stormwater outfalls. Specifically, in a study in North Vancouver, the 

timing of sampling within the stormwater event was found to be a better determinant of 

pollutant concentration than the outfall location (Paul Lhotka of North Shore Streamkeepers; 

personal communication). 

To reduce the influence of temporal differences in concentrations of 6PPD-Q in 

stormwater outfalls, sampling teams were positioned at the various outfalls and samples 

https://pubs.acs.org/doi/10.1021/acsestwater.3c00275
https://climate.weather.gc.ca/climate_data/daily_data_e.html?climate_id=1102415
https://pubs.acs.org/doi/10.1021/acsestwater.4c00614
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were collected simultaneously. Three samples were collected in 10-minute intervals to 

better quantify temporal changes.  

Sample locations: 

As indicated above, stormwater outfalls in Cougar Creek are numerous. Outfalls in the 

watershed were selected for 6PPD-Q sampling based on 1) the historic experience of Cougar 

Creek Streamkeepers (i.e., outfalls that have had historical known deposits of deleterious 

substances) and 2) a geographical gradient targeting Lower Cougar Creek, Cougar Creek 

Canyon and Surrey headwaters. The six sampling locations are identified in Figure 1. One 

sample location (Westview Dr) was only subsampled once, 30 minutes after the other sites.  

In-stream samples were collected in Cougar Creek five minutes after the stormwater sampling 

window was closed; an individual sample was collected in the Surrey headwaters (Scott Road), 

Cougar Creek Canyon (Newport) and Lower Cougar Creek (72 Ave) portions of the creek, 

approximately 20 m downstream of their respective outfalls.  

 

 

 

Figure 1. Outfall locations in the Cougar Creek watershed for the May 15, 2026 

stormwater sampling event. 
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6PPD-Q analysis: 

After collection into 200mL glass jars, the samples were subsequently sent to Vancouver Island 

University for 6PPD-Q analysis. Samples were kept cool after collection; in coolers with 

icepacks after collection, in a fridge at 4 degrees during storage, and again in coolers with 

icepacks during shipment to the VIU analysis laboratory. Samples were not preserved and were 

analyzed within 5 days of collection. The 6PPD-Q analysis was conducted using CP-MIMS (as 

per Jaeger et al. 2024) with the reported concentrations as the average of a minimum of 

triplicate measures. 

Turbidity and total metals analysis: 

Samples for turbidity and total metals analysis were collected into 250mL plastic bottles, at the 

same time as those for 6PPD-Q.   

Research has identified that the highest concentrations of 6PPD-Q correlate with stormwater 

which has the highest turbidity (Jaeger et al. 2024). Samples were analyzed for turbidity on the 

same day as collection with a LaMotte turbidity meter (reported in Nephelometric Turbidity 

Units; NTU).  

An individual sample from each site was sent for total metals analysis using ICP-MS at Bureau 

Veritas (Burnaby, BC); the final sample collected at each respective site was sent for this 

analysis. Total metal concentrations were compared against British Columbia acute water 

quality guideline (BC WQG) for the protection of freshwater aquatic life; dissolved (i.e., 

filtered) concentrations are typically used for BC WQGs, because they represent the 

immediately bioavailable fraction, whereas this sampling program measured total (i.e., 

extractable) concentrations to determine the full extent of contamination. Thus, the comparison 

of total metal concentrations to the dissolved metal BC WQGs is not direct but was used to 

provide a qualitative assessment of metal exceedances.  

Water quality: 

Other generic water quality parameters (conductivity, pH, temperature, dissolved oxygen) were 

measured prior (same day) to and during the rain event at one collection site (Newport) using 

a YSI ProQuatro multi-meter. 

 

https://pubs.acs.org/doi/10.1021/acsestwater.4c00614
https://pubs.acs.org/doi/10.1021/acsestwater.4c00614
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Results 

Rain event 

Samples were collected on May 15, 2026. Prior to May 15, there had been precipitation of 1.8 

mm on May 13, but the previous day with total precipitation of >5mm was April 14. 

Precipitation on May 15 began at 11AM and peaked between 12 and 1 PM (with 0.6 mm). 

Samples were collected at 1250, 100 and 110 PM. The daily total of precipitation was 1.7 mm 

on May 15.  

Water quality 

Baseline conditions recorded prior to the rain event (915-1030AM) in the discharge water at 

the Newport outfall had higher conductivity and pH than during the rain event (1245-130PM; 

Figure 2). Conductivity also decreased across the three individual samples collected in the rain 

event at all the other sites (Table 1). These results indicate that stormwater likely has lower 

mineral content (as represented by lower conductivity) and higher acidity than groundwater 

commonly released under baseline conditions.  

 

Figure 2. Conductivity (black) and pH (blue) during baseline (915-1030) and during rain 

event (1245-1330) for sampling event on May 15, 2026. 

 

Stormwater appearance 

Photographs of the sampling sites are presented in Figure 3. The stormwaters at the outfalls 

were varied in appearance with moderate to elevated amounts of foam at certain sites, an oily 

sheen at Strawberry Hill, and relatively high flow at Scott Road.  
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Figure 3. Photographs of outfall sites in the Cougar Creek watershed taken during stormwater sampling on May 15, 2026.  

Left to Right; Top: Scott Road, Newport, 72 Ave, Westview Drive, and Bottom: Strawberry Hill and Beaches-Barrymore.  
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6PPD-Q 

Concentrations of 6PPD-Q in samples taken at 1250 PM, 100PM and 110PM at the sampling 

sites are shown in Table 1. The highest concentration, of 719.6 ng/L, was measured at the 72 

Ave outfall at 110PM, representing an exceedance of 17 times the lethal threshold for coho 

salmon. Concentrations of 6PPD-Q increased at every site over the sampling window (Figure 

4); thus, it is not immediately apparent if the maximum concentration of 6PPD-Q was sampled 

within this rain event as concentrations may have continued to increase.  

Average 6PPD-Q concentrations were highest at 72 Avenue followed by Scott Road as the 

second highest; Strawberry Hill was intermediate in concentration, although the most variable; 

Newport, Westview, and Barrymore had the lowest concentrations with all samples collected 

at these sites ≤65.3 ng/L (Figure 5).  

The cumulative influence of the stormwater outfalls on the in-stream concentrations of 6PPD-

Q was observed with higher concentrations measured in the upper region of Cougar Creek 

(Figure 6). This was likely due to the relatively high concentrations observed in both outfalls 

in the upper region of the creek, Strawberry Hill and Scott Road. Concentrations of 6PPD-Q in 

Cougar Creek downstream of Scott Road were 9.4 times higher than the lethal threshold for 

coho salmon.  

6PPD-Q concentrations increased with increased turbidity at several sites, and although the 

relationship between 6PPD-Q and turbidity was different across sites, a significant relationship 

between 6PPD-Q and turbidity (linear regression; R2=0.75, p=0.002) was observed across all 

the outfalls (Figure 7).  

Metals  

Total concentrations of metals in water samples taken at the sites on May 15, 2026, are reported 

in Appendix B. Total cadmium, copper and zinc concentrations in comparison to the BC acute 

WQGs for the protection of aquatic life are shown in Table 2. Concentrations of cadmium 

approached guideline values; concentrations of copper were up to 9 times above guideline 

values; concentrations of zinc exceeded guideline values by up to 7 times. The concentrations 

of zinc, but not copper, increased with increasing 6PPD-Q concentrations (Figure 8), 

suggesting that they both originated from the same source (i.e., automobiles). Despite increased 

copper concentrations, copper varied less across the outfalls (2.8-fold) compared to 6PPD-Q 

(22-fold) and zinc (13-fold). Specifically, the Newport Dr outfall had lower concentrations of 

6PPD-Q and zinc than most other outfalls, yet it had the second highest concentration of copper. 

These results suggest copper as an omnipresent pollutant and that copper concentrations may 

not be directly related to a single source (i.e., automobiles) as is the case for 6PPD-Q and zinc.   
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Table 1. 6PPD-Q concentrations, turbidity and conductivity in stormwater sampled at 

outfalls in the Cougar Creek watershed at different times 

Site
 

Time 

6PPD-Q Turbidity Conductivity 

ng/L NTU 

µS/cm 
Average1 SD1 Average1 SD1 

Stormwater Outfalls      

Strawberry Hill 

1250 60.0 4.6 16.6 3.8 337 

1300 289.5 24.3 29.3 1.3 391 

1310 322.0 10.8 35.8 0.2 260 

Scott Road 

1250 439.9 10.0 35.7 3.4 231 

1300 436.6 29.7 34.6 1.1 204 

1310 503.3 44.4 30.5 0.9 192 

Newport Dr 

1250 54.7 3.2 19.1 0.8 196 

1300 52.0 5.2 17.8 1.2 194 

1310 61.5 7.6 15.7 2.3 188 

72Ave 

1250 434.9 71.9 18.6 0.4 286 

1300 613.9 44.4 21.4 2.9 280 

1310 719.6 26.3 26.7 1.4 245 

Beaches-

Barrymore 

1250 21.7 2.6 6.5 1.5 190 

1300 30.4 4.2 8.8 1.5 180 

1310 33.3 2.1 10.1 1.0 169 

Westview Dr 1400 61.5 7.6 5.8 0.4 137 

Cougar Creek in-stream       

Scott Road 1315 386.0 4.9 -- -- -- 

Newport 1315 36.7 6.4 --  -- 

72 Ave 1315 211.0 18.3 -- -- -- 

1- Average and standard deviation (SD) of triplicate analyses 

NTU - Nephelometric Turbidity Units 
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Figure 4. Concentrations of 6PPD-Q in stormwater samples collected at 1250 PM, 

100PM and 110PM at outfalls in the Cougar Creek watershed. 

 

 

Figure 5. Average 6PPD-Q concentrations of stormwater discharges at outfalls (error 

bars represent standard deviation; n=3), compared to the reported lethal threshold (LC50) 

for coho salmon (41 ng/L; red horizontal line). 
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Figure 6. 6PPD-Q concentrations in samples taken from Cougar Creek approximately 

20 meters downstream of discharging outfalls, compared to the reported lethal threshold 

(LC50) for coho salmon (41 ng/L; red horizontal line). 

 

Figure 7. 6PPD-Q concentrations in relation to turbidity at individual stormwater 

outfalls and across outfalls. Trendlines represent relationship at individual outfalls and 

the relationship across all outfalls (black) was statistically significant (p=0.002).  
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Table 2. Total metal concentrations in stormwater sampled at outfalls in the Cougar 

Creek watershed compared to British Columbia acute Water Quality Guidelines for the 

protection of freshwater aquatic life. 

Site
 

Cadmium Copper Zinc 

µg/L µg/L µg/L 

Sample 

[Total] 
BC 

WQG1 Sample 
BC 

WQG2 
Sample 

BC 

WQG3 

Strawberry Hill 0.243 0.288 78.2 12.6 262 40.6 

Scott Road 0.126 0.211 46.3 11.8 213 30.0 

Newport Dr 0.181 0.342 78.3 13.2 74.2 44.3 

72Ave 0.405 0.424 123 13.8 344 52.9 

Beaches-Barrymore 0.054 0.294 44.2 12.6 26.0 39.3 

Westview Dr 0.03 0.181 44.9 11.0 26.7 26.5 

1- British Columbia Freshwater Aquatic Life Short-term Acute Guideline (BC WQG) for dissolved cadmium based on 

measured sample hardness (Appendix B). 

2- British Columbia Freshwater Aquatic Life Short-term Acute Guideline (BC WQG) for dissolved copper based on 

measured sample hardness (Appendix B), pH recorded at Newport Dr (7.2) and an estimate of dissolved organic 

carbon (10.5 mg/L; per Kalev and Toor, 2020).  

3- British Columbia Freshwater Aquatic Life Short-term Acute Guideline (BC WQG) for dissolved zinc based on 

measured sample hardness (Appendix B), pH recorded at Newport Dr (7.2) and an estimate of dissolved organic 

carbon (10.5 mg/L; per Kalev and Toor, 2020).  

 

 

 

Figure 8. Concentrations of the trace metals copper and zinc in relation to 6PPD-Q at 

stormwater outfalls. Trendlines represent relationships which was statistically significant for 

zinc (p=0.006) but not copper (p>0.05). 
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https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines/approved-water-quality-guidelines
https://www.mdpi.com/2073-4441/12/4/1031
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https://www.mdpi.com/2073-4441/12/4/1031


                                                                  

12        Tire Toxicant Monitoring Report 
Prepared by Rise Over Run Environmental 

RiseOverRun.ca 

Discussion and Context 

The quality of stormwater observed in this study mirrored findings from other water quality 

monitoring programs of stormwater in BC. Specifically, elevated concentrations of the tire 

preservative by-product, 6PPD-Q, and the trace metal zinc were observed; both of these 

contaminants have been shown to be causes of acute lethality to rainbow trout in stormwater 

collected in the region (Baker et al., 2026). Trends in water quality were also consistent with 

other studies in the region (Jaeger et al., 2024); specifically, stormwater with higher turbidity 

brought in more 6PPD-Q to the creek, and substantial changes in 6PPD-Q levels in the 

stormwater were observed across a relatively short sampling period of 20 minutes.  

Concentrations of 6PPD-Q in stormwater discharging to Cougar Creek were determined to be 

up to 17 times higher than the lethal threshold reported for coho salmon (41 ng/L; Lo et al., 

2023). Multiple outfalls carrying untreated stormwater directly to the creek were identified as 

substantial sources of 6PPD-Q; three stormwater outfalls released concentrations of 6PPD-Q 

greater than 200 ng/L for at least 20 minutes. The concentrations observed in this 2026 

sampling program add support to results from a 2022 sampling program which identified 

Cougar Creek as a hotspot for 6PPD-Q contamination (Monaghan et al., 2023). The small 

relative size of Cougar Creek increases the influence of the poor-quality stormwater, as the 

stormwater makes up a substantial proportion of the ultimate creek flow during significant rain 

events. This was realized through in-creek concentrations of 6PPD-Q, downstream of the 

outfalls, which determined concentrations still up to 10 times higher than the reported lethal 

threshold, highlighting the relative lack of dilution of the stormwater discharges in the creek.  

These measured concentrations of 6PPD-Q indicate that substantial harm is likely occurring to 

the population of naturalized coho salmon in Cougar Creek as a result of exposure to 6PPD-Q.  

While 6PPD-Q concentrations measured in the watershed were remarkably high during this 

rain event, and would likely remain high in many rain events, juvenile coho salmon are still 

continuously observed in the creek and adult spawner counts in recent years have been 

relatively high (in a historical context). The disconnect between the repeated exposure to lethal 

concentrations of 6PPD-Q and the continued presence of the coho population in this watershed 

is an area for follow-up monitoring efforts. Specifically, monitoring during and shortly after 

rain events for fish presenting symptoms of 6PPD-Q exposure (i.e., spiralling at the surface) 

and/or recovery of dead coho salmon would identify direct impacts occurring from 6PPD-Q 

exposure. While implied impacts from 6PPD-Q have been suggested across multiple locations 

in the Metro Vancouver region (Baker et al., 2026), definitive links between 6PPD-Q exposure 

and fish mortality is somewhat lacking. 

Identifying direct impacts to the fish in the watershed would help gain insights on the sensitivity 

of the Cougar Creek coho salmon population to 6PPD-Q. Currently, reported lethal thresholds 

are established in laboratory settings with naïve test organisms, which may not be 

representative of the sensitivity of this particular population, whose relative sensitivity may 

have been altered by environmental factors. The repeated exposure to poor-quality stormwater 

https://academic.oup.com/etc/article/45/1/184/8306793
https://pubs.acs.org/doi/10.1021/acsestwater.4c00614
https://academic.oup.com/etc/article/42/4/815/7729525
https://academic.oup.com/etc/article/42/4/815/7729525
https://pubs.acs.org/doi/10.1021/acsestwater.3c00275
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may produce an adaptative response from the fish; for example, fish may evade stormwater 

outfalls for possible areas of clean water within the creek (i.e., pollution refugia) or may have 

developed specific biochemical defense responses to the contaminant exposure (i.e., 

physiological adaptation). Regardless of the adaptive responses to poor-quality stormwater by 

aquatic organisms, impairment to the aquatic community by stormwater has been confirmed 

through reduced benthic invertebrate community measures in monitoring of this urban creek 

(conducted as part of the stormwater management plan; City of Delta, City of Surrey, 2009).   

This study demonstrated that stormwater brings in a mixture of pollutants. Concentrations of 

6PPD-Q were elevated along with total metals. And despite not conducting chemical analysis 

on hydrocarbons (oil/gas, PAHs, BTEX), a greasy sheen was observed at some sites (e.g., 

Figure 3 Strawberry Hill outfall) which may indicate additional contamination from 

hydrocarbons. Total zinc was positively correlated with 6PPD-Q across the sites sampled in the 

Cougar Creek watershed suggesting that automobiles are a primary contributor to pollutants in 

stormwater. Yet, copper was elevated in stormwater samples that were not as dominated by 

road runoff, suggesting that other sources of pollution also contribute to reduced stormwater 

quality. There is a lack of understanding on the effects of these pollutant mixtures on salmon 

health, particularly mixtures which include the only recently discovered 6PPD-Q. These 

sampling events supply strong evidence of the potential co-exposure of multiple pollutants 

which may have long-term sublethal impacts on salmon (e.g., reduced early marine survival).  

With the evidence of poor water quality entering the creek via untreated stormwater, identifying 

and implementing treatment solutions is paramount to reduce harm to the aquatic life living 

within the Cougar Creek watershed. Green infrastructure has long been known to be an 

effective solution in stormwater treatment (Sharma & Malaviya, 2021). The Cougar Creek 

Streamkeepers are active in identifying, developing and monitoring rain gardens which treat 

stormwater, with >30 rain gardens developed in region (CougarCreekStreamkeepers.ca). A rain 

garden developed by the group was proven to reduce the toxicity of stormwater to fish (Baker 

et al., 2026), demonstrating the effectiveness of their rain gardens in achieving pollution 

reduction and mitigating environmental harm from stormwater.  

This study identified priority locations for stormwater treatment. The outfall that generated the 

highest level of 6PPD-Q in this study, the 72 Ave outfall, appears to be amenable to 

development of a rain garden to treat the highly polluted stormwater the outfall contains. Of 

note, the 72 Ave outfall discharges directly to a region of Cougar Creek that has had the highest 

sightings of coho salmon spawners (Appendix A), indicating the risk to the salmon due to 

untreated stormwater could be particularly elevated here. Other sites which may not be 

amenable to rain garden development may require other treatment options; Rise Over Run 

Environmental is currently conducting a feasibility study for the implementation of the novel, 

modular stormwater treatment system developed in Washington (US) called the Box-of-Rain 

(StewardshipPartners.org). Overall, the treatment of stormwater that green infrastructure offers 

would provide immense benefits to the coho salmon, and other aquatic life, present in Cougar 

Creek.  

https://policycommons.net/artifacts/3516682/cougar-creeknortheast-interceptor-canal-integrated-stormwater-management-plan-final-report/4317505/
https://wires.onlinelibrary.wiley.com/doi/10.1002/wat2.1507
https://cougarcreekstreamkeepers.ca/rain-gardens/visit-our-rain-gardens/
https://academic.oup.com/etc/article/45/1/184/8306793
https://academic.oup.com/etc/article/45/1/184/8306793
https://www.stewardshippartners.org/adopt-a-downspout/


                                                                  

  

Appendix A

 
Figure A1. Spawner sightings in 2024 (top) and 2025 (bottom) in Cougar Creek. 

 



                                                                  

  

Appendix B – Chemistry Report 



Your P.O. #: CougarCreek2026
Your Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your C.O.C. #: 133521
Attention: Josh Baker

Rise Over Run Environmental
26527 96th Ave
Maple Ridge , BC
CANADA          V2W 1K2

Report Date: 2026/06/26
Report #: R3798905

Version: 1 - Final

CERTIFICATE OF ANALYSIS
BUREAU VERITAS JOB #: C636837
Received: 2026/06/19, 13:35

Sample Matrix: Waste Water
# Samples Received: 6

Analyses Quantity
Date
Extracted

Date
Analyzed Laboratory Method Analytical Method

Hardness Total (calculated as CaCO3) (1) 6 N/A 2026/06/26 BBY WI-00033 Auto Calc

Na, K, Ca, Mg, S by CRC ICPMS (total) 6 2026/06/19 2026/06/26 BBY WI-00033 Auto Calc

Elements by CRC ICPMS (total) 6 2026/06/23 2026/06/25 BBY7SOP-00003 /
BBY7SOP-00002

EPA 6020b R2 m

Remarks:

Bureau Veritas is accredited to ISO/IEC 17025 for specific parameters on scopes of accreditation. Unless otherwise noted, procedures used by Bureau
Veritas are based upon recognized Provincial, Federal or US method compendia such as CCME, EPA, APHA or the Quebec Ministry of Environment.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Bureau Veritas' profession
using accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Bureau Veritas in
writing). All data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are
reported; unless indicated otherwise, associated sample data are not blank corrected. Where applicable, unless otherwise noted, Measurement
Uncertainty has not been accounted for when stating conformity to the referenced standard.

Bureau Veritas liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed or
implied. Bureau Veritas has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Bureau Veritas, unless
otherwise agreed in writing. Bureau Veritas is not responsible for the accuracy or any data impacts, that result from the information provided by the
customer or their agent.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested. When sampling is not conducted by Bureau Veritas, results relate to the supplied samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) "Total Hardness" was calculated from Total Ca and Mg concentrations and may be biased high (Hardness, or Dissolved Hardness, calculated from Dissolved Ca and Mg, should be
used for compliance if available).
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Your P.O. #: CougarCreek2026
Your Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your C.O.C. #: 133521
Attention: Josh Baker

Rise Over Run Environmental
26527 96th Ave
Maple Ridge , BC
CANADA          V2W 1K2

Report Date: 2026/06/26
Report #: R3798905

Version: 1 - Final

CERTIFICATE OF ANALYSIS
BUREAU VERITAS JOB #: C636837
Received: 2026/06/19, 13:35

Encryption Key

Please direct all questions regarding this Certificate of Analysis to:
Customer Solutions, Western Canada Customer Experience Team
Email: capisolutions@bureauveritas.com
Phone# (604) 734 7276
==================================================================== 
This report has been generated and distributed using a secure automated process.
Bureau Veritas has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, signing the reports. 
For Service Group specific validation, please refer to the Validation Signatures page if included, otherwise available by request. For Department specific Analyst/Supervisor 
validation names, please refer to the Test  Summary section if included, otherwise available by request. This report is authorized by Rob Gilbert, BBY General Manager 
responsible for British Columbia Environmental laboratory operations. 

Total Cover Pages : 2
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

CSR TOTAL METALS (NO CV-HG) IN WATER

Bureau Veritas ID EHD119 EHD120 EHD121 EHD122 EHD123 EHD124

Sampling Date 2025/05/15 2025/05/15 2025/05/15 2025/05/15 2025/05/15 2025/05/15

COC Number 133521 133521 133521 133521 133521 133521

UNITS Strawberry Hill Scott Road Newport Westview Dr 72 Ave Beaches-Barrymore RDL QC Batch

Calculated Parameters

Total Hardness (CaCO3) mg/L 52.9 36.9 58.8 31.8 72.7 50.9 0.50 C320301

Total Metals by ICPMS

Total Aluminum (Al) ug/L 2350 1940 795 276 4560 471 3.0 C323633

Total Antimony (Sb) ug/L 2.91 2.64 0.65 0.54 4.58 0.67 0.50 C323633

Total Arsenic (As) ug/L 1.83 1.49 10.6 2.99 3.84 2.48 0.10 C323633

Total Barium (Ba) ug/L 50.7 46.1 25.2 13.5 111 20.0 1.0 C323633

Total Beryllium (Be) ug/L ND ND ND ND 0.10 ND 0.10 C323633

Total Bismuth (Bi) ug/L ND ND ND ND ND ND 1.0 C323633

Total Boron (B) ug/L ND ND ND ND ND ND 50 C323633

Total Cadmium (Cd) ug/L 0.243 0.126 0.181 0.030 0.405 0.054 0.010 C323633

Total Chromium (Cr) ug/L 5.8 4.2 10.4 2.3 12.3 1.8 1.0 C323633

Total Cobalt (Co) ug/L 3.00 2.30 0.91 0.35 4.88 0.66 0.20 C323633

Total Copper (Cu) ug/L 78.2 46.3 78.3 44.9 123 44.2 0.50 C323633

Total Iron (Fe) ug/L 3070 2680 1370 559 7560 1220 10 C323633

Total Lead (Pb) ug/L 6.47 6.63 2.22 0.78 35.7 1.95 0.20 C323633

Total Lithium (Li) ug/L 2.5 2.2 ND ND 3.1 ND 2.0 C323633

Total Manganese (Mn) ug/L 348 155 113 47.7 541 78.0 1.0 C323633

Total Molybdenum (Mo) ug/L 3.0 3.7 1.0 ND 4.4 ND 1.0 C323633

Total Nickel (Ni) ug/L 7.7 5.7 5.0 1.9 11.9 3.1 1.0 C323633

Total Selenium (Se) ug/L 0.32 0.18 0.19 0.11 0.45 0.14 0.10 C323633

Total Silicon (Si) ug/L 4490 3780 3750 2020 8180 4150 100 C323633

Total Silver (Ag) ug/L 0.080 0.036 0.051 0.025 0.123 ND 0.020 C323633

Total Strontium (Sr) ug/L 79.5 52.4 91.1 45.5 117 84.8 1.0 C323633

Total Thallium (Tl) ug/L 0.032 0.019 0.014 ND 0.051 0.011 0.010 C323633

Total Tin (Sn) ug/L ND ND ND ND ND ND 5.0 C323633

Total Titanium (Ti) ug/L 77.8 62.6 21.0 8.1 173 24.9 5.0 C323633

Total Uranium (U) ug/L 0.29 0.10 0.10 ND 0.37 ND 0.10 C323633

Total Vanadium (V) ug/L 7.6 5.3 ND ND 11.4 ND 5.0 C323633

Total Zinc (Zn) ug/L 262 213 74.2 26.7 344 26.0 5.0 C323633

Total Zirconium (Zr) ug/L 0.87 1.28 0.37 0.18 2.67 0.42 0.10 C323633

Total Calcium (Ca) mg/L 16.1 12.0 18.8 10.8 23.9 16.1 0.050 C320306

Total Magnesium (Mg) mg/L 3.07 1.71 2.88 1.17 3.17 2.59 0.050 C320306

RDL = Reportable Detection Limit

ND = Not Detected at a concentration equal or greater than the indicated Detection Limit.
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

CSR TOTAL METALS (NO CV-HG) IN WATER

Bureau Veritas ID EHD119 EHD120 EHD121 EHD122 EHD123 EHD124

Sampling Date 2025/05/15 2025/05/15 2025/05/15 2025/05/15 2025/05/15 2025/05/15

COC Number 133521 133521 133521 133521 133521 133521

UNITS Strawberry Hill Scott Road Newport Westview Dr 72 Ave Beaches-Barrymore RDL QC Batch

Total Potassium (K) mg/L 3.35 2.87 3.52 4.40 5.54 2.29 0.050 C320306

Total Sodium (Na) mg/L 27.5 21.3 11.4 12.4 20.4 11.0 0.050 C320306

Total Sulphur (S) mg/L ND 3.0 3.0 ND 4.2 ND 3.0 C320306

RDL = Reportable Detection Limit

ND = Not Detected at a concentration equal or greater than the indicated Detection Limit.
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 9.0°C

Results relate only to the items tested.
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

QUALITY ASSURANCE REPORT

QA/QC
Batch Init QC Type Parameter Date Analyzed Value  Recovery UNITS QC Limits

C323633 CRN Matrix Spike Total Aluminum (Al) 2026/06/25 98 % 80 - 120

Total Antimony (Sb) 2026/06/25 107 % 80 - 120

Total Arsenic (As) 2026/06/25 103 % 80 - 120

Total Barium (Ba) 2026/06/25 99 % 80 - 120

Total Beryllium (Be) 2026/06/25 99 % 80 - 120

Total Bismuth (Bi) 2026/06/25 93 % 80 - 120

Total Boron (B) 2026/06/25 96 % 80 - 120

Total Cadmium (Cd) 2026/06/25 104 % 80 - 120

Total Chromium (Cr) 2026/06/25 99 % 80 - 120

Total Cobalt (Co) 2026/06/25 102 % 80 - 120

Total Copper (Cu) 2026/06/25 98 % 80 - 120

Total Iron (Fe) 2026/06/25 102 % 80 - 120

Total Lead (Pb) 2026/06/25 98 % 80 - 120

Total Lithium (Li) 2026/06/25 97 % 80 - 120

Total Manganese (Mn) 2026/06/25 NC % 80 - 120

Total Molybdenum (Mo) 2026/06/25 108 % 80 - 120

Total Nickel (Ni) 2026/06/25 99 % 80 - 120

Total Selenium (Se) 2026/06/25 103 % 80 - 120

Total Silicon (Si) 2026/06/25 109 % 80 - 120

Total Silver (Ag) 2026/06/25 99 % 80 - 120

Total Strontium (Sr) 2026/06/25 NC % 80 - 120

Total Thallium (Tl) 2026/06/25 98 % 80 - 120

Total Tin (Sn) 2026/06/25 102 % 80 - 120

Total Titanium (Ti) 2026/06/25 104 % 80 - 120

Total Uranium (U) 2026/06/25 103 % 80 - 120

Total Vanadium (V) 2026/06/25 103 % 80 - 120

Total Zinc (Zn) 2026/06/25 102 % 80 - 120

Total Zirconium (Zr) 2026/06/25 102 % 80 - 120

C323633 CRN Spiked Blank Total Aluminum (Al) 2026/06/25 100 % 80 - 120

Total Antimony (Sb) 2026/06/25 102 % 80 - 120

Total Arsenic (As) 2026/06/25 100 % 80 - 120

Total Barium (Ba) 2026/06/25 98 % 80 - 120

Total Beryllium (Be) 2026/06/25 98 % 80 - 120

Total Bismuth (Bi) 2026/06/25 96 % 80 - 120

Total Boron (B) 2026/06/25 96 % 80 - 120

Total Cadmium (Cd) 2026/06/25 101 % 80 - 120

Total Chromium (Cr) 2026/06/25 99 % 80 - 120

Total Cobalt (Co) 2026/06/25 103 % 80 - 120

Total Copper (Cu) 2026/06/25 102 % 80 - 120

Total Iron (Fe) 2026/06/25 104 % 80 - 120

Total Lead (Pb) 2026/06/25 99 % 80 - 120

Total Lithium (Li) 2026/06/25 100 % 80 - 120

Total Manganese (Mn) 2026/06/25 100 % 80 - 120

Total Molybdenum (Mo) 2026/06/25 102 % 80 - 120

Total Nickel (Ni) 2026/06/25 103 % 80 - 120

Total Selenium (Se) 2026/06/25 102 % 80 - 120

Total Silicon (Si) 2026/06/25 108 % 80 - 120

Total Silver (Ag) 2026/06/25 98 % 80 - 120

Total Strontium (Sr) 2026/06/25 96 % 80 - 120

Total Thallium (Tl) 2026/06/25 98 % 80 - 120

Total Tin (Sn) 2026/06/25 100 % 80 - 120

Total Titanium (Ti) 2026/06/25 101 % 80 - 120

Total Uranium (U) 2026/06/25 100 % 80 - 120
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC
Batch Init QC Type Parameter Date Analyzed Value  Recovery UNITS QC Limits

Total Vanadium (V) 2026/06/25 102 % 80 - 120

Total Zinc (Zn) 2026/06/25 103 % 80 - 120

Total Zirconium (Zr) 2026/06/25 96 % 80 - 120

C323633 CRN Method Blank Total Aluminum (Al) 2026/06/25 ND,
RDL=3.0

ug/L

Total Antimony (Sb) 2026/06/25 ND,
RDL=0.50

ug/L

Total Arsenic (As) 2026/06/25 ND,
RDL=0.10

ug/L

Total Barium (Ba) 2026/06/25 ND,
RDL=1.0

ug/L

Total Beryllium (Be) 2026/06/25 ND,
RDL=0.10

ug/L

Total Bismuth (Bi) 2026/06/25 ND,
RDL=1.0

ug/L

Total Boron (B) 2026/06/25 ND,
RDL=50

ug/L

Total Cadmium (Cd) 2026/06/25 ND,
RDL=0.010

ug/L

Total Chromium (Cr) 2026/06/25 ND,
RDL=1.0

ug/L

Total Cobalt (Co) 2026/06/25 ND,
RDL=0.20

ug/L

Total Copper (Cu) 2026/06/25 ND,
RDL=0.50

ug/L

Total Iron (Fe) 2026/06/25 ND,
RDL=10

ug/L

Total Lead (Pb) 2026/06/25 ND,
RDL=0.20

ug/L

Total Lithium (Li) 2026/06/25 ND,
RDL=2.0

ug/L

Total Manganese (Mn) 2026/06/25 ND,
RDL=1.0

ug/L

Total Molybdenum (Mo) 2026/06/25 ND,
RDL=1.0

ug/L

Total Nickel (Ni) 2026/06/25 ND,
RDL=1.0

ug/L

Total Selenium (Se) 2026/06/25 ND,
RDL=0.10

ug/L

Total Silicon (Si) 2026/06/25 ND,
RDL=100

ug/L

Total Silver (Ag) 2026/06/25 ND,
RDL=0.020

ug/L

Total Strontium (Sr) 2026/06/25 ND,
RDL=1.0

ug/L

Total Thallium (Tl) 2026/06/25 ND,
RDL=0.010

ug/L

Total Tin (Sn) 2026/06/25 ND,
RDL=5.0

ug/L

Total Titanium (Ti) 2026/06/25 ND,
RDL=5.0

ug/L

Total Uranium (U) 2026/06/25 ND,
RDL=0.10

ug/L
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC
Batch Init QC Type Parameter Date Analyzed Value  Recovery UNITS QC Limits

Total Vanadium (V) 2026/06/25 ND,
RDL=5.0

ug/L

Total Zinc (Zn) 2026/06/25 ND,
RDL=5.0

ug/L

Total Zirconium (Zr) 2026/06/25 ND,
RDL=0.10

ug/L

C323633 CRN RPD Total Aluminum (Al) 2026/06/25 7.7 % 20

Total Antimony (Sb) 2026/06/25 4.0 % 20

Total Arsenic (As) 2026/06/25 0.12 % 20

Total Barium (Ba) 2026/06/25 0.55 % 20

Total Beryllium (Be) 2026/06/25 NC % 20

Total Boron (B) 2026/06/25 NC % 20

Total Cadmium (Cd) 2026/06/25 5.8 % 20

Total Chromium (Cr) 2026/06/25 NC % 20

Total Copper (Cu) 2026/06/25 1.3 % 20

Total Iron (Fe) 2026/06/25 0.72 % 20

Total Lead (Pb) 2026/06/25 NC % 20

Total Lithium (Li) 2026/06/25 3.0 % 20

Total Manganese (Mn) 2026/06/25 1.9 % 20

Total Molybdenum (Mo) 2026/06/25 2.2 % 20

Total Nickel (Ni) 2026/06/25 1.8 % 20

Total Selenium (Se) 2026/06/25 NC % 20

Total Strontium (Sr) 2026/06/25 0.26 % 20

Total Thallium (Tl) 2026/06/25 6.4 % 20

Total Tin (Sn) 2026/06/25 NC % 20

Total Titanium (Ti) 2026/06/25 NC % 20

Total Uranium (U) 2026/06/25 1.4 % 20

Total Vanadium (V) 2026/06/25 NC % 20

Total Zinc (Zn) 2026/06/25 0.88 % 20

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount
was too small to permit a reliable recovery calculation (matrix spike concentration was less than the native sample concentration)

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute
difference <= 2x RDL).
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Bureau Veritas Job #: C636837
Report Date: 2026/06/26

Rise Over Run Environmental
Client Project #: Cougar Creek 6PPDQ

Site Location: Delta

Your P.O. #: CougarCreek2026

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by:

David Huang, M.Sc., P.Chem., QP, Scientific Services Manager

Bureau Veritas Certified by David Huang, M.Sc., P.Chem., QP, Scientific Services Manager

Bureau Veritas has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, signing the
reports. For Service Group specific validation, please refer to the Validation Signatures page if included, otherwise available by request. For Department specific
Analyst/Supervisor validation names, please refer to the Test Summary section if included, otherwise available by request. This report is authorized by Rob Gilbert, BBY
General Manager responsible for British Columbia Environmental laboratory operations.
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eCOC: W133521 Project Information: C636837

Job Received: 2026/06/19 13:35

Expected TAT:

Expected Arrival: 2026/06/19 16:32

Submitted By:  Josh Baker

Submitted To: Burnaby ENV: 4606
Canada Way

Invoice Information

Attn: Josh Baker
Rise Over Run Environmental 
26527 96th Ave
Maple Ridge  , BC , V2W 1K2

Email to:

joshamosbaker@gmail.com

Report Information

Attn: Josh Baker
Rise Over Run Environmental 
26527 96th Ave
Maple Ridge  , BC , V2W 1K2

Email to:

joshamosbaker@gmail.com

Project Information

Quote #: C41544

PO/AFE#: CougarCreek2026

Project #: Cougar Creek 6PPDQ

Site Location: Delta

Analytical Summary
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  Client Sample ID Clnt Ref
Sampling

Date/Time
Matrix #Cont

Strawberry Hill 2025/05/15
WASTE
WATER

1 X

Scott Road 2025/05/15
WASTE
WATER

1 X

Newport 2025/05/15
WASTE
WATER

1 X

Westview Dr 2025/05/15
WASTE
WATER

1 X

72 Ave 2025/05/15
WASTE
WATER

1 X

Beaches-Barrymore 2025/05/15
WASTE
WATER

1 X

Deadlines are estimates only and are subject to change.  Please refer to your Job Confirmation report for final due dates.

Submission Information

# of Samples: 6
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